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Abstract

Fuel selection influences internal combustion engine (ICE) performance and toxic
emissions. However, predictive monitoring plays an imperative function in the validation

and support of the machine. It optimizes engine running performance, reduces
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emissions, and increases efficiency. This study investigates the emission reduction and
optimization of brake thermal efficiency (BTE) using a blended fuel —hydrogen, biofuel,
and water on a one-cylinder compression ignition (CI) engine. Simulink simulations are
used to collect data, which is then preprocessed and analyzed using advanced feature
extraction to increase prediction accuracy. In this paper, a hybrid deep reinforcement
learning, and artificial neural network (DRL-ANN) is initiated and designed to predict CI
engine emission attributes. To optimize the prediction model, this method combines DRL
and neural networks. As a result, the model achieved superior predictive accuracy
compared with earlier approaches regarding accuracy (BTE 0.96851, CO 0.95124, HC
0.96624), mean-squared errors (BTE 0.00018, CO 0.00058, HC 0.00055) and R? (BTE
0.95478, CO 0.94694, HC 0.97015). This study demonstrated the prediction model's

efficacy in optimizing CI engine running characteristics and fuel types.

@ Thisis apreview of subscription content, login via an institution (2 to check

daccess.

Access this chapter

Subscribe and save

® Springer+ from €37.37 /Month

Starting from 10 chapters or articles per month

Access and download chapters and articles from more than 300k books and 2,500
journals

Cancel anytime

( Viewplans - >

Buy Now



https://wayf.springernature.com/?redirect_uri=https%3A%2F%2Flink.springer.com%2Fchapter%2F10.1007%2F978-981-97-7532-3_26
https://wayf.springernature.com/?redirect_uri=https%3A%2F%2Flink.springer.com%2Fchapter%2F10.1007%2F978-981-97-7532-3_26
https://link.springer.com/product/springer-plus

A Chapter EUR 29.95
Price includes VAT (India)

Available as PDF
Read on any device
Instant download

Own it forever

v eBook EUR 192.59

v Softcover Book EUR 229.99

Tax calculation will be finalised at checkout

Purchases are for personal use only

Institutional subscriptions >

Similar content being viewed by others

Cyber
Intelligence and

Information
Retrieval

Prawadimg of (02 00, s

M 455 ok THATN L'
Mvraars Lom T el

- An optimal data An Optimal Neural
Neur:a! Nefwork analytics model for Network Model for
Participation to accurate projectionof CI  Projecting of Cl Engine
Enhance Hydrogen- engine performance... Operational Efficiency...

Biofuel Cl Engine...

Article 10 November
Chapter ©2024 Article 29 March 2025 2025


https://www.springernature.com/gp/librarians/licensing/agc/ebooks
https://www.springernature.com/gp/librarians/licensing/agc/ebooks
https://link.springer.com/10.1007/978-981-97-3594-5_11?fromPaywallRec=true
https://link.springer.com/10.1007/s10668-025-06130-6?fromPaywallRec=true
https://link.springer.com/10.1007/s42979-025-04474-4?fromPaywallRec=true

Explore related subjects

Discover the latest articles, books and news in related subjects, suggested using machine

learning.
Automotive Engineering Biodiesel Biofuels Engine Technology
Hydrogen Fuel Internal Combustion Engines

Artificial Intelligence Applications in Internal Combustion Engine Performance

References

1. Gupta SK, Mittal M (2020) Assessing the influence of compression ratio on engine
characteristics including operational limits of a biogas-fueled spark-ignition engine. J
Eng Gas Turbines Power 142(12)

Google Scholar

7. Wei H, Zhang R, Lin C-T, Pan ], Wang X (May2021) Effects of high ignition energy on
lean combustion characteristics of natural gas using an optical engine with a high
compression ratio. Energy 223:120053-120053

Article Google Scholar

3. Kannaiyan K, Sadr R (Jun.2021) Microscopic spray measurements of non-reacting
alternative jet fuel: Effect of ambient gas temperature. Fuel 294:120467

Article MATH Google Scholar

/,. Abdin Z, Zafaranloo A, Rafiee A, Mérida W, Lipinski W, Khalilpour KR (Mar.2020)
Hydrogen as an energy vector. Renew Sustain Energy Rev 120:109620

Article Google Scholar



https://link.springer.com/subjects/automotive-engineering
https://link.springer.com/subjects/biodiesel
https://link.springer.com/subjects/biofuels
https://link.springer.com/subjects/engine-technology
https://link.springer.com/subjects/hydrogen-fuel
https://link.springer.com/subjects/internal-combustion-engines
https://link.springer.com/subjects/artificial-intelligence-applications-in-internal-combustion-engine-performance
https://scholar.google.com/scholar?&q=Gupta%20SK%2C%20Mittal%20M%20%282020%29%20Assessing%20the%20influence%20of%20compression%20ratio%20on%20engine%20characteristics%20including%20operational%20limits%20of%20a%20biogas-fueled%20spark-ignition%20engine.%20J%20Eng%20Gas%20Turbines%20Power%20142%2812%29
https://doi.org/10.1016%2Fj.energy.2021.120053
https://scholar.google.com/scholar_lookup?&title=Effects%20of%20high%20ignition%20energy%20on%20lean%20combustion%20characteristics%20of%20natural%20gas%20using%20an%20optical%20engine%20with%20a%20high%20compression%20ratio&journal=Energy&volume=223&pages=120053-120053&publication_year=2021&author=Wei%2CH&author=Zhang%2CR&author=Lin%2CC-T&author=Pan%2CJ&author=Wang%2CX
https://doi.org/10.1016%2Fj.fuel.2021.120467
http://www.emis.de/MATH-item?1462.35062
https://scholar.google.com/scholar_lookup?&title=Microscopic%20spray%20measurements%20of%20non-reacting%20alternative%20jet%20fuel%3A%20Effect%20of%20ambient%20gas%20temperature&journal=Fuel&volume=294&publication_year=2021&author=Kannaiyan%2CK&author=Sadr%2CR
https://doi.org/10.1016%2Fj.rser.2019.109620
https://scholar.google.com/scholar_lookup?&title=Hydrogen%20as%20an%20energy%20vector&journal=Renew%20Sustain%20Energy%20Rev&volume=120&publication_year=2020&author=Abdin%2CZ&author=Zafaranloo%2CA&author=Rafiee%2CA&author=M%C3%A9rida%2CW&author=Lipi%C5%84ski%2CW&author=Khalilpour%2CKR

. Abe JO, Popoola API, Ajenifuja E, Popoola OM (Jun.2019) Hydrogen energy, economy
and storage: Review and recommendation. Int ] Hydrogen Energy 44(29):15072—
15086

Article MATH Google Scholar

. Bhowmik S, Panua R, Kumar Ghosh S, Debroy D, Paul A (2018) A comparative study of
artificial intelligence based models to predict performance and emission
characteristics of a single cylinder diesel engine fueled with diesosenol. ] Therm Sci
Eng Appl 10(4)

Google Scholar

. Acheampong AO, Boateng EB (Jul.2019) Modelling carbon emission intensity:
Application of artificial neural network. J Clean Prod 225:833—-856

Article MATH Google Scholar

_ Bakay MS, Agbulut U (Feb.2021) Electricity production-based forecasting of
greenhouse gas emissions in Turkey with deep learning, support vector machine and

artificial neural network algorithms. J Clean Prod 285:125324

Article MATH Google Scholar

. LiY, Jia M, Han X, Bai X-S (Jun.2021) Towards a comprehensive optimization of
engine efficiency and emissions by coupling artificial neural network (ANN) with
genetic algorithm (GA). Energy 225:120331

Article Google Scholar

10. Karthic SV, Masimalai S (2019) Predicting the performance and emission

characteristics of a Mahua oil-hydrogen dual fuel engine using artificial neural
networks 42(23)2891-2910


https://doi.org/10.1016%2Fj.ijhydene.2019.04.068
http://www.emis.de/MATH-item?1392.35062
https://scholar.google.com/scholar_lookup?&title=Hydrogen%20energy%2C%20economy%20and%20storage%3A%20Review%20and%20recommendation&journal=Int%20J%20Hydrogen%20Energy&volume=44&issue=29&pages=15072-15086&publication_year=2019&author=Abe%2CJO&author=Popoola%2CAPI&author=Ajenifuja%2CE&author=Popoola%2COM
https://scholar.google.com/scholar?&q=Bhowmik%20S%2C%20Panua%20R%2C%20Kumar%20Ghosh%20S%2C%20Debroy%20D%2C%20Paul%20A%20%282018%29%20A%20comparative%20study%20of%20artificial%20intelligence%20based%20models%20to%20predict%20performance%20and%20emission%20characteristics%20of%20a%20single%20cylinder%20diesel%20engine%20fueled%20with%20diesosenol.%20J%20Therm%20Sci%20Eng%20Appl%2010%284%29
https://doi.org/10.1016%2Fj.jclepro.2019.03.352
http://www.emis.de/MATH-item?1121.76425
https://scholar.google.com/scholar_lookup?&title=Modelling%20carbon%20emission%20intensity%3A%20Application%20of%20artificial%20neural%20network&journal=J%20Clean%20Prod&volume=225&pages=833-856&publication_year=2019&author=Acheampong%2CAO&author=Boateng%2CEB
https://doi.org/10.1016%2Fj.jclepro.2020.125324
http://www.emis.de/MATH-item?1472.34057
https://scholar.google.com/scholar_lookup?&title=Electricity%20production-based%20forecasting%20of%20greenhouse%20gas%20emissions%20in%20Turkey%20with%20deep%20learning%2C%20support%20vector%20machine%20and%20artificial%20neural%20network%20algorithms&journal=J%20Clean%20Prod&volume=285&publication_year=2021&author=Bakay%2CMS&author=A%C4%9Fbulut%2C%C3%9C
https://doi.org/10.1016%2Fj.energy.2021.120331
https://scholar.google.com/scholar_lookup?&title=Towards%20a%20comprehensive%20optimization%20of%20engine%20efficiency%20and%20emissions%20by%20coupling%20artificial%20neural%20network%20%28ANN%29%20with%20genetic%20algorithm%20%28GA%29&journal=Energy&volume=225&publication_year=2021&author=Li%2CY&author=Jia%2CM&author=Han%2CX&author=Bai%2CX-S

11.

12.

13.

14,

15.

Google Scholar

Leo GML, Sekar S, Arivazhagan S (2020) Experimental investigation and ANN
modelling of the effects of diesel/gasoline premixing in a waste cooking oil-fuelled
HCCI-DI engine. ] Therm Anal Calorim

Google Scholar

Kenanoglu R, Baltacioglu MK, Demir MH, Erkinay Ozdemir M (2020) Performance
& emission analysis of HHO enriched dual-fuelled diesel engine with artificial neural
network prediction approaches. Int ] Hydrog Energy 45(49):26357-26369

Google Scholar

Vijin Prabhu A, Alagumalai A, Jodat A (2021) Artificial neural networks to predict the
performance and emission parameters of a compression ignition engine fuelled with
diesel and preheated biogas—air mixture 145(4):1935—-1948

Google Scholar

Boyiikdipi O, Tiiccar G, Soyhan HS (Nov.2021) Experimental investigation and
artificial neural networks (ANNs) based prediction of engine vibration of a diesel

engine fueled with sunflower biodiesel — NH3 mixtures. Fuel 304:121462

Article Google Scholar

Hariharan N, Senthil V, Krishnamoorthi M, Karthic SV (Jun.2020) Application of
artificial neural network and response surface methodology for predicting and
optimizing dual-fuel CI engine characteristics using hydrogen and bio fuel with
water injection. Fuel 270:117576

Article Google Scholar



https://scholar.google.com/scholar?&q=Karthic%20SV%2C%20Masimalai%20S%20%282019%29%20Predicting%20the%20performance%20and%20emission%20characteristics%20of%20a%20Mahua%20oil-hydrogen%20dual%20fuel%20engine%20using%20artificial%20neural%20networks%2042%2823%292891%E2%80%932910
https://scholar.google.com/scholar?&q=Leo%20GML%2C%20Sekar%20S%2C%20Arivazhagan%20S%20%282020%29%20Experimental%20investigation%20and%20ANN%20modelling%20of%20the%20effects%20of%20diesel%2Fgasoline%20premixing%20in%20a%20waste%20cooking%20oil-fuelled%20HCCI-DI%20engine.%20J%20Therm%20Anal%20Calorim
https://scholar.google.com/scholar?&q=Kenano%C4%9Flu%20R%2C%20Baltac%C4%B1o%C4%9Flu%20MK%2C%20Demir%20MH%2C%20Erk%C4%B1nay%20%C3%96zdemir%20M%20%282020%29%20Performance%20%26%20emission%20analysis%20of%20HHO%20enriched%20dual-fuelled%20diesel%20engine%20with%20artificial%20neural%20network%20prediction%20approaches.%20Int%20J%20Hydrog%20Energy%2045%2849%29%3A26357%E2%80%9326369
https://scholar.google.com/scholar?&q=Vijin%20Prabhu%20A%2C%20Alagumalai%20A%2C%20Jodat%20A%20%282021%29%20Artificial%20neural%20networks%20to%20predict%20the%20performance%20and%20emission%20parameters%20of%20a%20compression%20ignition%20engine%20fuelled%20with%20diesel%20and%20preheated%20biogas%E2%80%93air%20mixture%20145%284%29%3A1935%E2%80%931948
https://doi.org/10.1016%2Fj.fuel.2021.121462
https://scholar.google.com/scholar_lookup?&title=Experimental%20investigation%20and%20artificial%20neural%20networks%20%28ANNs%29%20based%20prediction%20of%20engine%20vibration%20of%20a%20diesel%20engine%20fueled%20with%20sunflower%20biodiesel%20%E2%80%93%20NH3%20mixtures&journal=Fuel&volume=304&publication_year=2021&author=B%C3%B6y%C3%BCkdipi%2C%C3%96&author=T%C3%BCccar%2CG&author=Soyhan%2CHS
https://doi.org/10.1016%2Fj.fuel.2020.117576
https://scholar.google.com/scholar_lookup?&title=Application%20of%20artificial%20neural%20network%20and%20response%20surface%20methodology%20for%20predicting%20and%20optimizing%20dual-fuel%20CI%20engine%20characteristics%20using%20hydrogen%20and%20bio%20fuel%20with%20water%20injection&journal=Fuel&volume=270&publication_year=2020&author=Hariharan%2CN&author=Senthil%2CV&author=Krishnamoorthi%2CM&author=Karthic%2CSV

16. Martinez-Morales J, Quej-Cosgaya H, Lagunas-Jiménez J et al (2019) Design
optimization of multilayer perceptron neural network by ant colony optimization

applied to engine emissions data. Sci China Technol Sci 62:1055—-1064

Article Google Scholar

17. Uslu S, Celik MB (2020) Performance and exhaust emission prediction of a SI engine
fueled with I-amyl alcohol-gasoline blends: an ANN coupled RSM based
optimization. Fuel 265:116922

Article Google Scholar

Acknowledgements

We want to acknowledge The Neotia University (TNU) for providing the resources and
support necessary for our research. Prof. (Dr.) Biswajit Ghosh, Hon'ble Vice Chancellor of
TNU, provided us with tremendous support, information exchange, and direction

throughout the project, and we are grateful to him.

Author information

Authors and Affiliations
The Neotia University (TNU), D.H. Road, 24 Pgns (S), Sarisa, West Bengal, 743368,

India
Atanu Roy & Manashi Chakraborty

Haldia Institute of Technology (HIT), Hati Beria, Haldia, West Bengal, 721657, India
Sabyasachi Pramanik

Indian Maritime University, Kolkata Campus, P-19, Taratalla Road, Kolkata, 700 088,
India

Kalyan Mitra

Corresponding author


https://link.springer.com/doi/10.1007/s11431-017-9235-y
https://scholar.google.com/scholar_lookup?&title=Design%20optimization%20of%20multilayer%20perceptron%20neural%20network%20by%20ant%20colony%20optimization%20applied%20to%20engine%20emissions%20data&journal=Sci%20China%20Technol%20Sci&volume=62&pages=1055-1064&publication_year=2019&author=Mart%C3%ADnez-Morales%2CJ&author=Quej-Cosgaya%2CH&author=Lagunas-Jim%C3%A9nez%2CJ
https://doi.org/10.1016%2Fj.fuel.2019.116922
https://scholar.google.com/scholar_lookup?&title=Performance%20and%20exhaust%20emission%20prediction%20of%20a%20SI%20engine%20fueled%20with%20I-amyl%20alcohol-gasoline%20blends%3A%20an%20ANN%20coupled%20RSM%20based%20optimization&journal=Fuel&volume=265&publication_year=2020&author=Uslu%2CS&author=Celik%2CMB

Correspondence to Sabyasachi Pramanik .

Editor information

Editors and Affiliations

Former, Raiganj University, Raiganj, West Bengal, India
Jyotsna Kumar Mandal

Computer Science & Engineering, Maulana Abul Kalam Azad University of Technology,
WB (formerly known as, West Bengal University of Technology), Kolkata, West Bengal,
India

Debashis De

Rights and permissions

Reprints and permissions

Copyright information

© 2024 The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd.

About this paper

Cite this paper

Roy, A., Pramanik, S., Mitra, K., Chakraborty, M. (2024). Application of Neural Network for
Reducing Emission and Optimizing Performance of Hydrogen with Biofuel Cl Engine. In:
Mandal, J.K., De, D. (eds) Machine Learning for Social Transformation. EAIT 2024. Lecture

Notes in Networks and Systems, vol 1131. Springer, Singapore.
https://doi.org/10.1007/978-981-97-7532-3_ 26

.RISY ENWY .BIBL

DOI Published Publisher Name
03 January 2025 Springer, Singapore


mailto:sabyalnt@gmail.com
https://s100.copyright.com/AppDispatchServlet?publisherName=SpringerNature&orderBeanReset=true&orderSource=SpringerLink&title=Application%20of%20Neural%20Network%20for%20Reducing%20Emission%20and%20Optimizing%20Performance%20of%20Hydrogen%20with%20Biofuel%20CI%20Engine&author=Atanu%20Roy%2C%20Sabyasachi%20Pramanik%2C%20Kalyan%20Mitra%20et%20al&contentID=10.1007%2F978-981-97-7532-3_26&copyright=The%20Author%28s%29%2C%20under%20exclusive%20license%20to%20Springer%20Nature%20Singapore%20Pte%20Ltd.&publication=eBook&publicationDate=2024&startPage=359&endPage=373&imprint=The%20Author%28s%29%2C%20under%20exclusive%20license%20to%20Springer%20Nature%20Singapore%20Pte%20Ltd.
https://citation-needed.springer.com/v2/references/10.1007/978-981-97-7532-3_26?format=refman&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-981-97-7532-3_26?format=refman&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-981-97-7532-3_26?format=endnote&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-981-97-7532-3_26?format=endnote&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-981-97-7532-3_26?format=bibtex&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-981-97-7532-3_26?format=bibtex&flavour=citation

https://doi.org/10.1007/9
78-981-97-7532-3 26

Print ISBN
978-981-97-7531-6

Keywords

ICE Emission

Publish with us

Policies and ethics [2

Online ISBN
978-981-97-7532-3

Hydrogen

Biofuel

DRL-ANN

eBook Packages

Intelligent Technologies

and Robotics

Intelligent Technologies
and Robotics (RO)

Springer Nature

Proceedings excluding

Computer Science



https://link.springer.com/search?facet-content-type=%22Book%22&package=42732&facet-start-year=2024&facet-end-year=2024
https://link.springer.com/search?facet-content-type=%22Book%22&package=42732&facet-start-year=2024&facet-end-year=2024
https://link.springer.com/search?facet-content-type=%22Book%22&package=43728&facet-start-year=2024&facet-end-year=2024
https://link.springer.com/search?facet-content-type=%22Book%22&package=43728&facet-start-year=2024&facet-end-year=2024
https://link.springer.com/search?facet-content-type=%22Book%22&package=85345&facet-start-year=2024&facet-end-year=2024
https://link.springer.com/search?facet-content-type=%22Book%22&package=85345&facet-start-year=2024&facet-end-year=2024
https://link.springer.com/search?facet-content-type=%22Book%22&package=85345&facet-start-year=2024&facet-end-year=2024
https://link.springer.com/search?query=ICE&facet-discipline=%22Engineering%22
https://link.springer.com/search?query=Emission&facet-discipline=%22Engineering%22
https://link.springer.com/search?query=Hydrogen&facet-discipline=%22Engineering%22
https://link.springer.com/search?query=Biofuel&facet-discipline=%22Engineering%22
https://link.springer.com/search?query=DRL-ANN&facet-discipline=%22Engineering%22
https://www.springernature.com/gp/policies/book-publishing-policies

