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ABSTRACT 

Slow Sand Filtration has been accepted as a suitable mechanism for converting pathogenic content 

water to drinking water. As the slow sand filtration system is not the economic system nor the 

straightforward operation to work and continue, but more capable undergoing suitable conditions. Slow 

sand filter can be effective for water purification. Slow Sand Filter is to successfully pull out the 

turbidity, pathogenic organisms and bacteria with the help of biological and physical operations in a 

single pace. It is a powerful technique for curing pathogenic water. By 18th century, the conception of 

purification of water has been across by board. In 1804, the first municipal filter was proposed by a 

possessor of bleachery, named John Gibb from Scotland by using gravel and sand. In 1827, the first 

slow sand filter was invented by a civil engineer named Robert Thom from Scotland. Slow sand 

filtration system has two faces, its strength (i.e., easy to install, long lifespan, bacteria removal, etc.) as 

well as limitation. This review paper is a summarize part of the limitations, as we would not only discuss 

about limitations of Slow Sand Filtration, but also the steps to overcome with those limitations which 

includes - acceptability of raw water, poor removal of colloidal, and high cleaning downtime. 
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INTRODUCTION 

The enhancement of water quality is firmly 

correlated with the relationship between man 

and environment. Water is the spirit of life and 

need of pure drinkable water is very high a 

human being. So, supply of pure drinkable 

water is very important for the development of 

humanity and the world. Slow sand filtration 

system is a process used for purification of 

unfiltered water from hundreds of years. This 

filtration process is convenient for the small 

communities, rural communities. Slow sand 

filter does not require a much attention nor a 

higher degree of skill for its operation. 

For water treatment, there are two main types of 

sand filters – Rapid sand filter and slow sand 

filter. These both filtration system processes 

differently at different criteria. 

Slow sand filtration is an 

operation in which unfiltered 

water is passed through a fine 

granular bed of sand, which is 

basically called as filter bed 

which helps in removing the 

impurities of water. To attain 

potable water at the end of 

filtration process, the unfiltered water is carried 

out through screening and sedimentation 

process, which helps in removing of bacteria 

and turbidity from water. Slow sand filter 

removes a large percentage of bacteria, 

impurities and turbidity which results to the low 

rate of filtration and its high economical cost.  

The first use of sand filtration is carried out in 

1804 for purifying water by a bleachery from 

Scotland, named John Gibb. Followed by this, 

in 1827 a civil engineer, named Robert Thom 

 

(Known as inventor of slow sand filter) from 

Scotland, installed an experimental slow sand 

filtration system. In refining this filtration 
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method, an engineer James Simpson installed 

slow sand filter in 1829 for a company called 

Chelsea Waterworks Company, situated in 

London for more than 11 million peoples. Slow 

sand filters are broadly used in European 

countries more than United States where there 

are approximately 27 Slow sand filters which 

provide supply to a small community (less than 

10,000 people) and which are more working 

from more than 50 years. 

The slow sand filters are cleaned by using 

surface scrapping method in which the top filter 

media is removed about 1.5 to 3 cm. Then the 

top surface of filter media is racked, roughened, 

and cleaned with clean water. In addition to 

this, L Huisman, a prof. of Civil Engineering, 

and W.E Wood, Former Chief of water supply, 

WHO recommended the accomplishment of re-

sanding by the method of trenching. According 

to them, trenching helps in avoiding the deposit 

in the lower part of the filter bed. 

The slow sand filtration system has both faces 

of strength and limitation. As this filtration 

system removes most of the pathogenic 

organisms, turbidity but in other hand the rate 

of filtration is very low and the construction is 

economically costly. This also helps in removal 

of ammonia, but not effective in virus removal. 

It also contributes in reduction of protozoa and 

bacteria as well as it is easy to operate and 

requires less 

 

maintenance. But on other hand, filtration 

system can clog due to fine dust present in water 

which is too small to remove. 

Apart from this, we will be briefly discussing 

about other limitations and the procedure to 

overcome with those limitations like 

acceptability of raw water with the help of a 

method known as filter roughing, the 

obstruction of poor removal of colloidal 

materials can be treated by using non-hazardous 

coagulants and many more. 

MATERIAL REQUIRED 

1. Filter Media: Filter media is basically 

containing the clean river sand layer of 

90-110 cm thickness with having the 

effective size of sand (D10) to be about 

0.25-0.35 mm, and also with the 

uniformity coefficient (Cu) to be about 

3-5. 

2. Enclosed Tank: A water-tight 

rectangular tank constructed by brick 

masonry or stone masonry or concrete. 

The depth of tank depends upon the 

rate of filtration with a bed slope. 

3. Base Material: Base material provides 

support to the filter media, which 

contains gravel of 30-75 cm thickness, 

which is laid in layers where each layer 

is of 15 cm thick. 

4. Under-drainage System: Under-

drainage system fulfils multi-purpose 

by providing the support to the filter 

medium while storing the water and 

transfers the cleaned water to the 

reservoir. 

5. Regulating Valve: Regulating Valve 

is a mechanical device used in regulate 

temperature, pressure, flow rate, and 

many other parameters. 

6. Filter Mat: Filter mats are basically 

made up of glass fibre, glass wool, 

cellulose fibre by using a process 

named, conventional wet-laying 

process. The main objective behind 

using this is to remove contaminated 

particles present in water. 

7. Coagulants: A coagulant is a chemical 

that is used to remove suspended solids 

from unfiltered water. Aluminum 

chloride, polyaluminium chloride 

(PACl) & aluminum chlorohydrate 

(ACH), ferric sulfate, ferric chloride, 

aluminum sulfate. 
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LITERATURE REVIEW 

mitations to be 

overcome 

Method to 

overcome the 

limitations 

1. Raw water 

acceptability 

Introduce filter 

roughing 

process 

2. Poor removal of 

colloidal 

Provide 

Coagulants 

(Non-hazardous) 

3. High cleaning 

Downtime 

Install filter 

mats 

 

1. Introducing Filter Roughing to 

overcome with acceptability of raw 

water: Filter roughing is a pre-

treatment technique used in slow sand 

filter. The basic components used in 

filter roughing are filter box which is 

divided into two or three 

compartments, gravel bed in 

decreasing size layer for each 

compartment of filter box. The 

direction of flow in filter roughing can 

be either vertical or horizontal (fig.3). 

Where horizontal roughing is 

considered to have greater silt storage 

capacity. Size of gravel material, length 

of filter, and filtration rate are the 

principal parameters for roughing filter 

design. The size varies from 20-2 mm 

of graded gravel in the sequence of 

coarse, medium and fine 

compartmental packs. Roughing filters 

have achieved significant reductions in 

raw water turbidity, bacteria, apparent 

colour, and algal content. 

 

2. Providing coagulant for better 

removal of colloidal: As suspended 

particles cannot be completely 

removed by sedimentation or simple 

settling. The large and heavy particles 

will readily to settle down but in case 

of smaller and lighter particles the 

settlement is very low or they do not 

settle. Those small and lighter particles 

are basically called as colloidal 

particles. In order to remove colloidal 

particles, the sedimentation step is 

taken to another stage by adding some 

chemicals known as coagulant. 

Coagulants are added to the water to 

bring the non-settling particles together 

into larger, heavier masses of solids 

called floc. Coagulants are made up of 

positively charged molecules, which 

help to provide effective neutralization 

of water. During this process, the 

coagulant has to be quickly added to 

the water and mixed in water. When the 

water is coagulated, it is often filtered 

through an ultrafiltration or 

microfiltration membrane, or a medium 

filter, to get rid of the settled particles 

(fig.4). Water can also be moved into a 

settling tank, in which the heavy 

particles will sink to the bottom, where 

they can then be removed easily. 

Coagulants can be used for removal of 

colloidal particles are: Aluminum 

chloride, polyaluminium chloride 

(PACl) & aluminum chlorohydrate 

(ACH), ferric sulfate, ferric chloride. 

Most common coagulant used for water 

treatment is Aluminum sulfate. 

Aluminum sulfate is additionally 

referred to as Alum. 

Table-1: Limitations and the process to 

overcome them 

Figure 3- Filter roughing for different flows. 

Figure 4- Addition of Coagulants 
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3. Installing Filter mats to reduce the 

cleaning downtime of filter: The 

performance of slow sand filters can be 

improved by the use of a layer of 

nonwoven, synthetic fabric to the filter 

surface, known as filter mat (fig.5). The 

main objective of installing filter mat to 

sand surface of slow sand filtration 

system is to concentrate the suspended 

matter removal process within the 

fabric layer. Because of greater 

porosity and specific area, non-woven 

fabrics offers more efficient filtration 

medium than sand. The main reason 

behind the usage of this non-woven 

synthetic fibric in filtration system 

includes – a filter cleaning arrangement 

and especially, the longer filter run-

time which is due to the lower rate of 

head loss development, which basically 

means the reduction in routine cleaning 

downtime of the slow sand filtration 

system. The only problem with filter 

mat installation on top of slow sand 

filter are associate with removal and 

cleaning of fabric. 

CONCLUSION 

As slow sand filter had consistently 

demonstrated its effectiveness in the stage of 

purifying raw/unfiltered waters. However, 

every system needs to be upgraded to its 

extents, over time to perform better and provide 

the satisfactory result. 

All the limitation and overcome statements or 

modification for slow sand filtration process is 

to enhance the treatment performance as well as 

operation of the slow sand filter which includes 

the raw water acceptability, rate of removal of 

colloidal particles, and reducing the cleaning 

downtime of the slow sand filtration system. 

Where filter roughing, makes the slow sand 

filtration system to overcome with the 

acceptability of raw water entering into the 

filtration system. This is done by providing 

compartments for filter box. The roughing can 

be of horizontal or vertical. 

The second limitation is resolved by providing 

the coagulants in the raw water which contains 

the colloidal particles, which are the main 

reason of clogging in filtration system. And this 

is overcome by mixing coagulant into the water 

to settle the particles and removed simply 

through sedimentation process. 

The last problem which is faced is the cleaning 

downtime, which is very high in slow sand 

filters. Which is resolved by installing filter 

mat, which helps in avoiding the maximum 

impurities to enter I the filter which is why the 

routine cleaning can be delayed and 

simultaneously, the cleaning downtime is also 

reduced for the slow sand filtration system. 

References: 

1. Slow sand filtration for water and 

wastewater treatment - Srishti Verma, 

Achlesh Daverey & Archana Sharma 

(2017). 

2. Bacterial, viral and turbidity removal 

by intermittent slow sand filtration for 

household use in developing countries: 

Experimental investigation and 

modelling - Marion W. Jenkins, 

Sangam K. Tiwari, Jeannie Darby 

(2011). 

3. Slow sand filtration for small water 

system - Gary S. Logsdon, Roger 

Kohne, Solomon Abel, and Shawn La 

Bonde (2002). 

4. Evaluating Modifications to Slow Sand 

Filters - M. Robin Collins, T. Taylor 

Eighmy, and James P. Malley Jy 

(1991). 

5. COLLINS, M.R. & EIGHMY, T.T. 

Modifications to the Slow Rate 

Filtration Process for Improved 

Trihalomethane Precursor Removal. 



Adapa Maheshwar Rao et al. International Journal of Recent Research Aspects ISSN: 2349-7688, 
Special Issue: Recent Innovation in Science, Engineering & Management, May 2022, pp. 131-141 

© 2022 IJRAA All Rights Reserved                                                                         page   - 135- 

Slow Sand Filtration: Recent 

Developments in Water Treatment 

Technology (N.J.D. Graham, editor). 

Ellis Horwood Ltd., Chichester, UK 

(1988). 

6. Critical Reviews in Environmental 

Control - Slow sand filtration - K. V. 

Ellis a & W. E. Wood (1985). 

7. Cullinane, M. J. and Shafer, R. A., 

Reduce lagoon algae problems with 

coagulants, J. Water Works Eng., 17, 

19, 1980. 

8. HUISMAN, L. & WOOD, W.E. Slow 

Sand Filtration. World Health 

Organization, Geneva, Switzerland 

(1974). 

9. Review on Slow Sand Filtration in 

Removing Microbial Contamination 

and Particles from Drinking Water - 

Ephrem Guchi. 

10. Dalal, S., Poongodi, M., Lilhore, U. K., 

Dahan, F., Vaiyapuri, T., Keshta, I., ... 

& Simaiya, S. Optimized LightGBM 

model for security and privacy issues in 

cyber‐physical systems. Transactions 

on Emerging Telecommunications 

Technologies, e4771. 

11. Dalal, S., Manoharan, P., Lilhore, U. 

K., Seth, B., Simaiya, S., Hamdi, M., & 

Raahemifar, K. (2023). Extremely 

boosted neural network for more 

accurate multi-stage Cyber attack 

prediction in cloud computing 

environment. Journal of Cloud 

Computing, 12(1), 1-22. 

12. Malik, A., Onyema, E. M., Dalal, S., 

Kumar, U., Anand, D., Sharma, A., & 

Simaiya, S. (2023). Forecasting 

students' adaptability in online 

entrepreneurship education using 

modified ensemble machine learning 

model. Array, 100303. 

13. Shetty, S., & Dalal, S. (2022, 

December). Bi-Directional Long 

Short-Term Memory Neural Networks 

for Music Composition. In 2022 Fourth 

International Conference on Emerging 

Research in Electronics, Computer 

Science and Technology (ICERECT) 

(pp. 1-6). IEEE. 

14. Dalal, S. (2023, April). The Smart 

Analysis of Poisson Distribution 

Pattern Based Industrial Automation in 

Industry 4.0. In 2023 International 

Conference on Distributed Computing 

and Electrical Circuits and Electronics 

(ICDCECE) (pp. 1-6). IEEE. 

15. Dalal, S., Seth, B., Radulescu, M., 

Cilan, T. F., & Serbanescu, L. (2023). 

Optimized Deep Learning with 

Learning without Forgetting (LwF) for 

Weather Classification for Sustainable 

Transportation and Traffic Safety. 

Sustainability, 15(7), 6070. 

16. Onyema, E. M., Lilhore, U. K., 

Saurabh, P., Dalal, S., Nwaeze, A. S., 

Chijindu, A. T., ... & Simaiya, S. 

(2023). Evaluation of IoT-Enabled 

hybrid model for genome sequence 

analysis of patients in healthcare 4.0. 

Measurement: Sensors, 26, 100679. 

17. Dalal, S., Manoharan, P., Lilhore, U. 

K., Seth, B., Simaiya, S., Hamdi, M., & 

Raahemifar, K. (2023). Extremely 

boosted neural network for more 

accurate multi-stage Cyber attack 

prediction in cloud computing 

environment. Journal of Cloud 

Computing, 12(1), 1-22. 

18. Dalal, S., Goel, P., Onyema, E. M., 

Alharbi, A., Mahmoud, A., Algarni, M. 

A., & Awal, H. (2023). Application of 

Machine Learning for Cardiovascular 

Disease Risk Prediction. 

Computational Intelligence and 

Neuroscience, 2023. 

19. Dalal, S., Seth, B., Radulescu, M., 

Secara, C., & Tolea, C. (2022). 

Predicting Fraud in Financial Payment 

Services through Optimized Hyper-

Parameter-Tuned XGBoost Model. 

Mathematics, 10(24), 4679. 

20. Dalal, S., Onyema, E. M., & Malik, A. 

(2022). Hybrid XGBoost model with 

hyperparameter tuning for prediction 

of liver disease with better accuracy. 

World Journal of Gastroenterology, 

28(46), 6551-6563. 

21. Edeh, M. O., Dalal, S., Obagbuwa, I. 

C., Prasad, B. V. V., Ninoria, S. Z., 

Wajid, M. A., & Adesina, A. O. (2022). 

Bootstrapping random forest and 

CHAID for prediction of white spot 

disease among shrimp farmers. 

Scientific Reports, 12(1), 1-12. 

22. Zaki, J., Nayyar, A., Dalal, S., & Ali, Z. 

H. (2022). House price prediction using 

hedonic pricing model and machine 

learning techniques. Concurrency and 



Adapa Maheshwar Rao et al. International Journal of Recent Research Aspects ISSN: 2349-7688, 
Special Issue: Recent Innovation in Science, Engineering & Management, May 2022, pp. 131-141 

© 2022 IJRAA All Rights Reserved                                                                         page   - 136- 

Computation: Practice and Experience, 

34(27), e7342. 

23. Dalal, S., Onyema, E., Romero, C., 

Ndufeiya-Kumasi, L., Maryann, D., 

Nnedimkpa, A. & Bhatia, T. (2022). 

Machine learning-based forecasting of 

potability of drinking water through 

adaptive boosting model. Open 

Chemistry, 20(1), 816-828. 

https://doi.org/10.1515/chem-2022-

0187 

24. Onyema, E. M., Dalal, S., Romero, C. 

A. T., Seth, B., Young, P., & Wajid, M. 

A. (2022). Design of Intrusion 

Detection System based on Cyborg 

intelligence for security of Cloud 

Network Traffic of Smart Cities. 

Journal of Cloud Computing, 11(1), 1-

20. 

25. Dalal, S., Onyema, E. M., Kumar, P., 

Maryann, D. C., Roselyn, A. O., & 

Obichili, M. I. (2022). A Hybrid 

machine learning model for timely 

prediction of breast cancer. 

International Journal of Modeling, 

Simulation, and Scientific Computing, 

2023, 1-21. 

26. Dalal, S., Seth, B., Jaglan, V., Malik, 

M., Dahiya, N., Rani, U., ... & Hu, Y. 

C. (2022). An adaptive traffic routing 

approach toward load balancing and 

congestion control in Cloud–MANET 

ad hoc networks. Soft Computing, 

26(11), 5377-5388. 

27. Edeh, M. O., Dalal, S., Dhaou, I. B., 

Agubosim, C. C., Umoke, C. C., 

Richard-Nnabu, N. E., & Dahiya, N. 

(2022). Artificial Intelligence-Based 

Ensemble Learning Model for 

Prediction of Hepatitis C Disease. 

Frontiers in Public Health, 847. 

28. Seth, B., Dalal, S., Jaglan, V., Le, D. 

N., Mohan, S., & Srivastava, G. (2022). 

Integrating encryption techniques for 

secure data storage in the cloud. 

Transactions on Emerging 

Telecommunications Technologies, 

33(4), e4108. 

29. Malik, M., Nandal, R., Dalal, S., Maan, 

U., & Le, D. N. An efficient driver 

behavioral pattern analysis based on 

fuzzy logical feature selection and 

classification in big data analysis. 

Journal of Intelligent & Fuzzy Systems, 

43(3), 3283-3292. 

30. Malik, M., Nandal, R., Dalal, S., 

Jalglan, V., & Le, D. N. (2022). 

Deriving driver behavioral pattern 

analysis and performance using neural 

network approaches. Intelligent 

Automation & Soft Computing, 32(1), 

87-99. 

31. Shetty, S., & Dalal, S. (2022, 

December). Bi-Directional Long 

Short-Term Memory Neural Networks 

for Music Composition. In 2022 Fourth 

International Conference on Emerging 

Research in Electronics, Computer 

Science and Technology (ICERECT) 

(pp. 1-6). IEEE. 

32. Onyema, E. M., Shukla, P. K., Dalal, 

S., Mathur, M. N., Zakariah, M., & 

Tiwari, B. (2021). Enhancement of 

patient facial recognition through deep 

learning algorithm: ConvNet. Journal 

of Healthcare Engineering, 2021. 

33. Dalal, S., & Khalaf, O. I. (2021). 

Prediction of occupation stress by 

implementing convolutional neural 

network techniques. Journal of Cases 

on Information Technology (JCIT), 

23(3), 27-42. 

34. Dalal, S., Jaglan, V., & Le, D.-N. 

(Eds.). (2021). Green Internet of 

Things for Smart Cities: Concepts, 

Implications, and Challenges (1st ed.). 

CRC Press. 

https://doi.org/10.1201/978100303239

7. 

35. Dahiya, N., Dalal, S., & Jaglan, V. 

(2021). 8 Mobility in Green 

Management IoT. Green Internet of 

Things for Smart Cities: Concepts, 

Implications, and Challenges, 125. 

36. Dahiya, N., Dalal, S., & Jaglan, V. 

(2021). 7 Efficient Green Solution. 

Green Internet of Things for Smart 

Cities: Concepts, Implications, and 

Challenges, 113. 

37. Seth, B., Dalal, S., & Dahiya, N. 

(2021). 4 Practical Implications. Green 

Internet of Things for Smart Cities: 

Concepts, Implications, and 

Challenges, 61. 

38. Malik, M., Nandal, R., Dalal, S., 

Jalglan, V., & Le, D. N. (2021). 

Driving pattern profiling and 

classification using deep learning. 

Intelligent Automation & Soft 

Computing, 28(3), 887-906. 



Adapa Maheshwar Rao et al. International Journal of Recent Research Aspects ISSN: 2349-7688, 
Special Issue: Recent Innovation in Science, Engineering & Management, May 2022, pp. 131-141 

© 2022 IJRAA All Rights Reserved                                                                         page   - 137- 

39. Jindal, U., Dalal, S., Rajesh, G., Sama, 

N. U., Jhanjhi, N. Z., & Humayun, M. 

(2021). An integrated approach on 

verification of signatures using 

multiple classifiers (SVM and Decision 

Tree): A multi-classification approach. 

40. Seth, B., Dalal, S., Le, D. N., Jaglan, 

V., Dahiya, N., Agrawal, A., ... & 

Verma, K. D. (2021). Secure Cloud 

Data Storage System Using Hybrid 

Paillier–Blowfish Algorithm. 

Computers, Materials & Continua, 

67(1), 779-798. 

41. Vijarania, M., Dahiya, N., Dalal, S., & 

Jaglan, V. (2021). WSN Based 

Efficient Multi-Metric Routing for IoT 

Networks. In Green Internet of Things 

for Smart Cities (pp. 249-262). CRC 

Press. 

42. Goel, M., Hayat, A., Husain, A., & 

Dalal, S. (2021). Green-IoT (G-IoT) 

Architectures and Their Applications 

in the Smart City. In Green Internet of 

Things for Smart Cities (pp. 47-59). 

CRC Press. 

43. Chawla, N., & Dalal, S. (2021). Edge 

AI with Wearable IoT: A Review on 

Leveraging Edge Intelligence in 

Wearables for Smart Healthcare. Green 

Internet of Things for Smart Cities, 

205-231. 

44. Dahiya, N., Dalal, S., & Jaglan, V. 

(2021). Efficient Green Solution for a 

Balanced Energy Consumption and 

Delay in the IoT-Fog-Cloud 

Computing. In Green Internet of 

Things for Smart Cities (pp. 113-123). 

CRC Press. 

45. Dahiya, N., Dalal, S., & Jaglan, V. 

(2021). Mobility Management in Green 

IoT. In Green Internet of Things for 

Smart Cities (pp. 125-134). CRC Press. 

46. Seth, B., Dalal, S., & Dahiya, N. 

(2021). Practical Implications of Green 

Internet of Things (G-IoT) for Smart 

Cities. In Green Internet of Things for 

Smart Cities (pp. 61-81). CRC Press. 

47. Dalal, S., Agrawal, A., Dahiya, N., & 

Verma, J. (2020, July). Software 

Process Improvement Assessment for 

Cloud Application Based on Fuzzy 

Analytical Hierarchy Process Method. 

In International Conference on 

Computational Science and Its 

Applications (pp. 989-1001). Springer, 

Cham. 

48. Seth, B., Dalal, S., Jaglan, V., Le, D. 

N., Mohan, S., & Srivastava, G. (2020). 

Integrating encryption techniques for 

secure data storage in the cloud. 

Transactions on Emerging 

Telecommunications Technologies. 

49. Hooda, M., & Shravankumar Bachu, P. 

(2020). Artificial Intelligence 

Technique for Detecting Bone 

Irregularity Using Fastai. In 

International Conference on Industrial 

Engineering and Operations 

Management Dubai, UAE (pp. 2392-

2399). 

50. Arora, S., & Dalal, S. (2019). An 

optimized cloud architecture for 

integrity verification. Journal of 

Computational and Theoretical 

Nanoscience, 16(12), 5067-5072. 

51. Arora, S., & Dalal, S. (2019). Trust 

Evaluation Factors in Cloud 

Computing with Open Stack. Journal of 

Computational and Theoretical 

Nanoscience, 16(12), 5073-5077. 

52. Shakti Arora, S. (2019). DDoS Attacks 

Simulation in Cloud Computing 

Environment. International Journal of 

Innovative Technology and Exploring 

Engineering, 9(1), 414-417. 

53. Shakti Arora, S. (2019). Integrity 

Verification Mechanisms Adopted in 

Cloud Environment. International 

Journal of Engineering and Advanced 

Technology (IJEAT), 8, 1713-1717. 

54. Sudha, B., Dalal, S., & Srinivasan, K. 

(2019). Early Detection of Glaucoma 

Disease in Retinal Fundus Images 

Using Spatial FCM with Level Set 

Segmentation. International Journal of 

Engineering and Advanced 

Technology (IJEAT), 8(5C), 1342-

1349. 

55. Sikri, A., Dalal, S., Singh, N. P., & Le, 

D. N. (2019). Mapping of e‐Wallets 

With Features. Cyber Security in 

Parallel and Distributed Computing: 

Concepts, Techniques, Applications 

and Case Studies, 245-261. 

56. Seth, B., Dalal, S., & Kumar, R. (2019). 

Hybrid homomorphic encryption 

scheme for secure cloud data storage. 

In Recent Advances in Computational 



Adapa Maheshwar Rao et al. International Journal of Recent Research Aspects ISSN: 2349-7688, 
Special Issue: Recent Innovation in Science, Engineering & Management, May 2022, pp. 131-141 

© 2022 IJRAA All Rights Reserved                                                                         page   - 138- 

Intelligence (pp. 71-92). Springer, 

Cham. 

57. Seth, B., Dalal, S., & Kumar, R. (2019). 

Securing bioinformatics cloud for big 

data: Budding buzzword or a glance of 

the future. In Recent advances in 

computational intelligence (pp. 121-

147). Springer, Cham. 

58. Jindal, U., & Dalal, S. (2019). A hybrid 

approach to authentication of signature 

using DTSVM. In Emerging Trends in 

Expert Applications and Security (pp. 

327-335). Springer, Singapore. 

59. Le, D. N., Seth, B., & Dalal, S. (2018). 

A hybrid approach of secret sharing 

with fragmentation and encryption in 

cloud environment for securing 

outsourced medical database: a 

revolutionary approach. Journal of 

Cyber Security and Mobility, 7(4), 

379-408. 

60. Sikri, A., Dalal, S., Singh, N. P., & 

Dahiya, N. (2018). Data Mining and its 

Various Concepts. Kalpa Publications 

in Engineering, 2, 95-102. 

61. Sameer Nagpal, S. (2018). Analysis of 

LrMu Power Algorithm in the Cloud 

Computing Environment using 

CloudSim Toolkit. International 

Journal of Research in Electronics and 

Computer Engineering (IJRECE), 6(3), 

1175-1177. 

62. Nagpal, S., Dahiya, N., & Dalal, S. 

(2018). Comparative Analysis of the 

Power Consumption Techniques in the 

Cloud Computing Environment. 

Journal Homepage: http://www. 

ijmra.us, 8(8), 1. 

63. Kumar, N., Dalal, S., & Dahiya, N. 

(2018). Approach of Lion Optimization 

Algorithm for Efficient Load 

Balancing in Cloud Computing. 

Journal Homepage: http://www. 

ijmra.us, 8(8), 1. 

64. Sameer Nagpal, S. (2018). Comparison 

of Task Scheduling in Cloud 

Computing Using various 

Optimization Algorithms. Journal of 

Computational Information Systems, 

14(4), 43-57. 

65. Arora, S., & Dalal, S. (2018). Hybrid 

algorithm designed for handling 

remote integrity check mechanism over 

dynamic cloud environment. 

International Journal of Engineering & 

Technology, 7(2.4), 161-164. 

66. Kukreja, S., & Dalal, S. (2018). 

Modified drosophila optimization 

algorithm for managing re-sources in 

cloud environment. International 

Journal of Engineering & Technology, 

7(2.4), 165-169. 

67. Jindal, U., Dalal, S., & Dahiya, N. 

(2018). A combine approach of 

preprocessing in integrated signature 

verification (ISV). International 

Journal of Engineering & Technology, 

7(1.2), 155-159. 

68. Nagpal, S., Dahiya, N., & Dalal, S. 

(2018). Comparison of Task 

Scheduling in Cloud Computing Using 

various Optimization Algorithms. 

Journal of Computational Information 

Systems ISSN, 1553-9105. 

69. Jindal, U., Dalal, S., & Dahiya, N. 

(2018). A combine approach of 

preprocessing in integrated signature 

verification (ISV). International 

Journal of Engineering & Technology, 

7(1.2), 155-159 

70. Shakti Arora, S. (2018). Resolving 

problem of Trust context in Cloud 

Computing. International Journal of 

Engineering Research in Computer 

Science and Engineering (IJERCSE), 

5(1), 138-142. 

71. Dalal, S., Dahiya, N., & Jaglan, V. 

(2018). Efficient tuning of COCOMO 

model cost drivers through generalized 

reduced gradient (GRG) nonlinear 

optimization with best-fit analysis. In 

Progress in Advanced Computing and 

Intelligent Engineering (pp. 347-354). 

Springer, Singapore 

72. Seth, B., & Dalal, S. (2018). Analytical 

assessment of security mechanisms of 

cloud environment. In Progress in 

Advanced Computing and Intelligent 

Engineering (pp. 211-220). Springer, 

Singapore. 

73. Kukreja, S., & Dalal, S. (2018). 

Performance analysis of cloud resource 

provisioning algorithms. In Progress in 

Advanced Computing and Intelligent 

Engineering (pp. 593-602). Springer, 

Singapore. 

74. Rani, U., Dalal, S., & Kumar, J. (2018). 

Optimizing performance of fuzzy 

decision support system with multiple 



Adapa Maheshwar Rao et al. International Journal of Recent Research Aspects ISSN: 2349-7688, 
Special Issue: Recent Innovation in Science, Engineering & Management, May 2022, pp. 131-141 

© 2022 IJRAA All Rights Reserved                                                                         page   - 139- 

parameter dependency for cloud 

provider evaluation. Int. J. Eng. 

Technol, 7(1.2), 61-65. 

75. Dahiya, N., Dalal, S., & Khatri, S. 

(2017). An Enhanced Bat Algorithm 

for Data Clustering Problems. 

International Journal of Advanced 

Research in Computer Science, 8(3). 

76. Dahiya, N., Dalal, S., & Khatri, S. 

(2017). Data clustering and its 

Application to numerical function 

optimization algorithm. International 

Journal of Advanced Research in 

Computer Science, 8(1). 

77. Arora, S., & Dalal, S. (2017). Adaptive 

Model For Integrity Verification In 

Cloud Computing System. 

International Journal of Advanced 

Research in Computer Science, 8(1), 

233-236. 

78. Neeraj Dahiya, S. (2017). Numerical 

Function Optimization: Model, 

Procedure And Uses. International 

Journal of Engineering Science and 

Technology (IJEST), 9(4), 266-270. 

79. Dahiya, N., Dalal, S., & Khatri, S. 

(2016). Refinement with Image 

clustering using Self-Organizing Map 

and Numerical Function Optimization. 

International Journal of Computer 

Science and Information Security, 

14(11), 909. 

80. Neeraj Dahiya, S. (2016). A Review on 

Numerical function optimization 

Algorithm and its Applications to Data 

Clustering & Classification. 

International Journal of Recent 

Research Aspects, 3(3), 115-121. 

81. Arora, S., & Dalal, S. (2016). Novel 

Approach of Integrity Verification in 

Dynamic Cloud Environment. 

International Journal of Computer 

Science and Information Security, 

14(8), 207. 

82. Dalal, S., & Kukreja, S. (2016). 

Genetic Algorithm based Novel 

approach for Load Balancing problem 

in Cloud environment. International 

Journal of computer science and 

information security, 14(7), 88. 

83. Arora, S., & Dalal, S. (2016). Study of 

Integrity Based Algorithm in 

Decentralized Cloud Computing 

Environment. International Journal of 

Institutional & Industrial Research, 

1(1), 15-17. 

84. Vishakha, S. D. (2016). Performance 

Analysis of Cloud Load Balancing 

Algorithms. International Journal of 

Institutional and Industrial Research, 

1(01), 1-5. 

85. Dalal, S., & Jindal, U. (2016, March). 

Performance of integrated signature 

verification approach. In 2016 3rd 

International Conference on 

Computing for Sustainable Global 

Development (INDIACom) (pp. 3369-

3373). IEEE. 

86. Dahiya, N., Dalal, S., & Tanwar, G. 

(2016, March). Refining of image 

using self-organizing map with 

clustering. In AIP Conference 

Proceedings (Vol. 1715, No. 1, p. 

020064). AIP Publishing LLC. 

87. Dahiya, N., Dalal, S., & Khatri, S. 

(2016). A Review on Numerical 

function optimization Algorithm and 

its Applications to Data Clustering & 

Classification. International Journal of 

Recent Research Aspects, 3(3), 111-

115. 

88. Arora, S., & Dalal, S. (2016). Enhanced 

Privacy Preserving Access Control in 

the Cloud. International Journal of 

Recent Research Aspects, 3(4), 66-70. 

89. Dahiya, N., Dalal, S., Khatri, S., & 

Kumar, Y. (2016). Cat Swarm 

Optimization: Applications And 

Experimental Illustrations To Data 

Clustering. International Journal of 

Control Theory and Applications, 

9(41), 759-765. 

90. Rani, U., & Dalal, S. (2016). Neural 

Network Applications in Design 

Process of Decision Support System. 

International Journal of Recent 

Research Aspects, 4(2), 40-44. 

91. Seth, B., & Dalal, S. (2016). Designing 

Hybrid Security Architecture in Multi 

Cloud System. International Journal of 

Control Theory and Applications, 

9(41), 767-776. 

92. Seth, B., & Dalal, S. (2016). Analysis 

of cryptographic approaches. 

International Journal of Recent 

Research Aspect, 3(1), 21-24. 

93. Jindal, U., & Dalal, S. (2016). Survey 

on Signature verification and 

recognition using SIFT and its variant. 



Adapa Maheshwar Rao et al. International Journal of Recent Research Aspects ISSN: 2349-7688, 
Special Issue: Recent Innovation in Science, Engineering & Management, May 2022, pp. 131-141 

© 2022 IJRAA All Rights Reserved                                                                         page   - 140- 

International Journal of Recent 

Research Aspects, 3(3), 26-29. 

94. Sharma, P., & Dalal, S. (2014). 

Reviewing MANET Network Security 

Threats. identity, 25-30. 

95. Sharma, D., Dalal, S., & Sharma, K. K. 

(2014). Evaluating Heuristic based 

Load Balancing Algorithm through 

Ant Colony Optimization. 

environment, 5-9. 

96. Sharma, D., Sharma, K., & Dalal, S. 

(2014). Optimized load balancing in 

grid computing using tentative ant 

colony algorithm. International Journal 

of Recent Research Aspects, 1(1), 35-

39. 

97. Jindal, K., Dalal, S., & Sharma, K. K. 

(2014, February). Analyzing spoofing 

attacks in wireless networks. In 2014 

Fourth International Conference on 

Advanced Computing & 

Communication Technologies (pp. 

398-402). IEEE. 

98. Dalal, Surjeet & Srinivasan, S, 

Approach of multi agent system in 

controlling bullwhip effect of supply 

chain management system using case 

based reasoning, Department of 

Computer Science, Suresh Gyan Vihar 

University, 20/01/2014,  

http://hdl.handle.net/10603/36464 

99. Sharma, S., & Dalal, S. (2014). 

Recognition and identification schemes 

for the development of Eigen feature 

extraction based iris recognition 

system. International Journal of Recent 

Research Aspects ISSN, 2349-7688. 

100. Sharma, P., Sharma, K., & Dalal, S. 

(2014). Preventing Sybil Attack in 

MANET using Super nodes approach. 

International Journal of Recent 

Research Aspects, 1(1), 30-34. 

101. Simi Gupta, D., & Dalal, S. (2014). 

Efficient broker scheduling in Cloud 

Computing. International Journal of 

Recent Research Aspects, 1(2), 74-77. 

102. Sharma, S., & Dalal, S. (2014). Feature 

Recognition from Histogram and Eigen 

Algorithm in Digital Image Processing. 

103. Gupta, S., Sharma, K. K., & Dalal, S. 

(2014). Multi objective parameters for 

real time scheduling in cloud 

computing. 

104. Mittal, A., & Dalal, S. (2014). Implying 

p-Cure algorithm in case retrieval stage 

of the case-based reasoning. 

International Journal of Recent 

Research Aspects, 3(3), 91-98. 

105. Mittal, A., Sharma, K. K., & Dalal, S. 

(2014). Approach of BPEL in supply 

chain activities for managing bullwhip 

effect of SCM system. Int. J. Res. Asp. 

Eng. Manag, 1(2), 26-30. 

106. Sharma, P., & Dalal, S. (2014). 

Shortest Path Algorithms Technique 

for Nearly Acyclic Graphs. 

International Journal of Recent 

Research Aspects, 3(3), 36-39. 

107. Dalal, S., Jaglan, V., & Sharma, K. K. 

(2014). Designing architecture of 

demand forecasting tool using multi-

agent system. International Journal of 

Advanced Research in Engineering and 

Applied Sciences, 3(1), 11-20. 

108. Sheikh, M., Sharma, K., & Dalal, S. 

(2014). Efficient method for WiMAX 

soft handover in VOIP and IPTV. 

International Journal of Research 

Aspects of Engineering & 

Management, 1(2), 5-48. 

109. Kumar, S., & Dalal, S. (2014). 

Optimizing Intrusion Detection System 

using Genetic Algorithm. International 

Journal of Research Aspects of 

Engineering and Management ISSN, 

2348-6627. 

110. Mittal, A., Sharma, K. K., & Dalal, S. 

(2014). Applying clustering algorithm 

in case retrieval phase of the case-based 

reasoning. International Journal of 

Research Aspects of Engineering and 

Management, 1(2), 14-16. 

111. Dalal, S., Jaglan, V., & Sharma, K. K. 

(2014). Integrating Multi-case-base-

reasoning with Distributed case-based 

reasoning. International Journal of 

Advanced Research in IT and 

Engineering ISSN, 2278-6244. 

112. Saini, A., Sharma, K. K., & Dalal, S. 

(2014). A survey on outlier detection in 

WSN. International Journal of 

Research Aspects of Engineering and 

Management ISSN, 2348-6627. 

113. Sharma, P., Sharma, D. K., & Dalal, S. 

(2014). Preventing Sybil Attack In 

MANET Using Super Node Using 

Approach. International Journal of 

Recent Research Aspects, ISSN, 2349-

7688. 



Adapa Maheshwar Rao et al. International Journal of Recent Research Aspects ISSN: 2349-7688, 
Special Issue: Recent Innovation in Science, Engineering & Management, May 2022, pp. 131-141 

© 2022 IJRAA All Rights Reserved                                                                         page   - 141- 

114. Chahar, P., & Dalal, S. (2013). 

Deadlock resolution techniques: an 

overview. International Journal of 

Scientific and Research Publications, 

3(7), 1-5. 

115. Dalal, Surjeet, Keshav Jindal, and 

Monika Nirwal. "Developing Flexible 

Decision Support Systems Using Case-

Base Reasoning System." International 

Journal of Engineering and 

Management Research (IJEMR) 3.4 

(2013): 13-17. 

116. Dalal, S., & Sharma, K. K. (2013). 

Simulating supply chain activities in 

multi-agent based supply chain 

management system with plasma 

simulator. International journal of 

Computer Science & Communication, 

4(1), 80-85. 

117. Dalal, S., Tanwar, G., & Alhawat, N. 

(2013). Designing CBRBDI agent for 

implementing supply chain system. 

system, 3(1), 1288-1292. 

118. Dalal, S., & Athavale, V. (2012). 

Challenging Bullwhip Effect of Supply 

Chain Through Case Based Multi 

Agent System: A Review. International 

Journal of Advanced Research in 

Computer Science and Software 

Engineering, 2(12), 267-272. 

119. Dalal, S., Tanwar, G., & Jindal, K. 

(2012). Agent Oriented Programming 

In Trading System Automation. 

International Journal of Research in IT, 

Management and Engineering, 2(8), 

51-59. 

120. Dalal, Surjeet, and Vijay Athavale. 

"Analysing Supply Chain Strategy 

Using Case-Based Reasoning." Journal 

of Supply Chain Management Systems 

1.3 (2012). 

121. Jindal, K., Dalal, S., & Jaglan, V. 

(2012). Comparative Study On IEEE 

802.11 Wireless Local Area Network 

Securities. International Journal of 

Advanced Research in Computer 

Science, 3(1). 

122. Jindal, K., Dalal, S., & Tanwar, G. 

(2012). Congestion Control 

Framework in Ad-Hoc Wireless using 

Neural Networks in QoS. International 

Journal of Research in Computer 

Engineering and Electronics, ISSN, 15-

18. 

123. Dalal, S., Athavale, V., & Jindal, K. 

(2012). Designing Case-based 

reasoning applications with Colibri 

Studio. International Journal of 

Research in Computer Engineering and 

Electronics, 1(1), 15-18. 

124. Jaglan, V., Dalal, S., & Srinivasan, S. 

(2011). Improving performance of 

business intelligence through case 

based reasoning. International Journal 

of Engineering Science and 

Technology, 3(4), 2880-2886. 

125. Jaglan, V., Dalai, S., & Srinivasan, S. 

(2011). Enhancing security of agent-

oriented techniques programs code 

using jar files. International Journal on 

Computer Science and Engineering, 

3(4), 1627-1632. 

126. Dalal, S., Athavale, V., & Jindal, K. 

(2011). Case retrieval optimization of 

Case-based reasoning through 

Knowledge-intensive Similarity 

measures. Int. J. Comput. Appl, 34(3), 

12-18. 

127. Surjeet Dalal, V., & Kumar, S. (2010). 

Designing of business tool using 

intelligent agent. In National 

Conference Advanced Computing & 

Communication tech ACCT (pp. 751-

754). 

128. Optimization of slow sand filtration - 

Nur Muhammad, Ken Ellis, Jeremy 

Parr and Michael D Smith, WEDC. 

 


