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ABSTRACT: Arid countries suffer from the water shortage especially, with the recent 

high-water demand. It is crucial for governmental sectors and researchers to find a 

solution to this critical problem. This study introduces a possible solution through the 

reuse of treated wastewater. The proposed solution provides the reuse of the treated 

wastewater for unrestricted irrigation purposes. This solution also solves the problem of 

wastewater discharge into the environment and saves natural water resources. The work 

adopted a low-cost and advanced treatment method by using natural materials such as 

date-palm wastes. These wastes are abundant in arid countries and may introduce a 

problem also for their landfill. The study explored the possibility of using the date-palm 

waste as an absorbent material for the pollutants from domestic wastewater effluents. The 

research methodology relied on the experimental work on a lab scale. Leaching batch tests 

for this waste were adopted initially to evaluate its ions’ extraction into water. Then its 

ability for the purification of wastewater effluents was investigated through an absorption 

mechanism. Various parameters were examined in both processes such as the liquid to 

solid ratio (L/S), initial pH, and material size. In addition, different types of palm wastes 

were studied such as wastes from leaves, stems, and trunks. The results of leaching tests 

showed in general a high rate of release of many ions into distillated water at different 

mailto:dratahmed@yahoo.com
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conditions. Treatment results also exhibited a notable increase of element release into 

wastewater effluents. Prewashing and drying the coarse wastes before using them with 

wastewater demonstrated a promising ability for these wastes to remove many elements 

from wastewater. 

 

KEYWORDS: Wastewater, Treatment, Palm Waste, Absorption, Leaching  
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استخدام مخلفات النخيل في المعالجة المتقدمة منخفضة 

 التكلفة لمياه الصرف الصحي المنزلية في المناطق القاحلة
 

هاااات دعتااااااع داا اااا  ي ااااة دا  ااااا   ااااب د  لااااي د   اااا    : تعااااالب دان ااااحدة دا اق ااااي هاااال ل اااا  دا  ااااا    اااا    ااااا   الملخصصصص 

 هااااال د ب  اااااي    ااااااة ا  ااياااااا  داا  ه اااااي  داكااااااقج ل تقدااااااا قااااا  ا اااااً  دا  ااااا  ي داا  اااااي  ت اااااح  باااااً  داحعد اااااي قااااا   ه   اااااا  

هاااال  اااا ا تياااااا  د اااا احد  ه ااااا  داياااا ل داياااااب دا عاادااااي  ماااا    داااااا  دا   اااا   تياااااا  د اااا احد  ه ااااا  داياااا ل داياااااب 

ي  غااااا دي داااااا ي غ ااااا  دا   اااااح   ى اااااا قع ااااا  باااااًد دااااااا  ي اااااة قااااا  ه ااااا  ي تيااااا    ه اااااا  دايااااا ل دايااااااب تااااااة دا عاادااااا

دان ئااااااي  تاااااا     هاااااا دعا دا  ااااااا  داان و ااااااي  دي  ااااااح داع اااااا  ي ااااااة د اااااا    هعاادااااااي هاااااا اا  دا   اااااااي  ه  ااااااح   ا اااااا احد  دا اااااا دا 

ااااااا ا ااااااحد ل داان و ااااااي هجاااااا  ها اااااااا  دا ا اااااا    ت اااااا د   بااااااً  دا ااقااااااا    جاااااا    ااااااب دان ااااااحدة دا  اق ااااااي  بااااااح تضاااااان  ه اااااا  ي دق  

دا ااقااااا  داااهااااي ت اااااا   اجاااان داحعد ااااي  اااااب ته ال ااااي د ااااا احد  ها اااااا  دا ا اااا  ى ااااااا  هاهااااي ا     ااااا  دا اتداااااي ياااال ه اااااا  

دايااااا ل دايااااااب دا  دا اااااي  دي  اااااح  ه  د اااااي داكاااااام ي اااااة داع ااااا  دا د  ناااااب ي اااااة لااااااا  ها نااااا ي  تااااا  دي  ااااااا د  كااااااعد  

 اااااب دانحدقاااااي ا   ااااا   د ااااا ا   دم لات اااااا  اااااب دا اااااا    هااااال  ااااا  تااااا  اعد اااااي باااااحعت ا ي اااااة ت   اااااي ه اااااا  دا  شااااا ه ا اااااً  دا ااقاااااا  

داياااا ل داياااااب هاااال  اااا ا  ا ااااي دته يااااا   تاااا   ااااا  هع  ااااا  ها  اااااي  ااااب ى  ااااا داع    اااا ل هجاااا  لضااااكي داضااااا   تاااااة 

عد ااااي دلاااا دع ها  اااااي هاااال    اع ااااي داا  لأااااي د  ا ااااي   قداااا  دا اااااا    ا لأااااا ي تاااااة  ااااا  ت اااان ا(L/S) دا اااااا  داياااا كي

ها ااااااا  دا ا اااااا  هجااااا  ها اااااااا  د  عد   داضااااا  اة  دادااااااً ع  دع اااااا   ل اااااا   د  كاااااااعد  دا  شااااا ه   اااااا   ياااااا  دعتااااااااع لضااااااكي 

ااااا   اااااا  ه ا عااااي  ااااب  تطاااا   داعحمااااح هاااال د م لااااا   ااااب دا ااااا  دا  ااااا  ي ااااح عاااا  ل ها  اااااي  دع اااا   ل ااااا   دا عاادااااي دق  

داضاااااااا  ي   دع ااااااا  دامضااااااا   دا ضااااااانب ا  ا ااااااااا  داا ااااااا ي  تد  ا اااااااا بنااااااا   تطااااااا   داع اهااااااا   اااااااب ه اااااااا  دايااااااا ل دايااااااااب

د ااااا احده ا هااااات ه اااااا  دايااااا ل دايااااااب باااااحع   دياااااح  ا اااااً  دا ا ااااااا  ي اااااة ت دااااااي داعحماااااح هااااال داع اهااااا  هااااال ه اااااا  دايااااا ل 

 داياب 
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1.INTRODUCTION 

The whole world in general, as well as the Arab region, suffers from a shortage of 

freshwater sources for drinking, irrigation, and industrial activities. There are many areas 

in the Arab regions, especially in the Gulf countries, suffering from a great shortage of 

freshwater sources due to the lack of surface water resources. It is essential for these 

regions to manage and save the current available resources of freshwater [1]. The most 

reliable option for providing renewable freshwater is the treatment and reuse of 

wastewater. A huge amount of wastewater is generated annually and causes a problem of 

disposal in a safe way. Reuse wastewater will have a double positive impact by providing 

fresh water and solving its problem of disposal [2].  

Treating and reusing wastewater as a source of freshwater is a challenging process as it 

needs applying advanced treatment methods after the basic treatment stages. These 

advanced methods are regularly expensive and energy consumption. Thus, intensive 

research is required to find low-cost and affectable methods for the advanced treatment 

of wastewater effluents. One of these promising low-cost methods is adopting adsorbent 

and absorbent materials in the purification of wastewater effluents. Various materials 

were examined as potential adsorbents. The adsorbents in general are classified into two 

categories: conventional and non-conventional. Conventional adsorbents such as 

alumina and zeolite were adopted at a minimal level. For the non-conventional, the most 

frequently used is agro-wastes. These wastes may introduce a good bio-adsorbent for 

wastewater treatment and introduce a good reuse for these wastes before disposal [3]. 

Abundant of date-palm wastes are generated annually, especially in the Middle East area. 

100 million date-palm trees exist approximately around the world. In the Middle East and 

North Africa, 62 % of these trees are implanted. In the Kingdom of Saudi Arabia, for an 

instant, date-palm trees generate 1500 tons of waste materials from tree leaves. These 

wastes cause a great problem for their disposal and landfilling. They usually are stored in 

agricultural lands, or burned, which causes health and environmental problems [4]–[6]. 

However, on the other hand, they have the potential to work as a bio-adsorbent for many 

elements dissolved in wastewater effluents.  

Earlier studies investigated the possibility of using date-palm wastes as an adsorbent for 

pollutants.  Ahmed et al. [7] addressed an overall review on date-palm trees and their uses 
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as adsorbents for removing pollutants, heavy-metals and dyes from water and 

wastewater. Some studies concluded that date-palm waste can be used as adsorbents for 

the removal of unwanted materials from wastewater. Nujic et al. [8] showed that the use 

of date-palms for adsorption purposes in removing pollutants such as heavy-metals, dyes 

and phosphates from aquatic has succeeded. They reported also that the research on the 

date-palm fibers and their uses as bio adsorbents for the removal of pollutants from 

wastewater are limited to date. Their conclusion showed that the fibers of date-palms can 

be employed as low-cost adsorbents in removing pollutants from wastewater. Jonoobi et 

al. [9] conducted a general review on the applications of date-palm tree in Middle East 

countries. They concluded, as proven by some researchers, that the date-palm is used for 

many applications including removing of heavy-metals and soil fertilizing. Mohamed et 

al.[10] studied using a powder of date seeds (PADS) as an adsorbent in removing heavy 

metal ions such as cadmium, lead, copper, chromium, cobalt, and manganese from water. 

A mass of 0.1 gram of PADS was added to a volume of 50 mL of the water sample. The 

maximum removal efficiency was 93.34%, 71.06%, 92.06%, 96.96%, 95.91% and 36.13% 

for Cd2+, Cr3+, Co2+, Cu2+, Pb2+ and Mn2+ ions respectively. They argued that the 

findings of this study can be taken as a solution and baseline information for heavy metal 

removal in different applications.  

 

In this work, the date-palm wastes were evaluated as a treatment tool for removing 

contaminations from domestic wastewater effluents to be suitable for irrigation. The 

study investigated different types of date-palm waste components such as leaves, branch-

stems, and trunk-fibers. The examination included the leaching and absorption 

properties of these wastes. The research was based on experimental work on a lab scale. 

Many parameters were examined such as the material size, different components of date-

palm wastes, liquid to solid ratio (L/S), initial pH, and impact of the prewashing and 

drying process on the waste materials.  
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2. MATERIALS AND METHODS 

2.1 Materials  

The date-palm wastes used in this research are available in the western of the Kingdom 

of Saudi Arabia (KSA) in Madinah governorate. Samples from leaves, branch-stem and 

trunk were collected from three locations. Part of the samples was grinded into a powder 

with a size of less than 1 mm and others were cut into small pieces with sizes ranging 

between 10 to 300 mm. The main chemical compositions of these wastes are like all 

agricultural wastes, which include cellulose, hemicelluloses, and lignin. They are mainly 

carbohydrate polymers [11]. 

 

 

2.2 Leaching Tests 

To examine the components released from date-palm waste into treated domestic 

wastewater, the leaching tests were adopted following to British Standard procedure [12]. 

The waste materials were soaked without shaking or mixing in distilled water for 24 

hours. TDS, turbidity pH, and hardness were observed for 24 hours. Then a water sample 

was collected directly without filtrations and chemically analyzed to determine the 

released ions from waste materials into the water. Many cations, anions, and heavy metals 

were measured. Several parameters were investigated including the liquid-to-solid (L/S) 

as 10 and 20, and three values of pH namely 4, 6, and 10. Finally, the waste materials were 

used in two size sets namely, fine materials by grinding the waste to a particle size of less 

than 1 mm and coarse materials by cutting the waste to a size ranging from 10 to 300 mm. 

These sizes were chosen based on the available cutting and grinding tools to represent 

coarse and fine materials.  

 

2.3 Absorption Tests (Treatment Tests) 

In these experiments, the date-palm waste was examined as a bio-absorbent for the 

impurities in the wastewater. The waste was soaked in the domestic wastewater effluent 

for up to 24 hours. The effluent is collected from the wastewater treatment plant at Al 

Madinah city, KSA. The effluent has two types namely, secondary, or biologically treated 

with aeration tanks (WII); and tertiary treated with sand filters (WIII). Besides previously 
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mentioned measurements in the leaching tests, BOD and COD were observed after 24 

hours. Studied parameters in these experiments included examining the wastes with both 

WII and WIII samples individually. Furthermore, another test investigated the waste 

treatment ability by soaking the waste in distilled water for 24 hours and drying before 

adding it to WII. This is to reduce the leached ions from the solid waste into the water 

sample. Table 1 presents a summary of the studied parameters. 

 

3. RESULTS AND DISCUSSION  

3.1 Leaching Properties   

The leaching and absorption processes are the most important interactions between solid 

and liquid. The absorption process is the opposite of the leaching process as in the latter 

the particles are extracted from solid materials into water and in the former the particles 

were held by the solid materials from water. Therefore, it is crucial to investigate the 

leaching properties of any solid materials intended to be used as absorbent. Thus, in this 

work, the leaching properties of the date-palm waste were investigated by studying 

several influenced parameters as described above. 

 

Table 1: Details of Studied Parameters with Date-Palm Waste Samples. 

Samp

le 
Material Size/Status Water 

Initia

l pH 

Liquid 

to Solid 

(L/s) 

Test 

Symbol 

WII -- 

Secondary 

treated 

wastewater 

Natur

al 
10 WII 

WIII -- 
Tertiary treated 

wastewater 

Natur

al 
10 WIII 

P1 
Fine materials (<1 mm) from 

branch stem and leaves 
Distilled water 6.0 10 F-S&L/D 

P2 Fine materials (<1 mm) from trunk Distilled water 6.0 10 F-T/D 
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P3 

 

Fine materials (<1 mm) Mixture 

from branch stem, leaves and 

trunk 

Distilled water 6.0 10 Mix-F/D 

P4 

Coarse materials (10 to 300 mm) 

Mixture from branch stem, leaves 

and trunk. 

Distilled water 6.0 10 Mix-C/D 

P5 

Coarse materials (10 to 300 mm) 

Mixture from branch stem, leaves 

and trunk. 

Distilled water 4.0 10 
Mix/C/D/

pH=4 

P6 

Coarse materials (10 to 300 mm) 

Mixture from branch stem, leaves 

and trunk. 

Distilled water 10.0 10 
Mix/C/D/

pH=10 

P7 

Coarse materials (10 to 300 mm) 

Mixture from branch stem, leaves 

and trunk. 

Distilled water 6.0 20 

Mix/C/D/

pH=6/L/s

=20 

P8 

Fine materials (<1 mm) Mixture 

from branch stem, leaves and 

trunk 

Secondary 

treated 

wastewater 

Natur

al 
10 

Mix-

F/WII 

P9 

Coarse materials (10 to 300 mm) 

Mixture from branch stem, leaves 

and trunk. 

Secondary 

treated 

wastewater 

Natur

al 
10 

Mix-

C/WII 

P10 

Fine materials (<1 mm) Mixture 

from branch stem, leaves and 

trunk 

Tertiary treated 

wastewater 

Natur

al 
10 

Mix-

F/WIII 

P11 

Coarse materials (10 to 300 mm) 

Mixture from branch stem, leaves 

and trunk. 

Tertiary treated 

wastewater 

Natur

al 
10 

Mix-

C/WIII 

P12 

Coarse materials (10 to 300 mm) 

Mixture from branch stem, leaves 

and trunk. (Prewashed and dried) 

Secondary 

treated 

wastewater 

Natur

al 
10 

Mix-

C/WII-

prewashe

d 
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P (palm sample); F (fine materials; C (coarse materials); S (stem); L (leave); T (trunk); 

D (distilled) 

 

 

 

 

3.1.1 Physicochemical Characteristics 

Figure 1 presents the results of TDS, hardness, turbidity, and pH measurements at 24 

hours after adding date-palm waste to the distilled water for different parameters, P1 to 

P7. Samples from grinded branch stem and leaves, P1, showed less content of TDS and 

turbidity than those from grinded trunk, P2 or the mixture of all of them together as in 

P3. This perhaps due to ion exchange process. While P1 showed a slight increase in 

hardness and pH values. The coarse sample, P4 showed smaller values in general than 

fine the material samples. This confirms the fact that the release from waste as fine 

materials more than coarse sizes due to the increase in the surface area of the fine or 

grinded materials and consequently increase contact with liquid. The same results were 

reported by Altaher [11] who studied the impact of different particle sizes of agro-wastes 

on leaching properties. For initial pH values, results of TDS, hardness and pH showed an 

increase with increase initial pH values, samples P4 to P6, except for turbidity exhibited 

the highest value with a starting pH of 4. For the L/S ratio, comparing samples P7 to P4 

having ratios of 20 and 10 respectively showed a decline in all properties with the increase 

in the ratio. This is perhaps due to reduce the mass of the solid waste in water. This agrees 

with results reported elsewhere [11]. 



The Islamic University Journal of Applied Sciences (JESC) Issue II, Volume V, December 2023 

20 
 

 

Figure 1: TDS, Hardness, Turbidity, and pH Results at 24 hours after Adding Date-

Palm Waste to Distilled Water with Different Parameters. 

3.1.2 Ions’ Release  

Many ions were investigated including cations such as K, Mg, Na, Ca, anions such as NO3 

and SO4, and heavy metals extracted from the date-palm waste due to contact with water. 

Selected elements are presented in Figure 2. The results in general showed a high rate of 

element extraction into water. Sample P2, i.e., fine materials from the trunk, showed the 

highest rate of element release except for heavy metals such as iron, Fe, and copper, Cu. 

It seems, that this part of the palm tree does not have abundant content of metals while 

P1 from leaves showed higher levels of metal extraction. Coarse materials exhibited a 

lower rate of extraction than fine ones as seen from P4 and P3 results. For initial pH 

values, results of the release such as K, Mg, Na, Ca, and Fe showed an approximately 

decline with an increase in initial pH values except for Cu showed a slight increase of the 

extraction in alkalinity conditions, which is considered as an odd result. Dortwegt and 

Maughan [13] concluded that the solubility of cooper in water decreased with the increase 

of pH at different temperatures. The higher ratio of L/S demonstrated the less extraction 

as seen in sample P7 results. This is perhaps due to the dilution impact of increasing liquid 
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amount to solid. However, for Cu, the extraction of the element increased. Luo et al. [14] 

reported the same as they showed that the solubility of metals increases with the increase 

of liquid content. 

 

3.2 Absorption Properties of the Date-Palm Waste 

The absorption process is the treatment mechanism adopted in this work. The absorption 

ability of date-palm waste was examined with the wastewater effluents.  

 

3.2.1 Physicochemical Characteristics  

Results of TDS, hardness, turbidity, and pH measurements at 24 hours after adding date-

palm waste to wastewater effluents with different parameters, i.e., samples WII, WIII and 

P8 to P12 are presented in Figure 3. All samples of the fine and coarse materials mixed 

from grinded branch-stems, leaves and trunk with secondary and tertiary treated 

wastewater, i.e., P8 to P11 demonstrated higher content of TDS, turbidity, and hardness 

than the reference samples of the secondary and tertiary treated wastewater, WII and 

WIII. Thus, still the prominent process here is leaching not absorption. The sample of the 

coarse materials mixed from cut branch-stems, leaves and trunk with the prewashing 

process, P12, revealed good improvement as it showed less content than all other samples. 

It demonstrates promising results for effective treatment as in this case, adding the waste 

into water  
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Figure 2: Ions’ Release Results at 24 hours after Adding Date-Palm Waste to Distilled 

Water. 

 

 

samples reduced the content of TDS, turbidity, and hardness of the reference samples as 
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increased its absorbent ability. Samples with fine materials, i.e., P8 and P10, showed 

higher contents than their relevant samples with coarse materials, i.e. P9 and P11, due to 

the increase in the surface area of the fine materials, as reported also by Altaher [11]. 

 

3.2.2 Ions’ Release  

Figure 4 shows the results of ions’ release at 24 hours after adding date-palm waste to 

wastewater effluents. In general, the results showed high rates of element extraction into 

water for samples P8 to P11 in comparison to the reference samples, WII and WIII. 

Samples P8 and P10 for the fine materials with secondary and tertiary treated wastewater, 

respectively, showed the highest rate of element release. This is due to the increase in the 

surface area of the grinded materials and consequently, the increase in the solubility. 

 

Figure 3: TDS, Hardness, Turbidity, and pH Results at 24 hours after Adding Date-

Palm Waste to Wastewater Effluents with Different Parameters. 

 

Sample P9 for the course materials with secondary treated wastewater showed lower 

levels of the extraction of iron and copper as compared to its relevant samples with the 

treated wastewater, i.e., P8, P10 and P11. For P12, the prewashed sample, results proved 
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that adding the waste into water samples reduced the content of most elements in 

comparison to the reference samples as seen in Figure 4. However, some elements such 

as K, Mg, and Cu showed a slight and negligible increase more than the original content 

of wastewater effluents. The result of the prewashed sample indicates the successful 

possibility of using such type of agro-waste in wastewater treatment after performing a 

kind of pretreatment for this waste before using it in wastewater treatment application. 

3.2.3 BOD and COD 

The results of BOD and COD after adding date-palm waste to wastewater effluents are 

presented in Figure 5. Results of samples P8 to P11 showed a notable increase in BOD and 

COD values in water samples in comparison to the original content of the reference 

samples, WII and WIII. A considerable increase was observed in COD. This is perhaps 

due to the high rate of element extraction into water samples. The case of mixed coarse 

materials with the prewashing process, i.e., P12, showed notable improvement in BOD 

and COD values comparing to the previous samples and the original content of  
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Figure 4: Ions’ Release Results at 24 hours after Adding Date-Palm Waste to 

Wastewater Effluents. 

 

 

 

Figure 5: BOD and COD Results at 24 hours after Adding Date-Palm Waste to 

Wastewater Effluents. 

 

wastewater effluents. BOD decreased by 27% less than original value of WII. This is 

perhaps of enhancing the empty ion sites and free electrons for improving adsorption 

process [15], [16]. This result is a promising finding for the treatment process by date-

palm waste. Succeeding research is needed to investigate the suitable pretreatment 

process, which should be applied to this waste before being used as a treatment tool for 

wastewater effluents. 
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4. CONCLUSION: 

This work studied the possibility of reusing date-palm wastes in the treatment of 

wastewater effluents relying on an experimental program. The experiments were 

conducted on a lab scale and various parameters were examined for leaching and 

absorption processes. The following findings were concluded from the study: 

 The results of leaching tests showed, in general, a high rate of extraction of many ions 

into distillated water at different conditions. The coarse material samples of the waste 

exhibited less release than those from grinded materials. The conditions of initial pH 

and liquid to solid ratio have a notable impact on the leaching properties of the waste. 

 Results of adding date-palm waste to wastewater exhibited a notable increase of 

element release into the effluents. BOD and COD values were also raised with the 

presence of waste in the water samples. 

 The prewashing and drying process for the coarse waste before use with wastewater 

demonstrated a promising ability for this waste to remove many elements from 

wastewater and reduce BOD values.  

 Succeeding research are needed to investigate the suitable pretreatment process, 

which should be applied to this waste before being used as a treatment tool for 

wastewater effluents.  

 Prewashing plum waste with acid and alkali may enhance the morphological 

properties, potentially improving removal efficiency. This could be explored in future 

studies to optimize the recycling process. 
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Abstract: The study aims to identify the effect of artificial intelligence applications on quick 

decision-making in government hospitals in Al Madinah Al Munawarah. The researcher 

used the descriptive approach with the analytical method in order to achieve the objectives 

of the study. The study population consists of doctors, nursing staff, and technical and 

administrative staff in government hospitals in Al Madinah Al Munawarah in Kingdom of 

Saudi Arabia, who number (6897) according to the statistics of the year 1445 AH. The sample 

size was (364) of doctors, nursing staff, and technical and administrative staff in government 

hospitals in Al Madinah Al Munawarah in Kingdom of Saudi Arabia. As for the research 

results, it is clear that the total score for the first dimension, “Application of Fuzzy Logic 

Systems”, came at an average of (2.26), with a percentage of (50.5%), which is a low 

percentage according to the study tool. As for the second dimension, “Implementing expert 

systems”, the average was (2.64), with a percentage of (52.7%). The third dimension, 

“Application of neural network systems”, had an average of (2.33) and a percentage of 

(46.6%), which is a low percentage according to the study tool. The fourth dimension, “The 

role of artificial intelligence on quick decision-making”, came with an average of (4.31), and 

a percentage of (86.2%), which is a very high percentage according to the study tool. As for 
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the challenges dimension, the total score for the dimension “Challenges of applying artificial 

intelligence” was at an average of (3.51), with a percentage of (70.2%), which is a high 

percentage according to the study tool. The study recommended providing training and 

education, developing technological infrastructure, investing in cloud-based artificial 

intelligence solutions, and continuous evaluation and improvement. 

Keywords: artificial intelligence - government hospitals - decision-making - government 

hospitals. 
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أثر تطبيقات الذكاء الاصطناعي على سرعة اتخاذ القرار في 

المنورةالمستشفيات الحكومية بالمدينة   
 

 

تهددددلدراسل الددددتررسدددد راس تددددادرالدددد رلاصددددارتلى سدددداتراسددددراا را اددددلفااترالدددد رلددددااترات ددددا راسسدددداا ر ددددتراس    دددد  اترالملخصصصص   

اسحكوم ددددترداس لافددددتراس فددددو لبرحالدددد  لاراسفا ددددلراس ددددفهيراسوادددد ترمددددلراس ددددفهيراس حلعلددددترس حسعدددد رلا ددددلادراسل الددددتبرا  ددددو رم   ددددلر

لدددددا  راس فدددددترحالما شر ددددتراس    ددددد  اتراسحكوم دددددترداس لافدددددتراس فدددددو لرداس  ل دددددتراستا  دددددتراسل الددددترمدددددوراقمفدددددا رحمدددددا  راس  دددددا  رحاس

(رمدددددددوراقمفدددددددا رحمدددددددا  ر364 ددددددددبرح لددددددد ر  ددددددد راستعفدددددددتر 1445(ر  ددددددديرر عدددددددا  اتراددددددداار6897اس دددددددتوماترحاسفددددددداس رادددددددلم  ر 

ا  دددددتراس دددددتوماتبرلامدددددارداسف دددددفتراس  دددددا  رحاسلدددددا  راس فدددددترحالما شر دددددتراس    ددددد  اتراسحكوم دددددترداس لافدددددتراس فدددددو لر دددددتراس  ل دددددتراست

(رح ف دددددددفتر26ب2سف ددددددا يراسفحددددددلرا  دددددددلرلا راسل لددددددتراس ل دددددددترسلفتددددددلراقحطر)تلىعددددددد ر  دددددد راس فلددددددد راس  ددددددىي)رلدددددددا ترد  ولدددددد ر 

(رح دددددتر  دددددفترم ل  دددددترح سدددددارسف دددددا يراسفحدددددلبررسددددد رلامالراسل الدددددتربرلامددددداراسفتدددددلراس دددددا تر)تلىعددددد راسدددددف  راس ىعدددددال)ر سدددددلر%5ب50مئو دددددتر 

(برلامدددددداراسفتددددددلراس اسددددددلرح ددددددور)تلىعدددددد رلا   ددددددتراس ددددددفكاتراستعددددددى ت)ر سددددددلر عدددددد ر%7ب52ح ف ددددددفترمئو ددددددتر (ر64ب2بلددددد راس  ولدددددد ر 

مح ر“(رح ددددددتر  ددددددفترمف   ددددددتر  دددددديرلامالراسل الددددددتبرلامدددددداراسفتددددددلراساادددددددلرح ددددددور%6ب46(رح ف ددددددفترمئو ددددددتر 33ب2الدددددد رم ولدددددد ر 

(،رح ددددددتر  دددددفترااس ددددددتر%2ب86(،رح ف ددددددفترمئو دددددتر 31ب4 سدددددلرلددددددا رد  ولددددد ر ”راسدددددراا را اددددددلفااتر دددددترلددددددااترات دددددا راسسدددددداا 

لدددددلابردح ددددديرلامالراسل الدددددتبرلامدددددار دددددتردتدددددلراس حدددددلااتر سدددددلرلدددددا تراسل لدددددتراس ل دددددترسف تدددددلر)تحدددددلااترتلىعددددد راسدددددراا را ادددددلفاات)ر

(،رح ددددددتر  ددددددفترااس دددددددتر  دددددديرلامالراسل الددددددتبرحلاحاددددددد راسل الددددددترب ددددددو عاراس دددددددل  ير%2ب70(،رح ف ددددددفترمئو دددددددتر 51ب3د  ولدددددد ر 

تراس  فوسول ددددددت،رحا لددددددد   ا ر دددددددتر لدددددددوطراسددددددراا را ادددددددلفااتراس دددددددحاب ت،رحاس سعددددددد  رحاس ح دددددددعورحاس تلدددددد  ،رحتلدددددددو اراسىف دددددددتراس ح  ددددددد
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1.Introduction 

The process of developing administrative and technical systems is one of the most important 

pillars of health care in Kingdom of Saudi Arabia. Hospitals in Kingdom of Saudi Arabia are 

considered an essential pillar for providing health care to citizens and residents. To ensure 

the quality and efficiency of this care, the development of administrative and technical 

systems plays a prominent and vital role. Effective administrative systems allow the hospital 

to be managed in a more organized and effective manner. Smooth internal operations are 

one of the main goals, and the introduction of advanced technologies can contribute to 

improving patient registration processes and medical file management, leading to reduced 

errors and improved patient experience (Al Alwan, 2020: 942). The role of technical 

development is not limited to administrative systems only, but also extends to advanced 

medical technology. Investing in modern medical equipment and devices enhances 

hospitals’ ability to provide advanced medical services and accurate diagnosis, which leads 

to improving the level of health care provided. Another important aspect is that the 

development of administrative and technical systems can reduce administrative and 

operational costs. Thanks to automation and improvements in processes, resources can be 

saved and financial waste reduced, which contributes to enhancing the sustainability of 

hospitals and their ability to provide high-quality health services (Ajam, 2018: 96). The 

important technological developments that these hospitals are witnessing include the role 

of artificial intelligence is a key element in improving health services and developing medical 

care. Artificial intelligence is considered a powerful tool used to analyze huge medical data 

and has many applications in Saudi hospitals. There are many roles that artificial 

intelligence can play, such as helping doctors analyze medical images with high accuracy, 

which contributes to accelerating the diagnosis process and increasing accuracy in detecting 

diseases, analyzing patient data and providing personalized recommendations and 

personalized treatment based on that data, which enhances the effectiveness of treatment, 

as well as improving stock management and determining future needs for medicines and 

medical supplies. Patient experiences can also be customized using artificial intelligence, by 

improving appointment systems and providing accurate and smooth medical information. 

Artificial intelligence also has strong contributions to analyzing medical data to guide 

research and discover new and effective treatments.  
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Integrating smart technology such as artificial intelligence in Saudi hospitals contributes 

significantly to providing high-quality health services and enhances efficiency and 

effectiveness in health care provided to patients (Florea & Radu, 2019:381), since quick and 

effective decisions are one of the most important factors that determine the success of 

hospitals in providing excellent health services and meeting the needs of patients. In 

Kingdom of Saudi Arabia, the importance of this aspect is significantly increasing due to the 

quick development and great momentum in healthcare. Therefore, speed in decision-

making represents an urgent challenge for Saudi hospitals in order to provide distinguished 

health services. But by using advanced technology and taking full advantage of big data, the 

decision-making processes can be improved and accelerated and overall healthcare 

enhanced. 

 

2.The Study Problem 

The Saudi health system is witnessing a noticeable increase in the number of cases and 

patients benefiting from health care, which places great pressure on hospitals to make quick 

and effective decisions. Health management also faces challenges in analyzing big data and 

using it to make strategic decisions that affect the efficiency of services, as technology is 

developing very quickly, including smart solutions that contribute to improving health care, 

but this requires quick decisions to be made regarding the adoption and integration of these 

technologies into the hospital environment.  

 

Accordingly, the problem of the current study can be defined in the following question: 

“What is the effect of artificial intelligence applications on quick decision-making in 

government hospitals in Al Madinah Al Munawarah?” 

 

3.Study Questions: 

This study will seek to answer the following questions: 

- What is the reality of applying fuzzy logic systems that affect quick decision-making 

in government hospitals in Kingdom of Saudi Arabia? 

- What is the reality of implementing expert systems that affect quick decision-making 

in government hospitals in Kingdom of Saudi Arabia? 
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- What is the reality of applying neural network systems that affect quick decision-

making in government hospitals in Kingdom of Saudi Arabia? 

- What is the role of artificial intelligence on quick decision-making in government 

hospitals in Kingdom of Saudi Arabia? 

- What are the challenges of applying artificial intelligence techniques that affect quick 

decision-making in government hospitals in Kingdom of Saudi Arabia? 

 

4.Objectives of the Study: 

- Determining the reality of applying fuzzy logic systems that affect quick decision-

making in government hospitals in Kingdom of Saudi Arabia. 

- Determining the reality of implementing expert systems that affect quick decision-

making in government hospitals in Kingdom of Saudi Arabia. 

- Determining the reality of applying neural network systems that affect quick decision-

making in government hospitals in Kingdom of Saudi Arabia. 

- Determining the role of artificial intelligence on speedy decision-making in 

government hospitals in Kingdom of Saudi Arabia. 

- Determining the challenges that hinder the application of artificial intelligence 

technologies and that affect quick decision-making in government hospitals in 

Kingdom of Saudi Arabia. 

 

5..Importance of the Study: 

 

First: Theoretical Importance: 

1. The study contributes to understanding how artificial intelligence technologies affect 

decision-making processes in hospitals, paving the way for improving health care and 

making it more effective. 

2. The study contributes to analyzing the efficiency of applying artificial intelligence 

techniques in decision-making, which enables hospitals to identify the most effective 

tools and techniques in accelerating decision processes. 

3. The study contributes to directing administrative and strategic decisions in hospitals 

to further adopt artificial intelligence technologies, which creates impactful changes 

in workflow and health care. 
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4. The study is an opportunity to expand scientific knowledge and development in the 

field of health care, which contributes to the production of new knowledge that 

benefits medical practices. 

5. Providing the necessary support to make future decisions regarding investment in 

artificial intelligence technologies and directing efforts towards the most effective and 

sustainable aspects. 

 

Second: Practical Importance: 

1. Artificial Intelligence technologies enable massive amounts of medical data to be 

analyzed quickly and accurately, making it easier for decision-making based on 

accurate insights. 

2. Artificial intelligence can help doctors analyze medical images and clinical data, 

speeding up diagnostic processes and increasing their accuracy. 

3. Using AI analytics, personalized treatment plans can be provided to each patient 

based on their information and medical history. 

4. Smart applications can create significant savings in the time and effort it takes for 

decision-making, which contributes to increasing work efficiency. 

5. Speed of decision and appropriate intervention can improve the patient’s experience 

within the hospital and increase his satisfaction. 

 

6.Terminology of Study 

Artificial Intelligence (AI) 

The European Commission (2018:3) defines the term Artificial Intelligence (AI) to “systems 

that display intelligent behavior by analyzing their environment and taking actions – with a 

certain degree of autonomy – to achieve specific goals”. Laird (et al., 1987:6) defined 

artificial intelligence (AI) as “the ability of a digital computer or computer-controlled robot 

to perform tasks commonly associated with intelligent beings”. Russell and P. Norvig (2009: 

16) defined artificial intelligence (AI) as “a branch of computer science that focuses on 

building and managing technology that can learn to independently make decisions and 

perform actions on behalf of humans”. 

 

7.Decision-Making: 
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Qureshi (2020: 872) defined decision-making as “the process during which an individual or 

group identifies the options available to them and chooses one of them to take the final step 

or decision”. This work includes many steps such as collecting necessary information, 

analyzing data, and evaluating different options before making the final decision”. 

 

 

8.Methodology: 

The descriptive approach will be used using the analytical method to describe the 

phenomenon that is the subject of the study and analyze its data and the relationship 

between its components. 

 

9.Study Population: 

Nursing staff, doctors, technical and administrative staff in government hospitals in Al 

Madinah Al Munawarah 

 

10.Study Sample: 

A random sample of 6897 nurses, doctors, technical and administrative staff will be selected. 

 

11.Limits of the Study: 

Place Limits: The study will be conducted in government hospitals in Al Madinah Al 

Munawarah. 

Time limits: The study will take place during the year 1445 AH - 2023 AD. 

Human Limits: The study will be conducted on nursing staff, doctors, and technical and 

administrative staff. 

 

12.Tool of the Study: 

The questionnaire will be used to obtain the necessary primary data. The questionnaire was 

designed to find out the effect of artificial intelligence applications on quick decision-making 

in government hospitals in Al Madinah Al Munawarah. 
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13.Review of Literature: 

Al Sardiya’s study (2022) entitled: “The degree to which school principals in Mafraq 

Governorate use artificial intelligence applications and their relationship to the quality of 

administrative decision-making” 

The study aimed to identify the degree to which school principals in Mafraq Governorate use 

artificial intelligence applications and their relationship to the quality of administrative 

decision-making, and to reveal the influence of the following variables: gender, years of 

experience, and academic qualification on that. To achieve the objectives of the study, the 

descriptive correlational survey method was used. The study sample consisted of (365) male 

and female teachers from Mafraq Governorate schools during the first semester of the 

2021/2022 academic year. They were selected by a simple random method. To achieve the 

study objective, a questionnaire consisting of (43) items was developed, and the validity and 

reliability of the tool was confirmed. The study findings showed that the degree to which 

school principals in Mafraq Governorate used artificial intelligence applications from the 

point of view of teachers was moderate, and that the quality of administrative decision-

making was moderate. The results also showed that there were no statistically significant 

differences at the level of significance (α = 0.05) in the areas of the measure of the use of 

artificial intelligence applications by school principals in Mafraq Governorate and the areas 

of the measure of the quality of administrative decision-making due to the variables of the 

study (gender, practical experience, and academic qualification). The results also showed 

that there is a positive, statistically significant correlation between the degree to which 

school principals in Mafraq Governorate use artificial intelligence applications and its fields 

and the quality of administrative decision-making. In light of the study findings, the 

researcher recommended several recommendations, including training school principals on 

artificial intelligence applications in order to raise the quality of administrative decision-

making in schools in Mafraq Governorate, the necessity of preparing effective plans to train 

and qualify all school principals and teachers to apply artificial intelligence applications. 

 

Saleh’s study (2022) entitled: “Proposed procedures for developing the decision-making 

process in educational departments using expert systems as an application of artificial 

intelligence” 
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The study aimed to develop the decision-making process in educational departments using 

expert systems as an application of artificial intelligence. To achieve this goal, the study 

relied on the descriptive approach, and also relied on the questionnaire as a data collection 

tool. The study consisted of three dimensions, in addition to the part related to defining the 

study’s problem, questions, and methodology. The first dimension included the theoretical 

and intellectual foundations of expert systems as one of the applications of artificial 

intelligence in educational administration, while the second dimension included the role of 

expert systems in the decision-making process and the third dimension included proposed 

procedures to develop the decision-making process in educational departments in Minya 

Governorate using expert systems as an application of artificial intelligence. 

 

Alwan’s study (2020) entitled: “Artificial Intelligence and Crisis Management: A Case Study 

of the COVID-19 Pandemic Crisis” 

This study aimed to identify the most prominent roles of artificial intelligence in crisis 

management, by applying it to Covid-19virus pandemic crisis in the pre-crisis phase, the 

crisis response phase, and the post-crisis phase. It also aimed to identify the most prominent 

challenges, including governance challenges, human and material challenges, technical 

challenges, and ethical challenges that artificial intelligence faces in managing Covid-19virus 

pandemic crisis. To achieve these goals, a case study methodology was adopted based on the 

sequence from the general framework to the specific framework, and information is 

extracted based on this sequence. 

 

Accordingly, the analysis was based on a matrix consisting of a horizontal dimension and a 

vertical dimension. The horizontal dimension of the matrix consists of the three stages of 

the crisis, and the vertical dimension consists of three components: The role of crisis 

management, the role of artificial intelligence in crisis management, and the role of artificial 

intelligence in managing Covid-19 crisis. 

 

The study found a set of roles for artificial intelligence in all stages of crisis management, 

including: predicting crises, activating teamwork, and generating knowledge. The study also 

found another set of roles for artificial intelligence to manage Covid-19 crisis, including: 

training, early diagnosis, and evaluating the impact of the epidemic. The study identified the 

most prominent challenges facing artificial intelligence in managing Covid-19 crisis, 
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classified into governance challenges, human and material challenges, technical challenges 

and ethical challenges. In conclusion, the study presented some recommendations drawn 

from the results. 

 

Al Enezi’s study (2020) entitled: “The Effect of artificial Intelligence on the Performance of 

Organizations: A Case Study of the Primary Health Care Corporation in the State of Qatar” 

This study aimed to identify the effect of artificial intelligence on the performance of 

organizations (internal operations, training and growth, auditor satisfaction), and the 

researcher followed the descriptive analytical approach to conduct this study. The study 

sample included (130) employees of the Primary Health Care Corporation in the State of 

Qatar, and the study used a tool developed for this purpose. The study findings showed that 

the arithmetic averages were very high, high, and medium for the independent dimension 

(artificial intelligence), and that the arithmetic average for the overall dimension 

(organizational performance) reached (4.00). The second dimension (training and growth) 

came in first place, followed in last place by the first dimension (internal processes). The 

results also showed that the independent variable (artificial intelligence) has a statistically 

significant effect on the dependent variable (task performance) with its combined 

dimensions (internal operations, training and growth, and auditors’ satisfaction). Based on 

the study results, the researcher made several recommendations, as follows: It is necessary 

to pay attention to artificial intelligence applications related to the process of canceling 

customer electronic subscriptions, and to ensure that they are completed in a quick and easy 

manner, ensuring attention to the conduct of internal operations in the organization, 

improving relations between its employees and ensuring their commitment to regulations 

and laws. 

 

Agam’s study (2018) entitled: “Artificial Intelligence and its Implications for High-

Performing Organizations: An Exploratory Study in the Ministry of Science and Technology” 

The study addressed the concept of artificial intelligence and its impact on high-performance 

organizations. The Ministry of Science and Technology was intentionally chosen to conduct 

the study and distribute the questionnaire. The study included mid-line managers because 

they were in direct contact with the topics covered by the study to know the impact of the 

four types of artificial intelligence that were studied, including: Expert systems, neural 

networks, genetic algorithms, and intelligent agents influence the ministry's work. To 
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determine the impact, two main hypotheses and eight sub-hypotheses were developed. A 

questionnaire was used to collect data. Forty questionnaires were distributed and retrieved 

in full. They were subjected to the Cronbach Alpha test to determine the validity and 

reliability of the tool. Arithmetic means, standard deviations, correlation and effect 

coefficients were used. A set of conclusions were reached, the most important of which is the 

existence of a significant correlation and the presence of a moral impact of the application 

of artificial intelligence within the departments investigated in the ministry. The results were 

consistent with the two hypotheses of the study. The researcher also presented a set of 

recommendations, the most important of which was the need to expand applications of 

artificial intelligence and according to the departments’ need for each type of artificial 

intelligence in order to advance the ministry’s reality to a better level. 

 

14.Theoretical Framework and Literature of the Study 

The Concept of Artificial Intelligence: 

Laird et al (1987) defined artificial intelligence (AI) as a field in computer science concerned 

with creating technological systems and programs that have the ability to perform tasks that 

usually require human intelligence with the aim of developing systems capable of learning, 

thinking, making decisions and adapting to situations independently, based on data and 

analyses. The concept of artificial intelligence includes a wide range of technologies and 

concepts, including what the study (Pliakos, et.al, 2019) showed in the following: 

1. Machine Learning: Machine learning allows computer systems to analyze data and 

gain experience by interacting with the environment and data, without the need for 

explicit programming. 

2. Artificial Neural Networks: They depend on imitating the work of neural 

networks in the human brain to process information and analyze data. 

3. Natural Language Processing: It allows the computer to understand and analyze 

human language and interact naturally with texts and commands. 

4. Smart Robotics and Autonomous Systems: It allows robots and systems to 

carry out tasks independently without human intervention. 

5. Artificial Thinking: Seeking to give artificial intelligence systems the ability to 

make independent decisions based on data and analyses. 
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6. Narrow and General Artificial Intelligence AI: Narrow artificial intelligence 

focuses on solving a specific task, while general intelligence aims to outperform 

systems in a wide range of tasks in a human-like manner. 

7. Self-adaptation and continuous improvement: Artificial intelligence allows 

systems to adapt to the changing environment and continuously improve their 

performance. 

 

Artificial Intelligence is a developing field that generates a lot of interest and is used in 

various industries such as medicine, business, industry, and technology. 

 

15.Areas of Using Artificial Intelligence in Saudi Hospitals 

Artificial intell00igence is considered one of the modern tools that enhance innovation and 

improve health services in Saudi hospitals, and Alwan’s study (2020) showed the areas of 

use of artificial intelligence in this context: 

1. Diagnosis of diseases: 

 Medical image analysis: Artificial intelligence is used to analyze medical images 

such as X-rays and MRI to diagnose diseases with high accuracy. 

 Clinical data analysis: Artificial intelligence can be used to analyze patient data 

and medical records to identify factors associated with diseases and provide accurate 

treatment guidance. 

 

2. Improving Health Care Services: 

 Personalize care: Artificial intelligence helps direct medical care for each patient 

based on their health records and surrounding factors. 

 Improving r0eception and emergency operations: It can be used for forecasting, early 

reporting of emergency situations and better prioritization. 

 

3. Resource Management and Planning: 

 Providing administrative efficiency: Artificial intelligence can be used to analyze 

performance data and effectively use resources such as medical beds and clinical 

beds. 
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 Forecasting needs: It helps in analyzing data to predict future needs for resources and 

medical devices. 

 

4. Development of Treatments and Medicines: 

 Research and development: Artificial intelligence can be used to analyze genetic data 

and clinical studies to develop effective treatments and medicines. 

 Personalization of treatments: It can be used to customize medical treatments to the 

needs of specific patients. 

5. Personal Care and Communication with Patients: 

 Healthcare applications: Applications can be developed that facilitate 

communication between doctors and patients and provide personalized health 

advice. 

 Medical Robots: Using robots to assist in medical care and provide assistance in 

certain medical procedures. 

 

16.Requirements for Applying Artificial Intelligence in Saudi 

Hospitals 

The application of artificial intelligence in Saudi hospitals requires consideration of several 

requirements to ensure the success and effectiveness of these technologies. Among these 

requirements are what Al Enezi’s (2020) study explained in the following: 

Data and Analysis: 

- Reliable and sufficient data: Providing medical data of high quality and sufficient 

quantity to support artificial intelligence operations. 

- Data Analysis: The ability to analyze and use data effectively to obtain accurate 

insights and guidance. 

 

Technological Infrastructure: 

- Integrated and compatible systems: The necessity of having a technological 

infrastructure capable of supporting artificial intelligence applications and 

integrating them with current hospital systems. 

 

Training and Development: 
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- Qualifying Cadres: Providing training and education for doctors, nurses, and 

medical personnel on the use of new smart technologies. 

- Continuous Development: the ability to keep pace with technological 

developments and continuous updates in the field of artificial intelligence. 

 

Security and Privacy: 

- Data Protection: Implement security measures and protect patient data and 

sensitive medical information from hacks and leaks. 

- Compliance with legislations: Ensuring that the AI application complies with 

laws, health regulations, and privacy requirements. 

 

Leadership Support and Funding: 

- Administrative support: The presence of leadership support that encourages the 

application and investment in smart technologies. 

- Sustainable financing: Allocate a sufficient budget to develop and maintain the 

hospital’s artificial intelligence systems. 

 

Communication and Transparency: 

- Exchange of knowledge and experiences: Encouraging communication and 

exchange of knowledge with other hospitals and relevant parties for continuous 

learning and application of best practices. 

- Transparency: Establishing artificial intelligence projects in a transparent manner 

that achieves trust and enhances the effective exchange of information. 

Achieving the success of implementing artificial intelligence in hospitals requires 

considering these different aspects and focusing on meeting technical, operational, legal and 

human requirements. 

 

17.Challenges Facing the Application of Artificial Intelligence in 

Saudi hospitals 

 

The use of artificial intelligence in Saudi hospitals is witnessing remarkable progress in 

improving health care and making medical services more effective and accurate. However, 
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there are many challenges faced by the application of artificial intelligence, including what 

Ajam’s study (2018) explained in the following: 

1. Infrastructure and Technology: 

 Technology transformation: Adopting the technology needed to implement AI 

can be expensive and require modernization of existing hospital infrastructure. 

 

2. Data and Privacy: 

 Data quality: Providing high-quality, reliable data is a challenge, as AI relies on 

accurate data to perform reliably. 

 Privacy and security: Keeping medical data and personal information of patients 

requires following strict procedures to maintain privacy and security. 

 

3. Interaction with Human Elements: 

 Acceptance of technology: New technologies may face resistance from some 

medical or administrative personnel due to lack of confidence in the new system or 

fear of switching to the technology. 

 

4. Training and Skills: 

 Training cadres: The application of artificial intelligence requires training medical 

and technical personnel to use new technologies, and this requires investment in 

training and education. 

 

5. Laws and Regulations: 

 Health legislation: Hospitals may face legal or regulatory restrictions in using smart 

technologies in healthcare. 

 

 

6. Challenges of Saving and Investing: 

 Costs and sustainability: Implementing AI can be expensive and require ongoing 

investments, which can be a challenge for hospitals under financial pressures. 
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These challenges are part of the many factors that must be considered and addressed when 

applying smart technologies such as artificial intelligence in the medical field. The success 

of these technologies requires strategic thinking and good planning, in addition to 

cooperation between the public and private sectors and the adoption of solutions that meet 

the actual needs of patients and medical personnel. 

 

 

To overcome these challenges, Saudi hospitals must invest in: 

 Smart decision-making technologies: Adopting artificial intelligence systems 

and big data analysis to provide accurate and quick insights for decision-making. 

 Technical infrastructure development: The necessity of updating systems and 

software and providing the necessary infrastructure for modern technology. 

 Strengthening organizational and leadership capabilities: developing 

leadership skills in making quick and influential decisions. 

Quick decision-making is a major challenge facing Saudi hospitals, but technology and 

improving administrative capabilities can contribute to meeting this challenge and achieving 

the provision of distinguished health services (Al Alwan, 2020: 974). 

 

18.The role of artificial intelligence in speedy decision-making in 

Saudi hospitals: 

Artificial intelligence plays an important and diverse role in improving health services within 

hospitals in Kingdom of Saudi Arabia. Al Anazi’s (2020) study explained some of the main 

roles that artificial intelligence can play in this context: 

1. Assistant diagnosis and analysis of medical images: Artificial intelligence can 

help doctors analyze and interpret medical images such as X-rays, CT scans, and MRI 

images. This can speed up the diagnostic process and help detect diseases and 

changes more accurately. 

2. Improving patient experience: Artificial intelligence can be used to personalize 

patient experiences, such as improving appointment and scheduling systems, 

providing accurate information about health conditions, and providing immediate 

responses to patient inquiries. 
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3. Improving inventory and resource management: Artificial intelligence can 

improve inventory management in hospitals by anticipating needs, reducing waste, 

and ensuring the accurate and effective provision of medicines and medical supplies. 

4. Providing personalized healthcare: Artificial intelligence can be used to analyze 

big data for patients and provide personalized recommendations and personalized 

treatment based on that data. 

5. Developing medical research: Artificial intelligence can contribute to analyzing 

large medical data to identify new trends and treatments and guide medical research. 

6. Improving practical management: Artificial intelligence can be used to improve 

medical management processes, analyze financial data, and provide guidance to 

improve efficiency and reduce costs. 

Artificial intelligence applications contribute to improving the quality of health care and 

providing better medical services. They also contribute to providing health care more 

efficiently and effectively to patients in Kingdom of Saudi Arabia. 

 

19.Methodological Procedures of the study 

Field Study Procedures 

This section deals with a detailed description of the procedures followed by the researcher 

in implementing the study, including a definition of the study methodology, a description of 

the study population and its sample, design and preparation of study tool used (the 

questionnaire) and ensuring its validity and reliability, as well as the procedures for using 

and applying the study tools, and the statistical treatments that the researcher relied on in 

analyzing the study findings. 

 

 

First: The Aim of the Field Study: 

The study aimed to identify the effect of artificial intelligence applications on quick decision-

making in government hospitals in Al Madinah Al Munawarah. 

 

Second: Methodology: 

The researcher used the descriptive method using the analytical method in order to achieve 

the objectives of the study, which is defined as: “It deals with events, phenomena, and 
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practices that exist and are available for measurement, and the study as it is without 

interference from the researcher in its course, and the researcher can interact with them, 

describe them, and analyze them” (Darwish, 2017 AD). 

 

Third: Population of the Study 

The study population consists of doctors, nursing staff, and technical and administrative 

staff in government hospitals in Al Madinah Al Munawarah in Kingdom of Saudi Arabia, 

numbering (6897) according to the statistics of the year 1445 AH. 

 

Fourth: Study Sample: 

The study sample represents the original community, and contains its features and 

characteristics. It consists of doctors, nursing staff, and technical and administrative staff in 

the government hospitals of Al Madinah Al Munawarah in Kingdom of Saudi Arabia. The 

sample was determined based on the size of the original population (6897), according to the 

American Association’s approach to determining sample size, and calculating the equation. 

The sample size was (364) doctors, nursing staff, and technical and administrative staff in 

government hospitals in Al Madinah Al Munawarah in Kingdom of Saudi Arabia, and they 

represent the study population. The questionnaire tool was distributed to doctors, nursing 

staff, and technical and administrative staff in government hospitals in Al Madinah Al 

Munawarah in Kingdom of Saudi Arabia from the sample. 

 

Characteristics of the Study Sample: 

 Gender 

Table (1) 

Distribution of sample members by gender 

Gender Frequency % 

Males 60.2 219 

Females 39.8 145 

Total 100.0 364 

Table No. (1) shows that the percentage of males reaches 60.2% of the sample size and that 

the percentage of females reaches 39.8%. 
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Figure (1) shows the percentage of males and females in the study sample 

 

 

 

 

 Academic Qualification 

Table (2) 

Distribution of sample members according to academic qualification 

Qualification Total study sample % 

Less than the Bachelor 81 22.3 

The Bachelor 230 63.2 

Master’s Degree 37 10.2 

PhD 16 4.4 

Total 364 100.0 

It is clear from the previous table that the highest percentage is the number of holders of a 

bachelor’s degree at a rate of (63.2%), followed by those who hold less than a bachelor’s 

degree at a rate of (22.3%). 

Gender 
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Figure (2): the percentage for the academic qualification variable 

 

 

 

 

 

 

 

 Experience 

Table (4) 

Distribute the research sample according to experience 

Stage Frequency % 

Less than 5 years 75 20.6 

5 to 10 years 151 41.5 

More than 10 years 138 37.9 

Total 364 100.0 

It is clear from the previous table that the highest percentage of those with less than 5 to 10 

years of experience reached (41.5%), followed by those with more than 10 years of experience 

with a rate of (37.9). 

  

 

 

 

 

PhD 

Less than BSc 

Bsc 

MA 

PhD 

MA Bsc Less than Bsc 

Academic Qualification 
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Figure (4): the percentage in relation to the experience variable 

 

 Job 

Table (5) 

Distribution of the study sample according to jobs 

Stage Frequency % 

Less than 5 years 75 20.6 

5 to 10 years 151 41.5 

More than 10 years 138 37.9 

Total 364 100.0 

It is clear from the previous table that the highest percentage is for the position of doctors, 

at a rate of (44.8%), followed by the position of nurses, at a rate of (28.3). 

More than 10 

Less than 5 years 

5 to 10 years 

More than 10 years 

 

Less than 10 5 to 10 years 

Experience Years 
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Figure (4): the percentage in relation to the function variable 

 

 

20.Description of the design, preparation and control of the study 

tool: 

Based on the nature of the data and the approach followed in the study, it was concluded 

that the most appropriate tool to achieve the objectives of the study is the questionnaire. The 

questionnaire was used to identify the effect of artificial intelligence applications on quick 

decision-making in government hospitals in Al Madinah Al Munawarah. The questionnaire 

was prepared by reviewing the literature related to the aim of the research, as well as after 

reviewing previous studies, Alwan’s study (2020), Al Anazi’s study (2020), and Ajam’s study 

(2018), and its design is as follows: 

A. Questionnaire: The current study used a questionnaire consisting of two sections: 

1) The first section: data related to the study sample members, that is: personal data 

related to describing the study sample, which are: 

i. Gender 

ii. Qualification 

iii. Job experience 

iv. Job 

2) The second section: consists of (25) phrases, divided into five dimensions as follows: 

i. First dimension: applying fuzzy logic systems. It consists of (5) phrases. 

Jobs 

Pharmacist 

Nurse 

Technician 

Doctor 

Pharmacist 

 

Doctor Technician Nurse 
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ii. Second dimension: Application of expert systems and consists of (5) phrases. 

iii. Third dimension: Application of neural network systems and consists of (5) phrases. 

iv. Fourth dimension: The role of artificial intelligence in quick decision-making. It 

consists of (5) phrases. 

v. Fifth dimension: Challenges of applying artificial intelligence. It consists of (5) 

phrases. 

 

 

 

 

 

 

 

21.Standardization of the study tool - Psychometric Properties 

- Apparent validity (validity of arbitrators): 

The tool was presented to a number of (9) faculty members to express their opinion on the 

validity of the tool and its relationship to the variables of the study, the extent to which the 

tool’s items match what it measures, as well as the scientific validity of the terms and 

concepts used and linguistic validity. The items were presented to a number of faculty 

members in the Department of Administration, and some of them modified the wording of 

some phrases and deleted others. An agreement rate of no less than (80%) was relied upon. 

 

 

- Content validity (logical validity): 

This was verified by: 

- Reviewing literature, books, previous studies and research, and theoretical 

frameworks that dealt with the variables of the study in general. 

- Analyzing these references and studies; This is to reach the dimensions and 

expressions that are related to the problem of the study. 

 

Internal Consistency: 

First: Measuring Correlation Coefficients. 



The Islamic University Journal of Applied Sciences (JESC) Volume V, Issue II, December 2023 
 

53 

 

To measure the reliability of the tool, the researcher calculated the reliability coefficients for 

the tool by applying it to a survey sample consisting of (30) doctors, nursing staff, and 

technical and administrative staff in government hospitals in Al Madinah Al Munawarah in 

Kingdom of Saudi Arabia. It was chosen randomly by calculating the correlation coefficient 

between each statement and the total score of the dimension it follows, as follows: 

The first dimension: applying fuzzy logic systems (5 phrases) 

Table (6) 

Values of correlation coefficients between each statement of the first 

dimension: applying fuzzy logic systems with the total score 

Paragraph 

No. 

first dimension: applying fuzzy logic systems Correlation 

coefficient 

1 Fuzzy logic systems are used within government hospitals 

for decision-making. 
0.652** 

2 Government hospitals use fuzzy logic systems to process 

data that cannot be processed through traditional computer 

programs. 

0.632** 

3 Fuzzy logic systems are used within government hospitals 

in several fields. 
0.674** 

4 Fuzzy logic systems are used in government hospitals in 

combination with artificial intelligence applications such as 

expert systems. 

0.628** 

5 Fuzzy logic systems are used within government hospitals 

as advanced information systems that help in decision-

making. 

0.696** 

Significant at a significance level of 0.01 **  Significant at a significance level of 0.05* 

 

 

 

 

 

It is clear from Table (6) that the correlation coefficients between the items in the first 

dimension and the total score for the dimension were all positive and statistically significant, 
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with medium and high values. It is also clear from the previous table that the (correlation) 

values between each of the first dimension’s phrases and the total score for the dimension 

ranged between (0.628) and (0.696), which are good correlation coefficients from which the 

researcher concludes that they are true to what they were designed to measure, and that they 

are significant at level (0.01), as well as being statistically significant. This indicates that the 

dimension of “applying fuzzy logic systems” has a high validity. Therefore, this result 

demonstrates the validity of the dimension items and its validity for field application. 

 

The second dimension: application of expert systems. 

Table (7) 

Values of correlation coefficients between each statement of the second 

dimension: application of expert systems with the total score for the 

dimension 

Paragraph 

No. 

Second dimension: applying expert systems Correlation 

coefficient 

1 Government hospitals use expert computer systems to 

improve the decision-making process. 
0.741** 

2 Government hospitals rely on expert computer systems to 

solve various problems. 
0.689** 

3 Government hospitals rely on expert computer systems to 

acquire skills and knowledge in areas that help in decision-

making. 

0.617** 

4 Government hospitals base their thinking processes on 

expert computer systems, and are not limited only to 

providing information. 

0.614** 

5 Expert systems contribute to modeling human experience 

in problem solving and decision-making. 
0.639** 

 Significant at a significance level of 0.01 **  Significant at a significance level of 0.05* 

 

It is clear from Table (8) that the correlation coefficients between the items in the second 

dimension and the total score of the dimension were all positive and statistically significant, 

with medium and high values. It is clear from the previous table that the (correlation) values 
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between each statement of the second dimension and the total score for the dimension 

ranged between (0.614) and (0.741), which are good correlation coefficients from which the 

researcher concludes that they are true to what they were designed to measure, and that they 

are significant at level (0.01). ), as well as being statistically significant. This indicates that 

the “Application of Expert Systems” dimension has a high validity, and accordingly, this 

result demonstrates the validity of the dimension’ paragraphs and its validity for field 

application. 

 

 

 

 

 

 

 

 

Table (8) 

Values of correlation coefficients between each statement of the third 

dimension: applying neural network systems with the total score for the 

dimension 

 

Paragraph 

No. 

Third dimension: neural networks system 

application 

Correlation 

coefficient 

1 Neural networks help government hospitals upload 

enormous information. 
0.661** 

2 Government hospitals use neural networks to create 

workflows through which they process information. 
0.687** 

3 Government hospitals rely on neural networks for their 

ability to derive information from complex data. 
0.617** 

4 Government hospitals use neural network systems to excel 

in learning. 
0.683** 

5 Neural networks provide government hospitals with 

multiple options. 
0.674** 
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Significant at a significance level of 0.01 **  Significant at a significance level of 0.05* 

It is clear from Table (7) that the correlation coefficients between the items in the third 

dimension and the total score of the dimension were all positive and statistically significant, 

with medium and high values. It is also clear from the previous table that the (correlation) 

values between each of the third dimension’s phrases and the total score for the dimension 

ranged between (0.617) and (0.687). These are good correlation coefficients from which the 

researcher concludes that they are true to what they were designed to measure, and that they 

are significant at level (0.01), in addition to being statistically significant, which indicates 

that the dimension of “Application of Neural Network Systems” has a high validity. 

Therefore, this result demonstrates the validity of the dimension items and its validity for 

field application. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table (9) 
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Values of correlation coefficients between each of the phrases of the fourth 

dimension: The role of artificial intelligence in quick decision-making with 

the total score for the dimension 

 

Paragraph 

No. 

Fourth dimension: role of artificial intelligence in 

quick decision-making 

Correlation 

coefficient 

1 Artificial intelligence contributes to providing quick 

information that contributes to speedy decision-making. 
0.624** 

2 Artificial intelligence can be used to diagnose some medical 

conditions, which allows the appropriate action to be taken 

quickly for the patient. 

0.643** 

3 Artificial intelligence contributes to transferring sufficient 

realistic expertise, in cooperation with the largest 

international hospitals, to government hospitals in the 

Kingdom. 

0.609** 

4 Artificial intelligence allows government hospitals in the 

Kingdom to keep pace with medical developments and 

administrative work, which helps in determining the most 

appropriate decisions when providing services.  

0.637** 

5 Artificial intelligence allows the provision of all information 

about the history of various diseases and methods of 

treatment, and a quick answer to any information needed 

by the medical staff, which contributes to the speed of 

making the appropriate decision. 

0.641** 

 Significant at a significance level of 0.01 **  Significant at a significance level of 0.05* 

 

It is clear from Table (9) that the correlation coefficients between the items in the fourth 

dimension and the total score of the dimension were all positive and statistically significant, 

with medium and high values. It is clear from the previous table that the (correlation) values 

between each of the phrases of the third dimension and the total score of the dimension 

ranged between (0.609) and (0.643). These are good correlation coefficients from which the 

researcher concludes that they are true to what they were designed to measure, and that they 
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are significant at level (0.01), in addition to being statistically significant, which indicates 

that the dimension of “Application of genetic algorithm systems” has a high validity. 

Therefore, this result demonstrates the validity of the dimension items and its validity for 

field application. 

 

 

 

 

 

 

 

 

 

 

 

 

Table (10) 

Values of correlation coefficients between each statement of the fifth 

dimension: Challenges of applying artificial intelligence in Saudi hospitals 

with the total score for the dimension 

Paragraph 

No. 

Fifth dimension: Challenges of applying artificial 

intelligence in Saudi hospitals 

Correlation 

coefficient 

1 Infrastructure needs strong technological updates. 0.624** 

2 New technologies face resistance from some medical or 

administrative staff due to lack of confidence in modern 

technological systems. 

0.639** 

3 Hospitals face legal or regulatory restrictions in using smart 

technologies in healthcare. 
0.618** 

4 Strict procedures are followed to maintain privacy and 

security to preserve medical data and personal information 

of patients. 

0.698** 
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5 The application of artificial intelligence requires training 

medical and technical personnel to use new technologies. 
0.634** 

 Significant at a significance level of 0.01 **  Significant at a significance level of 0.05* 

 

It is clear from Table (7) that the correlation coefficients between the items in the third 

dimension and the total score of the dimension were all positive and statistically significant, 

with medium and high values. It is also clear from the previous table that the (correlation) 

values between each of the third dimension’s phrases and the total score for the dimension 

ranged between (0.618) and (0.698). These are good correlation coefficients from which the 

researcher concludes that they are true to what they were designed to measure, and that they 

are significant at level (0.01), in addition to being statistically significant, which indicates 

that the dimension of “Challenges of applying artificial intelligence in Saudi hospitals” has a 

high validity. Therefore, this result demonstrates the validity of the dimension items and its 

validity for field application. 
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22.Structural Validity of the Dimensions: 

Table No. (11) shows the correlation values between the average of each dimension with the 

total average of all the dimension phrases, which shows that the correlation values have a 

good meaning and are significant at the significance level (0.01). 

 

 

 

 

Table (11) 

Values of correlation between each dimension of the questionnaire with the 

total score of the questionnaire phrases 

S Dimension Correlation 

coefficient 

1 Application of fuzzy logic systems 0.674** 

2 Application of expert systems 0.682** 

3 Application of neural network systems 0.649** 

4 The role of artificial intelligence in speed of decision-making 0.693** 

5 Challenges of applying artificial intelligence 0.678** 

 Significant at a significance level of 0.01 **  Significant at a significance level of 0.05* 

 

It is clear from Table (11) that the correlation coefficients between the items in the first 

dimension and the total score for the dimension were all positive and statistically significant, 

with medium and high values. It is also clear from the previous table that the (correlation) 

values between all the scores of the first dimension, the second dimension, the third 

dimension, the fourth and fifth dimension, and the total score of the dimensions ranged 

between (0.649) and (0.693). These are good correlation coefficients from which the 

researcher concludes that they are true to what they were designed to measure, and that they 

are significant at level (0.01), in addition to being statistically significant, which indicates 

that the dimensions of the study have a high validity. Therefore, this result demonstrates the 

validity of the dimension items and its validity for field application. 
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Questionnaire Reliability: 

The reliability of the study tool means that the tool will give the same results when applied 

multiple times to the same sample. This means to what degree the study tool will give close 

readings each time it is used, and it means ensuring that the response will be approximately 

the same if it is repeatedly applied to different people at different times. 

Alpha Chronbach coefficient was used to verify the study tool, and Table (12) shows the 

values of the Cronbach Alpha reliability coefficients for each dimension of the questionnaire, 

which is shown in the following table: 

 

Table (12) 

Reliability coefficient (Cronbach's alpha) for the study dimensions 

S Dimension No. of 

phrases 

Cronbach's 

alpha 

1 Application of fuzzy logic systems 5 0.889 

2 Application of expert systems 5 0.878 

3 Application of neural network systems 5 0.863 

4 The role of artificial intelligence in speed of decision-

making 

5 
0.891 

5 Challenges of applying artificial intelligence 5 0.896 

It is clear from the previous table that the reliability coefficients are high, ranging between 

(0.863) and (0.896), and from these values it is clear that the questionnaire is characterized 

by a high degree of reliability that the researcher is reassured about when applying it to the 

study sample. 

 

Table (9) 

Estimate of the average percentage of response for the two dimensions 

Average Average % Estimate degree 

From 1 to less than 1.8 20% to less than 36% Very low 

From 1.8 to less than 2.6 36% to less than 52% Low 

From 2.6 to less than 3.4 52% to less than 68% Medium 

From 3.4 to less than 4.2 68% to less than 84% High 

From 4.2 to less than 5 From 84 to 100% 20% to less than 36% 
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23.Study Results, Interpretation and Discussion 

Introduction: 

The researcher addresses the questions related to the study, with a review of the most 

important results that emerged through the application of the study tool (the questionnaire), 

especially from the analysis of its paragraphs. To identify the effect of artificial intelligence 

applications on quick decision-making in government hospitals in Al Madinah Al 

Munawarah, then verify the hypotheses of the study to know this role with the variables of 

the study, which are: - 

1- Gender 

2- Academic qualification 

3- Experience 

4- Jobs 

 

24.Analysis and Interpretation of the Study Results: 

1. What is the effect of artificial intelligence applications on quick decision-making in 

government hospitals in Al Madinah Al Munawarah? 

2. What is the reality of applying fuzzy logic systems that affect quick decision-making 

in government hospitals in Kingdom of Saudi Arabia? 

3. What is the reality of implementing expert systems that affect quick decision-making 

in government hospitals in Kingdom of Saudi Arabia? 

4. What is the reality of applying neural network systems that affect quick decision-

making in government hospitals in Kingdom of Saudi Arabia? 

5. What is the role of artificial intelligence on quick decision-making in government 

hospitals in Kingdom of Saudi Arabia? 

6. What are the challenges of applying artificial intelligence technologies that affect 

quick decision-making in government hospitals in Kingdom of Saudi Arabia? 

7. Are there statistically significant differences at the level of significance (a = 0.05) due 

to the variables (gender - academic qualification - years of experience - job)? 

Therefore, the researcher here addresses the answer to the questions related to the field 

study, while reviewing the most important results that emerged through the application of 

the study tool (the questionnaire), especially from the analysis of its paragraphs. Therefore, 

statistical treatments were carried out on the data resulting from applying the questionnaire 
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to the study sample, where the researcher used the Statistical Packages for the Social Studies 

(SPSS) program to obtain the study findings. To interpret the study findings and estimate 

the level of responses, the researcher relied on a five-point Likert scale, considering that the 

maximum score corresponds to the relative weight (100%). He also used statistical 

treatments for arithmetic means, standard deviations, frequencies, and ratios 

 

First: Displaying the Results 

First: Results related to the first dimension, applying fuzzy logic systems 

Table (13) Arithmetic means and standard deviations for the application of 

fuzzy logic systems dimension 

Paragraph 

No. 

Phrases Weight 

average 

SD % Degree Rank 

1 Fuzzy logic systems are 

used within government 

hospitals for decision-

making. 

2.05 0.578 41.0% 

Low 5 

2 Government hospitals use 

fuzzy logic systems to 

process data that cannot 

be processed through 

traditional computer 

programs. 

2.91 0.288 58.2% 

Medium 1 

3 Fuzzy logic systems are 

used within government 

hospitals in several fields. 

2.2 0.718 44.0% 

Low 4 

4 Fuzzy logic systems are 

used in government 

hospitals in combination 

with artificial intelligence 

applications such as expert 

systems. 

2.73 0.66 54.6% 

Medium 3 
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5 Fuzzy logic systems are 

used within government 

hospitals as advanced 

information systems that 

help in decision-making. 

2.74 0.437 54.8% 

Medium 2 

Total degree 2.527 0.2669 50.5% Low 

 

It is clear from the previous table that the total score for the dimension “Application of fuzzy 

logic systems” came with an average of (2.26), with a percentage of (50.5%), which is a low 

percentage according to the study tool. Phrase No. (2) states that “government hospitals use 

fuzzy logic systems to process data that cannot be processed through traditional computer 

programs”. This phrase came in ranked No. (1) as the highest ranking in the averages with 

an average percentage of (2.91) and a relative weight of (58.2%), while Phrase No. (1) came 

in the lowest ranking in the averages with a low percentage with an average of (2.05), and a 

relative weight of (41%), which stated, “Fuzzy logic systems are used within government 

hospitals for decision-making”. These results were consistent with the study of Al Anzi 

(2020), some of whose findings were that there is a deficiency in the application of artificial 

intelligence technologies in health care institutions. 

 

 

 

 

 

 

 

Second: Results related to the second dimension: 

Table (14) Arithmetic means and standard deviations for the expert systems 

application dimension 

Paragraph 

No. 

Phrases Weight 

average 

SD % Degree Rank 

1 Government hospitals use 

expert computer systems 
2.93 1.155 58.6% 

Medium 1 
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to improve the decision-

making process. 

2 Government hospitals rely 

on expert computer 

systems to solve various 

problems. 

2.58 0.898 51.5% 

Low 3 

3 Government hospitals rely 

on expert computer 

systems to acquire skills 

and knowledge in areas 

that help in decision-

making. 

2.38 0.487 47.6% 

Low 5 

4 Government hospitals base 

their thinking processes on 

expert computer systems, 

and are not limited only to 

providing information. 

2.52 0.572 50.3% 

Low 4 

5 Expert systems contribute 

to modeling human 

experience in problem 

solving and decision-

making. 

2.78 0.974 55.6% 

Medium 2 

Total degree 2.637 0.4779 52.7 Average 

 

It is clear from the previous table that the total score for the dimension “Implementing 

expert systems” came at an average of (2.64), with a rate of (52.7%), which is a very high 

percentage according to the study tool. Phrase No. (1), which states that “government 

hospitals use expert computer systems to improve the decision-making process”, was ranked 

No. (1) as the highest ranking in the averages, with an average percentage of (2.93), and a 

relative weight of (58.6%), while Phrase No. (3) was ranked lowest in the averages, with a 

low percentage with an average of (2.38), and a relative weight of (47.6%), which stated: 

“Government hospitals rely on expert computer systems to acquire skills and knowledge in 
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areas that help in decision-making”. These results were consistent with the study of Al Alwan 

(2020), Al Anazi (2020). 

 

Third: Results related to the third dimension: 

Table (15): Arithmetic means and standard deviations. Application of neural 

network systems 

Paragraph 

No. 

Phrases Weight 

average 

SD % Degree Rank 

1 Neural networks help 

government hospitals 

upload enormous 

information. 

1.38 0.485 27.5% 

Very 

low 

5 

2 Government hospitals use 

neural networks to create 

workflows through which 

they process information. 

2.40 0.574 48.0% 

Low 3 

3 Government hospitals rely 

on neural networks for 

their ability to derive 

information from complex 

data. 

2.37 0.483 47.4% 

Low 4 

4 Government hospitals use 

neural network systems to 

excel in learning. 

2.82 0.485 56.4% 

Medium 1 

5 Neural networks provide 

government hospitals with 

multiple options. 

2.67 0.470 53.5% 

Medium 2 

Total degree 2.328 0.2241 46.6% Low 

 

It is clear from the previous table that the total score for the dimension “Application of 

Neural Network Systems” came with an average of (2.33), with a percentage of (46.6%), 

which is a low percentage according to the study tool. Phrase No. (4) stated that “government 
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hospitals use neural network systems to excel in learning”. Ranked No. (1) as the highest 

ranking in the averages with an average percentage of (2.82) and a relative weight of 

(56.4%), while Phrase No. (5) came in the lowest ranking in the averages with a very low 

percentage with an average of (1.38), and a relative weight of (27.5%), which stated: “Neural 

networks help government hospitals download enormous information”. These results were 

consistent with a study Alwan (2020).  

 

Fourth: Results related to the fourth dimension: The role of artificial 

intelligence on quick decision-making 

Table (15): Arithmetic means and standard deviations. The role of artificial 

intelligence on quick decision-making 

Paragraph 

No. 

Phrases Weight 

average 

SD % Degree Rank 

1 Artificial intelligence 

contributes to providing 

quick information that 

contributes to speedy 

decision-making. 

4.2 0.601 84.0% 

Very 

high 

 

2 Artificial intelligence can 

be used to diagnose some 

medical conditions, which 

allows the appropriate 

action to be taken quickly 

for the patient. 

4.39 0.592 87.8% 

Very 

high 

 

3 Artificial intelligence 

contributes to transferring 

sufficient realistic 

expertise, in cooperation 

with the largest 

international hospitals, to 

government hospitals in 

the Kingdom. 

4.16 0.670 83.2% 

High  
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4 Artificial intelligence 

allows government 

hospitals in the Kingdom to 

keep pace with medical 

developments and 

administrative work, which 

helps in determining the 

most appropriate decisions 

when providing services.  

4.32 0.751 86.4% 

Very 

high 

 

5 Artificial intelligence 

allows the provision of all 

information about the 

history of various diseases 

and methods of treatment, 

and a quick answer to any 

information needed by the 

medical staff, which 

contributes to the speed of 

making the appropriate 

decision. 

4.48 0.419 89.6% 

Very 

high 

 

Total degree 4.31 0.2705 86.2% Very high 

 

It is clear from the previous table that the total score for the dimension “The role of artificial 

intelligence on quick decision-making” came at an average of (4.31), with a percentage of 

(86.2%), which is a very high percentage according to the study tool. Phrase No. (5), which 

states that “Artificial intelligence allows the provision of all information about the history of 

various diseases and methods of treating them, and a quick answer to any information 

needed by the medical staff, which contributes to the speed of making the appropriate 

decision”. It was ranked No. (1) as the highest ranking in the averages, with an average 

percentage (4.48), and a relative weight (89.6%), while Phrase No. (3) was ranked lowest in 

the averages, with a high percentage with an average of (4.16), and a relative weight of 

(83.2%), which stated: “Artificial intelligence contributes to transferring sufficient realistic 

expertise, in cooperation with the largest international hospitals, to government hospitals in 
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the Kingdom”. These results were consistent with Saleh’s study (2022), which included 

among its findings the importance of the role of artificial intelligence in quick decision-

making. 

 

Fifth: Results related to the fifth dimension: Challenges of applying artificial 

intelligence 

Table (15): Arithmetic means and standard deviations. Challenges of applying 

artificial intelligence 

Paragraph 

No. 

Phrases Weight 

average 

SD % Degree Rank 

1 Infrastructure needs strong 

technological updates. 
3.99 0.584 79.8% 

High 1 

2 New technologies face 

resistance from some 

medical or administrative 

staff due to lack of 

confidence in modern 

technological systems. 

3.53 0.576 70.7% 

High 3 

3 Hospitals face legal or 

regulatory restrictions in 

using smart technologies in 

healthcare. 

3.14 0.483 62.9% 

Medium 5 

4 Strict procedures are 

followed to maintain 

privacy and security to 

preserve medical data and 

personal information of 

patients. 

3.33 0.511 66.6% 

Medium 4 

5 The application of artificial 

intelligence requires 

training medical and 

3.55 0.551 71.0% 

High 2 
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technical personnel to use 

new technologies. 

Total degree 3.509 0.1605 70.2% High 

 

It is clear from the previous table that the total score for the dimension “Challenges of  

applying artificial intelligence” came at an average of (3.51), with a percentage of (70.2%), 

which is a high percentage according to the study tool. Phrase No. (1), which states that “the 

infrastructure needs strong technological updates”, was ranked No. (1) as the highest 

ranking in the averages, with a very high percentage with an average of (3.99), and a relative 

weight of (79.8%), while Phrase No. (3) came in the lowest ranking in the averages with a 

high percentage with an average of (3.14), and a relative weight of (62.9%), which stated: 

“New technologies face resistance from some medical or administrative personnel due to a 

lack of confidence in modern technological systems”. These results were consistent with the 

study of Al Sardiya (2022) and the study (Florea, & Radu, 2019), where among their results 

was that there are many challenges faced by regular institutions, the most important of 

which are resistance to change, providing information security, and also providing the 

necessary infrastructure for applying artificial intelligence. 

 

Sixth: The Answer to the question: “What is the effect of artificial intelligence 

applications on quick decision-making in government hospitals in Al Madinah 

Al Munawarah?” 

The researcher extracted the frequencies for each of the phrases: “What is the effect of 

artificial intelligence applications on quick decision-making in government hospitals in Al 

Madinah Al Munawarah” as follows: 

 

 

 

 

 

 

 

Table (16): Arithmetic means and standard deviations for each dimension: 

“Applications of artificial intelligence” 
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Paragraph 

No. 

Phrases Weight 

average 

SD % Degree Rank 

1 Application of fuzzy logic 

systems 
2.53 0.267 50.6% 

Low 5 

2 Application of expert 

systems 
2.64 0.478 52.8% 

Medium 3 

3 Application of neural 

network systems 
2.56 0.160 51.2% 

Low 4 

4 The role of artificial 

intelligence on quick 

decision-making 

4.31 0.270 86.2% 

Very 

high 

1 

5 Challenges of applying 

artificial intelligence 
3.51 0.1605 70.2% 

High 2 

Total degree 3.110 0.2705 62.2% Medium 

 

 

 

It is clear from the previous table that the total score for the dimension on artificial 

intelligence applications was at an average of (3.11), with a percentage of (62.2%), which is 

an average percentage according to the study tool. Dimension No. (4) came in the highest 

ranking in the averages with a very high percentage with an average of (4.16), and a relative 

weight of (86.2%), and its title was “The role of artificial intelligence on quick decision-

making”. It was followed by Dimension No. (5) as the second highest in the averages, with a 

high percentage with an average of (3.51), and a relative weight of (70.2%), which was titled: 

“Challenges of applying artificial intelligence, followed by dimension No. (2) in the ranking 

of averages with a high percentage with an average of (2.64), and a relative weight of (52.7%), 

which was titled “Application of expert systems”. This was followed by Dimension No. (3), 

which stated that “application of neural network systems” had a high percentage with an 

average of (2.56), and a relative weight of (51.2%). Phrase No. (3) also came in the lowest 

ranking in the averages, with a low percentage with an average of (2.53), and a relative 

weight of (50.5%), where it stated “Applying fuzzy logic systems”. 
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25.Summary of Study Results: 

Previously, the results of the field application of the study were presented in light of the 

responses of the research sample, and they were processed statistically using descriptive 

statistics and processed with specialized statistical programs, reaching the results, their 

analysis and interpretation. The study findings will be presented below, and 

recommendations and proposals will be presented. 

 

26.Findings of the Study: 

This includes presenting the most prominent findings of the study with regard to answering 

the questions and achieving its objectives, as follows: 

1- The level of application of artificial intelligence systems is still weak in government 

hospitals in Al Madinah Al Munawarah due to many reasons, the most important of 

which is the lack of sufficient training among medical staff on the various artificial 

intelligence systems that can be applied within government hospitals. 

2- It also became clear that there is a confusion between the concepts of artificial 

intelligence and its different types that can be applied within government hospitals. 

3- It was also clear from the results that there are many challenges that prevent the 

application of artificial intelligence, the most important of which is providing 

infrastructure, as well as adequate training for medical staff to use artificial 

intelligence in diagnostic, therapeutic, technical or administrative aspects alike. 

4- There is also a fear of data security and loss of information. 

5- There is also a lack of good legislative and executive cover governing the process of 

applying artificial intelligence within government hospitals. 

6- On the other hand, it was found that artificial intelligence, from the point of view of 

medical staff working in government hospitals, has a great impact on the decision-

making process in government hospitals. It provides a huge amount of information 

that contributes to making appropriate decisions at the right time, its effective role 

in tracking the medical history of some patients, as well as its effective role in 

analyzing historical and current data on some endemic diseases and epidemics, 

which contributes to determining effective vaccines and treatments in a proactive 

manner. 
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27.Recommendations: 

1. Providing training and education: Doctors, nurses and medical staff should be 

given opportunities to train in the use of smart technologies. This could include 

educational courses and workshops to understand how AI can be used to improve 

healthcare and streamline medical processes. 

2. Developing technological infrastructure: Government hospitals must be 

equipped with the necessary infrastructure to accommodate artificial intelligence 

technologies, such as robust and secure computer systems and networks, and robust 

and secure data systems. 

3. Investing in cloud-based AI solutions: Cloud computing can be beneficial for 

government hospitals that want to implement smart technology, as they can gain 

access to greater and more effective AI services without the need for large investments 

in infrastructure. 

4. Focus on security and privacy: AI systems in hospitals must be highly protected 

and adhere to the highest standards of medical security and privacy. 

5. Continuous evaluation and improvement: Continuous evaluation of AI 

applications is essential to ensure their efficiency and effectiveness. There must be 

mechanisms to measure the impact of the use of smart technologies on the quality of 

care and the efficiency of operations. 

 

6. Strengthening communication and partnerships: Government hospitals can 

benefit from cooperation with technology companies and academic bodies to develop 

and improve artificial intelligence applications in health care. Implementing artificial 

intelligence in government hospitals requires a strategic vision and multifaceted 

efforts to ensure its effective integration within the healthcare environment. 

 

28.Proposed Research 

1. Studying the impact of applying artificial intelligence on improving the quality of 

health care within government hospitals. 

2. Conducting studies on the financial and health costs and benefits of artificial 

intelligence applications in government hospitals. 



The Islamic University Journal of Applied Sciences (JESC) Volume V, Issue II, December 2023 
 

74 

 

3. Studying the effect of artificial intelligence on the experience of patients and patients, 

and its role in improving the patient experience within government hospitals. 
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Design and Implementation of a Simulator of The Micro-

Electromagnetic Generator Used to Power Medical 

Devices Implanted in The Human Body 
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*Computer Engineering Dept., Faculty of Informatic, Ittihad Private University, Aleppo, 

Syria. 

 

Abstract: The issue of obtaining sustainable energy to power small electronic devices 

that are difficult to power with batteries is considered one of the important research 

topics, such as Biomedical Implants, as it depends on the nature of these devices in order 

to power them themselves, noting that most of these devices are located in a vibrating 

medium, and thus energy can be secured. It has a micro-generator that converts ambient 

energy into electrical energy that is used to charge a small battery installed on the device 

implanted within the human body. Micro-electromagnetic generators are considered one 

of the most important types that convert vibration energy into electrical energy used to 

charge a battery. In this research paper, we conducted a theoretical study of the micro-

electromagnetic generator, and deduced its mathematical equations, leading to the final 

model that links the vibrations to the generated voltage. This model was later modeled 

and simulated using MATLAB/SIMULINK, and we designed and implemented an 

emulator circuit for the generator that uses a dsPIC digital signal processor through which 

parameters can be adjusted via an interactive GUI interface to obtain the output of the 

micro-generator similar to the real one, with the aim of using it later in research into 

developing collection systems. Energy for Biomedical Implants. Finally, we applied 

practical designs of micro-generators found in previous research to the simulator that we 

designed to ensure the accuracy of the results. 

 

Keywords: Micro-electromagnetic, dsPIC, micro-generator, Biomedical Implants, 

MATLAB GUI. 
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 الكهرومغناطيسي المكرويتصميم وتنفيذ محاكي للمولد 

 المستخدم في تغذية الأجهزة الطبية المزروعة في جسم الانسان

يعتبر موضوع الحصول على الطاقة المستدامة لتغذية الأجهزة الالكترونية الصغيرة التي يصعب تغذيتها بالبطاريات  الملخص:

بحيث يُعتمد على طبيعة هذه التجهيزات  Biomedical Implantsأجهزة الزرع الطبية  من المواضيع البحثية الهامة، مثل

وسط اهتزازي، وبالتالي يمكن تأمين الطاقة لها من  فيمن أجل تغذيتها ذاتياً، بملاحظة أن معظم هذه التجهيزات موجودة 

التي تقوم بتحويل الطاقة المحيطة إلى طاقة كهربائية تستخدم في شحن بطارية  Micro-generatorالمولدات الميكروية  

 يرة مركبة على الجهاز المزروع ضمن الجسم البشري.صغ

من أهم الأنواع التي تحول طاقة  generatorMicro electromagneticتعتبر المولدات الكهرومغناطيسية الميكروية 

مغناطيسي و قمنا في هذه الورقة البحثية بإجراء دراسة نظرية للمولد الكهر  تستخدم في شحن بطارية. الاهتزاز إلى طاقة كهربائية

الميكروي، واستنتاج معادلاته الرياضية وصولًا إلى الموديل النهائي الذي يربط الاهتزازات بالجهد المولد. تم فيما بعد نمذجة 

للمولد  Emulatorبتصميم وتنفيذ دارة محاكي وقمنا  MATLAB/SIMULINKهذا الموديل ومحاكاته باستخدام 

للحصول على  GUIيمكن من خلاله ضبط البارامترات عن طريق واجهة تفاعلية   dsPICيستخدم معالج الإشارة الرقمية 

جهزة الزرع لأخرج المولد الميكروي مشابه للحقيقي وذلك بهدف استخدامه فيما بعد في أبحاث تطوير أنظمة تحصيل الطاقة 

جودة في أبحاث سابقة على . وأخيراً قمنا بتطبيق تصاميم عملية لمولدات ميكروية مو Biomedical Implantsالطبية 

 .المحاكي الذي قمنا بتصميمه للتأكد من دقة النتائج
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1.Introduction: 

Developing and improving the output of the direct rectifier lever switch requires 

providing an input voltage that practically simulates the output of the micro 

electromagnetic generator. Therefore, in this research paper, we studied the working 

principle of the micro electromagnetic generator, modeled and built a simulation model 

of the generator, and then we designed a simulator using a digital signal processor 

microcontroller. dsPIC based on the deduced mathematical model. We carried out the 

practical implementation of the simulator, and applied the designs of the micro 

electromagnetic generator to previous research, and we obtained results close to the 

results of the practical designs. 

1. Micro electromagnetic generator: 

The adopted micro electromagnetic generator can be represented by a permanent 

magnet, a damper element, a spring, and a coil, where the permanent magnet is fixed by 

the spring to the base of the generator body and has freedom of movement within the 

primary coil as shown in Figure (1) [1]. For ease of study, we considered that the vibrations 

occur in a plane applicable to Generator axis. 

 

 

Figure 1. Micro electromagnetic generator 

When the body of the generator is exposed to external mechanical vibration, the 

permanent magnet within the coil vibrates, and according to Faraday’s law, an alternating 

voltage will be generated between the two ends of the coil. Its value depends on the 
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number of turns of the coil, the type of permanent magnet, and the strength of the 

vibration. The form of the generator’s output voltage is sinusoidal and of the order of tens 

of millivolts [2][1]. 

 

2.Modeling of the micro electromagnetic generator: 

The force F applied to the micro-generator causes external vibration y(t), which in 

turn causes internal vibration z(t) of the mechanical system (spring, damper element, 

permanent magnet). Then the mathematical model of the micro-generator can be 

expressed by the following differential equation (1): [3] 

F = mz′′(t) + bz′(t) + kz(t)                                                         (1) 

Where: 

m[kg] is the mass of the permanent magnet. 

b[(N.S)/m] is the damping constant resulting from the sum of the mechanical damping 

bm and the electrical damping be, i.e. b=be+bm. 

K [N/m] Stiffness of spring constant. F[N] The force applied to the mass and is given by 

the following relationship according to Newton's second law: 

F =  my′′(t)                                                                                  (2) 

𝑚𝑦′′(𝑡) = 𝑚𝑧′′(𝑡) + b𝑧′(𝑡) + 𝑘𝑧(𝑡)                                      (3) 

From equations (1), (2), (3) we get the following form for the generator model:  

𝑦′′(𝑡) = 𝑧′′(𝑡) + (
bm

m
+

be

m
) 𝑧′(𝑡) +

𝑘

𝑚
𝑧(𝑡)                           (4) 

For ease of modeling, we assume that the force F applied to the micro-generator generates 

a sinusoidal vibration y(t), which is given by the following relationship: 

𝑦(𝑡) = y max  sin ωt                                                                     (5) 

Where: 
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 ymax[m]: is the largest amplitude of vibration. 

 ω[rad/s]: The angular frequency of vibration. 

𝑦′′(𝑡) = −ω2y max  sin ωt = −ω2𝑦(𝑡)                                     (6) 

By replacing equation (6) with equation (4), we get equation (7): 

−ω2𝑦(𝑡) = 𝑧′′(𝑡) + (
bm

m
+

be

m
) 𝑧′(𝑡) +

𝑘

𝑚
𝑧(𝑡)                      (7) 

We consider that u(t) represents income and is given by equation (8): 

𝑢(𝑡) =   −ω2𝑦(𝑡)                                                                            (8) 

Therefore, the mathematical model of the generator becomes represented by Equation (7) 

according to Equation (9): 

𝑢(𝑡) = 𝑧′′(𝑡) + (
bm

m
+

be

m
) 𝑧′(𝑡) +

𝑘

𝑚
𝑧(𝑡)                                  (9 ) 

On the other hand, the vibration of the magnet produces an electrical force in the coil, 

which is given by the relationship (10): 

𝑒(𝑡) = n
∂∅

∂t
                                                                                                (10) 

Where: 

Ø [wb]: Magnetic flux resulting from the movement of a permanent magnet. 

n: Number of turns of the primary coil. 

By converting equation (10) to a partial derivative in terms of ∂z: 

𝑒(𝑡) = n
∂∅

∂z

∂z

∂t
                                                                                           (11) 

Equation (11) can be written as follows Equation (12): 

𝑒(𝑡) = CE

∂z

∂t
= CEZ′                                                                              (12) 



The Islamic University Journal of Applied Sciences (JESC) Issue II, Volume V, December 2023 

83 
 

where:     

C𝐸 = n
∂∅

∂z
                                                                                             (13) 

It is a constant whose unit [SV/m] is related to the number of turns of the primary coil 

and the composition of the permanent magnet. The generated electrical power PE is the 

result of converting the mechanical power Pm generated by work changes w[(N.m)/S] 

during one time: 

PE = Pm =
∂w

∂t
= Febϑ = Febz′                                             (14) 

Where: 

ϑ[m/S]: linear speed.  

Note that the electrical damping force Feb [N] is given by: 

Feb = bez′                                                                           (15) 

Substituting (15) into (14): 

PE = bez′z′                                                                         (16) 

On the other hand, the instantaneous electrical power is given by equation (17): 

PE = EI                                                                                (17) 

Where:  

E[V] electric force generated at the output of the micro-generator.  

I[A] The current passing through the load connected to the output of the micro-generator. 

From relations (12), (16) and (17) the electrical damping constant can be deduced: 

 

be =
CEI

z′
                                                                               (18) 
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I =
E

RL
                                                                                    (19) 

Where:  

RL [Ω] is the resistance connected to the output of the micro-generator. 

By replacing equation (19) with equation (18): 

be =
CEE

z′RL
                                                                              (20) 

Substituting E from equation (12) with equation (20): 

be =
CE

2

RL
                                                                                  (21) 

By replacing equation (21) with equation (9): 

𝑢(𝑡) = 𝑧′′(𝑡) + (
bm

m
+

𝐶𝐸
2

mRL
) 𝑧′(𝑡) +

𝑘

𝑚
𝑧(𝑡)             (22) 

From equations (22) and (8), the mathematical model of the micro-generator can be 

represented with the diagram shown in Figure (2), where: 

𝐶1 =
𝑘

𝑚
                                                                               (23) 

𝐶2 =
bm

m
+

𝐶𝐸
2

mRL
                                                               (24) 

𝐴 = −ω2                                                                            (25) 
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Figure 2. Box diagram of the mathematical model of the micro-generator 

The transfer function can be obtained from the box diagram of the micro mathematical 

model shown in Figure (2) according to Equation (26): 

H(s) =
E(S)

y(S)
=  

ACES

S2 + C1S + C2
                                              (26) 

 

2. Frequency study of the transfer function of the micro electromagnetic 

generator: 

In order to know the effect of the vibration provided to the generator on the gain, 

we will study the frequency response of the transfer function of the micro-generator, 

where the transfer function is given in standard form: 

G(S) =  
aS

S2 + bS + c
                                                              (27) 

Figure (3) shows the frequency characteristic (Bode), from which the maximum value of 

the gain of the previous transfer function is given: 

AGmax =  
a

b
                                                                             (28) 
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Then the frequency is: 

ωp =  √c                                                                                  (29) 

Where ωp is called the pole frequency, and it is the frequency at which the transfer 

function gain is maximum. 

 

Figure 3. Bode frequency characteristic of the transmission function 

By matching the transfer function of the generator given by equation (26) with the 

standard form equation (27), we find the values of: 

a =  ACE                                                                            (30) 

b =  C1                                                                              (31) 

c =  C2                                                                              (32) 

From this, the maximum value of the transfer function gain of the micro-generator is 

given: 

AHmax =  
ACE

C1
                                                             (33) 

ωHp =  √
bm

m
+

𝐶𝐸
2

mRL
                                                 (34) 
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The generator output is given: 

E = Hy                                                                          (35) 

Therefore, from equations (5), (8), (33) and (35), the maximum output of the micro-

generator when the vibration frequency ωHp is given by the relationship (36): 

Emax =
ACE

C1
y max                                                             (36) 

From this, the maximum output power of the micro-generator is given: 

PEmax  =
Emax

2

RL
=

(
ACE

C1 y max)
2

RL
                                    (37) 

Through studying the frequency response of the transfer function, we conclude that the 

micro-generator has a maximum response at a certain vibration frequency. Therefore, the 

design values K, m, bm, and CE must be chosen to determine the polar frequency ωp 

according to the working environment of the micro-generator, based on the frequency 

range of mechanical vibration provided to the micro-generator. 

 

3.Micro-electromagnetic generator simulation: 

In order to simulate the mathematical model of the generator, the design values of 

the generator given in Table (1) were chosen [3] [4]. 

 

Table 1. Design practical values for simulating the mathematical model of the micro-

generator 

416[N/m] k 

0.005[kg] m 

0.00001[N.m/s] bm 
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100[Ω] RL 

6.456[S.V/m] CE 

 

By taking the practical design values of the generator from Table (1) and from equations 

(23) and (24), we calculate the values of the constants C1 = 83200 and C2 = 83.3619. For 

a vibration frequency of ω = 282.7433 rad/sec for the input signal shown in Figure (4), 

the output of the micro-generator is E Shown in Figure (5) according to the simulation of 

the box diagram shown in Figure (2) in the Matlab environment. 

 

Figure 4. Microgenerator input signal  

 

Figure 5. Microgenerator output signal 
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We notice from the simulation results that the amplitude of the generator output 

increases at the beginning of the vibration application and then stabilizes at a certain 

value as a result of mechanical inertia. Therefore, the energy harvesting system, the 

electronic part (switched), must be designed so that it tracks this change in the take-off 

phase to make the most of the energy provided to the micro-generator and increase the 

yield in particular. In an environment where the vibration provided is intermittent rather 

than continuous (the condition is more common). 

3. Design a micro-generator simulator: 

Designing a micro-generator simulator is one of the main steps in this research, as 

we designed a simulator circuit that uses a dsPIC digital signal processor to obtain the 

output of a micro-generator with certain design parameters that are entered through an 

interface available to the designer. The micro-generator simulator consists of the sections 

shown in Figure (6):[5] 

 
Figure 6. Block diagram of the microgenerator simulator 

The work of this simulator is based on the mathematical model of the micro-generator 

shown in Figure (2) by mainly programming the dsPIC digital signal processor and the 

GUI program according to two modes of work: 

 Online mode: In this mode, the mathematical model is simulated using dsPIC to 

obtain the output signal according to the requirements entered by the GUI 

interface. This mode is useful for studying the transient states of the micro-

generator, but on the other hand, there is difficulty in changing the output 

parameters of the micro-generator directly. 
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 Offline mode: In this mode, the mathematical model is simulated using a GUI 

program according to the input parameters to obtain the parameters of the output 

signal, and this signal is generated by dsPIC. This mode is characterized by 

changing the output parameters of the micro-generator directly, but on the other 

hand, it is not possible to study cases through it. Trans. 

 

The most important features of the simulator are: 

1- It provides an easy design interface for choosing the values of the constants K, m, bm, 

and CE for the micro-generator. 

2-  It allows the researcher and designer of the energy harvesting system to test and 

simulate his design using the MATLAB environment and practically using the 

simulator circuit. 

3-  It allows the vibration and amplitude to be changed in several ways, which provides 

a simulation of the natural environment in which the micro-generator may exist. 

4-  It provides the possibility of studying the efficiency of the energy harvesting system 

accurately. 

 The simulated system can be divided into two parts: 

3.1 Hardware: 

 It consists of the following parts: 

3.1.1 Interface connection circuit: 

 It is the circuit that connects the computer and a dsPIC digital signal processor in 

order to match the logical levels of the RS232 protocol between the COM port of the 

computer and the UART unit of the processor and Figure (7) the linking circuit. 
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Figure 7. Interface circuit between the computer and the dsPIC digital signal processor 

 

3.1.2 dsPIC digital signal processor circuit: 

It is the main element in the simulator that generates the output signal in two modes, 

online or offline. The dsPIC30F3010 chip was chosen from the family of power 

inverters and motor control suitable for our research in terms of practical 

implementation because it has a high capacity in digital signal processing, as every 

instruction in the dsPIC digital signal processor is executed in One instruction cycle, 

which makes the dsPIC digital signal processor suitable for use in control systems that 

operate in real time, where the PWM motor control unit was used to build a digital-

analogue converter (DAC) and a DSP core in order to perform mathematical 

operations. Figure (8) shows the digital signal processor circuit. dsPIC, where a screen 

is connected to show settings and working status. 
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Figure 8. dsPIC digital signal processor circuit 

3.1.3 DAC circuit: 

Figure (9) shows the DAC circuit that we designed in order to convert the digital signal 

generated from the PWM ports into a signal expressing the output of the micro-

generator. In this circuit, two RC low-frequency filters (PWM detector) were used with 

a cut-off frequency of Fc=159Hz, and the operational amplifier U2 combines the two 

part signals. The positive, negative, and U3 are for precise control of the amplitude. 

The transistors Q1, Q2, Q3, and Q4 are insulators on the one hand and a controller 

connecting the dsPIC digital signal processor and the filtering stage on the other hand. 
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Figure 9. DAC circuit 

3.1.4 Buffer circuit: 

Figure (10) shows the Buffer circuit that we designed with the aim of eliminating the 

offset of the output voltage resulting from the inaccuracy of the elements, filters and 

operational amplifiers in the DAC circuit and obtaining the output voltage field of the 

order of millivolts, where the resistor RV1 is used to determine the output field and 

RV2 is used to cancel the offset of the output voltage. 

 

Figure 10. Buffer circuit 
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3.2 Software:  

It consists of the following parts: 

3.2.1 dsPIC digital signal processor software: 

 DSP instructions were used in two modes, online and offline, to achieve high speed of 

execution. We programmed the processor in C language using the mikroC PRO for 

dsPIC compiler. The program can be divided into the following parts: 

 The first part: It receives parameters from the GUI program via the UART 

communication port at a speed of 138,000 Baud, according to the work mode and 

input parameters.  

 The second part: It generates the micro-generator output in offline mode 

according to a fixed amplitude and frequency that are calculated by a GUI program 

according to a simulation in the MATLAB environment.  

 The third part: It generates the micro-generator output in online mode based on 

the transfer function given in equation (27), where it is cut into a cut-off time Ts 

according to the backward difference method, so we get the following difference 

equation (38): 

 

  𝑘1𝐸(𝑛) + 𝑘2𝐸(𝑛 − 1) + 𝑘3𝐸(𝑛) = 𝑘4(𝑦(𝑛) − 𝑦(𝑛 − 1))             (38) 

Where: n is the sample number. 

k1 =
1

Ts
2

+
C1

Ts
+ C2                                                                                       (39) 

k2 =
−2

Ts
2

−
C1

Ts
                                                                                                (40) 

 k3 =
−1

Ts
2

                                                                                                         (41) 

k4 =
AKe

Ts
                                                                                                      (42) 
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The previous constants are calculated by a GUI program through the input parameters 

and then sent to a dsPIC digital signal processor in order to obtain a fixed cutting time. 

Timer1 was used to generate an interrupt with a cutting time of TS=20us, which calls the 

interrupt service function, which calculates the output of the differential equation given 

by (38). We obtain the output voltage, which is converted to analog values by the PWM 

terminal and the DAC module. 

3.2.2 GUI Program:  

It is a program with a visual interface written in C language in the MATLAB 

environment through which the emulator is fully controlled, as it contains two visual 

interfaces: 

• The main interface shown in Figure (11) through which the design values are entered, 

the results are simulated, the results are shown, and the simulated circuit is controlled. 

• An interface for selecting and changing vibration parameters, shown in Figure (12), 

is used in offline mode only in two ways:  

 Linear, as in this method the amplitude and frequency of vibration within a field 

are changed linearly and with increasing value over a specific period of time.  

 Random: In this method, the amplitude and frequency of vibration within a field 

are changed randomly during a specific period of time. 

The program performs the following tasks:  

 Entering micro-generator parameters.  

 Calculating the constants of the mathematical model from the microscopic input 

parameters according to equations (23), (24), and (25) and the discrete model 

according to equations (28), (29), (30), and (31).  

 Simulating the micro-generator according to the mathematical model (Figure (2)) 

and showing the results.  

 You can choose the online or offline work mode.  

 Provides communication in order to transfer the constants of the mathematical 

model and the discrete model to the simulator circuit.  
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 Control the simulator circuit from turning it on and off. 

 

 

Figure 11. Main interface of the GUI program 

 

 

Figure 12. The interface for changing vibration parameters is used in offline mode 

4.Testing and practical application of the simulator:  

In order to test the simulator design, we applied two micro-electromagnetic 

generator designs that were implemented by previous research.  
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• First design: By applying the parameters shown in Figure (11) and practical values for 

the constants c1 = 83200, c2 = 83.3619, and ce = 6.456 for the micro-electromagnetic 

generator (same simulation parameters for the mathematical model) that was designed 

by researchers Dwari, Dayal, Parsa, the practical laboratory picture of this generator is 

shown. Figure (13), where they applied a sinusoidal vibration with a frequency of 45 Hz 

from a controlled electric vibrator connected to the micro-generator with an amplitude 

Ymax = 100µm, so the maximum value of the microoutput voltage was Emax = 55mV, 

and using the analog signal analyzer connected to the output of the simulator circuit, we 

obtained the signal shown in Figure (14). )[6]. 

 

 

Figure 13. A practical picture of the micro-electromagnetic generator used in the 

simulator test 
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Figure 14. The output voltage of the circuit simulated for the first design of the micro-

generator 

We note from Figure (14) that the maximum value of the output voltage of the simulated 

circuit is Emax=61mV . It is close to the practical value of the designed generator. 

• The second design: We applied the design of the micro-electromagnetic generator by 

researchers Cao, Chiang, Lee, with its parameters shown in Figure (15), to the simulator, 

where they obtained an output Emax=108.89mV by applying a sinusoidal vibration with 

a frequency of 42Hz and an amplitudeYmax=0.003m.[7] 
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Figure 15. Parameters of the second design of the microgenerator 

We note from Figure (16) the output of the simulator circuit that the maximum value of 

the output voltage of the simulator circuit is Emax=113.6mV, which is close to the 

practical value of the designed generator. 

 

Figure 16. The output voltage of the simulated circuit for the second design of the 

micro-generator 
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5.Conclusion and discussion of results: 

 In this research paper, the micro-electromagnetic generator was studied, the main 

element in the microelectromechanical system for collecting energy from vibration. This 

study included the following:  

1- Study the working principle of the micro-generator and its components.  

2- Deducing the mathematical model of the micro-generator in several forms based 

on the basic mechanical and electrical equations.  

3- Study the frequency response of the generator’s transmission follower in order to 

know the effect of the vibration provided to the generator on the gain and output 

voltage and determine the best frequency for the generator to operate.  

4- Building a simulation model in the MATLAB environment for the micro-generator. 

 

A simulator was then designed based on the mathematical model derived using a dsPIC 

digital signal processor in online and offline modes (Figure 17), with the possibility of 

changing the amplitude and frequency of the vibration provided to the generator, which 

simulates the natural environments in which the microgenerator may exist.  

In order to confirm the validity of the theoretical study and mathematical modeling, 

practical designs carried out by other researchers for the micro-generator were applied to 

the simulator that we designed. The practical results were close to the results of the 

researchers, which confirmed the validity of the theoretical study and the design of the 

micro-generator simulator. 
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Figure 17. Practical circuit of the microgenerator simulator 
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Abstract: Bresenham’s approach is a classical approach for developing different 

algorithms. It has already been applied to draw curves like lines, circles, ellipses, 

parabolas, and hyperbolas. Traditionally, the Kappa curve- Cartesian, parametric, and 

polar equations draw a mathematical curve. All these three approaches are plagued with 

some inherent problems. For instance, we can’t isolate y from its Cartesian equation if we 

want to draw it on the display by using the Cartesian equation. Further, both the 

parametric and polar equations of the Kappa curve contain trigonometric functions which 

are time-consuming and, of course, run counter to the spirit of interactivity. The figure 

drawn through these approaches contains inter-pixel spacing. Our proposed algorithm 

using Bresenham’s approach will avoid this spacing and hence the quality of the curve 

will improve.  

 

Keywords: Kappa curve, Bresenham, pixel, algorithm. 
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تصميم خوارزمية جديدة لرسم منحنى كابا باستخدام طريقة 

 بريسنهام

 

 

يعد نهج بريسنهام بمثابة نهج كلاسيكي لتطوير خوارزميات مختلفة. لقد تم تطبيقه بالفعل لرسم منحنيات مثل الخطوط  :الملخص

ية ترسم المعادلات الديكارتية والبارامترية والقطب -والدوائر والقطع الناقص والقطع المكافئ والقطع الزائد. تقليديا، منحنى كابا 

عن معادلتها  y الأساليب الثلاثة من بعض المشاكل المتأصلة. على سبيل المثال، لا يمكننا عزلمنحنى رياضيا. تعاني كل هذه 

الديكارتية إذا أردنا رسمها على الشاشة باستخدام المعادلة الديكارتية. علاوة على ذلك، تحتوي كل من المعادلات البارامترية 

خلال  يلًا، وبالطبع تتعارض مع روح التفاعل. يحتوي الشكل المرسوم منوالقطبية لمنحنى كابا على دوال مثلثية تستغرق وقتًا طو 

هذه الأساليب على تباعد بين وحدات البكسل. سوف تتجنب الخوارزمية المقترحة لدينا باستخدام نهج بريسنهام هذا التباعد وبالتالي 

 ستتحسن جودة المنحنى.
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1. Introduction 

Computer graphics lies at the intersection of computing and mathematics. Drawing 

different mathematical curves is a very important field of computer graphics. A lot more 

approaches exist to draw different curves with their pros and cons. Bresenham’s approach 

is one of the best classical approaches to drawing different mathematical curves (Yi, Zeng 

et al. 2021). The main strength point of this approach is that it uses only integer arithmetic 

as far as calculations are concerned (Zhang, Zhang et al. 2022). It avoids the heavy 

calculations of finding the square roots, cube roots, trigonometric, and other 

transcendental functions. Of course, this avoidance is of great importance in the sense 

that the processing speed gets turbo-charged.  

A host of mathematical curves exist, some important and some trivial. The Kappa curve 

is one of them (Popescu, Calbureanu et al. 2021). This curve is symmetrical about both 

the x-axis and y-axis. Figure 1 shows this curve. Moreover, below is its Cartesian equation: 

𝑦2(𝑥2 + 𝑦2) = 𝑎2𝑥2------------------------------(1) 

Normally, an equation is converted into explicit form by isolating the y value from the 

equation. But the problem inherent in this equation is that one can’t separate the y value 

from this equation. This is the major problem to draw the curve of this equation in the 

computer graphics system. Our strategy will solve this problem. Other approaches also 

exist to draw this curve like the parametric and polar equations (Blazquez-Salcedo, 

Doneva et al. 2020). But they also suffer from other problems as well. First, there is an 

inter-pixel spacing among the different pixels drawn on the graphics system (Bhatnagar, 

Upadhyay et al. 2023). Further, both the parametric and polar equations contain 

trigonometric functions that are computationally very heavy consume a lot of precious 

time of the machine and run counter to the very spirit of interactivity (Mokry 2016). Our 

methodology will avoid all such kinds of problems. 
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Figure 1. Kappa Curve. 

 

2. Different Approaches for Drawing Kappa Curve 

Normally there exist three equations for any curve. These are Cartesian, parametric, and 

polar equations. Normally, the Cartesian equation is manipulated in the way that y gets 

placed on the left side and all the other stuff is put on the right side. Once this has been 

done, the value of independent value is iterated for an arbitrary number of times and the 

corresponding value for the dependent value is calculated against this equation. This 

calculated point is drawn on the computer screen. But the problem with this equation is 

that we can’t algebraically isolate the y value from the Cartesian equation. This is the 

major stumbling block to this equation. Of course, if we are willing to draw its graph on 

paper, the job will be done by using the symbolic manipulation of the variables but the 

same can’t be done on the computer graphics system.  

 The second approach is by using the parametric equation. The parametric 

equations for the Kappa curve are described below: 

{
𝑥 = 𝑎 cos 𝑡 cot 𝑡

𝑦 = 𝑎 cos 𝑡  ------------------------------(2) 
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Below is the algorithm to draw the Kappa curve by using the above equations: 

Algorithm 1: Drawing of Kappa Curve Using Parametric Equations 

 

for (θ ← 0 to θ ≤ revolution) 

         x ← a × cos θ cot θ 

   y ← a × cos θ 

         drawpixel(x, y) 

   drawpixel(x, -y) 

     end for 

 

Figure 2 shows the output of this algorithm. 

The third approach is by using the polar equation. In polar equation, there are usually two 

parameters, i.e., r and 𝜃. These correspondingly are called radius vector and angle. 

 

𝑟 = 𝑎 cot 𝜃 ------------------------------(3) 

Below is the algorithm to draw the Kappa curve by using the above equations: 

 

Algorithm 2: Drawing of Kappa Curve Using Polar Equations 

 

for (θ ← 0 to θ ≤ revolution) 

         r ← a × cot θ 

   x ← r × cos θ  

   y ← r × sin θ 

         drawpixel(x, y) 

   drawpixel(x, -y) 

     end for 
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Figure 2. Kappa Curve is generated by using the Parametric Equations. 

 

Figure 3. Kappa Curve is generated by using the Polar Equation. 
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3. Literature Review 

In (Cao, Liu et al. 2020), four algorithms have been given namely line, circle, parabola 

and hyperbola. The later three are also sometimes called conic sections (Nienhaus, Smith 

et al. 2019). They have also incorporated antialiasing in it. One of the important features 

of these algorithms is that they have used only integer arithmetic. The problem with the 

previous approaches was that there was spacing among the pixels. Now with this new 

methodology, that space problem has been addressed. In yet another area, a 3D warping 

technique has been discussed at length in (Walia and Verma 2012). The main 

characteristic of this technique is that it requires small input data. Later, through the 

experimental results, they demonstrated that their new technique was computationally 

efficient. Parabola has been scan converted on hexagonal grid as well as discussed in 

(Prabukumar and Ray 2013). The main salient feature of their research work is that they 

have used the mid-point approach in their work. In this approach, a pixel closest to the 

real mathematical curve is chosen. The other benefit includes the visualization of the 

design ideas through simulation. In (Ray and Ray 2011), two new algorithms of a line have 

been designed using the parametric equations. The first one uses floating-point 

arithmetic and the second one uses integer arithmetic which is of course very efficient in 

the interactive settings. This work has been completed by borrowing the vector generation 

algorithm and that of Bresenham’s. There is one serious drawback of the Bresenham’s 

approach and that is the intersection of a curve with itself. Here that approach fails 

miserably. To address this problem, a method of deviation for the implicit curves has been 

devised in (Ray and Ray 2011). Their algorithm translates the implicit equation of analog 

curve into algorithm. For some curves, like Folium of Desecrate, integer arithmetic is 

sufficient whereas for other ones, floating point arithmetic is required. A hexagonal 

drawing grid has also been used for drawing the mid-point ellipse algorithm. For instance, 

in (Prabukumar and Ray 2012), they have done this task. Further, a comparison has been 

made between the conventional ellipse drawing algorithms and of their own contribution.    

 

 

 

4. Proposed Methodology using the Mid-Point Strategy 
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Consider the Cartesian equation of the Kappa curve (Chang 2014): 

𝑦2(𝑥2 + 𝑦2) = 𝑎2𝑥2------------------------------(4) 

We define a Kappa curve function with parameter a as below: 

fkappa (x, y) = 𝑦4 + 𝑥2𝑦2 − 𝑎2𝑥2------------------(5) 

This function has the following properties: 

fkappa (x, y) < 0 if (x, y) is below the curve 

fkappa (x, y) = 0 if (x, y) is on the curve 

fkappa (x, y) > 0 if (x, y) is above the curve 

 

Now obviously as we start from the origin, we will do sampling along y-axis and will 

determine whether we must increase the value of x or not. 

This process will continue until we reach to the threshold where 
𝑑𝑦

𝑑𝑥
= 1. 

By taking derivative of the Kappa curve, we will equate 
𝑑𝑦

𝑑𝑥
 to 1 which will lead us to the 

terminating condition for the sampling along y-axis. The moment we reach this point, 

the first region says R1 will terminate. At that very point, the second region R2 will start 

as can be seen in Figure 4. 
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Figure 4. Demarcation of First Region. 

The Kappa curve slope is calculated from equation 1 as: 

𝑑𝑦

𝑑𝑥
=

𝑎2𝑥−𝑥𝑦2

𝑥2𝑦+2𝑦3 ---------------------------------(6) 

At the boundary between R1 and R2, 

𝑑𝑦

𝑑𝑥
= 1-------------------------------------------(7) 

By equation these equations, we come up with the following terminating condition for 

the R1: 

𝑥2𝑦 + 2𝑦3 − 𝑎2𝑥 + 𝑥𝑦2 ≤ 0------------------------(8) 

We define the decision parameter for the R1 as below: 

p1k = fkappa (𝑥𝑘 +
1

2
, 𝑦𝑘 + 1 )-----------------------(9) 

= (𝑦𝑘 + 1)4 + (𝑥𝑘 +
1

2
)2(𝑦𝑘 + 1)2 − 𝑎2(𝑥𝑘 +

1

2
)2 

At the next sampling position (yk+1 + 1 = yk + 2), the decision parameter for the R1 will 

be evaluated as 

p1k+1 = fkappa (𝑥𝑘+1 +
1

2
, 𝑦𝑘 + 2 )---------------------(10) 

= (𝑦𝑘 + 2)4 + (𝑥𝑘+1 +
1

2
)2(𝑦𝑘 + 2)2 − 𝑎2(𝑥𝑘+1 +

1

2
)2 

or 

𝑝1𝑘+1 = 𝑝1𝑘 + 4(𝑦𝑘 + 1)3 + 6(𝑦𝑘 + 1)2 + 4(𝑦𝑘 + 1) + 1 + (𝑥𝑘+1 +
1

2
)

2
(𝑦𝑘 + 2)2 −

(𝑥𝑘 +
1

2
)

2
(𝑦𝑘 + 1)2 + 𝑎2((𝑥𝑘 +

1

2
)

2

− (𝑥𝑘+1 +
1

2
)2)------------------(11) 

Now if p1k < 0 then xk+1 = xk 

and 

𝑝1𝑘+1 = 𝑝1𝑘 + 4(𝑦𝑘 + 1)3 + 6(𝑦𝑘 + 1)2 + 4(𝑦𝑘 + 1) + 1 + (𝑥𝑘 +
1

2
)

2
(𝑦𝑘 + 2)2 −

(𝑥𝑘 +
1

2
)

2
(𝑦𝑘 + 1)2-----------------------------(12) 
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If p1k ≥ 0 then xk+1 = xk + 1 

and 

𝑝1𝑘+1 = 𝑝1𝑘 + 4(𝑦𝑘 + 1)3 + 6(𝑦𝑘 + 1)2 + 4(𝑦𝑘 + 1) + 1 + (𝑥𝑘 +
3

2
)

2
(𝑦𝑘 + 2)2 −

(𝑥𝑘 +
1

2
)

2
(𝑦𝑘 + 1)2 + 𝑎2((𝑥𝑘 +

1

2
)

2

− (𝑥𝑘 +
3

2
)2)------------------------(13) 

Decision parameter is a very important concept for mid-point algorithm. In region R1, 

the value of the initial decision parameter is obtained by evaluating the kappa curve 

function for  

(x0, y0) = (0, 0)-----------------------(14) 

𝑝10 =
1

4
(5 − 𝑎2)------------------(15) 

Over region R2, we sample along the x-axis and calculate the corresponding y values. 

The decision parameter for this region is calculated as: 

p2k = fkappa (𝑥𝑘 + 1, 𝑦𝑘 +
1

2
 )---------------------(16) 

= (𝑦𝑘 +
1

2
)4 + (𝑥𝑘 + 1)2(𝑦𝑘 +

1

2
)2 − 𝑎2(𝑥𝑘 + 1)2 

At the next sampling position (xk+1 + 1 = xk + 2), the decision parameter for the second 

region R2 will be evaluated as 

p2k+1 = fkappa (𝑥𝑘+1 + 1, 𝑦𝑘+1 +
1

2
 )------------------(17) 

= (𝑦𝑘+1 +
1

2
)4 + (𝑥𝑘+1 + 1)2(𝑦𝑘+1 +

1

2
)2 − 𝑎2(𝑥𝑘+1 + 1)2 

or 

𝑝2𝑘+1 = 𝑝2𝑘 + (𝑦𝑘+1 +
1

2
)4 − (𝑦𝑘 +

1

2
)4 + (𝑥𝑘+1 + 1)2 (𝑦𝑘+1 +

1

2
)

2

− (𝑥𝑘 + 1)2 (𝑦𝑘 +
1

2
)

2

+

𝑎2((𝑥𝑘 + 1)2 − (𝑥𝑘+1 + 1)2)-----------------(18) 

If p2k ≥ 0 then yk+1 = yk 

and 
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𝑝2𝑘+1 = 𝑝2𝑘 + (𝑦𝑘 +
1

2
)

2

((𝑥𝑘+1 + 1)2 − (𝑥𝑘 + 1)2 + 𝑎2((𝑥𝑘 + 1)2 − (𝑥𝑘+1 + 1)2)-------

(19) 

If p2k < 0 then yk+1 = yk+1 

and  

𝑝2𝑘+1 = 𝑝2𝑘 + (𝑦𝑘 +
3

2
)4 − (𝑦𝑘 +

1

2
)

4

+ (𝑥𝑘 + 2)2 (𝑦𝑘 +
3

2
)

2

− (𝑥𝑘 + 1)2 (𝑦𝑘 +
1

2
)

2

+

𝑎2((𝑥𝑘 + 1)2 − (𝑥𝑘 + 2)2)----------------(20) 

upon entering in the region R2, the initial value is taken as the last value calculated in 

the region 1 say (x0, y0) and the decision parameter for region R2 is then calculated as 

p20 = fkappa (𝑥0 + 1, 𝑦0 +
1

2
 )---------------(21) 

= (𝑦0 +
1

2
)4 + (𝑥0 + 1)2(𝑦0 +

1

2
)2 − 𝑎2(𝑥0 + 1)2 
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5. Algorithms 

1. Input a and obtain the first point on the kappa curve as 

(𝑥0, 𝑦0) = (0, 0) 

2. Find the initial value of the decision parameter in region 1 as 

𝑝10 =
1

4
(5 − 𝑎2) 

3. In region R1, while the condition  𝑥2𝑦 + 2𝑦3 − 𝑎2𝑥 + 𝑥𝑦2 ≤ 0 remains true 

do the following 

if p1k < 0, the next point on the kappa curve is (xk, yk + 1) and 

𝑝1𝑘+1 = 𝑝1𝑘 + 4(𝑦𝑘 + 1)3 + 6(𝑦𝑘 + 1)2 + 4(𝑦𝑘 + 1) + 1 + (𝑥𝑘 +
1

2
)

2

(𝑦𝑘 + 2)2

− (𝑥𝑘 +
1

2
)

2

(𝑦𝑘 + 1)2 

Otherwise, the next point on the kappa curve is (xk + 1, yk + 1) and 

𝑝1𝑘+1 = 𝑝1𝑘 + 4(𝑦𝑘 + 1)3 + 6(𝑦𝑘 + 1)2 + 4(𝑦𝑘 + 1) + 1 + (𝑥𝑘 +
3

2
)

2

(𝑦𝑘 + 2)2

− (𝑥𝑘 +
1

2
)

2

(𝑦𝑘 + 1)2 + 𝑎2((𝑥𝑘 +
1

2
)

2

− (𝑥𝑘 +
3

2
)2) 

4. In region R2, do the following for an arbitrary number of times 

If p2k > 0, the next point of the kappa curve is (xk + 1, yk) and 

𝑝2𝑘+1 = 𝑝2𝑘 + (𝑦𝑘 +
1

2
)

2

((𝑥𝑘+1 + 1)2 − (𝑥𝑘 + 1)2 + 𝑎2((𝑥𝑘 + 1)2 − (𝑥𝑘+1 + 1)2) 

Otherwise, the next point on the kappa curve is (xk + 1, yk + 1) and 

𝑝2𝑘+1 = 𝑝2𝑘 + (𝑦𝑘 +
3

2
)4 − (𝑦𝑘 +

1

2
)

4

+ (𝑥𝑘 + 2)2 (𝑦𝑘 +
3

2
)

2

− (𝑥𝑘 + 1)2 (𝑦𝑘 +
1

2
)

2

+ 𝑎2((𝑥𝑘 + 1)2 − (𝑥𝑘 + 2)2) 

5. Find and draw the points in the other three quadrants by using symmetry. 
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6. Result and Discussion 

Figure. 5 shows the Kappa curve drawn by using the proposed algorithm.  

 

Figure 5. Kappa Curve Drawn through Our Approach. 

One can observe a phenomenal difference in the quality of the curves drawn through the 

traditional approaches of parametric and polar equations and through the one we 

adopted. There is an inter pixel spacing of the Kappa curve drawn through the traditional 

approaches. One can clearly see that no such spacing exists in the curve we drawn by using 

the classical Bresenham approach. Since the Kappa curve is symmetrical about both the 

x-axis and y-axis, so we just calculated the points in a single quadrant only, i.e., the first 

quadrant. To draw the pixels for the remaining quadrants, we just exploited this inherent 

symmetry. Further, we applied calculus to demarcate the two regions. In the first region, 

there is sampling along y-axis and our algorithm calculates the corresponding x-value. As 
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we reach the threshold, a sampling along x-axis starts and our algorithm calculates the 

corresponding y-value. Now the questions arises, what will be its terminating condition? 

Actually, it will never end. Here exists the horizontal asymptote to this curve, so we have 

put a condition to draw the pixels for some arbitrary number of times. 

7. Conclusion and Future Directions 

Bresenham is a classical approach to drawing different curves. One of the salient features 

of this approach is that it uses only integer arithmetic. Further, it always selects the closest 

pixel along the real mathematical curve to glow a pixel on some calculated position. So, 

according to this methodology, a curve is drawn by combining different lines. As we have 

seen, the quality of the same curves drawn by using the parametric and polar equations is 

not good. A lot more curves exist on which the same methodology can be applied to get 

different curves with a better quality.  
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 هندسة الغمرات شبه المائلة شبه المتماثلة

 

في هذا البحث، قمنا بدراسة الغمر المطابق شبه ثنائي المائل من المشعبات الريمانية  الملخص:

المنتجة تقريبا إلى المشعبات الريمانية كتعميم للغمرات ثنائية المائلة والغمرات نصف المائلة. نناقش 

ي الغمرات فشروط التكامل للتوزيعات مع دراسة هندسة أوراق التوزيعات. نناقش أيضًا تعدد التناغم 

 شبه الثنائية المتطابقة.
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1 Introduction 

 

Both mathematics and physics employ immersions and submersions extensively. 

Yang-Mills theory ([6], [29]), Kaluza-Klein theory ([12], [15]) are the significant 

application of submersion. The characteristics of slant submersions have become 

a fascinating topic in differential geometry, as well as in complex and contact 

geometry. The concept of Riemannian submersion between Riemannian 

manifolds has been extensively studied by prominent mathematicians such as B. 

O'Neill [17] and A. Gray [8], who independently made significant contributions to 

this field. In 1976, B. Watson [28], introduced the notion of almost Hermitian 

submersions, which focuses on the submersion between almost Hermitian 

manifolds. Since then, they have been widely used in differential geometry to study 

Riemannian manifolds having differentiable structures [26]. 

D. Chinea [7] introduced the concept of almost contact Riemannian submersions 

between almost contact metric manifolds. In his work, Chinea extensively 

examined the differential geometric aspects of the fiber space, base space, and total 

space involved in these submersions. A step forward, R Prasad et. al. studied quasi 

bi-slant submersions from almost contact metric manifolds onto Riemannian 

manifolds [21], [19], [14]. As a generalization of Riemannian submersions, Fuglede 

[9] and Ishihara [13], separately studied horizontally conformal submersions. 

Later on, many authors investigated different kinds of conformal Riemannian 

submersions like conformal anti-invariant submersions ([4], conformal slant 

submersions [3], conformal semi-slant submersions ([2], [11], [18]) and conformal 

hemi-slant submersions ([27], [1]) etc. from almost Hermitian manifolds onto a 

Riemannian manifold. Most of these Riemannian submersions and conformal 

submersions are also studied from almost contact metric manifolds onto a 

Riemannian manifold. 

In this paper, we study conformal quasi bi-slant submersions from locally product 

Riemannian manifold onto a Riemannian manifold. This paper is divided into six 

sections. Section 2 contains brief history of Riemannian and conformal 
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submersions. Also, we recall almost product Riemannian manifolds and, in 

particular, locally product Riemannian manifolds. In section 3, we investigate 

some fundamental results for conformal quasi bi-slant submersions from locally 

product Riemannian manifolds onto a Riemannian manifold those are required for 

our main sections. The results of integrability and totally geodesicness of 

distributions are presented in Section 4. In section 5, we discuss some 

decomposition theorems and also conditions under which locally product 

Riemannian manifold turns into locally twisted product manifold. While last 

section is devoted to the study of pluriharmonicity of conformal quasi bi-slant 

submersion. 

Note: We will use some abbreviations throughout the paper as follows: locally 

product Riemannian manifold- 𝐿𝑃𝑅 manifold, Conformal quasi bi-slant 

submersion- CQBS submersion, 

 

2 Preliminaries 

 

In this section, we will discuss the concept of almost product Riemannian 

manifold and also, Riemannian submersions and conformal submersions 

between two Riemannian manifolds with some basic facts and results. These 

concepts have been previously introduced in the earlier work in this field, so we 

mentioned them in quotation and proper references have been provided to 

acknowledge their contributions. Furthermore, the definitions have been restated 

here to ensure clarity and facilitate a comprehensive understanding of the 

concepts presented in this study. 

"An 𝑛-dimensional manifold 𝑄‾  with (1,1) type tensor field 𝐹 such that 

   𝐹2 = 𝐼, (𝐹 ≠ 𝐼),    (2.1) 

is called an almost product manifold with almost structure 𝐹. There exists a 

Riemannian metric 𝑔 on an almost product manifold which is compatible with 

the structure F in the sense that 
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                                                                     𝑔(𝐹𝑈, 𝐹𝑉) = 𝑔(𝑈, 𝑉),            

(2.2) 

for any 𝑈, 𝑉 ∈ Γ(𝑇𝑀), then (𝑄‾ , 𝑔, 𝐹) is called an almost product Riemannian 

manifold. The covariant derivative of F defined by 

                                                     (∇𝑈𝐹𝑉) = ∇𝑈𝐹𝑉 − 𝐹∇𝑈𝑉                  

 (2.3) 

for any vector fields 𝑈, 𝑉 ∈ Γ(𝑇‾𝑄). The manifold is called locally product 

Riemannian ( 𝐿𝑃𝑅) manifold if 𝐹 is parallel with respect to connection ∇.e., 

                                                   (∇_𝑈 𝐹)𝑉 = 0                                     (2.4) 

for any vector fields 𝑈, 𝑉 ∈ Γ(𝑇‾𝑄). 

 

Let Ψ: (𝑄‾1, 𝑔1, 𝐹) → (𝑄‾2, 𝑔2) be a Riemannian submersion. A vector field 𝑋‾  on 𝑄‾1 is 

called a basic vector field if 𝑋‾ ∈ Γ(ker Ψ∗)⊥ and Ψ-related with a vector field 𝑋‾  on 

𝑄‾2 i.e., Ψ∗(𝑋‾(𝑞)) = 𝑋‾Ψ(𝑞) for 𝑞 ∈ 𝑄‾1." 

The formulae given by O'Neill [17] of two (1,2) tensor fields 𝒯 and 𝒜, plays a 

crucial role in the theory of submersions 

𝒜𝐸1
𝐹1 = ℋ∇ℋ𝐸1

𝒱𝐹1 + 𝒱∇ℋ𝐸1
ℋ𝐹1,

𝒯𝐸1
𝐹1 = ℋ∇𝒱𝐸1

𝒱𝐹1 + 𝒱∇𝒱𝐸1
ℋ𝐹1,

 

for any 𝐸1, 𝐹1 ∈ Γ(𝑇𝑄‾1) and ∇ is Levi-Civita connection of 𝑔1. Note that a 

Riemannian submersion Ψ: (𝑄‾1, 𝑔1, 𝐹) → (𝑄‾2, 𝑔2) has totally geodesic fibers if and 

only if 𝒯 vanishes identically. From (2.5) and (2.6), we can deduce 

∇�̃�1
�̃�1 = 𝒯�̃�1

�̃�1 + 𝒱∇�̃�1
�̃�1

∇�̃�1
�̃�1 = 𝒯�̃�1

�̃�1 + ℋ∇�̃�1
�̃�1

∇�̃�1
�̃�1 = 𝒜�̃�1

�̃�1 + 𝒱1∇�̃�1
�̃�1

∇�̃�1
�̃�1 = ℋ∇�̃�1

�̃�1 + 𝒜�̃�1
�̃�1

 

(2.5) 

(2.6) 

(2.7) 

(2.8) 

(2.9) 

(2.10

) 
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for any vector fields �̃�1, �̃�1 ∈ Γ(ker Ψ∗) and �̃�1, �̃�1 ∈ Γ(ker Ψ∗)⊥. 

It is observe that 𝒯 and 𝒜 are skew-symmetric, that is, 

                    𝑔(𝒜�̃�𝐸1, 𝐹1) = −𝑔(𝐸1, 𝒜�̃�𝐹1), 𝑔(𝒯�̃�𝐸1, 𝐹1) = −𝑔(𝐸1, 𝒯�̃�𝐹1),          (2.11) 

for any vector fields 𝐸1, 𝐹1 ∈ Γ(𝑇𝑝𝑄‾1). It is also observed that the restriction of 𝒯 

to the vertical distribution 𝒯|𝑉×𝑉 is exactly the second fundamental form of the 

fibres of Ψ. Since 𝒯𝑉 is skew-symmetric we say Ψ has totally geodesic fibres if and 

only if 𝒯 = 0. For the special case when Ψ is horizontally conformal submersion 

we have " 

Proposition 2.1. [10] Let Ψ: (𝑄‾1, 𝑔1) → (𝑄‾2, 𝑔2) be a horizontally conformal 

submersion with dilation 𝜆 and 𝑋, 𝑌 be the horizontal vectors, then 

                               𝒜𝑋𝑌 =
1

2
[𝒱[𝑋, 𝑌] − 𝜆2𝑔1(𝑋, 𝑌)grad (

1

𝜆2)]                 

 (2.12) 

We see that the skew-symmetric part of measures the obstruction integrability of 

the horizontal distribution (ker Ψ∗)⊥. 

Definition 2.1. A horizontally conformally submersion Ψ: 𝑄‾1 → 𝑄‾2 is called 

horizontally homothetic if the gradient of its dilation 𝜆 is vertical, i.e., 

ℋ(grad 𝜆) = 0, 

where ℋ is the orthogonal complementary distribution to 𝜈 = ker Ψ∗ in Γ(𝑇𝑝𝑄‾1). 

The second fundamental form of smooth map Ψ is given by 

(∇Ψ∗)(�̃�1, �̃�1) = ∇�̃�1

Ψ Ψ∗�̃�1 − Ψ∗∇�̃�1
�̃�1, 

and the map be totally geodesic if (∇Ψ∗)(�̃�1, �̃�1) = 0 for all �̃�1, �̃�1 ∈ Γ(𝑇𝑝𝑄‾1), where 

∇ and ∇Ψ∗ are Levi-Civita and pullback connections.” 

(2.13) 

(2.14) 
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Now, we recall the following lemma for our main section. 

 

Lemma 2.1. Let Ψ: 𝑄‾1 → 𝑄‾2 be a horizontal conformal submersion. Then, we 

have 

(i) (∇Ψ∗)(�̃�1, �̃�1) = �̃�1(ln 𝜆)Ψ∗(�̃�1) + �̃�1(ln 𝜆)Ψ∗(�̃�1) − 𝑔1(�̃�1, �̃�1)Ψ∗(grad ln 𝜆), 

(ii) (∇Ψ∗)(�̃�1, �̃�1) = −Ψ∗(𝒯�̃�1
�̃�1), 

(iii) (∇Ψ∗)(�̃�1, �̃�1) = −Ψ∗(∇�̃�1
�̃�1) = −Ψ∗(𝒜�̃�1

�̃�1), 

for any horizontal vector fields �̃�1, �̃�1 and vertical vector fields �̃�1, �̃�1[5]. 

 

3 Conformal quasi bi-slant submersions 

 

First of all we are giving in this sections some definitions that will useful 

througout the text. 

Definition 3.1. [28] Let Ψ: (𝑄‾1, 𝑔𝑄1
) → (𝑄‾2, 𝑔𝑄2

) be a smooth map between two 

Riemannian manifolds having dimensions 𝑚1 and 𝑚2, respectively. Then Ψ is 

called horizontally weakly conformal or semi conformal at 𝑥 ∈ 𝑄‾1 if either 

(i) Ψ∗𝑥 = 0, or 

(ii) Ψ∗𝑥 maps horizontal space ℋ𝑥 = (ker (Ψ∗𝑥))
⊥

 conformally onto 𝑇Ψ∗(𝑁) i.e., Ψ∗𝑥 

is surjective and there exits a number Λ(𝑥) ≠ 0 such that 

𝑔𝑁(Ψ∗𝑥𝑋, Ψ∗𝑥𝑌) = Λ(𝑥)𝑔(𝑋, 𝑌), 

for any 𝑋, 𝑌 ∈ ℋ𝑥. 

Equation (3.1) can be re-written as 

(Ψ∗𝑔𝑁)𝑥 |ℋ𝑥×ℋ𝑥
= Λ(𝑥)𝑔(𝑥) |ℋ𝑥×ℋ𝑥

. 

(3.1) 
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A point 𝑥 satisfies (𝑖) in above definition if and only if it is a critical point of Ψ. A 

point, satisfying (ii) is called a regular point. At a critical point, Ψ∗𝑥 has rank 0 ; at 

a regular point, Ψ∗𝑥 has rank 𝑛 and Ψ defines a submersion. The number 𝜆(𝑥) is 

called the square dilation (of Ψ at 𝑥 ); it is necessarily nonnegative. Its square 

root 𝜆(𝑥) = √Λ(𝑥) is called the dilation of Ψ at 𝑥. The map Ψ is called horizontally 

weakly conformal or semi conformal on 𝑄‾1 if it is horizontally weakly conformal 

at every point of 𝑀. It is clear that if Ψ has no critical points, then we call it a 

(horizontally) conformal submersion. 

. Let us suppose that (𝑄‾1, 𝑔1, 𝐹) be an almost product manifold 

and (𝑄‾2, 𝑔2) be a Riemannian manifold. A Riemannian 

submersion Ψ from 𝑄‾1 onto 𝑄‾2 is called a conformal quasi bi-slant (𝐶𝑄𝐵𝑆) 

submersion if there exists three mutually orthogonal distributions 𝔇𝔗, 𝔇𝜃1 and 

𝔇𝜃2  such that 

(i) ker Ψ∗ = 𝔇𝔗 ⊕ 𝔇𝜃1 ⊕ 𝔇𝜃2, 

(ii) 𝔇𝔗 is invariant. i.e., 𝐹𝔇𝔗 = 𝔇𝔗, 

(iii) 𝐹𝔇𝜃1 ⊥ 𝔇𝜃2 and 𝐹𝔇𝜃2 ⊥ 𝔇𝜃1, 

(iv) for any non-zero vector field �̃�1 ∈ (𝔇𝜃1)
𝑝

, 𝑝 ∈ 𝑄‾1 the angle 𝜃1 between (𝔇𝜃1)
𝑝

 

and 𝐹�̃�1 is constant and independent of the choice of the point 𝑝 and �̃�1 ∈ (𝔇𝜃1)
𝑝

, 

(v) for any non-zero vector field �̃�1 ∈ (𝔇𝜃2)
𝑞

, 𝑞 ∈ 𝑄‾1 the angle 𝜃2 between (𝔇𝜃2)
𝑞
 

and 𝐹�̃�1 is constant and independent of the choice of the point 𝑞 and �̃�1 ∈ (𝔇𝜃2)
𝑞
. 

If we denote the dimensions of 𝔇𝔗, 𝔇𝜃1 and 𝔇𝜃2  by 𝑚1, 𝑚2 and 𝑚3 respectively, 

then we have the following observations: 

(i) If 𝑚1 ≠ 0, 𝑚2 = 0 and 𝑚3 = 0, then Ψ is an invariant submersion. 

(ii) If 𝑚1 ≠ 0, 𝑚2 ≠ 0,0 < 𝜃1 <
𝜋

2
 and 𝑚3 = 0, then Ψ is a proper semi-slant 

submersion. 

(iii) If 𝑚1 = 0, 𝑚2 = 0 and 𝑚3 ≠ 0,0 < 𝜃2 <
𝜋

2
, then Ψ is a slant submersion with 

slant angle 𝜃2. 

Definition 3.2 
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(iv) If 𝑚1 = 0, 𝑚2 ≠ 0,0 < 𝜃1 <
𝜋

2
 and 𝑚3 ≠ 0, 𝜃2 =

𝜋

2
, then Ψ proper hemi-slant 

submersion. 

(v) If 𝑚1 = 0, 𝑚2 ≠ 0,0 < 𝜃1 <
𝜋

2
 and 𝑚3 ≠ 0,0 < 𝜃2 <

𝜋

2
, then Ψ is proper bi-slant 

submersion with slant angles 𝜃1 and 𝜃2. 

(vi) If 𝑚1 ≠ 0, 𝑚2 ≠ 0,0 < 𝜃1 <
𝜋

2
 and 𝑚3 ≠ 0,0 < 𝜃2 <

𝜋

2
, then Ψ is proper quasi 

bi-slant submersion with slant angles 𝜃1 and 𝜃2. 

Hence, it is clear that CQBS submersions are generalized version of conformal 

quasi hemi-slant submersions. 

Let Ψ be a CQBS submersion from an almost product Riemannian manifold 

(𝑄‾1, 𝑔1, 𝐹) onto a Riemannian manifold (𝑄‾2, 𝑔2). Then, for any 𝑈 ∈ (ker Ψ∗), we 

have 

�̃� = 𝔄�̃� + 𝔅�̃� + ℭ�̃�, 

where 𝔄, 𝔅 and ℭ are the projections morphism onto 𝔇𝔗, 𝔇𝜃1, and 𝔇𝜃2, 

respectively. Now, for any �̃� ∈ (ker Ψ∗), we have 

𝐹�̃� = 𝜉�̃� + 𝜂�̃� 

where 𝜉�̃� ∈ Γ(ker Ψ∗) and 𝜂�̃� ∈ Γ(ker Ψ∗)⊥. From equations (3.2) and (3.3), we 

have 

𝐹�̃�  = 𝐹(𝔄�̃�) + 𝐹(𝔅�̃�) + 𝐹(ℭ�̃�)

 = 𝜉(𝔄�̃�) + 𝜂(𝔄�̃�) + 𝜉(𝔅�̃�) + 𝜂(𝔅�̃�) + 𝜉(ℭ�̃�) + 𝜂(ℭ�̃�).
 

Since 𝐹𝔇𝔗 = 𝔇𝔗 and 𝜂(𝔄�̃�) = 0, we have 

𝐹�̃� = 𝜉(𝔄�̃�) + 𝜉(𝔅�̃�) + 𝜂(𝔅�̃�) + 𝜉(ℭ�̃�) + 𝜂(ℭ�̃�). 

Hence, we have the decomposition as 

𝐹(ker Ψ∗) = 𝜉𝔇𝔗 ⊕ 𝜉𝔇𝜃1 ⊕ 𝜉𝔇𝜃2 ⊕ 𝜂𝔇𝜃1 ⊕ 𝜂𝔇𝜃2 . 

(3.2) 

(3.3) 
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From equations (3.4), we get 

                                          (ker Ψ∗)⊥ = 𝜂𝔇𝜃1 ⊕ 𝜂𝔇𝜃2 ⊕ 𝜇,           

(3.5) 

where 𝜇 is the orthogonal complement to 𝜂𝔇𝜃1 ⊕ 𝜂𝔇𝜃2  in (ker Ψ∗)⊥ and 𝜇 is 

invariant with respect to 𝐹. Now, for any �̃� ∈ Γ(ker Ψ∗)⊥, we have 

                                                               𝐹�̃� = 𝑃�̃� +

𝐿�̃�                                                                          (3.6) 

where 𝑃�̃� ∈ Γ(ker Ψ∗) and 𝐿�̃� ∈ Γ(𝜇). 

 

Lemma 3.1. Let (𝑄‾1, 𝑔1, 𝐹) be an almost product Riemannian manifold and 

(𝑄‾2, 𝑔2) be a Riemannian manifold. If Ψ: 𝑄‾1 → 𝑄‾2 is a CQBS submersion, then we 

have 

�̃� = 𝜉2�̃� + 𝑃𝜉�̃�, 𝜂𝜉�̃� + 𝐿𝜂�̃� = 0,

�̃� = 𝜂𝑃�̃� + 𝐿2�̃�, 𝜉𝑃�̃� + 𝑃𝐿�̃� = 0,
 

for �̃� ∈ Γ(ker Ψ∗) and �̃� ∈ Γ(ker Ψ∗)⊥. 

Proof. By using equations (2.1), (3.3) and (3.6), we get the desired results. 

Since Ψ: 𝑄‾1 → 𝑄‾2 is a CQBS submersion, Here we give some useful results that 

will be used throughout the paper. 

Lemma 3.2. [19] Let Ψ be a CQBS submersion from an almost product 

Riemannian manifold (𝑄‾1, 𝑔1, 𝐹) onto a Riemannian manifold (𝑄‾2, 𝑔2), then we 

have 

(i) 𝜉2�̃� = cos2 𝜃1�̃�, 

(ii) 𝑔1(𝜉�̃�, 𝜉�̃�) = cos2 𝜃1𝑔1(�̃�, �̃�), 

(iii) 𝑔(𝜂�̃�, 𝜂�̃�) = sin2 𝜃1𝑔1(�̃�, �̃�), 

for any vector fields �̃�, �̃� ∈ Γ(𝔇𝜃1). 

(3.4) 
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Lemma 3.3. [19] Let Ψ be a CQBS submersion from an almost product 

Riemannian manifold (𝑄‾1, 𝑔1, 𝐹) onto a Riemannian manifold (𝑄‾2, 𝑔2), then we 

have 

(i) 𝜉2�̃� = cos2 𝜃2�̃�, 

(ii) 𝑔1(𝜉�̃�, 𝜉�̃�) = cos2 𝜃2𝑔1(�̃�, �̃�), 

(iii) 𝑔1(𝜂�̃�, 𝜂�̃�) = sin2 𝜃2𝑔1(�̃�, �̃�), 

for any vector fields �̃�, �̃� ∈ Γ(𝔇𝜃2). 

The proof of above Lemmas is similar to the proof of the Theorem 3.5 of [19]. 

Thus, we omit the proofs. 

Let (𝑄‾2, 𝑔2) be a Riemannian manifold and that (𝑄‾1, 𝑔1, 𝐹) is a 𝐿𝑃𝑅 manifold. We 

now observe how the tensor fields 𝒯 and 𝒜 of a CQBS submersion Ψ: (𝑄‾1, 𝑔1, 𝐹) →

(𝑄‾2, 𝑔2) are affected by the 𝐿𝑃𝑅 structure on 𝑄‾1. 

Lemma 3.4. Let Ψ be a CQBS submersion from an almost product Riemannian 

manifold (𝑄‾1, 𝑔1, 𝐹) onto a Riemannian manifold (𝑄‾2, 𝑔2), then we have 

𝒜�̃�𝑃�̃� + ℋ∇�̃�𝐿�̃� = 𝜉ℋ∇�̃��̃� + 𝑃𝒜�̃��̃�

𝒱∇�̃�𝑃�̃� + 𝒜�̃�𝐿�̃� = 𝜂ℋ∇�̃��̃� + 𝐿𝒜�̃��̃�.

𝒱∇�̃�𝜉�̃� + 𝒜�̃�𝜂�̃� = 𝑃𝒜�̃��̃� + 𝜉𝒱∇�̃��̃�

𝒜�̃�𝜉�̃� + ℋ∇�̃�𝜂�̃� = 𝒞𝒜�̃��̃� + 𝜂𝒱∇�̃��̃�.

𝒱∇�̃�𝑃�̃� + 𝒯�̃�𝐿�̃� = 𝜉𝒯�̃�𝐿�̃� + 𝑃ℋ∇�̃��̃�

𝒯�̃�𝑃�̃� + ℋ∇�̃�𝐿�̃� = 𝜂𝒯�̃��̃� + 𝐿ℋ∇�̃��̃�.

𝒱∇�̃�𝜉�̃� + 𝒯�̃�𝜂�̃� = 𝔅𝒯�̃��̃� + 𝜉𝒱∇�̃��̃�

𝒯�̃�𝜉�̃� + ℋ∇�̃�𝜂�̃� = 𝐿𝒯�̃��̃� + 𝜂𝒱∇�̃��̃�,

 

for any vector fields �̃�, �̃� ∈ Γ(ker Ψ∗) and �̃�, �̃� ∈ Γ(ker Ψ∗)⊥. 

Proof. By the direct calculation, using (3.6), (2.10) and (2.3), we can easily obtain 

relations given by (3.7) and (3.8). Remaining relations can be obtained similarly 

by using (3.3), (3.6), (2.7)-(2.10) and (2.3). 

(3.7) 

(3.8) 

(3.9) 

(3.10) 

(3.11) 

(3.12) 

(3.13) 

(3.14) 
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Now, we discuss some basic results which are useful to explore the geometry of 

CQBS submersion Ψ: 𝑄‾1 → 𝑄‾2. For this, define the following : 

(∇�̃�𝜉)�̃�  = 𝒱∇�̃�𝜉�̃� − 𝜉𝒱∇�̃��̃�

(∇�̃�𝜂)�̃�  = ℋ∇�̃�𝜂�̃� − 𝜂𝒱∇�̃��̃�

(∇�̃�𝑃)�̃�  = 𝒱∇�̃�𝑃�̃� − 𝑃ℋ∇�̃��̃�

(∇�̃�𝐿)�̃�  = ℋ∇�̃�𝐿�̃� − 𝐿ℋ∇�̃��̃�

 

for any vector fields �̃�, �̃� ∈ Γ(ker Ψ∗) and �̃�, �̃� ∈ Γ(ker Ψ∗)⊥. 

 

Lemma 3.5. Let (𝑄‾1, 𝑔1, 𝐹) be LPR manifold and (𝑄‾2, 𝑔2) be a Riemannian 

manifold. If Ψ: 𝑄‾1 → 𝑄‾2 is a CQBS submersion, then we have 

(∇�̃�𝜉)�̃� = 𝑃𝒯�̃��̃� − 𝒯�̃�𝜂�̃�

(∇�̃�𝜂)�̃� = 𝐿𝒯�̃��̃� − 𝒯�̃�𝜉�̃�

(∇�̃�𝑃)�̃� = 𝜉𝒜�̃��̃� − 𝒜�̃�𝐿�̃�

(∇�̃�𝐿)�̃� = 𝜂𝒜�̃��̃� − 𝒜�̃�𝑃�̃�,

 

for all vector fields �̃�, �̃� ∈ Γ(ker Ψ∗) and �̃�, �̃� ∈ Γ(ker Ψ∗ ⊥). 

 

Proof. By using equations (2.3), (2.7)- (2.10) and equations (3.15)-(3.18), we get 

the proof of the lemma. 

If the tenors 𝜉 and 𝜂 are parallel with respect to the connection ∇ of 𝑄‾1 then, we 

have 

𝑃𝒯�̃��̃� = 𝒯�̃�𝜂�̃�, 𝐿𝒯�̃��̃� = 𝒯�̃�𝜉�̃� 

for any vector fields �̃�, �̃� ∈ Γ(𝑇𝑄‾1). 

 

4 Integrability and totally geodesicness of 

distributions 

(3.15) 

(3.16) 

(3.17) 

(3.18) 
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Firslty, we are giving definition of Riemannian manifold. 

 

A Riemannian metric on a smooth manifold 𝑀 is a symmetric positive definite 

smooth 2-covariant tensor field 𝑔. A smooth manifold 𝑀 equipped with a 

Riemannian metric 𝑔 is called a Riemannian manifold and denoted by (𝑀, 𝑔). 

 

Since, Ψ: 𝑄‾1 → 𝑄‾2 is a CQBS submersion, where (𝑄‾1, 𝑔1, 𝐹) representing a 𝐿𝑃𝑅 

manifold and (𝑄‾2, 𝑔2) denoting a Riemannian manifold. The existence of three 

mutually orthogonal distributions, including an invariant distribution 𝔇, a pair of 

slant distributions 𝔇𝜃1  and 𝔇𝜃2, is guaranteed by the definition of CQBS-

submersion. We begin the subject of distributions integrability by determining 

the integrability of the slant distributions as follows: 

Theorem 4.1. Let Ψ be a CQBS submersion from LPR manifold (𝑄‾1, 𝑔1, 𝐹) onto 

a Riemannian manifold (𝑄‾2, 𝑔2). Then slant distribution 𝔇𝜃1  is integrable if and 

only if 

1

𝜆2
{𝑔2(∇�̃�1

Ψ Ψ∗𝜂�̃�1 + ∇�̃�1

Ψ Ψ∗𝜂�̃�1, Ψ∗𝜂ℭ�̃�)}

 =
1

𝜆2
{𝑔2 ((∇Ψ∗)(�̃�1, 𝜂�̃�1) + (∇Ψ∗)(�̃�1, 𝜂�̃�1), Ψ∗𝜂ℭ�̃�)}

 − 𝑔1(∇�̃�1
𝜂𝜉�̃�1 − ∇�̃�1

𝜂𝜉�̃�1, �̃�) − 𝑔1(𝒯�̃�1
𝜂�̃�1 − 𝒯�̃�1

𝜂�̃�1, 𝐹𝔄�̃� + 𝜉ℭ�̃�),

 

for any �̃�1, �̃�1 ∈ Γ(𝔇𝜃1) and �̃� ∈ Γ(𝔇𝔗 ⊕ 𝔇𝜃2). 

Proof. For �̃�1, �̃�1 ∈ Γ(𝔇𝜃1) and �̃� ∈ Γ(𝔇𝔗 ⊕ 𝔇𝜃2) with using equations (2.2), (2.3), 

(2.13) and (3.3), we get 

𝑔1([�̃�1, �̃�1], �̃�) = 𝑔1(∇�̃�1
𝜉�̃�1, 𝐹�̃�) + 𝑔1(∇�̃�1

𝜂�̃�1, 𝐹�̃�)

 −𝑔1(∇�̃�1
𝜉�̃�1, 𝐹�̃�) − 𝑔1(∇�̃�1

𝜂�̃�1, 𝐹�̃�).
 

By using equations (2.3), (2.13) and (3.3), we have 

(4.1) 
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𝑔1([�̃�1, �̃�1], �̃�) = 𝑔1(∇�̃�1
𝜉2�̃�1, �̃�) + 𝑔1(∇�̃�1

𝜂𝜉�̃�1, �̃�) − 𝑔1(∇�̃�1
𝜉2�̃�1, �̃�)

 −𝑔1(∇�̃�1
𝜂𝜉�̃�1, �̃�) + 𝑔1(∇�̃�1

𝜂�̃�1, 𝐹𝔄�̃� + 𝜉ℭ�̃� + 𝜂ℭ�̃�)

 −𝑔1(∇�̃�1
𝜂�̃�1, 𝐹𝔄�̃� + 𝜉ℭ�̃� + 𝜂ℭ�̃�).

 

Taking account the fact of Lemma 3.2 with using equation (2.8), we get 

𝑔1([�̃�1, �̃�1], 𝑍) = cos2 𝜃1𝑔1([�̃�1, �̃�1], �̃�) + 𝑔1(∇�̃�1
𝜂𝜉�̃�1 − ∇�̃�1

𝜂𝜉�̃�1, �̃�)

 +𝑔1(𝒯�̃�1
𝜂�̃�1 − 𝒯�̃�1

𝜂�̃�1, 𝐹𝔄�̃� + 𝜉ℭ�̃�)

 +𝑔1(ℋ∇�̃�1
𝜂�̃�1 − ℋ∇�̃�1

𝜂�̃�1, 𝜂ℭ�̃�).

 

By using formula (2.14) with Lemma 2.1, we finally get 

sin2 𝜃1𝑔1([�̃�1, �̃�1], �̃�)

 =
1

𝜆2
{𝑔2(∇�̃�1

Ψ Ψ∗𝜂�̃�1 − ∇�̃�1

Ψ Ψ∗𝜂�̃�1, Ψ∗𝜂ℭ�̃�)}

 +
1

𝜆2
{𝑔2 ((∇Ψ∗)(�̃�1, 𝜂�̃�1), Ψ∗𝜂ℭ�̃�) + 𝑔2 ((∇Ψ∗)(�̃�1, 𝜂�̃�1), Ψ∗𝜂ℭ�̃�)}

 + 𝑔1(𝒯�̃�1
𝜂�̃�1 − 𝒯�̃�1

𝜂�̃�1, 𝐹𝔄�̃� + 𝜉ℭ�̃�) + 𝑔1(∇�̃�1
𝜂𝜉�̃�1 − ∇�̃�1

𝜂𝜉�̃�1, �̃�).

 

In a similar way, we can examine the condition of integrability for slant 

distribution as follows: 

Theorem 4.2. Let Ψ: (𝑄‾1, 𝑔1, 𝐹) → (𝑄‾2, 𝑔2) be a CQBS submersion, where 

(𝑄‾1, 𝑔1, 𝐹) a LPR manifold and (𝑄‾2, 𝑔2) a Riemannian manifold. Then slant 

distribution 𝔇𝜃2  is integrable if and only if 

−
1

𝜆2
{𝑔2 ((∇Ψ∗)(�̃�2, 𝜂�̃�2) − (∇Ψ∗)(�̃�2, 𝜂�̃�2), Ψ∗𝜂𝔅�̃�)}

= 𝑔1(𝒯�̃�2
𝜂𝜉�̃�2 − 𝒯�̃�2

𝜂𝜉�̃�2, �̃�) + 𝑔1(𝒯�̃�2
𝜂�̃�2 − 𝒯�̃�2

𝜂�̃�2, 𝐹𝔄�̃� + 𝜉𝔅�̃�)

 +
1

𝜆2
{𝑔2(∇�̃�2

Ψ Ψ∗𝜂�̃�2 − ∇�̃�2

Ψ Ψ∗𝜂�̃�2, Ψ∗𝜂𝔅�̃�)}.

 

for any �̃�2, �̃�2 ∈ Γ(𝔇𝜃2) and �̃� ∈ Γ(𝔇𝔗 ⊕ 𝔇𝜃⊥). 

Proof. By using equations (2.2), (2.3), (2.13) and (3.3), we have 

𝑔1([�̃�2, �̃�2], �̃�) =  −𝑔1(∇�̃�2
𝜉2�̃�2, �̃�) − 𝑔1(∇�̃�2

𝜂𝜉�̃�2, �̃�) + 𝑔1(∇�̃�2
𝜉2�̃�2, �̃�)

 +𝑔1(∇�̃�2
𝜂𝜉�̃�2, �̃�) + 𝑔1(∇�̃�2

𝜂�̃�2 − ∇�̃�2
𝜂�̃�2, 𝐹�̃�),
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for any �̃�2, �̃�2 ∈ Γ(𝔇𝜃2) and �̃� ∈ Γ(𝔇𝔗 ⊕ 𝔇𝜃1). From equations (2.8) and Lemma 

3.3 , we get 

sin2 𝜃2𝑔1([�̃�2, �̃�2], �̃�) = 𝑔1(𝒯�̃�2
𝜂�̃�2 − 𝒯�̃�2

𝜂�̃�2, 𝐹𝔄�̃� + 𝜉𝔅�̃�)

 +𝑔1(ℋ∇�̃�2
𝜂�̃�2 − ℋ∇�̃�2

𝜂�̃�2, 𝜂𝔅�̃�)

 +𝑔1(𝒯�̃�2
𝜂𝜉�̃�2 − 𝒯�̃�2

𝜂𝜉�̃�2, �̃�).

 

Since Ψ is CQBS submersion, using conformality condition with equation (2.14), 

we finally get 

sin2 𝜃2𝑔1([�̃�2, �̃�2], �̃�) =
1

𝜆2
{𝑔2 ((∇Ψ∗)(�̃�2, 𝜂�̃�2) − (∇Ψ∗)(�̃�2, 𝜂�̃�2), Ψ∗𝜂𝔅�̃�)}

 +
1

𝜆2
{𝑔2(∇�̃�2

Ψ Ψ∗𝜂�̃�2 − ∇�̃�2

Ψ Ψ∗𝜂�̃�2, Ψ∗𝜂𝔅�̃�)}

 +𝑔1(𝒯�̃�2
𝜂�̃�2 − 𝒯�̃�2

𝜂�̃�2, 𝐹𝔄�̃� + 𝜉𝔅�̃�)

 +𝑔1(𝒯�̃�2
𝜂𝜉�̃�2 − 𝒯�̃�2

𝜂𝜉�̃�2, �̃�)

 

This completes the proof of the theorem. 

 

Since, the invariant distribution is mutually orthogonal to the slant distributions 

in accordance with the concept of CQBS-submersion, this led us to investigate the 

necessary and sufficient condition for the invariant distribution to be integrable. 

Theorem 4.3. Let Ψ: (𝑄‾1, 𝑔1, 𝐹) → (𝑄‾2, 𝑔2) be a CQBS submersion, where 

(𝑄‾1, 𝑔1, 𝐹) a LPR manifold and (𝑄‾2, 𝑔2) a Riemannian manifold. Then the 

invariant distribution 𝔇𝔗 is integrable if and only if 

𝑔1(𝒯�̃�𝜉𝔄�̃� − 𝒯�̃�𝜉𝔄�̃�, 𝜂𝔅�̃� + 𝜂ℭ�̃�)

 −𝑔1(𝒱∇�̃�𝜉𝔄�̃� − 𝒱∇�̃�𝜉𝔄�̃�, 𝜉𝔅�̃� + 𝜉ℭ�̃�) = 0,
 

for any �̃�, �̃� ∈ Γ(𝔇𝔗) and �̃� ∈ Γ(𝔇𝜃1 ⊕ 𝔇𝜃2). 

Proof. For all �̃�, �̃� ∈ Γ(𝔇𝔗) and �̃� ∈ Γ(𝔇𝜃1 ⊕ 𝔇𝜃2) with using equations (2.2), 

(2.13), (2.7) and decomposition (3.2), we have 

𝑔1([�̃�, �̃�], �̃�) = 𝑔1(∇�̃�𝜉𝔄�̃�, 𝐹𝔅�̃� + 𝐹ℭ�̃�) − 𝑔1(∇�̃�𝜉𝔄�̃�, 𝐹𝔅�̃� + 𝐹ℭ�̃�). 

(4.2) 
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By using equation (3.3), we finally have 

𝑔1([�̃�, �̃�], �̃�) = 𝑔1(𝒯�̃�𝜉𝔄�̃� − 𝒯�̃�𝜉𝔄�̃�, 𝜂𝔅�̃� + 𝜂ℭ�̃�)

 +𝑔1(𝒱∇�̃�𝜉𝔄�̃� − 𝒱𝒜�̃�𝜉𝔄�̃�, 𝜉𝔅�̃� + 𝜉ℭ�̃�).
 

This completes the proof of theorem. 

 

After discussing the prerequisites for distribution's integrability, it is time to 

examine the necessary and sufficient conditions that must also exists in order for 

distributions to be totally geodesic. We begin by looking at the condition of totally 

geodesicness for invariant distribution. 

Theorem 4.4. Let Ψ: (𝑄‾1, 𝑔1, 𝐹) → (𝑄‾2, 𝑔2) be a CQBS submersion, where 

(𝑄‾1, 𝑔1, 𝐹) a LPR manifold and (𝑄‾2, 𝑔2) a Riemannian manifold. Then invariant 

distribution 𝔇𝔗 defines totally geodesic foliation on 𝑄‾1 if and only if 

(i) 𝜆−2𝑔2 ((∇Ψ∗)(�̃�, 𝐹�̃�), Ψ∗𝜂�̃�) = 𝑔1(𝒱∇�̃�𝐹�̃�, 𝜉�̃�) 

(ii) 𝜆−2𝑔2 ((∇Ψ∗)(�̃�, 𝐹�̃�), Ψ∗𝐿�̃�) = 𝑔1(𝒱∇�̃�𝐹�̃�, 𝑃�̃�), 

for any �̃�, �̃� ∈ Γ(𝔇𝔗) and �̃� ∈ Γ(𝔇𝜃1 ⊕ 𝔇𝜃2). 

 

Proof. For any �̃�, �̃� ∈ Γ(𝔇𝔗) and �̃� ∈ Γ(𝔇𝜃1 ⊕ 𝔇𝜃2) with using equations (2.2), 

(2.3), (2.13) and (3.3), we may write 

𝑔1(∇�̃��̃�, �̃�) = 𝑔1(𝒱∇�̃�𝐹�̃�, 𝜉�̃�) + 𝑔1(𝒯�̃�𝐹�̃�, 𝜂�̃�). 

By using the conformality of Ψ with equation (2.14), we get 

𝑔1(∇�̃��̃�, �̃�) = 𝑔1(𝒱∇�̃�𝐹�̃�, 𝜉�̃�) − 𝜆−2𝑔2 ((∇Ψ∗)(�̃�, 𝐹�̃�), Ψ∗𝜂�̃�). 

On the other hand, using equations (2.2), (2.3) and (2.13) with conformality of Ψ, 

we finally have 
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𝑔1(∇�̃��̃�, �̃�) = 𝑔1(𝒱∇�̃�𝐹�̃�, 𝑃�̃�) − 𝜆−2𝑔2 ((∇Ψ∗)(�̃�, 𝐹�̃�), Ψ∗𝐿�̃�). 

This completes the proof of the theorem. 

In similar way, we can discuss the geometry of leaves of slant distribution 𝔇𝜃1  as 

follows: 

Theorem 4.5. Let Ψ be a CQBS submersion from 𝐿𝑃𝑅(𝑄‾1, 𝑔1, 𝐹) onto a 

Riemannian manifold (𝑄‾2, 𝑔2). Then slant distribution 𝔇𝜃1  defines totally 

geodesic foliation on 𝑄‾1 if and only if 

1

𝜆2
𝑔2 ((∇Ψ∗)(�̃�, 𝜂𝔅�̃�), Ψ∗𝜂ℭ�̃�) −

1

𝜆2
𝑔2(∇�̃�

ΨΨ∗𝜂𝔅�̃�, Ψ∗𝜂ℭ�̃�)

 = 𝑔1(𝒯�̃�𝜂𝜉𝔅�̃�, �̃�) − 𝑔1(𝒯�̃�𝜂𝔅�̃�, 𝐹𝔄�̃�)

 − 𝑔1(𝒯�̃�𝜂𝔅�̃�, 𝜉ℭ�̃�) − cos2 𝜃1𝑔1(𝒱∇�̃�𝔅�̃�, �̃�)

 

and 

1

𝜆2
𝑔2 ((∇Ψ∗)(�̃�, 𝜂𝜉𝔅�̃�), Ψ∗�̃�) +

1

𝜆2
𝑔2 ((∇Ψ∗)(�̃�, 𝜂𝜉𝔅�̃�), Ψ∗𝐿�̃�)

=
1

𝜆2
𝑔2 ((∇Ψ∗)(�̃�, 𝜂𝜉𝔅�̃�), Ψ∗�̃�) −

1

𝜆2
𝑔2 ((∇Ψ∗)(�̃�, 𝜂𝜉𝔅�̃�), Ψ∗𝐿�̃�))

 + cos2 𝜃1𝑔1(∇�̃�𝔅�̃�, �̃�) + 𝑔1(𝒯�̃�𝜂𝜉𝔅�̃�, 𝑃�̃�),

 

for any �̃�, �̃� ∈ Γ(𝔇𝜃1), �̃� ∈ Γ(𝔇𝔗 ⊕ 𝔇𝜃2) and �̃� ∈ Γ(ker Ψ∗)⊥. 

Proof. By using equations (2.2), (2.3), (2.13) and (3.3), we get 

𝑔1(∇�̃��̃�, �̃�) = 𝑔1(∇�̃�𝜂𝔅�̃�, 𝐹(𝔄�̃� + ℭ�̃�)) + 𝑔1(𝐹∇�̃�𝜉𝔅�̃�, �̃�), 

for �̃�, �̃� ∈ Γ(𝔇𝜃1) and �̃� ∈ Γ(𝔇𝔗 ⊕ 𝔇𝜃2). Again using equations (2.2), (2.3), 

(2.13), (3.3), (2.8) with Lemma 3.2, we may write 

𝑔1(∇�̃��̃�, �̃�) = cos2 𝜃1𝑔1(∇�̃�𝔅�̃�, �̃�) + 𝑔1(𝒯�̃�𝜂𝜉𝔅�̃�, �̃�) + 𝑔1(𝒯�̃�𝜂𝔅�̃�, 𝐹𝔄�̃�)

 +𝑔1(𝒯�̃�𝜂𝔅�̃�, 𝜉ℭ�̃�) + 𝑔1(ℋ∇�̃�𝜂𝔅�̃�, 𝜂ℭ�̃�).
 

Since, Ψ is conformal, using Lemma 2.1 with equation (2.14), we have 

(4.3) 

(4.4) 

(4.5) 
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𝑔1(∇�̃��̃�, �̃�) = cos2 𝜃1𝑔1(∇�̃�𝔅�̃�, �̃�) + 𝑔1(𝒯�̃�𝜂𝜉𝔅�̃�, �̃�) + 𝑔1(𝒯�̃�𝜂𝔅�̃�, 𝐹𝔄�̃�)

 +𝑔1(𝒯�̃�𝜂𝔅�̃�, 𝜉ℭ�̃�) +
1

𝜆2
𝑔2(∇�̃�

ΨΨ∗𝜂𝔅�̃�, Ψ∗𝜂ℭ�̃�)

 −
1

𝜆2
𝑔2 ((∇Ψ∗)(�̃�, 𝜂𝔅�̃�), Ψ∗𝜂ℭ�̃�) .

 

On the other hand, for �̃�, �̃� ∈ Γ(𝔇𝜃1) and �̃� ∈ Γ(ker Ψ∗)⊥, with using equations 

(2.2), (2.3), (2.13) and (3.3), we get 

𝑔1(∇�̃��̃�, �̃�) = 𝑔1(∇�̃�𝜉𝔅�̃�, 𝐹�̃�) + 𝑔1(∇�̃�𝜂𝔅�̃�, 𝐹�̃�). 

From Lemma 3.2 with equations (2.8) and (3.6), the above equation takes the 

form 

𝑔1(∇�̃��̃�, �̃�) = cos2 𝜃1𝑔1(∇�̃��̃��̃�, �̃�) + 𝑔1(ℋ∇�̃�𝜂𝜉𝔅�̃�, �̃�)

 +𝑔1(𝒯�̃�𝜂𝜉𝔅�̃�, 𝑃�̃�) + 𝑔1(ℋ∇�̃�𝜂𝜉𝔅�̃�, 𝐿�̃�).
 

Since Ψ is conformal and from equation (2.14), we have 

𝑔1(∇�̃��̃�, �̃�) =  −
1

𝜆2
𝑔2 ((∇Ψ∗)(�̃�, 𝜂𝜉𝔅�̃�), Ψ∗�̃�) +

1

𝜆2
𝑔2(∇�̃�

ΨΨ∗𝜂𝜉𝔅�̃�, Ψ∗�̃�)

 −
1

𝜆2
𝑔2 ((∇Ψ∗)(�̃�, 𝜂𝜉𝔅�̃�), Ψ∗𝐿�̃�) +

1

𝜆2
𝑔2(∇�̃�

ΨΨ∗𝜂𝜉𝔅�̃�, Ψ∗𝐿�̃�)

 +cos2 𝜃1𝑔1(∇�̃��̃�, �̃�) + 𝑔1(𝒯�̃�𝜂𝜉𝔅�̃�, 𝑃�̃�).

 

This completes the proof of theorem. 

 

Theorem 4.6. Let Ψ: (𝑄‾1, 𝑔1, 𝐹) → (𝑄‾2, 𝑔2) be a CQBS submersion, where 

(𝑄‾1, 𝑔1, 𝐹) a LPR manifold and (𝑄‾2, 𝑔2) a Riemannian manifold. Then slant 

distribution 𝔇𝜃2  defines totally geodesic foliation on 𝑄‾1 if and only if 

1

𝜆2
𝑔2 ((∇Ψ∗)(�̃�, 𝜂𝔅�̃�), Ψ∗𝜂ℭ�̃�) −

1

𝜆2
𝑔2(∇�̃�

ΨΨ∗𝜂𝔅�̃�, Ψ∗𝜂ℭ�̃�)

 = 𝑔1(𝒯�̃�𝜂𝜉𝔅�̃�, �̃�) − 𝑔1(𝒯�̃�𝜂𝔅�̃�, 𝐹𝔄�̃�)

 − 𝑔1(𝒯�̃�𝜂𝔅�̃�, 𝜉ℭ�̃�) − cos2 𝜃1𝑔1(𝒱∇�̃�𝔅�̃�, �̃�),

 

and 

(4.6) 

(4.7) 
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1

𝜆2
𝑔2 ((∇Ψ∗)(�̃�, 𝜂𝜉𝔅�̃�), Ψ∗�̃�) +

1

𝜆2
𝑔2 ((∇Ψ∗)(�̃�, 𝜂𝜉𝔅�̃�), Ψ∗𝐿�̃�)

=
1

𝜆2
𝑔2 ((∇Ψ∗)(�̃�, 𝜂𝜉𝔅�̃�), Ψ∗�̃�) −

1

𝜆2
𝑔2 ((∇Ψ∗)(�̃�, 𝜂𝜉𝔅�̃�), Ψ∗𝐿�̃�))

 + cos2 𝜃2𝑔1(∇�̃�𝔅�̃�, �̃�) + 𝑔1(𝒯�̃�𝜂𝜉𝔅�̃�, 𝑃�̃�),

 

for any �̃�, �̃� ∈ Γ(𝔇𝜃2), �̃� ∈ Γ(𝔇𝔗 ⊕ 𝔇𝜃1) and �̃� ∈ Γ(ker Ψ∗)⊥. 

 

Proof. The proof of above theorem is similar to the proof of Theorem 4.5. 

 

Since, Ψ is CQBS-submersion, its vertical and horizontal distribution are (ker Ψ 

and (ker∗)⊥, respectively. Now, we examine the necessary and sufficient 

conditions under which distributions defines totally geodesic foliation on 𝑄‾1. 

With regards to the totally geodesicness of horizontal distribution, we have 

 

Theorem 4.7. Let Ψ be a CQBS submersion from LPR manifold (𝑄‾1, 𝑔1, 𝐹) onto 

a Riemannian manifold (𝑄‾2, 𝑔2). Then (ker Ψ∗)⊥ defines totally geodesic 

foliation on 𝑄‾1 if and only if 

1

𝜆2
{𝑔2(∇�̃�

ΨΨ∗𝜂𝔅�̃� + ∇�̃�
ΨΨ∗𝜂ℭ�̃�, Ψ∗𝜂�̃�)}

 = 𝑔1(𝒜�̃�𝜂𝜉𝔅�̃� + 𝒜�̃�𝜂𝜉ℭ�̃� + 𝒜�̃�𝜂𝜉𝔄�̃� + 𝒱∇�̃�𝔄�̃�, �̃�)

 +cos2 𝜃1𝑔1(𝒱∇�̃�𝔅�̃�, �̃�) + cos2 𝜃2𝑔1(𝒱∇�̃�ℭ�̃�, �̃�)

 +𝑔1(𝜂𝔅�̃�, 𝜂�̃�)𝑔1(�̃�, grad ln 𝜆) + 𝑔1(�̃�, 𝜂�̃�)𝑔1(𝜂𝔅�̃�, grad ln 𝜆)

 −𝑔1(�̃�, 𝜂𝔅�̃�)𝑔1(𝜂�̃�, grad ln 𝜆) + 𝑔1(𝜂ℭ�̃�, 𝜂�̃�)𝑔1(�̃�, grad ln 𝜆)

 +𝑔1(�̃�, 𝜂�̃�)𝑔1(𝜂ℭ�̃�, grad ln 𝜆) − 𝑔1(�̃�, 𝜂ℭ�̃�)𝑔1(𝜂�̃�, grad ln 𝜆), 

 

for any �̃�, �̃� ∈ Γ(ker Ψ∗)⊥ and �̃� ∈ Γ(ker Ψ∗). 

(4.8) 
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Proof. For any �̃�, �̃� ∈ Γ(ker Ψ∗)⊥ and �̃� ∈ Γ(ker Ψ∗) with using equations 

(2.2), (2.3) and (2.13) with decomposition (3.2), we get 

𝑔1(∇�̃��̃�, �̃�) = 𝑔1(∇�̃�𝐹(𝔄�̃�), 𝐹�̃�) + 𝑔1(∇�̃�𝐹(𝔅�̃�), 𝐹�̃�) + 𝑔1(∇�̃�𝐹(ℭ�̃�), 𝐹�̃�). 

From equations (3.3) and (2.9) with Lemma 3.2, we have 

𝑔1(∇�̃��̃�, �̃�) = 𝑔1(𝒱∇�̃�𝔄�̃�, �̃�) + cos2 𝜃1𝑔1(∇�̃�𝔅�̃�, �̃�) + cos2 𝜃2𝑔1(∇�̃�ℭ�̃�, �̃�)

 +𝑔1(∇�̃�𝜂𝜉𝔅�̃�, �̃�) + 𝑔1(∇�̃�𝜂𝔅�̃�, 𝐹�̃�) + 𝑔1(∇�̃�𝜂𝜉ℭ�̃�, �̃�)

 +𝑔1(∇�̃�𝜂ℭ�̃�, 𝐹�̃�) + 𝑔1(∇�̃�𝜂𝜉𝔄�̃�, �̃�)

 

By using the equations (3.3) and (2.10), we get 

𝑔1(∇�̃��̃�, �̃�) = 𝑔1(𝒱∇�̃�𝔄�̃� + cos2 𝜃1𝒱∇�̃�𝔅�̃� + cos2 𝜃2𝒱∇�̃�ℭ�̃�, �̃�)

 +𝑔1(𝒜�̃�𝜂𝜉𝔄�̃� + 𝒜�̃�𝜂𝜉𝔅�̃� + 𝒜�̃�𝜂𝜉ℭ�̃�, �̃�)

 +𝑔1(ℋ∇�̃�𝜂𝔅�̃� + ℋ∇�̃�𝜂ℭ�̃�, 𝜂�̃�)

 +𝑔1(𝒜�̃�𝜂𝔅�̃� + 𝒜�̃�𝜂ℭ�̃�, 𝜉�̃�). 

 

From formula (2.14), we yields that 

𝑔1(∇�̃��̃�, �̃�) = 𝑔1(𝒱∇�̃�𝔄�̃� + cos2 𝜃1𝒱∇�̃�𝔅�̃� + cos2 𝜃2𝒱∇�̃�ℭ�̃�, �̃�)

 +𝑔1(𝒜�̃�𝜂𝜉𝔄�̃� + 𝒜�̃�𝜂𝜉𝔅�̃� + 𝒜�̃�𝜂𝜉ℭ�̃�, �̃�)

 +
1

𝜆2
{𝑔2(∇�̃�

ΨΨ∗𝜂𝔅�̃� + ∇�̃�
ΨΨ∗𝜂ℭ�̃�, Ψ∗𝜂�̃�)}

 −
1

𝜆2
{𝑔2 ((∇Ψ∗)(�̃�, 𝜂𝔅�̃�) + (∇Ψ∗)(�̃�, 𝜂ℭ�̃�), Ψ∗𝜂�̃�)}

 

Since Ψ is conformal submersion, then we finally get 
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𝑔1(∇�̃��̃�, �̃�) = −𝑔1(𝜂𝔅�̃�, 𝜂�̃�)𝑔1(�̃�, grad ln 𝜆) − 𝑔1(�̃�, 𝜂�̃�)𝑔1(𝜂𝔅�̃�, grad ln 𝜆)

 +𝑔1(�̃�, 𝜂𝔅�̃�)𝑔1(𝜂�̃�, grad ln 𝜆) − 𝑔1(𝜂ℭ�̃�, 𝜂�̃�)𝑔1(�̃�, grad ln 𝜆)

 −𝑔1(�̃�, 𝜂�̃�)𝑔1(𝜂ℭ�̃�, 𝑔𝑟𝑎𝑑ln 𝜆) + 𝑔1(�̃�, 𝜂ℭ�̃�)𝑔1(𝜂�̃�, grad ln 𝜆)

 +𝑔1(𝒱∇�̃�𝔄�̃� + cos2 𝜃1𝒱∇�̃�𝔅�̃� + cos2 𝜃2𝒱∇�̃�ℭ�̃�, �̃�)

 +𝑔1(𝒜�̃�𝜂𝜉𝔄�̃� + 𝒜�̃�𝜂𝜉𝔅�̃� + 𝒜�̃�𝜂𝜉ℭ�̃�, �̃�)

 +
1

𝜆2
{𝑔2(∇�̃�

ΨΨ∗𝜂𝔅�̃� + ∇�̃�
ΨΨ∗𝜂ℭ�̃�, Ψ∗𝜂�̃�)}.

 

This completes the proof of theorem. 

 

We can now talk about the geometry of leaves of horizontal distribution. The 

following theorem presents the necessary and sufficient condition under which 

vertical distribution defines totally geodesic foliation on 𝑄‾1. 

Theorem 4.8. Let Ψ: (𝑄‾1, 𝑔1, 𝐹) → (𝑄‾2, 𝑔2) be a CQBS submersion, where 

(𝑄‾1, 𝑔1, 𝐹) a LPR manifold and (𝑄‾2, 𝑔2) a Riemannian manifold. Then (ker Ψ∗) 

defines totally geodesic foliation on 𝑄‾1 if and only if 

1

𝜆2
{𝑔2(∇�̃�

ΨΨ∗𝜂𝜉𝔅�̃� + ∇�̃�
ΨΨ∗𝜂𝜉ℭ�̃�, Ψ∗�̃�)}

= 𝑔1(𝒯�̃�𝔄�̃� + cos2 𝜃1𝒯�̃�𝔅�̃� + cos2 𝜃2𝒯�̃�ℭ�̃�) + 𝑔1(𝒯�̃�𝜂�̃�, 𝑃�̃�)

 −
1

𝜆2
{𝑔2 ((∇Ψ∗)(�̃�, 𝜂𝜉𝔅�̃�) + (∇Ψ∗)(�̃�, 𝜂𝜉ℭ�̃�), Ψ∗�̃�)}

 +
1

𝜆2
{𝑔2(∇�̃�

ΨΨ∗𝜂�̃� − (∇Ψ∗)(�̃�, 𝜂�̃�), Ψ∗𝐿�̃�)},

 

for any �̃�, �̃� ∈ Γ(ker Ψ∗) and �̃� ∈ Γ(ker Ψ∗)⊥. 

 

Proof. For any �̃�, �̃� ∈ Γ(ker Ψ∗) and �̃� ∈ Γ(ker Ψ∗)⊥ with using equations (2.2), 

(2.3), (2.13) with decomposition (3.2), we get 

𝑔1(∇�̃��̃�, �̃�) = 𝑔1(∇�̃�𝐹𝔄�̃�, 𝐹�̃�) + 𝑔1(∇�̃�𝐹𝔅�̃�, 𝐹�̃�) + 𝑔1(∇�̃�𝐹ℭ�̃�, 𝐹�̃�). 

By using equations (3.3) with Lemma 3.2 and Lemma 3.3, we have 

(4.9) 
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𝑔1(∇�̃��̃�, �̃�) = 𝑔1(∇�̃�𝔄�̃�, �̃�) + cos2 𝜃1𝑔1(∇�̃�𝔅�̃�, �̃�) + cos2 𝜃2𝑔1(∇�̃�ℭ�̃�, �̃�)

 +𝑔1(∇�̃�𝜂𝔅�̃�, 𝐹�̃�) + 𝑔1(∇�̃�𝜂𝜉𝔅�̃�, �̃�) + 𝑔1(∇�̃�𝜂𝜉ℭ�̃�, �̃�)

 +𝑔1(∇�̃�𝜂ℭ�̃�, 𝐹�̃�).

 

From equations (2.7), (2.8) and (3.6), we may yields 

𝑔1(∇�̃��̃�, �̃�) = 𝑔1(𝒯�̃�𝔄�̃� + cos2 𝜃1𝒯�̃�𝔅�̃� + cos2 𝜃2𝒯�̃�ℭ�̃�, �̃�)

 +𝑔1(ℋ∇�̃�𝜂𝜉𝔅�̃� + ℋ∇�̃�𝜂𝜉ℭ�̃�, �̃�)

 +𝑔1(ℋ∇�̃�𝜂𝔅�̃� + ℋ∇�̃�𝜂ℭ�̃�, 𝐿�̃�)

 +𝑔1(𝒯�̃�𝜂𝔅�̃� + 𝒯�̃�𝜂ℭ�̃�, 𝑃�̃�)

 

From decomposition (3.2), the above equation takes the form 

𝑔1(∇�̃��̃�, �̃�) = 𝑔1(𝒯�̃�𝔄�̃� + cos2 𝜃1𝒯�̃�𝔅�̃� + cos2 𝜃2𝒯�̃�ℭ�̃�, �̃�) + 𝑔1(𝒯�̃�𝜂�̃�, 𝑃�̃�)

 +𝑔1(ℋ∇�̃�𝜂𝜉𝔅�̃� + ℋ∇�̃�𝜂𝜉ℭ�̃�, �̃�) + 𝑔1(ℋ∇�̃�𝜂�̃�, 𝐿�̃�).
 

Using the conformality of Ψ with equation (2.14), we have 

𝑔1(∇�̃��̃�, �̃�) = 𝑔1(𝒯�̃�𝔄�̃� + cos2 𝜃1𝒯�̃�𝔅�̃� + cos2 𝜃2𝒯�̃�ℭ�̃�, �̃�) + 𝑔1(𝒯�̃�𝜂�̃�, 𝑃�̃�)

 −
1

𝜆2
{𝑔2 ((∇Ψ∗)(�̃�, 𝜂𝜉𝔅�̃�) + (∇Ψ∗)(�̃�, 𝜂𝜉ℭ�̃�), Ψ∗�̃�)}

 −
1

𝜆2
{𝑔2(∇�̃�

ΨΨ∗𝜂𝜉𝔅�̃� + ∇�̃�
ΨΨ∗𝜂𝜉ℭ�̃�, Ψ∗�̃�)}

 +
1

𝜆2
{𝑔2(∇�̃�

ΨΨ∗𝜂�̃� − (∇Ψ∗)(�̃�, 𝜂�̃�), Ψ∗𝐿�̃�)}.

 

This completes the proof of the theorem. 

 

We now have some necessary and sufficient conditions for a CQBS submersion 

Ψ: 𝑄‾1 → 𝑄‾2 to be totally geodesic map. In this regard, we are presenting the 

following theorem. 

Theorem 4.9. Let Ψ be a CQBS submersion from 𝐿𝑃𝑅 manifold (𝑄‾1, 𝑔1, 𝐹) onto 

a Riemannian manifold (𝑄‾2, 𝑔2). Then Ψ: (𝑄‾1, 𝑔1, 𝐹) → (𝑄‾1, 𝑔2) is totally geodesic 

map if and only if 
(4.10) 

(4.11) 
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Ψ∗{cos2 𝜃1∇�̃�𝔅�̃� + cos2 𝜃2∇�̃�ℭ�̃� + ∇�̃�𝜂𝜉𝔅�̃� + ∇�̃�𝜂𝜉ℭ�̃�}

 = Ψ∗{𝐿(−ℋ∇�̃�𝜂𝔅�̃� − ℋ∇�̃�𝜂ℭ�̃� − 𝒯�̃�𝜉𝔄�̃�)}

 −Ψ∗{𝜂(𝒯�̃�𝜂𝔅�̃� + 𝒯�̃�𝜂ℭ�̃� + 𝒱∇�̃�𝜉𝔄�̃�)},

Ψ∗{cos2 𝜃1∇�̃�𝔅�̃� + cos2 𝜃2∇�̃�ℭ�̃� + ∇�̃�𝜂𝜉𝔅�̃� + ∇�̃�𝜂𝜉ℭ�̃�}

 = −Ψ∗{𝐿(𝒜�̃�𝜉𝔄�̃� + ℋ∇�̃�𝜂𝔅�̃� + ℋ∇�̃�𝜂ℭ�̃�)}

 −Ψ∗{𝜂(𝒱∇�̃�𝜉𝔄�̃� + 𝒜�̃�𝜂𝔅�̃� + 𝒜�̃�𝜂�̃��̃�)}

 

for any �̃�, �̃� ∈ Γ(ker Ψ∗) and �̃�, �̃� ∈ Γ(ker Ψ∗)⊥. 

 

Proof. Now, using equations (2.14), (2.3), (2.13) and (2.1). 

(∇Ψ∗)(�̃�, �̃�) = −Ψ∗(𝐹∇�̃�𝐹�̃�), 

for any �̃�, �̃� ∈ Γ(ker Ψ∗). From decomposition (3.2) and equation (3.3), we may 

write 

(∇Ψ∗)(�̃�, �̃�) = Ψ∗{−𝐹∇�̃�𝜉𝔄�̃� − 𝐹∇�̃�𝜉𝔅�̃� − 𝐹∇�̃�𝜂𝔅�̃�

−𝐹∇�̃�𝜉ℭ�̃� − 𝐹∇�̃�𝜂ℭ�̃�}.
 

By using equations (2.7) and (2.8), the above equation takes the form 

(∇Ψ∗)(�̃�, �̃�) = Ψ∗{−𝐹𝒯�̃�𝜉𝔄�̃� − 𝐹𝒱∇�̃�𝜉𝔄�̃�} − Ψ∗(∇�̃�𝐹𝜉𝔅�̃�)

 −Ψ∗{𝐹𝒯�̃�𝜂𝔅�̃� + 𝐹ℋ∇�̃�𝜂𝔅�̃�} − Ψ∗(∇�̃�𝐹𝜉ℭ�̃�)

 −Ψ∗{𝐹𝒯�̃�𝜂ℭ�̃� + 𝐹ℋ∇�̃�𝜂ℭ�̃�}.

 

Since Ψ is conformal submersion, by using Lemma 3.2 and Lemma 3.3 with 

equation (3.3), we finally get 

(∇Ψ∗)(�̃�, �̃�) = Ψ ∗ {𝐿(−ℋ∇�̃�𝜂𝔅�̃� − ℋ∇�̃�𝜂ℭ�̃� − 𝒯�̃�𝜉𝔄�̃�)

+𝜂(−𝒱∇�̃�𝜉𝔄�̃� − 𝒯�̃�𝜉𝔅�̃� − 𝒯�̃�𝜉ℭ�̃�)}

 −Ψ∗{cos2 𝜃1∇�̃�𝔅�̃� + cos2 𝜃2∇�̃�ℭ�̃� + ∇�̃�𝜂𝜉𝔅�̃� + ∇�̃�𝜂𝜉ℭ�̃�}
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From this, the (𝑖) part of theorem proved. On the other hand, for �̃� ∈ Γ(ker Ψ∗) 

and �̃� ∈ Γ(ker Ψ∗)⊥ with using equations (2.14), (2.3), (2.13) and (2.1), we can 

write 

(∇Ψ∗)(�̃�, �̃�) = −Ψ∗(𝐹∇�̃�𝐹�̃�). 

By using decomposition (3.2) with equation (3.3), we have 

(∇Ψ∗)(�̃�, �̃�) = −Ψ∗{𝐹(∇�̃�𝜉𝔄�̃� + ∇�̃�𝜉𝔅�̃� + ∇�̃�𝜂𝔅�̃� + ∇�̃�𝜉ℭ�̃� + ∇�̃�𝜂ℭ�̃�)}. 

By taking account the fact from equations (2.9) and (2.10), we get 

(∇Ψ∗)(�̃�, �̃�) =  −Ψ∗{𝐹(𝒜�̃�𝜉𝔄�̃� + 𝒱∇�̃�𝜉𝔄�̃� + ∇�̃�𝐹𝜉𝔅�̃�

 +𝐹(ℋ∇�̃�𝜂𝔅�̃� + 𝒜�̃�𝜂𝔅�̃�) + ∇�̃�𝐹𝜉ℭ�̃�

+𝐹(ℋ∇�̃�𝜂ℭ�̃� + 𝒜�̃�𝜂ℭ�̃�)}.

 

Finally, from conformality of Riemannian submersion Ψ and Lemma 3.2, Lemma 

3.3 , we can write 

(∇Ψ∗)(�̃�, �̃�) =  −Ψ∗{𝐿(𝒜�̃�𝜉𝔄�̃� + ℋ∇�̃�𝜂𝔅�̃� + ℋ∇�̃�𝜂ℭ�̃�)}

 −Ψ∗{𝜂(𝒱∇�̃�𝜉𝔄�̃� + 𝒜�̃�𝜂𝔅�̃� + 𝔄�̃�𝜂ℭ�̃�)}

 −Ψ∗(cos2 𝜃1∇�̃�𝔅�̃� + cos2 𝜃2∇�̃�ℭ�̃� + ∇�̃�𝜂𝜉𝔅�̃� + ∇�̃�𝜂𝜉ℭ�̃�).

 

From which we obtain (ii) part of theorem. This completes the proof of theorem. 

 

5 Decomposition Theorems 

 

In this section, we recall the following result from [22] and discuss some 

decomposition theorems. Let 𝑔 be a Riemannian metric tensor on the product 

manifold 𝑀 = 𝑄‾1 × 𝑄‾2 where 𝑄‾1 and 𝑄‾2 are two Riemannian manifold, then the 

from following conditions, it is easy to understand the concepts of locally product 

manifold and twisted product manifold. 
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(i) 𝑀 = 𝑄‾1 ×𝜆 𝑄‾2 is a locally product if and only if 𝑄‾1 and 𝑄‾2 are totally 

geodesic foliations, 

 

(ii) a warped product 𝑄‾1 ×𝑓 𝑄‾2 if and only if 𝑄‾1 is a totally geodesic 

foliation and 𝑄‾2 is a spherics foliation, i.e., it is umbilic and its mean 

curvature vector field is parallel, 

 

 

(iii) 𝑀 = 𝑄‾1 ×𝜆 𝑄‾2 is a twisted product if and only if 𝑄‾1 is a totally geodesic 

foliation and 𝑄‾2 is a totally umbilic foliation. 

The presence of three orthogonal complementary distributions 𝔇𝔗, 𝔇𝜃1, and 𝔇𝜃2, 

which are integrable and totally geodesic under the conditions that we have 

stated previously, is ensured by the fact that Ψ: (𝑄‾1, 𝑔1, 𝐹) → (𝑄‾2, 𝑔2) is CQBS 

submersion. It makes sense to now look for the conditions in which the total 

space 𝑄‾1 converts into locally product manifolds or locally twisted product 

manifolds. In order to explore the geometry of conformal bi-slant submersion Ψ, 

we are providing here a few decomposition theorems that state that 𝑄‾1 converts 

into locally product manifolds in a variety of situations. 

Theorem 5.1. Let Ψ: (𝑄‾1, 𝑔1, 𝐹) → (𝑄‾2, 𝑔2) be a CQBS submersion, where 

(𝑄‾1, 𝑔1, 𝐹) a LPR manifold and (𝑄‾2, 𝑔2) a Riemannian manifold. Then 𝑄‾1 is a 

locally product manifold if and only if 

1

𝜆2
{𝑔2(∇�̃�

ΨΨ∗𝜂𝜉𝔅�̃� + ∇�̃�
ΨΨ∗𝜂𝜉ℭ�̃�, Ψ∗�̃�)}

= 𝑔1(𝒯�̃�𝔄�̃� + cos2 𝜃1𝒯�̃�𝔅�̃� + cos2 𝜃2𝒯�̃�ℭ�̃�) + 𝑔1(𝒯�̃�𝜂�̃�, 𝑃�̃�)

 −
1

𝜆2
{𝑔2 ((∇Ψ∗)(�̃�, 𝜂𝜉𝔅�̃�) + (∇Ψ∗)(�̃�, 𝜂𝜉ℭ�̃�), Ψ∗�̃�)}

 +
1

𝜆2
{𝑔2(∇�̃�

ΨΨ∗𝜂�̃� − (∇Ψ∗)(�̃�, 𝜂�̃�), Ψ∗𝐿�̃�)}

 

and 

(5.1) 

(5.2) 
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1

𝜆2
{𝑔2(∇�̃�

ΨΨ∗𝜂𝔅�̃� + ∇�̃�
ΨΨ∗𝜂�̃��̃�, Ψ∗𝜂�̃�)}

 = 𝑔1(𝒜�̃�𝜂𝜉𝔅�̃� + 𝒜�̃�𝜂𝜉ℭ�̃� + 𝒜�̃�𝜂𝜉𝔄�̃�, �̃�)

 +𝑔1(𝒱∇�̃�𝔄�̃� + cos2 𝜃1𝒱∇�̃�𝔅�̃� + cos2 𝜃2𝒱∇�̃�ℭ�̃�, �̃�)

 +𝑔1(𝜂𝔅�̃�, 𝜂�̃�)𝑔1(�̃�, grad ln 𝜆) + 𝑔1(�̃�, 𝜂�̃�)𝑔1(𝜂𝔅�̃�, grad ln 𝜆)

 −𝑔1(�̃�, 𝜂𝔅�̃�)𝑔1(𝜂�̃�, grad ln 𝜆) + 𝑔1(𝜂ℭ�̃�, 𝜂�̃�)𝑔1(�̃�, grad ln 𝜆)

 +𝑔1(�̃�, 𝜂�̃�)𝑔1(𝜂ℭ�̃�, grad ln 𝜆) − 𝑔1(�̃�, 𝜂ℭ�̃�)𝑔1(𝜂�̃�, grad ln 𝜆), 

 

for any �̃�, �̃� ∈ Γ(ker Ψ∗) and �̃�, �̃� ∈ Γ(ker Ψ∗)⊥. 

 

Proof. The proof of this theorem is directly from Theorem 4.7 and Theorem 4.8 . 

Since we discussed in the previous theorem, given certain necessary and 

sufficient conditions, the total space 𝑄‾1 transforms into a locally product 

manifold. Now, it's intriguing to investigate if there are any circumstances under 

which the total space 𝑄‾1 could turn into a locally twisted product manifold. The 

conditions that turn total space 𝑄‾1 into a locally twisted product manifold are 

found in the following result. 

Theorem 5.2. Let Ψ be a CQBS submersion from LPR manifold (𝑄‾1, 𝑔1, 𝐹) onto 

a Riemannian manifold (𝑄‾2, 𝑔2). Then 𝑄‾1 is locally twisted product of the form 

𝑄‾1(ker Ψ∗) × 𝑄‾1(ker Ψ∗)⊥ if and only if 

1

𝜆2
𝑔2 ((∇Ψ∗)(�̃�, 𝜂�̃�), Ψ∗𝐿�̃�) = 𝑔1(∇�̃�𝜉�̃�, 𝐹�̃�) + 𝑔1(𝒯�̃�𝜂�̃�, 𝑃�̃�)

+
1

𝜆2
𝑔2(∇�̃�

ΨΨ∗𝜂�̃�, Ψ∗𝐿�̃�).

 

and 

𝑔1(�̃�, �̃�)𝐻 =  −𝑃𝒜�̃�𝑃�̃� − 𝜉∇�̃�𝑃�̃� − 𝜉𝒜�̃�𝐿�̃� − 𝐹Ψ∗(∇�̃�
ΨΨ∗𝐿�̃�)

 +�̃�(ln 𝜆)𝑃𝐿�̃� + 𝐿�̃�(ln 𝜆)𝑃�̃� − 𝑃(grad ln 𝜆)𝑔1(�̃�, 𝐿�̃�).
 

where 𝐻 is a mean curvature vector and for any �̃�, �̃� ∈ Γ(ker Ψ∗) and �̃�1, �̃�2 ∈ 

Γ(ker Ψ∗)⊥. 

(5.3) 

(5.4) 
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Proof. For any �̃� ∈ Γ(ker Ψ∗)⊥ and �̃�, �̃� ∈ Γ(ker Ψ∗) and using equations (2.2), 

(2.3), (2.13), (2.7), (2.8) (3.3) and (3.6), we have 

𝑔1(∇�̃��̃�, �̃�) = 𝑔1(∇�̃�𝜉�̃�, 𝐹�̃�) + 𝑔1(𝒯�̃�𝜂�̃�, 𝑃�̃�) + 𝑔1(ℋ∇�̃�𝜂�̃�, 𝐿�̃�). 

From using formula (2.14) and definition of conformality, the above equation 

takes place as 

𝑔1(∇�̃��̃�, �̃�) = 𝑔1(∇�̃�𝜉�̃�, 𝐹�̃�) + 𝑔1(𝒯�̃�𝜂�̃�, 𝑃�̃�) −
1

𝜆2
𝑔2 ((∇Ψ∗)(�̃�, 𝜂�̃�), Ψ∗𝐿�̃�)

 +
1

𝜆2
𝑔2(∇�̃�

ΨΨ∗𝜂�̃�, Ψ∗𝐿�̃�).

 

It follows that the equation (5.3) satisfies if and only if 𝑄‾1(ker Ψ∗) is totally 

geodesic. On the other hand, for �̃� ∈ Γ(ker Ψ∗) and �̃�, �̃� ∈ Γ(ker Ψ∗)⊥ with using 

equations (2.2), (2.13), (2.3) (2.10), (3.3) and (3.6), we get 

𝑔1(∇�̃��̃�, �̃�) = 𝑔1(∇�̃�𝑃�̃�, 𝐹�̃�) + 𝑔1(𝒜�̃�𝐿�̃�, 𝜉�̃�) + 𝑔1(ℋ∇�̃�𝐿�̃�, 𝜂�̃�). 

By using the equation (2.14) with definition of conformality of Ψ, we deduce that 

𝑔1(∇�̃��̃�, �̃�) =  −
1

𝜆2
𝑔2 ((∇Ψ∗)(�̃�, 𝐿�̃�), Ψ∗𝜂�̃�) +

1

𝜆2
𝑔2(∇�̃�

ΨΨ∗𝐿�̃�, Ψ∗𝜂�̃�)

 +𝑔1(∇�̃�𝑃�̃�, 𝐹�̃�) + 𝑔1(𝒜�̃�𝐿�̃�, 𝜉�̃�)
 

Considering the (𝑖) part of Lemma 2.1, above equation turns in to 

𝑔1(∇�̃��̃�, �̃�) =
1

𝜆2
𝑔2(∇�̃�

ΨΨ∗𝐿�̃�, Ψ∗𝜂�̃�) + 𝑔1(∇�̃�𝑃�̃�, 𝐹�̃�) + 𝑔1(𝒜�̃�𝐿�̃�, 𝜉�̃�)

 −𝑔1(grad ln 𝜆, �̃�)𝑔1(𝐿�̃�, 𝜂�̃�) − 𝑔1(grad ln 𝜆, 𝐿�̃�)𝑔1(�̃�, 𝜂�̃�)

 +𝑔1(grad ln 𝜆, 𝜂�̃�)𝑔1(�̃�, 𝐿�̃�).

 

By direct calculation, finally we get 

𝑔1(�̃�, �̃�)𝐻 =  −𝑃𝒜�̃�𝑃�̃� − 𝜉∇�̃�𝑃�̃� − 𝜉𝒜�̃�𝐿�̃� − 𝐹Ψ∗(∇�̃�
ΨΨ∗𝐿�̃�) + �̃�(ln 𝜆)𝑃𝐿�̃�

 +𝐿�̃�(ln 𝜆)𝑃�̃� − 𝑃(grad ln 𝜆)𝑔1(�̃�, 𝐿�̃�).
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From the above equation we conclude that 𝑄‾1(ker Ψ∗)⊥  is totally umbilical if and 

only if equation (5.4) satisfied. This completes the proof of the theorem. 

 

6 -Pluriharmonicity of Conformal Quasi Bi-slant 

Submersion 

In this section, we extend the concept of 𝐹-pluriharmonicity to almost product 

Riemannian manifolds and definition of Hermitian manifold. 

Definition 6.1. On a manifold 𝑀, a pair (𝐽, 𝑔) consisting of a complex structure 𝐽 

on 𝑀 and a Hermitian metric 𝑔 in the tangent space 𝑇𝑀, that is, a Riemannian 

metric 𝑔 that is invariant under 𝐽, 𝑔(𝐽𝑋, 𝐽𝑌) = 𝑔(𝑋, 𝑌) for any vector fields 𝑋 and 𝑌 

on 𝑀. A Hermitian structure specifies in any tangent space 𝑇𝑝𝑀 the structure of a 

Hermitian vector space. A manifold with a Hermitian structure is called a 

Hermitian manifold. 

Let Ψ be a CQBS Riemannian submersion from 𝐿𝑃𝑅 manifold (𝑄‾1, 𝑔1, 𝐹) onto a 

Riemannian manifold (𝑄‾2, 𝑔2) with slant angles 𝜃1 and 𝜃2. Then CQBS 

Riemannian submersion is 𝔇𝔗 − 𝐹-pluriharmonic, 𝔇𝜃1 − 𝐹-pluriharmonic, 𝔇𝜃2 − 

𝐹-pluriharmonic, (𝔇𝔗 − 𝔇𝜃1) − 𝐹 pluriharmonic, (𝔇𝔗 − 𝔇𝜃2) − 𝐹 pluriharmonic, 

ker Ψ∗ − 𝐹-pluriharmonic, (ker Ψ∗)⊥ − 𝐹-pluriharmonic and ((ker Ψ∗)⊥ − 

ker Ψ∗) − 𝐹-pluriharmonic if 

(∇Ψ∗)(𝑈, 𝑉) + (∇Ψ∗)(𝐹𝑈, 𝐹𝑉) = 0, 

for any 𝑈, 𝑉 ∈ Γ(𝔇𝔗), for any 𝑈, 𝑉 ∈ Γ(𝔇𝜃1), for any 𝑈, 𝑉 ∈ Γ(𝔇𝜃2), for any 𝑈 ∈

Γ(𝔇𝔗), 𝑉 ∈ Γ(𝔇𝜃1), for any 𝑈 ∈ Γ(𝔇𝔗), 𝑉 ∈ Γ(𝔇𝜃2), for any 𝑈, 𝑉 ∈ Γ(ker Ψ∗), for 

any 𝑈, 𝑉 ∈ Γ(ker Ψ∗)⊥ and for any 𝑈 ∈ Γ(ker Ψ∗)⊥, 𝑉 ∈ Γ(ker Ψ∗), respectively. 

F 

(6.1) 
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Theorem 6.1. Let Ψ be a CQBS submersion from LPR manifold (𝑄‾1, 𝑔1, 𝐹) onto 

a rm (𝑄‾2, 𝑔2) with slant angles 𝜃1 and 𝜃2. Suppose that Ψ is 𝔇𝜃1 − 𝐹 

pluriharmonic. Then 𝔇𝜃1  defines totally geodesic foliation on 𝑄‾1 if and only 

if 

Ψ∗(𝜂𝒯𝜉�̃�𝜂𝜉�̃� + 𝐿ℋ∇𝜉�̃�𝜂𝜉�̃�) − Ψ∗(𝒜𝜂�̃�𝜉�̃� + ℋ∇𝜉�̃�𝜂�̃�)

 = cos2 𝜃1Ψ∗(𝐿𝒯𝜉�̃��̃� + 𝜂𝒱∇𝜉�̃��̃�) + ∇𝜉�̃�
Ψ Ψ∗𝐹�̃�

 − 𝜂�̃�(ln 𝜆)Ψ∗𝜂�̃� − 𝜂�̃�(ln 𝜆)Ψ∗𝜂�̃� + 𝑔1(𝜂�̃�, 𝜂�̃�)Ψ∗(grad ln 𝜆)

 

for any �̃�, �̃� ∈ Γ(𝔇𝜃1). 

Proof. For any �̃�, �̃� ∈ Γ(𝔇𝜃1) and since, Ψ is 𝐷𝜃1 − 𝐹-pluriharmonic, then by 

using equation (2.7) and (2.14), we have 

0 = (∇Ψ∗)(�̃�, �̃�) + (∇Ψ∗)(𝐹�̃�, 𝐹�̃�)

Ψ∗(∇�̃��̃�) = −Ψ∗(∇𝐹�̃�𝐹�̃�) + ∇𝐹�̃�
Ψ Ψ∗(𝐹�̃�)

 = −Ψ∗(𝒜𝜂�̃�𝜉�̃� + 𝒱∇𝜂�̃�𝜉�̃� + 𝒯𝜉�̃�𝜂�̃� + ℋ∇𝜉�̃�𝜂�̃�) − Ψ∗(𝐹∇𝜉�̃�𝐹𝜉�̃�)

 +(∇Ψ∗)(𝜂�̃�, 𝜂�̃�) − ∇𝜂�̃�
Ψ Ψ∗𝜂�̃� + ∇𝐹�̃�

Ψ Ψ∗𝐹�̃�.

 

By using equations (3.3), (3.6) with Lemma 2.1 and Lemma 3.2, the above 

equation finally takes the form 

Ψ∗(∇�̃�𝑉) =  −cos2 𝜃1Ψ∗(𝑃𝒯𝜉�̃��̃� + 𝐿𝒯𝜉�̃��̃� + 𝜉𝒱∇𝜉�̃��̃� + 𝜂𝒱∇𝜉�̃��̃�)

 +Ψ∗(𝜉𝒯𝜉�̃�𝜂𝜉�̃� + 𝜂𝒯𝜉�̃�𝜂𝜉�̃� + 𝑃ℋ∇𝜉�̃�𝜂𝜉�̃� + 𝐿ℋ∇𝜉�̃�𝜂𝜉�̃�)

 −Ψ∗(𝒜𝜂�̃�𝜉�̃� + 𝒱∇𝜂�̃�𝜉�̃� + 𝒯𝜉�̃�𝜂�̃� + ℋ∇𝜉�̃�𝜂�̃�)

 +𝜂�̃�(ln 𝜆)Ψ∗𝜂�̃� + 𝜂�̃�(ln 𝜆)Ψ∗𝜂�̃� − 𝑔1(𝜂�̃�, 𝜂�̃�)Ψ∗(grad ln 𝜆)

 −∇𝜂�̃�
Ψ Ψ∗𝜂�̃� + ∇𝐹�̃�

Ψ Ψ∗𝐹�̃�

 

from which we get the desired result. 

 

Theorem 6.2. Let Ψ be a CQBS submersion from LPR manifold (𝑄‾1, 𝑔1, 𝐹) onto 

a rm (𝑄‾2, 𝑔2) with slant angles 𝜃1 and 𝜃2. Suppose that Ψ is 𝔇𝜃2 − 𝐹 

pluriharmonic. Then 𝔇𝜃2  defines totally geodesic foliation on 𝑄‾1 if and only if 
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Ψ∗(𝜂𝒯𝜉�̃�𝜂𝜉�̃� + 𝐿ℋ∇𝜉�̃�𝜂𝜉�̃�) − Ψ∗(𝒜𝜂�̃�𝜉�̃� + ℋ∇𝜉�̃�𝜂�̃�)

 = cos2 𝜃2Ψ∗(𝐿𝒯𝜉�̃��̃� + 𝜂�̃�∇𝜉�̃��̃�) + ∇𝜉�̃�
Ψ Ψ∗𝐹�̃�

 − 𝜂�̃�(ln 𝜆)Ψ∗𝜂�̃� − 𝜂�̃�(ln 𝜆)Ψ∗𝜂�̃� + 𝑔1(𝜂�̃�, 𝜂�̃�)Ψ∗(grad ln 𝜆)

 

for any �̃�, �̃� ∈ Γ(𝔇𝜃2). 

 

Proof. The proof of the theorem is similar to the proof of Theorem 6.1. 

Theorem 6.3. Let Ψ be a CQBS submersion from LPR manifold (𝑄‾1, 𝑔1, 𝐹) onto 

a rm (𝑄‾2, 𝑔2) with slant angles 𝜃1 and 𝜃2. Suppose that Ψ is ((𝑘𝑒𝑟Ψ∗)⊥ − ker Ψ∗) −

𝐹-pluriharmonic. Then the following assertion are equivalent. 

(i) The horizontal distribution (𝑘𝑒𝑟Ψ∗)⊥ defines totally geodesic foliation on 𝑄‾1. 

(cos2 𝜃1 + cos2 𝜃2)Ψ∗{𝐿𝒯𝑃�̃�𝜉𝔄�̃� + 𝜂𝒱∇𝑃�̃�𝜉𝔄�̃� + 𝐿𝒜𝐿�̃�𝜉𝔄�̃� + 𝜂𝒱∇𝐿�̃�𝜉𝔄�̃�}

 = Ψ∗{𝐿𝒯𝑃�̃�𝜉𝔄�̃� + 𝜂𝒱∇𝑃�̃�𝜉𝔄�̃� + 𝐿𝒜𝐿�̃�𝜉𝔄�̃� + 𝜂ℋ∇𝐿�̃�𝜉𝔄�̃�}

 −Ψ∗{𝜂𝒯𝑃�̃�𝜂𝜉𝔅�̃� + 𝐿ℋ∇𝑃�̃�𝜂𝜉𝔅�̃� + 𝜂𝒯𝑃�̃�𝜂𝜉ℭ�̃� + 𝐿ℋ∇𝑃�̃�𝜂𝜉ℭ�̃�}

 +𝐿�̃�(ln 𝜆)Ψ∗𝜂𝜉𝔅�̃� + 𝜂𝜉𝔅�̃�(ln 𝜆)Ψ∗𝐿�̃� − 𝑔1(𝐿�̃�, 𝜂𝜉𝔅�̃�)Ψ∗(grad ln 𝜆)

 +𝐿�̃�(ln 𝜆)Ψ∗𝜂𝜉ℭ�̃� + 𝜂𝜉ℭ�̃�(ln 𝜆)Ψ∗𝐿�̃� − 𝑔1(𝐿�̃�, 𝜂𝜉ℭ�̃�)Ψ∗(grad ln 𝜆)

 −Ψ∗{𝜂𝒜𝐿�̃�𝜂𝜉𝔅�̃� + 𝜂𝒜𝐿�̃�𝜂𝜉ℭ�̃� − ℋ∇𝑃�̃�𝜂�̃�} − ∇𝐿�̃�
Ψ Ψ∗𝜂𝜉𝔅�̃�

 +Ψ∗(∇�̃��̃�) + ∇𝐹�̃�
Ψ Ψ∗𝜂�̃� − ∇𝐿�̃�

Ψ Ψ∗𝜂𝜉�̃��̃�,

 

(ii) 

 +𝐿�̃�(ln 𝜆)Ψ∗𝜂𝜉𝔅�̃� + 𝜂𝜉𝔅�̃�(ln 𝜆)Ψ∗𝐿�̃� − 𝑔1(𝐿�̃�, 𝜂𝜉𝔅�̃�)Ψ∗(grad ln 𝜆)

 +𝐿�̃�(ln 𝜆)Ψ∗𝜂𝜉ℭ�̃� + 𝜂𝜉ℭ�̃�(ln 𝜆)Ψ∗𝐿�̃� − 𝑔1(𝐿�̃�, 𝜂𝜉ℭ�̃�)Ψ∗(grad ln 𝜆)

 −Ψ∗{𝜂𝒜𝐿�̃�𝜂𝜉𝔅�̃� + 𝜂𝒜𝐿�̃�𝜂𝜉ℭ�̃� − ℋ∇𝑃�̃�𝜂�̃�} − ∇𝐿�̃�
Ψ Ψ∗𝜂𝜉𝔅�̃�

 +Ψ∗(∇�̃��̃�) + ∇𝐹�̃�
Ψ Ψ∗𝜂�̃� − ∇𝐿�̃�

Ψ Ψ∗𝜂𝜉�̃��̃�

 

for any �̃� ∈ Γ(ker Ψ∗)⊥ and �̃� ∈ Γ(𝑘𝑒𝑟Ψ∗) 

 

Proof. For any �̃� ∈ Γ(𝑘𝑒𝑟Ψ∗)⊥ and �̃� ∈ Γ(𝑘𝑒𝑟Ψ∗), since Ψ is ((𝑘𝑒𝑟Ψ∗)⊥ − 𝑘𝑒𝑟Ψ∗) −

𝐹-pluriharmonic, then by using (2.14), (3.3) and (3.6), we get 
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Ψ∗(∇𝐿�̃�𝜂�̃�) = −Ψ∗(∇𝑃�̃�𝜉�̃� + ∇𝑃�̃�𝜂�̃� + ∇𝐿�̃�𝜉�̃�) + Ψ∗(∇�̃��̃�) + ∇𝐹�̃�
Ψ Ψ∗𝜂�̃�. 

Taking account the fact from (2.1) and (2.8), we have 

Ψ∗(∇𝐿�̃�𝜂�̃�) =  −Ψ∗(𝒯𝑃�̃�𝜂�̃� + ℋ∇𝑃�̃�𝜂�̃�) + Ψ∗(∇�̃��̃�) + ∇𝐹�̃�
Ψ Ψ∗𝜂�̃�

 −Ψ∗(𝐹∇𝑃�̃�𝐹𝜉�̃�) − Ψ∗(𝐹∇𝐿�̃�𝐹𝜉�̃�)
 

Now on using decomposition (3.2), Lemma 3.2, Lemma 3.3 with equations (3.3), 

we may yields 

Ψ∗(∇𝐿�̃�𝜂�̃�) = Ψ∗{𝐹∇𝑃�̃�𝜂𝜉𝔅�̃� + 𝐹∇𝑃�̃�𝜂𝜉ℭ�̃� + 𝐹∇𝐿�̃�𝜂𝜉𝔅�̃� + 𝐹∇𝐿�̃�𝜂𝜉ℭ�̃�}

Ψ∗{𝐹∇𝑃�̃�𝜉𝔄�̃� − cos2 𝜃1𝐹∇𝑃�̃�𝜉�̃� − cos2 𝜃2𝐹∇𝑃�̃�𝜉�̃�}

 +Ψ∗{𝐹∇𝐿�̃�𝜉𝔄�̃� − cos2 𝜃1𝐹∇𝐿�̃�𝜉�̃� − cos2 𝜃2𝐹∇𝐿�̃�𝜉�̃�}

 −Ψ∗(ℋ∇𝑃�̃�𝜂�̃�) + Ψ∗(∇�̃��̃�) + ∇𝐹�̃�
Ψ Ψ∗𝜂�̃�

 

From equations (2.7)-(2.10) and after simple calculation, we may write 

Ψ∗(∇𝐿�̃�𝜂�̃�) =  −(cos2 𝜃1 + cos2 𝜃2)Ψ∗{𝐿𝒯𝑃�̃�𝜉𝔄�̃� + 𝜂𝒱∇𝑃�̃�𝜉𝔄�̃� + 𝐿𝒜𝐿�̃�𝜉𝔄�̃�

+𝜂𝒱∇𝐿�̃�𝜉𝔄�̃�} − Ψ∗{𝜂𝒜𝐿�̃�𝜂𝜉𝔅�̃� + 𝜂𝒜𝐿�̃�𝜂𝜉ℭ�̃� − ℋ∇𝑃�̃�𝜂�̃�}

 +Ψ∗{𝐿𝒯𝑃�̃�𝜉𝔄�̃� + 𝜂𝒱∇𝑃�̃�𝜉𝔄�̃� + 𝐿𝒜𝐿�̃�𝜉𝔄�̃� + 𝜂ℋ∇𝐿�̃�𝜉𝔄�̃�}

 −Ψ∗{𝜂𝒯𝑃�̃�𝜂𝜉𝔅�̃� + 𝐿ℋ∇𝑃�̃�𝜂𝜉𝔅�̃� + 𝜂𝒯𝑃�̃�𝜂𝜉ℭ�̃� + 𝐿ℋ∇𝑃�̃�𝜂𝜉ℭ�̃�}

 −Ψ∗(𝐿ℋ∇𝐿�̃�𝜂𝜉𝔅�̃� + 𝐿ℋ∇𝐿�̃�𝜂𝜉𝔅�̃�) + Ψ∗(∇�̃��̃�) + ∇𝐹�̃�
Ψ Ψ∗𝜂�̃�

 

Since Ψ is conformal Riemannian submersion, the by using equations (2.14) and 

from Lemma 2.1, we finally have 

Ψ∗(∇𝐿�̃�𝜂�̃�) = −(cos2 𝜃1 + cos2 𝜃2)Ψ∗{𝐿𝒯𝑃�̃�𝜉𝔄�̃� + 𝜂𝒱∇𝑃�̃�𝜉𝔄�̃� + 𝐿𝒜𝐿�̃�𝜉𝔄�̃�

+𝜂𝒱∇𝐿�̃�𝜉𝔄�̃�} − Ψ∗{𝜂𝒜𝐿�̃�𝜂𝜉𝔅�̃� + 𝜂𝒜𝐿�̃�𝜂𝜉ℭ�̃� − ℋ∇𝑃�̃�𝜂�̃�}

 +Ψ∗{𝐿𝒯𝑃�̃�𝜉𝔄�̃� + 𝜂𝒱∇𝑃�̃�𝜉𝔄�̃� + 𝐿𝒜𝐿�̃�𝜉𝔄�̃� + 𝜂ℋ∇𝐿�̃�𝜉𝔄�̃�}

 −Ψ∗{𝜂𝒯𝑃�̃�𝜂𝜉𝔅�̃� + 𝐿ℋ∇𝑃�̃�𝜂𝜉𝔅�̃� + 𝜂𝒯𝑃�̃�𝜂𝜉ℭ�̃� + 𝐿ℋ∇𝑃�̃�𝜂𝜉ℭ�̃�}

 +𝐿�̃�(ln 𝜆)Ψ∗𝜂𝜉𝔅�̃� + 𝜂𝜉𝔅�̃�(ln 𝜆)Ψ∗𝐿�̃� − 𝑔1(𝐿�̃�, 𝜂𝜉𝔅�̃�)Ψ∗(grad ln 𝜆)

 +𝐿�̃�(ln 𝜆)Ψ∗𝜂𝜉�̃��̃� + 𝜂𝜉�̃��̃�(ln 𝜆)Ψ∗𝐿�̃� − 𝑔1(𝐿�̃�, 𝜂𝜉�̃��̃�)Ψ∗(grad ln 𝜆)

 +Ψ∗(∇�̃��̃�) + ∇𝐹�̃�
Ψ Ψ∗𝜂�̃� − ∇𝐿�̃�

Ψ Ψ∗𝜂𝜉𝔅�̃� − ∇𝐿�̃�
Ψ Ψ∗𝜂𝜉ℭ�̃�,

 

which completes the proof of theorem. 
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Abstract: Solar energy is considered to be one of the most promising renewable 

energies. Energy generated from the sun transmitted in the form of light energy is 

converted into electrical energy using solar cells. This technology is widely used, the main 

use of solar panels is mostly in the static flat-plate scheme based on pre-determined 

angles. As a result, because of the variation of solar irradiation with the progress of 

daytime, the energy conversion is found to be decreased prominently. For serving the 

purpose of getting maximum power possible, this study represents a microcontroller-

based energy-efficient automatic solar-tracking system. This system helps in the 

alignment of solar panels with the direction of the sunlight as per the changing position 

of the sun for maximizing power generation. The tracking system has been implemented 

using the necessary hardware setup and a program that controls the respective hardware. 

Light Dependent Resistor (LDR) sensor has been used as the input for the system to 

detect the brightness level of sunlight. The solar panel can rotate along with the horizontal 

(east-west) axis and the vertical axis depending on the intensity of the sunlight calculating 

input of LDR sensor. Two servo motors have been utilized for tracing the sun position. In 

this study, the designed tracking system has been compared to a stationary flat-plate 

system (300 south facing horizontal) for the comparative analysis of power generation. 

The experimental result shows that the designed tracking system increased the power 

generation efficiency by 44.38% compared with the stationary panel. The result also 

indicates that in the mostly cloudy region the stationary panel will be more convenient 

than the automatic tracking system as in that case sunlight remains defused. But on 

regular sunny days, this proposed system over-performs existing stationary panel 

systems. 

 

Keywords: Solar cell, Automatic tracker, servo motor, Arduino UNO, LDR sensor. 
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تصميم وتصنيع نظام التتبع الشمسي الأوتوماتيكي والتحليل 

 المقارن باللوحة الثابتة
 

تعتبررررررق  الشمرررررر   ار ارررررر   مررررررا واعررررررق  الشمررررررش   ا تدررررررلشم  ا   ررررررلم   ررررررت  ت   رررررر   الشمرررررر   ا  اررررررلم مررررررا  اررررررر    الملخصصصصصص  

ضررررر ل   ااررررر   شمررررر  امقاشل ررررر  سشةرررررتخل    اخالرررررش  ار اررررر    ت ارررررتخل   ررررر    اتقن ررررر   لررررر   لرررررش   ا نق اررررر   لررررر   ررررر    شمررررر  

و ةرررررلاس و اةرررررتخل    اقل ارررررة اكاررررر  غ  ار اررررر   ل ررررر س حرررررة  ا شارررررل حرررررة مخلررررر   ال  ررررر   ا ارررررل    اعش تررررر   نرررررش    لررررر   و لرررررش 

س ت   ررررر   الشمررررر  مرررررل   خ ررررر  م رررررلشم مارررررةق ش   ت دررررر  اررررر ا س ساررررربل  مرررررتا،  ج رررررعش   ار ارررررة مرررررلا تقرررررل   انمرررررش س و رررررل و

رررررش  ا  رررررش اتتةرررررلا  سرررررر   مل ررررر ر  اخلمررررر  أرررررقر  ا نررررر ط  لررررر  ومنررررر  مرررررل  م  رررررا مرررررا  الشمررررر س ت عررررر   ررررر    ال  ةررررر    شم 

 الشمرررر   ار ارررر   لعت ررررل  لرررر  مررررت    شمعررررر  ومرررر حق اللشمرررر   لاررررش ل  رررر    ان ررررش  حرررررة م ررررش  م   ارررر  غ  ار ارررر   مررررلا  تدرررررش  

رررررش ا  ضرررررلا  ارررررر    ا ت عرررررق  ات قعررررر  ومنررررر  مرررررل  مرررررا ت اعرررررل  الشمررررر   تررررر  تن عررررر    رررررش   اتتةرررررلا سشةرررررتخل   ضررررر    ارررررر   وحق 

 ا رررررل ش    مررررروم  اا مررررر  واق رررررشمم  رررررت    حرررررة    مررررروم  ا عن ررررر   تررررر   ةرررررتخل   ماتررررررعق  ا قرررررشو   ا عت رررررل  لررررر   ا ررررر  

(LDR)  ا ررررلم  الن ررررش  السرررررط  ررررا ماررررت ك ةررررل   ضرررر    اررررر    ل  ررررا وس تررررلو   ال  رررر   ار ارررر    نة ررررش اارررر   نررررل

لا  ا  رررررر     حقررررررة ب ارررررررقمة  ا قاررررررةا و ا  رررررر    اقوةررررررة   ت ررررررشش    لرررررر   ررررررلم ضرررررر    اررررررر    ارررررر   ل اررررررل مررررررلما  مرررررر

ترررر   ةررررتخل   م رررقاعا مررررض    ا اتتةرررلا م ضررررلا  ارررر    حررررة  رررر    ال  ةررر س ت رررر  مقش  ررر    ررررش   اتتةررررلا  .LDR ماتررررعق

ا قررررررش س ات اعررررررل  الشمرررررر   و مررررررق   انتررررررشلم ش  رررررر   ن ا ررررررش وحل  ررررررشا الت لعرررررر    300 ا نرررررر    ن ررررررش   ال  رررررر   ا اررررررل    اعش ترررررر  ب

مقش  رررر  سشال  رررر   اعش ترررر   وترررررعق  %38 44 اتدق ب رررر  وس   ررررش   اتتةررررلا  ا نرررر   وشك اارررر    ررررششم ا ررررش م ت اعررررل  الشمرررر   ناررررة  

ررررش اارررر  و ررررا حررررة  ا نلقرررر   ا شل رررر  حررررة  ا شاررررلس ةررررتس س  ال  رررر   اعش ترررر  واعررررق ما مرررر  مررررا   ررررش   اتتةررررلا  اتلقررررشلةس   انت درررر  ول  

ث ل رررر  ضرررر    اررررر   حررررة  رررر    ا شارررر  معلررررا   واسررررا حررررة   لررررش   ا ر ارررر   اعششلرررر س ل رررر    رررر    ان ررررش   ا قتررررقغ وش    عرررر

 .و      ال  ش   اعش ت   ا    شم
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1. Introduction 

Directly or indirectly the main source of renewable energy is the sun. Among all the 

renewable sources, solar is one of the sources which has the massive chance to replace 

conventional energy sources. Sunlight is converted directly into electrical energy by solar 

cells. A solar cell is an electrical device used to convert and produce electrical energy 

directly from light energy. This effect is called the photovoltaic effect. It is the 

phenomenon of chemical and physical. The solar panel is mainly made from the 

semiconductor. Mostly Si is used in the solar cell. Which have the 25% of efficiency in 

energy transformation. [1] Until the invention of high efficient solar cells, the mere way 

to increase the performance of the solar cell is tracking the sun's movement. If the tracker 

moves along with the sun's motion path then the PV cell converts maximum light energy 

to electrical energy. A solar tracker is the best and most accurate and applicable & proven 

system to enhance the efficiency of PV cells through alignment with the sun position. [2] 

The location of the sun varies with both time and season, for that reason the sun passes 

across the sky. So that increase of electrical energy production by using PV cell must track 

the location of the sun. [3] So that, the solar panel has to directly face the maximum light 

intensity. For that purpose, solar panels have to track the sunlight to get maximum 

intensity. The author [4] designed a single-axis tracker based on maximum power point 

tracking system (MPPT) using a DC motor and microcontroller for operation. This tracker 

can rotate only along horizontal axis. The author [5] designed a dual-axis solar tracker 

which is based on pseudo-azimuthal system for rotating the tracker. It obtains 44.89% 

energy efficiency compare to fixed panel. 

In this paper, an automatic solar tracker is presented which is microcontroller based 

and easily programmable. 

1.1 Types of Solar Tracker  

There are two forms of the tracking system. One is manually tracking & the other is an 

automatic tracking system. 

1.1.1 Manually Tracking 

The manually tracking system is operated by a specialist operator, who aligns the PV cell 

to the direct location of the sun manually. It maintains with the time and movement of 
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the sun, operator check the time and position of the sun then move the tracker by using 

wheel or hand. It is not an efficient system. Because the operator does not measure the 

appropriate angle for the tracker to track sun position. This system is costly. 

1.1.2 Automatic Tracking 

The automatic system is more efficient and accurate than the manual system. Automatic 

system controlled by computer programming. It is one of the smart tracking systems 

nowadays. By automatic system solar panel move along the position of the sun to get 

maximum light by measuring light intensity to produce maximum electrical energy. The 

automatic system is a cheap operating system. That is why nowadays it has become a 

popular using technology. 

 

 

1.3 Objectives 

The objectives of the reports were to: 

 To design an automatic dual-axis solar tracking system. 

 Fabricate and testing the design in laboratory conditions. 

 Performance comparison with the stationary solar panel. 

The goal of the work was to produce a locally made prototype automatic solar tracking 

system. Having a prototype provides clear knowledge in terms of automated dual-axis 

solar tracker operation. 

2. Literature Review 

J.V. Patil, J.K. Nayak, and V.P. Sundersingh [6] designed a computer-controlled two-axis 

solar tracker and testing. The designed tracker had a small error. This tracker leads to an 

increase in the output up to 30%. The tracker consumes the output power very small 

amount. 

 

Jerin Kuriakose Tharamuttam and Andrew Keong ng [7] designed a hybrid algorithm for 

the automatic solar tracker. Which is not like the usual traditional active and 

chronological algorithm. This algorithm combine with both mathematical models and 
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sensor for determine the very accurate sun location. To maximize collection and manage 

the energy of solar.  

 

Md, Tanvir Arafat khan, S.M. Shahrear Tanzil, Rifat Rahman, and S M Shafiul Alam [2] 

designed an automatic solar tracking system. The designed tracker has the proper control 

mechanism and three-way of controlling. Their ways were daylight conditions which 

controlled only one direction that is east-west direction, second is a bad day condition 

when the sky will cloudy. And the last is bidirectional rotation. When the sun getting set 

then the tracker move to a certain angle till the sunset. Then the tracker moves revers to 

the previous direction for the next day. This tracker provides a profitable solution for the 

non-developed country. 

 

Asmarashid Ponniran, Ammar Hashim, and Ariffuddin Joret [8] are constructed a single 

axis solar tracker where motor speed is not considerable. It was designed for residential 

usage and low-powered appliance. They did not consider the motor speed because, in this 

project, DC geared motor was used which offers a low rated speed in the output. The 

project was able to follow and track the sunlight intensity to collect high solar energy. The 

process was controlled by a microcontroller and intensity measured by an LDR sensor. 

They recommended that any kind of DC motor can be used because motor speed is not 

considerable. It was for the home appliance. 

 

Salah Abdallah and Salem Nijmeh [9] evaluated two axes sun tracker which was 

automatically controlled by PLC. For the control, the program method was the open-loop 

system. This project was compared with a stationary surface tilled at a 32° angle. The 

experimental result was significantly higher than the fixed panel. The system showed 

efficient performance with an increase in the energy collection up to 41.34% than the 

stationary surface. Further studies can evaluate more performance in the application of a 

two-axis solar tracker. 

 

Nur Mohammad and Tarequl Karim [10] designed a hybrid solar tracking system 

controlled automatically. This project's goal was to increase efficiency. For reaching the 
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goal researcher implement a hybrid system combined with the dual and single-axis 

tracking system. And researcher made a comparison among hybrid, dual, single, and 

stationary tracking systems. The Dual-axis system showed 18% more gain energy than the 

single axis. On the other hand, the hybrid system performed and showed up to 54% 

efficiency than the stationary system which was situated 23.5° with horizontal. 

 

Asmarashid Ponniran, Ammar Hashim and Handy Ali Munir [11] designed a single axis 

sun tracker. Which was controlled by an LDR sensor with the help of a microcontroller. 

It successfully tracked the sun by the measuring intensity of the sunbeam. And their goal 

was successfully obtained. It was applicable for the house appliance and non-critical low-

powered device. It will make more efficient by further study. 

 

P. Roth, A. Georgiev, and H. Boudinov [12] designed a sun tracker system. Which was 

operate automatically. For this operation, they used a pyrheliometer and guided by a 

closed-loop servo motor. A four-quadrant photodetector creates an image of the sun's 

position and the DC motor moved the system into the sun location through the sun-

centered photodetector. When the sun getting invisible the system continues to move 

until the detector gets the sun in the center of it and making the image of the sun and stop 

movement. It is just a model to track the sun which will be used in the solar panel to track 

the sun's position accurately commercially. 

 

Tung-Sheng Zhan, Whei-Min Lin, Ming-Huang Tsai, and Guo-Shiang Wang [13] 

designed a dual-axis solar tracker which was operated automatically by the 

programmable logic controller (PLC). This system-oriented the setup to directly 

perpendicular to the sunbeam. They have compared the result with a fixed solar panel. 

This project was cost-effective, reliable, and efficient than stationary. They got the 

successful result which was more than 17-25% than stationary on a sunny day. On the 

other hand on a cloudy day, they got 8-11% more than output than stationary. The overall 

output gets 8-25% more efficient than a fixed angle solar panel. 
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3. Methodology 

The design of the framework is done by following parts: 

• Program design – which is implemented in a microcontroller that controls the 

tracker. 

• Circuit design – all electrical appliances are includes. 

• Physical structure design – all mechanical parts such as the frame of the system, 

motor, etc. 

 

The system of the project is constructed utilizing a decent idea which is two signs from 

the various sensors are compared. Light Dependent resistor (LDR) is used as a light 

sensor. For the solar tracker control unit, the microcontroller is used with input as LDR 

sensor response. A block diagram of the system is shown in Figure 1 below: 

 

 

Figure 1. Block diagram of the project. 

 

 

 

 

 

 

 

 

 



The Islamic University Journal of Applied Sciences (JESC) Issue II, Volume V, December 2023 

164 

 

The methodology of the whole system is contracted as below in Figure 2: 

 

 

Figure 2. Flow chart of the project methodology 

 

 

LDR changes resistance with a change in light intensity. Two servo motor was used for 

rotation of the panel. One servo motor rotates along the horizontal axis and the other 

rotate along with the vertical axis. Four LDR sensors are used in controlling servo 

rotation. Two sensors detect the sun's vertical position, while the other two detect the 

sun's horizontal position. 

3.1 Microcontroller 

Both the Arduino UNO and Nano have been used. The Arduino Nano board is identical 

to the Arduino UNO board in that it uses the same Atmega328p microprocessor. As a 

result, they can use the same program. The size difference is the most significant 

distinction between these two. Because the Arduino Uno board is double the size of the 
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Arduino Nano board. As a result, Uno boards take up more room on the system. UNO can 

be programmed using a USB cable, whereas Nano requires a small USB cable. Arduino 

Nano has 8 analog inputs and 14 digital outputs, while Arduino UNO has 14 digital 

outputs and 6 analog inputs. [14] 

 

3.2 Servo motor 

The servo motor is a type of rotary actuator that is widely used in a variety of applications. 

It's a self-contained electrical device that rotates machine parts with high efficiency and 

precision. The servo motor's output shaft can be rotated to a specific angle. Can perform 

well at low speeds and with the proper gear ratio, resulting in low heat production.[15] 

3.3 Light Dependent Resistor 

The light-dependent resistor (LDR) is made from the exposed semiconductor. Its resistor 

value changes exponentially with the change of intensity of light. It sensed the light 

intensity which is used as the analog input voltage to the microcontroller. [16] 

 

3.4 Circuit Diagram 

Figure 3 & Figure 4 showing the control circuit of the dual-axis solar tracker. Which is 

based on Arduino UNO & NANO. 

 

Figure 3. Circuit diagram for the dual-axis solar tracker 
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Figure 4. Circuit diagram for power logger. 

 

 

3.5 Research Design 

The structure of the automatic solar tracker consists of a solar panel, two servo motor, a 

wooden panel holding arm, and a wooden base. One servo motor is placed in the panel 

holding arm to rotate the panel at the horizontal axis about 650 horizontally in both side. 

Another servo motor is mounted on the wooden base so that the panel holding arm can 

rotate at the vertical axis about 1650 vertically. Arduino UNO is used for this tracker which 

gets input from the LDR sensor and leads to rotate servo motors. Arduino Nano is used 

for logging the power output of the panel and send to the Bluetooth module. Panel holding 

arm mounted on servo motor which leads to rotate the arm in the vertical axis. Another 

servo motor mounting on the panel holding arm which leads to rotate the panel in the 

horizontal axis.  
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Figure 5. Construction of the system 

 

Figure 6. Overall view of the tracker 
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The complete mechanical structure of the design of the automatic dual-axis solar tracker 

is shown in Figure 5 & Figure 6. Solar panels, Arduino UNO, Arduino Nano, LDR sensor, 

servo motor, motor driver, Bluetooth module, and power resistor are used to execute this 

project. 

 

4. Result, Data Collection & Analysis 

Table 1 shown a performance comparison of the Automatic dual axis solar tracker and 

stationary solar panel for day 1 (17/04/2021) which was a fully sunny and sun rises at 5.31 

AM and sets at 6:14 PM on April 2021 in Raozan, Chittagong, Bangladesh. 

Table 1. Performance of Automatic tracker & stationary solar panel (Day1) 

Time Of 

the 

day(h) 

Dual Axis Tracker Stationary Panel(300) 

Condition Power 

(mW) 

Current 

(mA) 

Voltage 

(V) 

Power 

(mW) 

Current 

(mA) 

Voltage 

(V) 

9.00 67.30 9.93 6.78 30.00 9.90 3.03 Sunny 

9.20 65.20 9.97 6.54 33.10 9.97 3.32 Sunny 

9.40 64.00 9.98 6.41 29.00 9.83 2.95 Sunny 

10.00 66.90 9.99 6.70 33.30 9.97 3.34 Sunny 

10.20 66.70 10.05 6.64 34.00 9.86 3.45 Sunny 

10.40 66.30 10.03 6.61 34.80 9.94 3.50 Sunny 

11.00 67.30 10.01 6.72 37.80 9.95 3.80 Sunny 

11.20 67.40 10.00 6.74 34.40 9.94 3.46 Sunny 

11.40 68.60 10.04 6.83 32.70 9.94 3.29 Sunny 

12.00 71.20 10.06 7.08 46.40 9.87 4.70 Sunny 

12.20 69.40 10.06 6.90 34.00 9.94 3.42 Sunny 

12.40 68.50 10.07 6.80 34.70 9.89 3.51 Sunny 

13.00 68.80 10.01 6.87 31.50 9.94 3.17 Sunny 

13.20 67.40 10.00 6.74 30.70 9.90 3.10 Sunny 

13.40 67.20 9.97 6.74 31.70 9.88 3.21 Sunny 

14.00 66.70 10.06 6.63 33.00 9.88 3.34 Sunny 

14.20 66.50 10.00 6.65 32.40 9.97 3.25 Sunny 

14.40 66.30 10.02 6.62 32.00 9.88 3.24 Sunny 

15.00 65.90 10.00 6.59 31.80 9.94 3.20 Sunny 

Average 67.24 10.01 6.72 33.54 9.91 3.38 
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Figure 7. Power vs Time of automatic and stationary solar panels (Day1) 

For day 1 the overall power for the automatic solar tracker is 67.24 mW, on the other hand 

for the stationary panel (300 south facing horizontally) the overall power is 33.34 mW. In 

Fig 7 (day1), the day was completely sunny all day. So that the power output for both 

panels has a huge difference. In the automatic tracker, overall performance was high all 

day than the stationary panel. From 9.00 AM to 12.00 PM output is increasing and after 

12.00 PM output is decreasing for both panels. The peak value of power is obtained at 

sharp 12.00 PM for both panels is 71.20 mW for automatic tracker and 46.40 mW for the 

static panel. 

 

Table 2 shown a performance comparison between the Automatic dual axis solar tracker 

and stationary solar panel for day 2 (18/04/2021) which was a partly cloudy. 

Table 2. Performance of Automatic tracker & stationary solar panel (Day2) 

Time Of 

the day(h) 

Dual Axis Tracker Stationary Panel(300) 

Condition Power 

(mW) 

Current 

(mA) 

Voltage 

(V) 

Power 

(mW) 

Current 

(mA) 

Voltage 

(V) 

9.00 66.90 9.99 6.70 29.30 9.83 2.98 Sunny 

9.20 66.60 10.05 6.63 33.80 10.03 3.37 Sunny 

9.40 65.60 9.45 6.94 32.30 9.91 3.26 Sunny 

10.00 68.90 10.06 6.85 36.70 10.11 3.63 Sunny 

10.20 65.70 10.03 6.55 67.40 9.99 6.75 Cloudy 

10.40 67.30 9.97 6.75 66.80 10.00 6.68 Cloudy 
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11.00 66.20 10.02 6.61 67.80 10.03 6.76 Cloudy 

11.20 66.40 10.06 6.60 67.70 9.99 6.78 Cloudy 

11.40 67.20 10.07 6.67 71.20 10.06 7.08 Cloudy 

12.00 69.80 10.17 6.86 54.80 10.06 5.45 Cloudy 

12.20 66.50 9.98 6.66 67.90 9.96 6.82 Cloudy 

12.40 66.60 10.00 6.66 67.80 10.04 6.75 Cloudy 

13.00 66.10 9.98 6.62 65.90 10.00 6.59 Cloudy 

13.20 66.10 10.06 6.57 57.50 9.91 5.80 Sunny 

13.40 66.50 9.97 6.67 54.30 9.96 5.45 Sunny 

14.00 65.80 10.03 6.56 46.10 10.20 4.52 Sunny 

14.20 65.30 10.02 6.52 43.20 9.69 4.46 Sunny 

14.40 66.10 9.97 6.63 42.60 9.95 4.28 Sunny 

15.00 66.30 10.03 6.61 45.10 10.07 4.48 Sunny 

Average 66.63 10.00 6.67 53.59 9.99 5.36 
 

 

 

Figure 8. Power vs Time of automatic and stationary solar panels (Day2) 

For day 2 the overall power for the automatic solar tracker is 66.63 mW on the other hand 

for the stationary panel (300 south facing horizontally) the overall power is 53.59 mW. In 

Fig 8 (day2), the day was cloudy from 10.20 AM to 1.00 PM. So that in this range the 

power output for both panels was near to same. 9.00 AM to 10.20 AM and 1.00 PM to rest 

of the day sky was sunny, in this range the output for dual-axis tracker is compared to 

high than the stationary panel. The peak value was achieved for the automatic tracker is 

69.80 mW at 12.00 PM and the stationary panel is 71.20 mW at 11.40 AM. 
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It is observed that the dual-axis tracking system provides more power and voltage than 

the stationary panel. About 44.38% more power is produced by the automatic tracker 

than the stationary panel (300 south facing horizontally). And also shows that when the 

sky was sunny automatic tracker performed well than static. And when the sky was cloudy 

both panels performed too closed. So that for a sunny region, it is more efficient to use an 

automatic solar tracker for maximum output. For a partly cloudy or cloudy region, it will 

be efficient to use a usual or stationary solar panel. 

4. Discussion on Result 

The overall outcome for the dual-axis tracker is better than the stationary panel. The 

optimal power output for both of the panels is achieved from 11.40 AM to 12.20 PM. For 

day1 which was a sunny day, the average power output is 101.68% more for the automatic 

tracker than the stationary. For day2 which was cloudy, the average power output is 

24.33% more for the automatic tracker than the stationary. Compared to the stationary 

panel, Overall performance increased by 44.38% for the dual-axis solar tracker than. The 

result demonstrate that for cloudy regions stationary solar panel would be more practical 

than an automatic tracker. 

Table 3. Average performance comparison for both solar panels. 

No. of 

day 

Average Power 

(mW) 
Average Voltage (V) 

Automatic Stationary Automatic Stationary 

Day 1 67.24 33.34 6.72 3.38 

Day 2 66.63 53.59 6.67 5.36 
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Figure 9: Average Power of the dual-axis solar tracker and stationary panel 

 

 

For a sunny day, the result shows that the automatic tracker performed to compare to 

higher than the static solar panel. And for cloudy day stationary solar panel performed 

close to the automatic solar tracker. So it can be more effective to use a stationary panel 

instead of an automatic tracker in the cloudy region, which results in reducing 

maintenance costs. The structure and electrical circuit of the automatic solar tracker is a 

bit sensitive to strong wind conditions. It is the main disadvantage of this type of tracking 

system. 

5. Conclusion 

This paper describes a method of tracking sun position by using microcontroller. The 

designed tracker system is easy to operate under all circumstances. The automatic tracker 

is performed better overall. Recorded data and analysis represent that an automatic 

tracker is more convenient than stationary in the field of producing power in the sunny 

region. And in the cloudy condition since both are performed near to same so that, it will 

be wise to use stationary panel rather than automatic one. Which has an economic impact 

on operations. The solar tracker also provides a beneficial clue for third-world countries 

to accomplish it into their solar system. For a developing country, where the energy crisis 

is a big issue, these tracking systems may have an important aspect to make more power 
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and reduce power crises. Though the prototype has some limitations, still it provides a 

scope for the betterment of the design method in the future. 
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Abstract: Short Messaging Service (SMS) spam has been known to be the unwanted or 

unintended messages received on mobile phones. This paper has presented a review of 

current methods, existing problems, and future research directions on spam classification 

techniques of mobile SMS spams. The methodology involves collecting a large dataset of 

SMS messages, both legitimate and spam, to train and evaluate various machine learning 

algorithms. Feature extraction techniques have been employed to capture relevant 

information from SMS messages, such as the presence of specific keywords, the length of 

message, and the sender's identity. The experimental results on  the proposed spam 

filtering system achieves a high level of accuracy with a low false-positive rate, thereby 

minimizing the chances of legitimate messages being classified as spam. The system 

effectively detects and blocks a significant portion of spam messages, providing mobile 

users with a reliable defense against unwanted SMS communications. The findings of this 

study reveal that machine learning algorithms, particularly ensemble methods like 

Random Forests, performed well in SMS spam filtering on mobile devices.  
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فيها عبر الرسائل تطوير تطبيق تصفية الرسائل غير المرغوب 

 النصية القصيرة للأجهزة المحمولة الحديثة

من المعروف ان البريد العشوائي في خدمة الرسائل القصيرة هو الرسائل غير المرغوو  فياوا  و غيور المقصوولة ال وي الملخص: 

واقجاهوواا الثدووم الملوو قبي،ة  يوو ت قيقياووا ايووا الاواقوول المدمولووة  لوودم  هووعة الورلووة مراةعووة لياوورا الدال،ووة  والمشووا ل الدال،ووة 

حول ققن،اا قصن،ف البريد العشوائي ليرسائل النص،ة القصيرة الم نقية  ق ضومن المناج،وة ةموج مجمواوة ةبيورة مون الب،ا واا مون 

الرسووائل النصووو،ة القصوويرة  سووووام الشوووري،ة مناووا  و غيووور المرغوووو  فياووا  ل ووودريا وققيوو،ت خوارتم،ووواا الووو عيت ا لووي الم  ي وووة  قوووت 

  مثول وةوول ةيمواا رئ،لو،ة مدودلة  و وول SMS  دام ققن،واا اسو  راا الميو اا قل قوام المعيومواا لاا الصوية مون رسوائلاس 

الرسالة  وهوية المرسل  قدقق الن ائج ال جريب،ة لنظام قصوي،ة البريود العشووائي المق ورت ملو وٍ اوالل مون الدلوة موج معودل   جوا ي 

لرسوائل المشورواة ايوا   اوا  ريود اشووائي   ل شول النظوام لشولل فعوال ويدظور  ال  من  ض  مموا  قيول مون فورن قصون،ف ا

ة مًا ةبيرًا من رسائل البريد العشووائي  مموا يووفر لملو  دمي الاواقل المدموول لفااًوا موهولًوا لولا  ود اقصواقا الرسوائل النصو،ة 

 Random ي  وخاصوة  ورا ال جم،وج مثولالقصويرة غيور المرغوو  فياوا  قنشول   وائج هوعة الدراسوة  ن خوارتم،واا الو عيت ا لو

Forests ةان  لاؤها ةيدًا في قصي،ة الرسائل غير المرغو  فياا ابر الرسائل النص،ة القصيرة ايا الأةا ة المدمولة   
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1.Introduction 

This paper presents a detailed description of SMS Spamming Filtering Application 

(Android based app), which is to be used by most Android smartphone users to protect 

their Android devices from any harmful spams messages. The SMS Spamming 

Application will be a mobile based app exclusively for devices built with Android operating 

system.  SMS is one of the popular communication services in which a message is sent 

electronically. The reduction in the cost of SMS services by telecom companies has led to 

the increased use of SMS. However, mobile users have become increasingly concerned 

regarding the security of their client confidentiality. This is mainly due to the fact that 

mobile marketing remains intrusive to the personal freedom of the subscribers, which has 

attracted and resulted into SMS Spam problem.   A spam message is generally any 

unwanted message that is sent to a user’s mobile phone. Spam messages include 

advertisements, free services, promotions, awards, etc. People are using SMS messages to 

communicate rather than emails because while sending SMS messages there is no need 

for an internet connection, and it is simple and efficient, which has led to a lot of spam 

messages (Gómez-Adorno, 2017). 

Spam has been a large problem on the internet for as long as e-mail and personal 

computers have been ubiquitous. As a result, numerous methods have been proposed to 

reduce the ease at which spammers can retrieve messages on the internet. Previous efforts 

to fight spam on the internet have not totally eradicated it but rather increasing difficulty 

for those in the business of email spamming (Yadav et al., 2020). Various studies have 

been conducted by different researchers to resolve these problems, for instance, Li et al. 

(2020) presented a machine learning-based SMS spam filtering system that utilized 

features such as sender reputation, message length, and frequency of specific keywords to 

determine whether an SMS is a spam or not. The system achieved a high accuracy rate of 

95% in detection and classification of spam messages.  

 

 

Similarly, Santos et al. (2021) proposed a hybrid approach combining rule-based and 

machine learning techniques to effectively filter SMS spam with a precision of 97% and a 
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recall of 95%. Moreover, advancements in machine learning algorithms have 

demonstrated promising results in SMS spam filtering. Pham et al. (2018) explored the 

application of Support Vector Machines (SVM) and Naive Bayes classifiers for SMS spam 

detection on mobile devices.  

Their study achieved an accuracy of 94% with SVM and 91% with Naive Bayes. The 

problem at hand is the inadequate SMS spam filtering systems designed for mobile 

devices. The rising use of mobile devices and Short Message Service (SMS) have resulted 

in a surge of unsolicited and unwanted SMS spam messages. Findings in this research 

reveal that existing filtering techniques have not been able to effectively address these 

issues, allowing spam messages to infiltrate users' inboxes. This leads to privacy invasion, 

wastage of network resources, and potential security risks for mobile users. The 

consequences include user frustration, decreased productivity, network congestion, and 

susceptibility to fraudulent activities. Therefore, there is a pressing need to develop robust 

and accurate SMS spam filtering solutions specifically tailored for mobile devices to 

alleviate these problems and provide users with a spam-free messaging experience.   

On this note, this paper therefore aims at developing an Android smartphone users with 

a mobile-based security App using Python programming language. The proposed App 

would be developed in such a way that when the App is installed on the mobile phone, the 

entire system would have the capability to filter out unwanted messages through its 

various interfaces. 

 

2.Literature Review 

In this section, related publications on SMS spam detection and classification papers 

would be reviewed in order to determine their strength and weaknesses. Zainal et al. 

(2022) developed a spam detection model using Rapid Miner and Weka tools; they 

applied two malware tools to perform their experiments on the UCI repository dataset.  

 

The research outputs demonstrated that both tools can produce almost a similar result on 

the same dataset with the same classification algorithms. El-Alfy (2019) has recently 

suggested a new method to identify spam messages on both email and SMS platforms. 

They tested many methods and features to achieve the best set of features with low level 
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of model complexity. In their research, they applied Support Vector Machine (SVM) and 

Naïve Bayes techniques with eleven different features due to the nature of their datasets. 

It was finally discovered that the model complexity of the developed system was very high 

and hence could not be used for detecting big datasets. Zainal et al. (2022) introduced a 

model for spam messages filtering to remove background noise and unwanted materials 

from bulk messages. The developed model was evaluated in terms of performance in spam 

messages detection using text classification algorithms on mobile phones. Filtering, 

training, and updating features could be performed on any Android mobile phones. It was 

discovered that the research outputs of their experiments revealed that the developed 

model could be used to filter out spam messages even with small memory usage and good 

classification accuracy. In another research, Chan et al. (2019) proposed two approaches 

for classifying and eliminating SMS spam messages, their approach was focused on the 

weight and length of the message; series of experiments were performed on the selected 

database and they achieved a remarkable result in terms spam detection and 

classifications. Uysal et al. (2019) developed a new approach for filtering SMS spam 

messages. In their approach, a hybrid method comprises of chi-square and information 

gain algorithm for spam messages was applied. Moreover, the authors also presented an 

android-based SMS spam filtering method using Bayesian approach. Based on their 

outputs, their method is efficient and can classify both ham and spam messages even with 

high degree of classification accuracy. In Serrano et al. (2019), a technique for detecting 

spam messages using extrinsic information was investigated. All experimental tests were 

performed in Weka environment using 10-fold cross validation approach. The authors 

achieved good classification and detection accuracy with a low memory usage.  

 

 

Junaid (2019) proposed a system to detect and classify SMS spam messages on a mobile 

phone by applying different classifiers. In their results, it was concluded that supervised 

learning algorithms could be used to build original model. At the end, the developed 

model achieved a classification accuracy of over 80%. Choudhary (2017) investigated a 

system for detection and classification of spam messages. The authors extracted ten 

unique features and applied them for detecting unwanted messages. The techniques 
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adopted in their approach were True Positive (TP) rate, False Positive (FP) rate, precision, 

and F-measure. In their research, the authors compared various classification algorithms, 

and among them, the Random Forest algorithm achieved the best results with a 

classification accuracy of 96.1% TP rate.  

In a similar research, Suleiman (2017) proposed a technique for removing SMS spam 

messages using hybrid technique. They applied the hybrid method for feature selection, 

and extracted some spam messages features. Selected features were then compared on 

various algorithms in order to determine the best.  

This section has so far reviewed the advantages of recent developed approaches in 

detecting and filtering SMS spam messages while also noting their weaknesses and 

limitations. According to the literature, it has been discovered that most of the SMS spam 

detection techniques are not accurate enough in terms of detection of unwanted messages 

and classification. Therefore, this current study would propose a machine learning 

technique to identify SMS spam messages with high performance and acceptable 

classification accuracy.  

 

3.Methodology 

The public dataset of SMS labelled messages were obtained from UCI Machine Learning 

Repository. This study finds that there are only 5,574 labelled messages in the dataset, 

with 4827 of the messages belong to real messages while the other 747 messages belong 

to spam messages as shown in Table 1. Nonetheless, this dataset consists of two named 

columns starting with the message labels (ham or spam) followed by strings of text 

messages and three unnamed columns. 

Table 1: Type of Features of Dataset 

Data Set Legitimate Spam Total 

SMS spam      4827     747    5574 

DIT SMS spam            0    1353      142 

British English SMS       450    425     875 
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Total 5,277 (67.6%) 2,525(32.4%)     7802 

 

As shown in Table 1, the dataset has 67.6% of Ham message and 32.4% of Spam message. 

It has been discovered that this dataset contains some unwanted features and therefore 

requires preprocessing. The purpose of preprocessing is to convert a raw data into a form 

that can fit into a machine learning. The process of data preprocessing involves 

background noise removal, sampling and formatting. This paper uses a combination of 

content-based and user-based features for developing a robust system for efficient 

detection and classification of spam messages. Content-based features include the words, 

phrases, and patterns that are commonly found in spam messages, while user-based 

features include the sender's phone number, frequency of messages, and time of day the 

message was sent. The system design of SMS spam filtering typically involves several 

components, including data preprocessing, feature extraction, detection and 

classification algorithms. Feature extraction includes transformation of SMS messages 

into a set of features that can be used by the machine learning algorithm. This paper 

employed Naïve Bayes classifier for data classification to classify the dataset as spam or 

ham. In Figure 1, the flow chart diagram shows the steps of an SMS spam filtering, which 

start from the components and messages in raw data followed by preprocessing stage 

through various stages of algorithmic steps to detect the spam messages on mobile devices 

as either spam or non-spam.  
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Figure 1: Flowchart Diagram of the System 

 

The implementation of an SMS spam filtering system typically involves using a 

programming language or tool to develop the components described in the system design. 

There are many programming languages and tools available for implementing SMS spam 

filtering systems, including Python, Java, and MATLAB. In this paper, several Python 

libraries, including scikit-learn and NLTK have been used to implement the data 

preprocessing, feature extraction, and detection algorithm. This paper employed Naive 
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Bayes on a classification task involving spam SMS messages and the model was able to 

classify over 97 percent of all the SMS messages correctly as spam or non-spam.  

 

4.Results and Discussion 

The proposed system was successfully tested to detect spam messages on mobile phones. 

It basically detect spam messages by the developed app that includes normal messages, 

spam messages and filtered spam messages. Based on the above, the application is user 

friendly and meets all the requirements usability and security of personal data. This 

application contains an additional features, which includes some security measures to 

protect and guide our data against cybercriminals on mobile devices. This additional 

feature incorporated in the system is our major contribution to knowledge in this paper 

since in literature, most researchers did not security capability in their systems and they 

are mostly on desktop not on mobile device like our system. 

Figure 2 displays the SMS spam filtering app using a splash-screen that boots to the main 

app. This icon was displayed for over 10 seconds before launching to the main app on a 

mobile device or on enumerator.  
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In Figure 3, it shows the front page for the filtering technique where all the images from 

the phone are stored. This was achieved by the work permission handler, which allows the 

developed mobile app to accept and store information. In the second tab, there is a feature 

for detection and classification of spam messages on mobile phone.  

 

 

Figure 3: Front Page of SMS Spam filtering System 

 

As presented in Figure 4, the developed app shows the message details of the SMS spam 

filtering app. It detects all messages that enter into your mobile phones with the help of 

the permission handler that was previously installed in the flutter. It runs on android 

version 10.2.0 to grant access to the mobile phones 
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Figure 4: Examples of SMS Spam Messages 

 

Figure 5 is the screenshot of the SMS spam filtering search icon, which grant permission 

for searching any messages on the app and checking the spam filtering commands within 

the system. The search icon help can help to detect and classify any message to determine 

if it belongs to spam or not.  
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Figure 5: Search Icon on SMS spam app 

Overall, the developed system was able to detect and classify messages received by mobile 

devices as either spams or non-spams using different experimental results as presented 

in this paper. 

 

5.Conclusions  

This paper studied some related research papers in the field of spam messages detection 

and classification with a view to developing a new approach for alleviating existing 

problems in this research area. About seventeen research papers have been selected and 

reviewed in order to understand the existing techniques in this field of study. The 

knowledge acquired in the literature review in this paper has been put together to propose 

a new method for addressing common challenges facing SMS spam filtering system.  The 

proposed system contains some additional features that could be used to eliminate 

problems or limitations in spam detection and classification. 

 This paper has contributed to knowledge in the area of security by denying unauthorized 

access to SMS spam filtering model and the developed app is currently running on mobile 
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devices. This is a robust system that is potable, secured and efficient in terms of separating 

unwanted messages from useful ones. Generally, the developed system has been 

compared and evaluated with the existing techniques, the proposed system achieved 

higher classification and detection accuracy when compared with the state-of-art method 

in this research field. Future research direction in this field could be achieved by applying 

the proposed system for preventing hackers or unknown users from gaining access to 

detection systems. 
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Abstract: This study is based on using management tools such as risk management, 

project management tools and teamwork in Turnaround Maintenance Activities (TMA) 

in a typical petrochemical and refinery industry in Nigeria, one of the notable oil-

producing developing nations. To achieve the broad objective of the study, a structured 

questionnaire was developed based on three sub-hypotheses on the significance of the 

management tools under study in TMA in the petrochemical and refinery industry. The 

respondents consisted of carefully sampled 341 workers at a refining and petrochemical 

company, ranging from the Maintenance department, Engineering and Technical 

Services department, Health Services and Environment department, Supply Chain 

Management department, as well as contractors. Using inferential statistics and Pearson 

correlation analysis, the sub-hypotheses were analysed. The results of the study showed 

that the management tools considered have a significant relation with TMA with R-values 

of 0.617, 0.742, and 0.714 for the relationship of TMA with risk management, project 

management tools, and teamwork, respectively. Furthermore, the study’s findings 

showed that most respondents strongly agree that the successful TMA implementation in 

the petrochemical and refinery industry is dependent on good risk management practices 

such as risk survey, quantification, mitigation, and leadership collaboration (p-value = 

0.01), use of project management tools encompassing decomposition, critical path 

analysis, visualisation, accountability, and performance matrices (p-value = 0.002), and 

adequate integration of teamwork to ensure transparency, synchronisation, equity, and 
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collaboration (p-value = 0.002). The study concluded by recommending continuous 

application of these management tools and many more to ensure effective TMA in the 

industry.  

Keywords: Turnaround Maintenance Activities (TMA), Petrochemical and refinery 

industry, Risk management, Project management, teamwork 
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الاستفادة من إدارة المخاطر وأدوات إدارة المشاريع والعمل 

 الجماعي لتنفيذ أنشطة الصيانة الشاملة

 

    م ا  مد ام مشددددددددد د  ا م عمددددددددد ااتعتمدددددددددراسدددددددددخدام ردمادددددددددمال دددددددددخامادددددددددت رم ا   م ام  مد ا  ددددددددد ا  مد ام م ددددددددد   الملخصصصصصصصصص   

شدددددأا دددددو لمام ات  م م   ددددد  ا   ددددد شأام ت   ددددد ام وم    دددددماشدددددأا (TMA) م جمددددد لأاشدددددأا نشدددددممام  ددددد  نمام شددددد   م

ن جي  ددددد  ا سدددددأا ادددددر ام دددددر مام و   دددددمام قددددد دف ام موتجدددددما  دددددور اا  تانيددددد ام  دددددر ام عددددد  ا  ردمادددددم اتددددد اتمددددد   امادددددتا   ا دددددو  ا

شددددأا ددددو لمام ات  م م   دددد  ا TMA  ما سم ددددما   م ام  مد اايددددرام ردماددددماشددددأيعتمددددرال ددددخااددددعياش  دددد   اش   ددددماادددد

ما دددد اا دددد اا341 م م دددد شأااتدددد اممت دددد دام مشدددد دمي ا عو يددددما دددد ا لدددد  ع اشددددأا اددددر اردددد م  ام ت   دددد ا م ات  م م   دددد   ا ددددر  

 ت د ددددددر ا    دددددد شمام  دددددد  نم ا ا دددددد ام  ددددددر   ام  ورادددددد ما م رو ددددددم ا ا دددددد ام  ددددددر   ام  ددددددا ما م اي ددددددم ا ا دددددد ا  مد اا  دددددد مام

  ددددخام مندددد   ي اا   ادددددت رم ام ا دددد  امتاددددترت أا تا يددددد امدتقدددد فا ي ادددد   اتددددد اتا يدددد ام ر  دددد   ام ر   دددددماا   دددد  انتددددد   ا

  ععاددما714ا0 ا742ا0 ا617ا0تا ددد ا R  قدد   TMA م ردماددما  ا   م ام  مد ام مرد اددما  دد العاددما عو  ددما ددد

TMA  د  ا م عمدددددد ام جمدددددد لأال ددددددخام تدددددد م أاالددددددع  ال ددددددخا  دددددد  ا   دددددد  انتدددددد   ا ددددددا مد ام م دددددد   ا    م ا  مد ام مشدددددد

شدددأا دددو لما (TMA) م ردمادددما  ا ع ددد ام مشددد دمي اش مشنددد  ا شدددر ال دددخا  ام توريدددخام وددد  نا  تا يددد ام اددد مد ام م  ددد ن  أ

م  مدددددأ ام ات  م م   ددددد  ا   ددددد شأام ت   ددددد ايعتمدددددرال دددددخا م داددددد  ا  مد ام م ددددد   ام جيدددددر ا  ددددد ا  دددددنام م ددددد    ا م ق ددددد  ا

( ا متاددددددددت رم اا  م ا  مد ام مشدددددددد  لام تددددددددأاتشددددددددم ام تا يدددددددد ا01ا0 م ت ف ددددددددن ا تعدددددددد   ام ق دددددددد   ا م ق مددددددددمامتاتم   ددددددددما ا

( ا م ت   دددددددد ام مو ادددددددد ا002ا0 تا يدددددددد ام م دددددددد دام ادددددددد وا م ت دددددددد دا م م دددددددد   ما   ددددددددر ش  اما م ا م ق مددددددددمامتاتم   ددددددددما ا

(اا ممتتمدددددددسام ردمادددددددما002ا0 م تعددددددد   ا م ق مدددددددمامتاتم   دددددددما اا  عمددددددد ام جمددددددد لأا ودددددددم  ام شدددددددر   ما م تددددددد م  ا م ن ددددددد  

  شع   ماTMA   ت   ما   تماي ام م تم اا  م ام  مد اسخدا غي س ام   ي ا وم  اااشأام  و لما
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1.Introduction 

Maintenance activities (MA) are distinctive and complicated undertakings frequently 

carried out on constrained timeframes [1]. MA operations demand many personnel who 

carry out their duties in crowded spaces. However, MA initiatives are crucial to 

maintaining steady production levels because they increase process plant dependability, 

lower the cost of corrective maintenance, and boost resource management effectiveness 

[2]. The degree to which MA operations are correctly carried out affects the company’s 

general performance [3]. Due to the complexity and intensity of MA projects, MA costs 

can reach millions of dollars, including lost income and maintenance expenses [1]. Such 

losses may significantly affect the profitability of petrochemical and refinery companies 

[4], [5]. 

Based on this fact, businesses must ensure that assets perform at their highest levels to 

achieve high corporate performance (such as increased earnings and sales). MA initiatives 

are among the most expensive and time-consuming projects in the process sector, 

according to Witteman et al. [1], due to cost overruns and scheduling delays, which are 

fairly common with MA projects. Numerous variables may be responsible for cost 

overruns, including deficient execution planning, productivity loss during MA execution, 

and scope modifications (caused by unforeseen mechanical issues) [6]. Defective 

execution planning, scope revisions, or low productivity—the latter brought on by a 

shortage of trained workers—are the main causes of schedule delays [4]. Organisations 

that do maintenance on time, on budget, and without surprises typically have a defined 

work process and follow it, according to Iheukwumere et al. [5]. A well-defined and 

standardised approach is essential for MA planning and administration. Managers may 

achieve this by adopting and putting into practice tried-and-true industry best practices. 

The maintenance sub-sector now faces skilled worker attrition, which multiplies risks, 

raises the demand for best practices, and necessitates a new paradigm: process- and unit-

specific knowledge transfer, according to research studies that have emphasised the rising 

need for adopting best practices [7], [8]. However, limited studies exist on the 

petrochemical and refinery industry’s best practices for turnaround maintenance activity 

(TMA) planning and management. However, the building sector has produced several 
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planning best practices that TMA projects may use with some adjustments [9]–[12]. 

Specifically, the Nigerian petrochemical and refinery industries experience high and 

persistent production downtime, which usually results in completion extended scheduled 

time, costs above the budget and sometimes not conforming to the planned scope. The 

level of use of project management tools, risk management and teamwork in TMA is 

unknown in Nigeria and developing countries at large industries. 

Hence, this study presents a case study that identifies and establishes the utilisation of 

risk management, project management tools and teamwork in executing TMA in the 

petrochemical and refinery industries. The study seeks to i) identify the level of usage of 

project management tools, risk management and teamwork in TMA and ii) determine the 

impacts of project management tools, risk management and teamwork on TMA success. 

 

 

2.Literature Review 

Petrochemical and refinery plants often perform major maintenance tasks during 

shutdowns and turnarounds. During a TMA, a routine maintenance event, plants are shut 

down to execute necessary maintenance work that must be carried out when the plant’s 

facilities are offline [4]. Among these MAs are inspections, repairs, replacements, and 

overhauls. The business plan, conceptual development, work development, detailed 

planning, pre-turnaround work, turnaround execution, and post-turnaround stages are 

therefore included in the TMA phases [13]. Three different types of work are done during 

MA projects, and they include work on equipment that requires shutting down the entire 

plant, work that can be done while the plant or equipment is in operation, and work that 

fixes flaws that were discovered while operation but could not be fixed at the time [14]. 

MA operations support plant production consistency in the process sector, in which large-

scale, intricate MA projects are the norm [15]. Petrochemical and refinery companies 

need to be able to perform MA tasks while adhering to the budget, deadline, and quality 

requirements [5]. Meeting those limits is challenging without solid and reliable methods 

for planning and managing MA initiatives. 
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To consider some related works on TMA of petrochemical industries, the study by 

AlHamouri et al. [6] researched the use of workforce planning for maintenance tasks, 

shutdowns, and turnarounds in petrochemical plants. The first section of the study 

focused on creating a customised version of Workforce Planning (WFP) that would suit 

MAs in the petrochemical sector using feedback from subject matter experts (SMEs). The 

study team was able to evaluate the current levels of MA execution planning and 

management and identify ineffective areas by monitoring its implementation. This 

research provides suggestions on how to execute MA while maximising planning 

procedures. Ghaithan [13] studied the optimisation model for TMA scheduling and 

operational planning of the oil and gas supply chain. The model integrated the 

hydrocarbon supply chain plants and jointly developed operation and maintenance 

schedules. A model with and without integration between operating and maintenance 

tasks was investigated. The obtained results demonstrated the significance of the 

suggested model, and the model’s outcomes were encouraging. The model mandated that 

all hydrocarbon supply chain plants be kept operational during periods of low demand to 

prevent significant production losses, meet the majority of demand, and reduce lost sales 

as much as possible. 

In similar industries, Zhicheng et al. [16] researched the assessment of TMA impacts in 

Indonesia’s process sector. Plant availability and downtime loss were the important 

factors utilised to examine TMA’s impact. The outcome revealed a link between TMA 

occurrences and rising availability of 0.315 and a correlation between growing downtime 

loss of -0.818. The correlation value demonstrates that TMA significantly affects plant 

availability and downtime loss in real-world process industry practice. Furthermore, 

Akbar and Ghazali [17] researched the impact of team alignment on the coordination 

performance of plant TMA in a Malaysian process-based sector. The study employed a 

survey technique to collect data from cement factories and electric power-producing 

facilities. The data were gathered using a straightforward random sampling approach.  

A satisfactory response rate of 32 percent was obtained from the data gathered from 31 

out of 96 firms. The empirical findings demonstrated that team alignment and 

coordination in plant turnaround maintenance improve performance. Also, Shou et al. 

[18] in Australia conducted a study on using 4D building information modelling to 
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enhance TMA in plants. The findings demonstrated that the use of building information 

modelling was able to ensure that TMA began on time, finished 9.6 hours ahead of 

schedule and 2.4 days ahead of the original schedule, as well as save a significant amount 

of maintenance costs in comparison to the actual cost with the initial budget. 

Summarily, the extensive literature review on TMA in petrochemical and refinery plants 

highlights key phases, challenges, and critical considerations in managing large-scale 

maintenance projects. The TMA process, involving business planning, conceptual 

development, detailed planning, pre-turnaround work, execution, and post-turnaround 

stages, underscores the complexity of balancing budget, deadline, and quality 

requirements. Notable findings from related studies include custom workforce planning 

tailored for petrochemical MAs, an optimisation model for TMA scheduling in the oil and 

gas supply chain, an assessment of TMA impacts in Indonesia, an exploration of team 

alignment’s impact on coordination in Malaysian plant TMAs, and successful use of 4D 

building information modelling to enhance TMA efficiency in Australian plants. These 

findings collectively contribute insights into workforce optimisation, planning 

procedures, and the coordination and performance aspects of plant TMA, forming a 

valuable foundation for the current research on risk management, project management 

tools, and teamwork in executing TMA activities. The research noted that there are only 

a few studies on the extent to which project management tools, risk management, and 

collaboration are used in increasing the efficacy of TMA, despite Africa and other 

developing countries’ position in crude oil production. Hence, utilising the survey 

technique, this study seeks to fill this gap, using Nigeria as a case study. 

3.Methodology 

The current study used a survey research methodology. It is described as gathering 

information by delivering a questionnaire to pertinent individuals [19]–[25]. The 

employees of the refinery understudy linked directly with maintenance activities are the 

pertinent parties in this situation. Using the formula provided in Eq. (1). by Taro Yamane 

[26], the sample size (SS) employed for this study with a total population of 2,312 

components was established. 
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𝑆𝑆 =
𝑁

1+𝑁𝑒2
          Eq. (1). 

Here, N is the population’s known (limited) size, and e is the sampling error (taken as 5 

percent). Applying Eq. (1), the sample size (SS) was obtained as 341 employees. Hence, 

341 respondents were included in the sample size and received questionnaires using 

random sampling. They included 65 respondents from the Maintenance Planning 

Department, 150 from the Maintenance Department, 10 from the Engineering and 

Technical Services Department, 65 from the Health Services and Environment 

Department, 26 as Contractors, and 25 from the Supply Chain Management Department.  

 

Due to the nature of this investigation, a combination of primary and secondary data-

gathering methods were used. Primary data collected through physical copies of a 

specially developed questionnaire were given precedence. The main data sources were 

gathered by two authors directly from the organisation between December 2020 and 

January 2021.  

The hypotheses (relationship between project management and TMA, risk management 

and TMA, and teamwork and TMA) were used to create the questionnaire. 

Ho1: There is no significant relationship between risk management and TMA 

Ho2: There is no significant connection between TMA and project management systems 

Ho3: There is no significant connection between TMA and teamwork 

The questionnaire had two components: Section A provides demographic data such as 

qualification and years of experience (2 questions). Section B: Through direct questions, 

the responder evaluates the relationship between risk management, project management 

tools, and project teamwork as independent variables on project success as the dependent 

variable (14 questions). Strongly Agree to Strongly Disagree on a 5-point Likert scale was 

used to gather the responses. These inquiries came from earlier research by Ghaithan [13] 

and Zhicheng et al. [16]. 

The data was analysed using inferential statistics in Microsoft Excel (Version 2019), 

utilising frequency counts and percentages as the data collection methods. The mean 
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responses of the respondents were utilised to answer the research questions. However, 

the Pearson Correlation Coefficient Statistical (PPMC) tool was employed to investigate 

the study hypotheses utilising the SPSS (Version 26) Software. Based on the significance 

threshold, the level of each of the independent variable impact or correlation on the 

dependent variable is measured in correlation index r-value, which is compared with a 

correlation r critical obtained from a Pearson correlation table using the df (degree of 

freedom) values in each of the hypotheses, the decision to reject the null hypothesis or 

accept the alternate hypothesis is based on the 0.05 alpha level of significance. 

4.Results And Discussion 

Demographic Information of the Respondents 

Information about the years of experience and qualifications of the respondents of the 

organisation that made up the sample size is shown in Table 1. The result shows the 

distribution of years of experience of the respondents in which the majority of the 

respondents (90.32%) have between 11 years to 30 years (sum of 46.04% and 44.28% for 

11-20 years and 21-30 years, respectively) of experience in the petrochemical and refinery 

industry. This result denotes adequate knowledge from the sample size that made up this 

study, thereby rendering their findings from the place of experience and perspectives 

valid. Furthermore, the majority (43.99%) of the respondents have a BSc. /B.Eng. 

academic qualifications, followed by 21.41% with an HND degree, 19.65% with a Masters 

degree, 8.80% with a PGDE degree, and only 6.16% have a Diploma/ND degree. This 

result shows that all the respondents have adequate exposure and academic background 

that can render their perspectives on the utilisation of risk management, project 

management tools and teamwork for the execution of TMA in petrochemical and refinery 

companies. 

Table 1. Demographic information of the respondents 

Variable Frequency Percentage 

Years of Experience 

0-10 16 4.69% 

11-20 157 46.04% 
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21-30 151 44.28% 

31-40 17 4.99% 

Qualification 

Diploma/ND 21 6.16% 

HND 73 21.41% 

B.Sc./B.Eng. 150 43.99% 

Masters 67 19.65% 

PGDE 30 8.80% 

 

Application of Risk Management, Project Management Tools and Team 

Work on TMA 

Risk Management 

From the result obtained in this study, shown in Table 2, it was observed that the majority 

of the respondents with a mean value of 4.20 agreed that for project success of the 

petrochemical and refinery industry understudy, the level of risk management has a 

significant effect. The respondents specifically believed that the appointment of a risk 

management team significantly contributes positively to TMA success, and this item had 

the highest mean of 4.28. Furthermore, the result showed that detailed risk 

control/reduction plans significantly contribute positively to TMA success, as this had the 

second-highest mean response of 4.22. Hence, to bring into context the findings of this 

result, it is important to consider the risk management team and detailed risk 

control/reduction plans to effectively apply risk management in ensuring project success. 

This result is supported by the findings of Mahamadi et al. [27]. 
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Table 2. The perspective of the respondents on the application of risk management in 

TMA 

S/N Items 

Response categories 

Mean SA 

(5) 

A 

(4) 

UD 

(3) 

D 

(2) 

SD 

(1) 

1 

Systematic risk identification will 

significantly contribute positively to 

turnaround maintenance success 

158 117 50 12 4 4.21 

2 

Probabilistic/likelihood analysis of 

risk levels will significantly 

contribute positively to turnaround 

maintenance success 

136 120 72 4 9 4.09 

3 

Detailed risk control/reduction 

plans will significantly contribute 

positively to turnaround 

maintenance success 

148 135 50 2 6 4.22 

4 

The appointment of a risk manager 

will significantly contribute 

positively to turnaround 

maintenance success 

151 126 56 2 6 4.21 

5 

Appointment of a risk management 

team will significantly contribute 

positively to turnaround 

maintenance success 

159 130 44 4 4 4.28 

SA: Strongly Agree, A: Agree, UD: Undecided, D: Disagree, SD: Strongly Disagree 
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Furthermore, the outcome of the PPMC statistics (Table 3) revealed that there is a 

significant relationship between risk management and TMA. From the analysis, the 

calculated p-value of 0.010 is lower than the 0.05 alpha significance level, and the 

computed R correlation value of 0.617 is higher than the critical r value of 0.113 at df 339. 

Hence, the null hypothesis of no significant relationship between risk management and 

TMA is rejected. 

Table 3. PPMC statistics on the relationship between risk management, project 

management tools and teamwork on TMA. 

Variables N Mean STD df Correlation 

Index r 

r 

critical 

p 

TMA 341 21.0117 3.50544 339 0.617** 0.113 0.010 

Risk Management 341 19.3959 4.31262 

TMA 341 21.3900 3.74131 339 0.742** 0.113 0.002 

Project 

Management 

Tools 

341 

19.8592 4.39560 

TMA 341 17.5220 2.66408 339 0.714** 0.113 0.002 

Team Work 341 16.5513 3.20126 

**Correlation is significant at the 0.05 level (2-tailed) 

Project Management Tools 

Additionally, it was noted from the findings of this study, which are presented in Table 4, 

that the majority of respondents, with a mean value of 4.28, agreed that the successful 

use of project management tools has a significant impact on the project success of the 

understudied petrochemical and refinery industry.  
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Particularly, the usage of the responsibility assignment matrix (RACI), which had the 

highest mean agreement level of 4.30, greatly adds to the success of TMA. Additionally, 

the respondents felt strongly that the effectiveness of TMA is highly influenced by the 

usage of network scheduling techniques (such as CPM, and PERT). The second-highest 

mean score of 4.28 confirms this. The obtained result is in line with the findings of Dwi 

et al. [28] and Bagshaw [29]. 

Table 4. The perspective of the respondents on the application of project management 

tools on TMA 

S/N Items 

Response categories 

Mean SA 

(5) 

A 

(4) 

UD 

(3) 

D 

(2) 

SD 

(1) 

1 

The use of a work breakdown 

structure (WBS) significantly 

contributes positively to 

turnaround maintenance success 

188 89 44 10 10 4.28 

2 

The use of network scheduling 

techniques (i.e., CPM, PERT) 

significantly contributes positively 

to turnaround maintenance 

success 

169 118 38 12 4 4.28 

3 

The use of Gant chart significantly 

contributes positively to 

turnaround maintenance success 

166 117 46 6 6 4.26 

4 

The use of a responsibility 

assignment matrix (RACI) 

significantly contributes positively 

to turnaround maintenance 

success 

162 133 36 6 4 4.30 

5 
The use of earned value 

management (EVM) significantly 
177 108 40 4 12 4.27 
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contributes positively to 

turnaround maintenance success 

 

SA: Strongly Agree, A: Agree, UD: Undecided, D: Disagree, SD: Strongly Disagree 

Additionally, the results of the PPMC data (Table 2) showed a substantial correlation 

between TMA and project management tools. According to the study, the computed p-

value of 0.002 is less than the alpha level of 0.05, while the computed R correlation value 

of 0.742 is more than the crucial r value of 0.113 at df 339. Therefore, the null hypothesis 

of no significant connection between TMA and project management systems is rejected. 

Team Work 

The results of this survey, shown in Table 5, also revealed that most respondents, with a 

mean value of 4.38, agreed that good teamwork substantially impacted the project success 

of the under-researched petrochemical and refinery business. The success of TMA is 

particularly impacted by the balance of member contributions, as seen by the fact that 

this item had the highest mean response at 4.45. The second-highest mean response, 4.37, 

indicates that the respondents strongly agreed that the team members’ mutual support is 

a key factor in the success of TMA. The outcome is consistent with those seen in the study 

of Rogers [30] and Gunduz and Yahya [31]. 

Table 5. The perspective of the respondents on the application of teamwork in TMA 

S/N Items 

Response categories 

Mean SA 

(5) 

A 

(4) 

UD 

(3) 

D 

(2) 

SD 

(1) 

1 

Effective communication (meeting 

regularly and other mediums of 

information exchange) 

significantly contributes to 

turnaround maintenance success 

183 116 28 8 6 4.35 
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2 

Effective coordination of subtasks, 

schedules and deliverables 

significantly contributes to 

turnaround maintenance success 

189 94 50 4 4 4.35 

3 

Balance of member contribution 

significantly contributes to 

turnaround maintenance success 

193 118 24 2 4 4.45 

4 

Mutual support from your team 

members significantly contributes 

to turnaround maintenance 

success 

196 91 44 4 6 4.37 

SA: Strongly Agree, A: Agree, UD: Undecided, D: Disagree, SD: Strongly Disagree 

Additionally, the results of the PPMC data (Table 2) showed that there is a substantial 

correlation between TMA and teamwork. According to the study, the computed p-value 

of 0.002 is less than the alpha level of 0.05, while the computed R correlation value of 

0.714 is more than the crucial r value of 0.113 at df 339. Therefore, the null hypothesis of 

no significant connection between TMA and teamwork is rejected. 

As identified from the survey findings, the key elements of risk management, project 

management tools, and teamwork play integral roles in the success of TMA activities in 

the petrochemical and refinery industry. The relationships between key elements and 

subfactors in maintenance activities are shown in Figure 1. In terms of risk management, 

systematic risk identification involves conducting thorough surveys to identify potential 

risks associated with TMA.  

Probabilistic analysis, such as quantification, is crucial for assessing the likelihood of 

these risks, allowing for informed decision-making. Detailed risk control plans, or 

mitigation strategies, are essential for minimising the impact of identified risks. The 

appointment of a dedicated risk manager and forming a risk management team 

demonstrate leadership and collaboration, fostering a proactive approach to risk 

mitigation. 
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Figure 1. Relationships between key elements and subfactors in maintenance activities 

Nevertheless, using risk management tools for TMA is not a novel concept in the chemical 

industry as stated by Muller [32]; however, restrictive approaches often hinder its 

effectiveness. Turnarounds and substantial capital projects, characterised by numerous 

variables and constant changes, demand a shift from viewing risk as a static obstacle to 

adopting a dynamic approach. In this context, continuous application of risk 

identification and mitigation tools throughout the planning and scheduling processes is 

imperative. Another challenge in integrating risk management into TMA in petrochemical 

industries lies in the common difficulty people face in comprehending probability 

concepts, leading to an inclination to overemphasise the likelihood of extraordinary 

events over more commonplace occurrences, as also confirmed in the study of AlHamouri 

et al. [6]. This bias can provide a false sense of security during execution, exposing 

projects and teams to significant dangers. A genuine understanding of risks’ probability, 
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severity, and criticality demands experience and sound judgment, which can be obtained 

through leadership and collaboration, as identified in this study. 

In the realm of project management tools, using WBS facilitates the decomposition of 

complex TMA projects into manageable tasks, ensuring a systematic approach to 

execution. Network scheduling techniques, including CPM and PERT, assist in identifying 

critical paths and scheduling, with visualisation through Gantt charts providing a 

comprehensive overview. A RACI ensures accountability, while EVM offers insights into 

project performance. Aside from these project management tools used in the understudy 

refinery for TMA, recent studies have highlighted the latest tools, such as Primavera, STO 

Planner, and iPlanSTO, as emerging technologies used in advanced refineries [33], [34]. 

Furthermore, drones now play a crucial role in inspecting hard-to-reach refinery 

equipment, particularly in remote or challenging environments [35]. Digital plant 

modelling has advanced, allowing the creation of digital replicas to monitor production 

and equipment under varying conditions in these refineries [34]. Leveraging data 

analytics and artificial intelligence on maintenance data provides valuable insights from 

historical information. Additionally, Industrial Internet of Things (IIoT) technologies 

enable real-time data collection and sharing, significantly improving the assessment of 

critical equipment’s scope of work [36]. 

Teamwork is a cornerstone in TMA, and effective communication, exemplified by 

transparency, is crucial for conveying project goals, progress, and potential challenges. 

Coordination of subtasks, schedules, and deliverables through synchronisation enhances 

overall project efficiency. A balance of member contributions, emphasising equity, 

ensures that each team member plays a meaningful role, contributing to the success of 

the TMA. Mutual support among team members fosters collaboration, creating a positive 

and synergistic working environment essential for overcoming the complexities of TMA 

in the petrochemical and refinery industry. To align with these findings, previous studies 

showed the significance of aligning teams and groups involved in plant turnaround 

maintenance and established a strong correlation between teamwork and performance in 

plant turnaround maintenance [17], [37]. 

5.Conclusion 
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This study is based on project management tools, risk management techniques, and 

teamwork in a typical Nigerian petrochemical and refinery business, one of the world’s 

major emerging oil producers. A structured questionnaire based on three sub-hypotheses 

on the importance of the management tools under research on TMA in the petrochemical 

and refinery industry was devised to fulfil the study’s general purpose. The employees of 

the respondents that participated in the survey were 341 carefully chosen employees from 

several departments, including supply chain management, engineering and technical 

services, health services, and maintenance. The sub-hypotheses were examined using 

inferential statistics and Pearson correlation analysis. The study’s findings demonstrated 

a substantial association between the management tools and TMA, with R-values for 

these relationships being 0.617, 0.742, and 0.714 for those with risk management, project 

management tools, and teamwork, respectively. 

Moreover, the investigation results indicated a widespread consensus among the 

participants, expressing strong concurrence that the effective execution of TMA in the 

petrochemical and refinery sector relies significantly on sound risk management 

methodologies (p-value = 0.01). Similarly, project management tools were crucial for 

successful TMA implementation (p-value = 0.002). Additionally, the study highlighted 

the vital role of well-integrated teamwork in the TMA process, with the significance 

reflected in the p-value of 0.002. Therefore, these efficient management methods are 

recommended to be implemented with other effective tools from previous sectors to 

guarantee efficient TMA in the petrochemical and refinery industries. 
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 هيئة التحرير
 أ.د. احمد بدرالدين الخضر

 تحريرالرئيس 

الجامعة الإسلامية بالمدينة  الحاسب، علومأستاذ 

 المنورة ، المملكة العربية السعودية

 أ.د. فضل نور 

 مدير التحرير

 الآلي، بالجامعةأستاذ علوم وهندسة الحاسب 

 الإسلامية بالمدينة المنورة. المملكة العربية السعودية

 كنتارو  د. توميتا

قسم علوم وهندسة الكم ، كلية  مشارك،أستاذ 

 الدراسات العليا للهندسة ، جامعة هوكايدو ، اليابان

 أ.د. فايز جبالي

 الحاسبات،الهندسة الكهربائية وهندسة  أستاذ،

جامعة فيكتوريا ، فيكتوريا ، كولومبيا البريطانية ، 

 كندا

 ا.د رضا الششتاوي 

كلية  -قسم الكيمياء  العضوية،أستاذ الكيمياء 

جامعة الملك عبد العزيز ، المملكة العربية  -العلوم 

 السعودية

 أ.د. محمد معبد بيومي

جامعة الإمام، الرياض.  العددي،أستاذ التحليل 

 المملكة العربية السعودية

 أ.د. باسم راشد العمري 

 أستاذ هندسة القوى الكهربائية

 جامعة الطائف

 العربية السعوديةالمملكة 

 أ.د. سعد طلال الحربي

  –أستاذ علوم الحاسب 

 التفاعل بين الإنسان والحاسب

 جامعة طيبة  -كلية الحاسبات  

 المملكة العربية السعودية

 أ.د. عصام شعبان حسانين

 أستاذ الفيزياء ، جامعة الأزهر ، فرع أسيوط 

 مصر 

 د. يزيد بدر السعوي 

 أستاذ مشارك 

ونظم المعلومات بالجامعة الإسلامية  الحاسبكلية 

 المملكة العربية السعودية ، بالمدينة المنورة

 أ. د. عبدالقادر رحيم بهاتي

 أستاذ الهندسة المدنية ، كلية الهندسة ، 

الجامعة الإسلامية بالمدينة المنورة. المملكة العربية 

 السعودية

 أ. د. شمس الدين أحمد

 أستاذ الهندسة الصناعية ،

 كلية الهندسة بالجامعة الإسلامية بالمدينة المنورة 

 : أحمد زياد الزحيليسكرتير التحرير
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 الهيئة الاستشارية

 أ.د. حسين مفتاح

أستاذ ، الهندسة الكهربائية وعلوم الكمبيوتر ، 

 جامعة أوتاوا ، أوتاوا ، أونتاريو ، كندا

 كرس ي أبحاث كندا في شبكات الاستشعار اللاسلكية،

 أستاذ جامعي ، جامعة أوتاوا

 

 أ.د.  ضياء خليل

أستاذ الهندسة الكهربائية ، ووكيل الكلية ، جامعة 

 عين شمس ، القاهرة ، مصر

 أ.د.  سلطان العدوان

 أستاذ الكيمياء العضوية ، الأردن

 أ.د. كالوس هايتينجر

 أستاذ رياضيات ، البرازيل

 

 أ.د. كمال منصور جمبي

المعلومات ، جامعة الملك عبد أستاذ الحاسب ونظم 

 العزيز ، جدة ، المملكة العربية السعودية

 

 فهمي فاروق أمين أ.د.

 أستاذ الكيمياء  في جامعة عين شمس 

 القاهرة ، مصر

 

 أ.د. محمود عبدالعاطي

أستاذ دكتور الرياضيات وعلوم المعلومات في جامعة 

 العلوم والتكنولوجي، مصر

 ميمون  غفور عبد ال أ.د.

أستاذ الهندسة الميكانيكية ، الجامعة الوطنية 

 للعلوم والتكنولوجيا ، باكستان
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 المجلة في النشر قواعد
 نشره يسبق ولم جديدا، البحث يكون  أن 

 للمعرفة والاضافة والابتكار والجدة بالأصالة يتسم أن 

 للباحثين/للباحث نشرها سبق بحوث من مستلا يكون  لا أن 

 ومنهجيته الاصيل، العلمي البحث قواعد فيه تراعى أن. 

 على البحث يشتمل أن: 

 الانجليزية باللغة البحث عنوان صفحة. 

 الانجليزية باللغة البحث مستخلص. 

 الانجليزية باللغة البحث عنوان صفحة. 

 العربية باللغة البحث مستخلص. 

 مقدمة. 

 البحث صلب. 

 وتوصيات نتائج تتضمن خاتمة. 

 والمراجع المصادر ثبت. 

 وجدت إن( الملازمة الملاحق(. 

 نسخ من  10بحثه بها و نشر الذي المجلة عدد من نسخة نفسه الباحث يمنح )ورقا البحث نشر(حال  في

 بحثة بشكل مستقل

 ويحق إلكترونيا، أو ورقيا نشره تعيد ان ولها للمجلة، كافة نشره حقوق  تؤول البحث نشر اعتماد حال في 

 لها

 الباحث للإذن حاجة دون  وذلك -مقابل بدون  أو بمقابل- والعالمية المحلية البيانات قواعد في إدراجه. 

 إذن بعد إلا -النشر أوعية من وعاء أي في- المجلة في للنشر المقبول  بحثه نشر إعادة للباحث يحق لا 

 المجلة تحرير هيئة رئيس من كتابي 

  نمك التوثيق المعتمد في المجلة هو نمطIEEE 
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 الإيداع معلومات

 :الورقية النسخة 

 ه 1439/09/17 وتاريخ 1439/8742  تم الإيداع في مكتبة الملك فهد الوطنية برقم

 1658 – 7936)ردمد(  للدوريات الدولي التسلسلي الرقم

 

 :الإلكترونية النسخة

 هــ 17/9/1439تاريخ  1439/ 4287تم الإيداع في مكتبة الملك فهد الوطنية برقم 

 1658 -7944)ردمد(  للدوريات الدولي التسلسلي الرقم

 

 : للمجلة الإلكتروني الموقع

https://jesc.iu.edu.sa 

 

 الإلكتروني البريد إلى المجلة تحرير رئيس باسم البحوث ترسل

 jesc@iu.edu.sa 
 

 

 

 

 

الآراء الواردة في البحوث المنشورة تعرب عن وجهة نظر الباحث فقط، ولا 

 المجلة.تعرب بالضرورة عن 

  

mailto:jesc@iu.edu.sa
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