
71 

 

REFERENCES 

Albrecht, A., Howlett, P., Pudney, P., Vu, X. & Zhou, P., 2016. The key principles of optimal 
train control—Part 1: Formulation of the model, strategies of optimal type, 
evolutionary lines, location of optimal switching points. Transportation Research Part 
B: Methodological, 94, 482-508. 

Albrecht, A.R., Howlett, P.G., Pudney, P.J. & Vu, X., 2013. Energy-efficient train control: 
From local convexity to global optimization and uniqueness. Automatica, 49, 3072-
3078. 

Arnani, M., 2020. PLN Sediakan Layanan Premium bagi Semua Golongan Pelanggan, Apa 
Itu? [online]. kompas.com. Available from:  [Accessed Access Date 2023]. 

Bao, K., Lu, S., Xue, F. & Tan, Z., Year. Optimization for train speed trajectory based on 
Pontryagin's Maximum Principleed.^eds. 2017 IEEE 20th International Conference 
on Intelligent Transportation Systems (ITSC), 1-6. 

Betts, J.T., 2010. Practical methods for optimal control and estimation using nonlinear 
programming: SIAM. 

Bocharnikov, Y., Tobias, A. & Roberts, C., Year. Reduction of train and net energy 
consumption using genetic algorithms for trajectory optimisationed.^eds. IET 
Conference on Railway Traction Systems (RTS 2010)IET, 1-5. 

Chevrier, R., Pellegrini, P. & Rodriguez, J., 2013. Energy saving in railway timetabling: A bi-
objective evolutionary approach for computing alternative running times. 
Transportation Research Part C: Emerging Technologies, 37, 20-41. 

Detiknews, 2023. Peta LRT Jabodebek: Info Rute dan Lokasi Stasiunnya [online]. Detiknews. 
Available from: https://news.detik.com/berita/d-6771793/peta-lrt-jabodebek-info-rute-
dan-lokasi-stasiunnya [Accessed Access Date 2023]. 

Ferbrache, F. & Knowles, R.D., 2017. City boosterism and place-making with light rail 
transit: A critical review of light rail impacts on city image and quality. Geoforum, 80, 
103-113. 

Haahr, J.T., Pisinger, D. & Sabbaghian, M., 2017. A dynamic programming approach for 
optimizing train speed profiles with speed restrictions and passage points. 
Transportation Research Part B: Methodological, 99, 167-182. 

Hai, N.T., Year. Evaluation of effect Pontryagin's Maximum Principle for optimal control 
train by criteria of energy saveed.^eds. 2010 International Symposium on Computer, 
Communication, Control and Automation (3CA)IEEE, 363-366. 

Howlett, P., 2016. A new look at the rate of change of energy consumption with respect to 
journey time on an optimal train journey. Transportation Research Part B: 
Methodological, 94, 387-408. 

Kirk, D.E., 2004. Optimal control theory: an introduction: Courier Corporation. 

Kopp, R.E., 1962. Pontryagin maximum principle. Mathematics in Science and Engineering. 
Elsevier, 255-279. 

Kouzoupis, D., Pendharkar, I., Frey, J., Diehl, M. & Corman, F., 2023. Direct multiple 
shooting for computationally efficient train trajectory optimization. Transportation 
Research Part C: Emerging Technologies, 152, 104170. 

Optimizing Train Trajectory for Energy-Efficient Train Control Using Radau Pseudospectral Method
in
LRT Jabodebek, Indonesia
Muhammad Iqbal, Prof. Ir. Siti Malkhamah, M.Sc., Ph.D., IPU., ASEAN.Eng.; M. Rizka Fahmi Amrozi, S.T., M.Sc., Ph.D.
Universitas Gadjah Mada, 2023 | Diunduh dari http://etd.repository.ugm.ac.id/



72 

 

Mardanov, M. & Sharifov, Y.A., Year. Pontryagin’s maximum principle for the optimal 
control problems with multipoint boundary conditionsed.^eds. Abstract and Applied 
AnalysisHindawi. 

Miricǎ, Ş., 1992. A proof of Pontryagin's minimum principle using dynamic programming. 
Journal of mathematical analysis and applications, 170, 501-512. 

Pachl, J., 2018. Railway Operation and Control: VTD Rail Publishing. 

Pt Adhi Karya (Persero) Tbk., 2023a. Headway Report. LRT Jabodebek Project: L.J. Project. 

Pt Adhi Karya (Persero) Tbk., 2023b. RST Parameters. LRT Jabodebek Project: L.J. Project. 

Rao, A.V., Benson, D., Darby, C.L., Mahon, B., Francolin, C., Patterson, M., Sanders, I. & 
Huntington, G., 2011. User’s manual for gpops version 4. x: A matlab software for 
solving multiple-phase optimal control problems using hp–adaptive pseudospectral 
methods. University of Florida, Gainesville, 1-32. 

Scheepmaker, G.M. & Goverde, R.M.P., 2015. The interplay between energy-efficient train 
control and scheduled running time supplements. Journal of Rail Transport Planning 
& Management, 5, 225-239. 

Scheepmaker, G.M., Goverde, R.M.P. & Kroon, L.G., 2017. Review of energy-efficient train 
control and timetabling. European Journal of Operational Research, 257, 355-376. 

Scheepmaker, G.M., Pudney, P.J., Albrecht, A.R., Goverde, R.M.P. & Howlett, P.G., 2020a. 
Optimal running time supplement distribution in train schedules for energy-efficient 
train control. Journal of Rail Transport Planning & Management, 14, 100180. 

Scheepmaker, G.M., Willeboordse, H.Y., Hoogenraad, J.H., Luijt, R.S. & Goverde, R.M.P., 
2020b. Comparing train driving strategies on multiple key performance indicators. 
Journal of Rail Transport Planning & Management, 13, 100163. 

Schittenhelm, B., Year. Planning with timetable supplements in railway timetablesed.^eds. 
Proceedings from the Annual Transport Conference at Aalborg University. 

Sicre, C., Cucala, A.P. & Fernández-Cardador, A., 2014. Real time regulation of efficient 
driving of high speed trains based on a genetic algorithm and a fuzzy model of manual 
driving. Engineering Applications of Artificial Intelligence, 29, 79-92. 

Su, Z., Year. Design of a train trajectory optimization method based on pseudo-spectral 
methoded.^eds. 2020 International Conference on Artificial Intelligence and 
Electromechanical Automation (AIEA)IEEE, 163-167. 

Tian, Z., Zhao, N., Hillmansen, S., Roberts, C., Dowens, T. & Kerr, C., 2019. SmartDrive: 
Traction energy optimization and applications in rail systems. IEEE Transactions on 
Intelligent Transportation Systems, 20, 2764-2773. 

Uic, 2000. Timetable recovery margins to guarantee timekeeping - Recovery margins, 4th 
Edition. Paris: UIC. 

Wang, P. & Goverde, R.M., 2016. Multiple-phase train trajectory optimization with signalling 
and operational constraints. Transportation Research Part C: Emerging Technologies, 
69, 255-275. 

Wang, P., Trivella, A., Goverde, R.M. & Corman, F., 2020. Train trajectory optimization for 
improved on-time arrival under parametric uncertainty. Transportation Research Part 
C: Emerging Technologies, 119, 102680. 

Optimizing Train Trajectory for Energy-Efficient Train Control Using Radau Pseudospectral Method
in
LRT Jabodebek, Indonesia
Muhammad Iqbal, Prof. Ir. Siti Malkhamah, M.Sc., Ph.D., IPU., ASEAN.Eng.; M. Rizka Fahmi Amrozi, S.T., M.Sc., Ph.D.
Universitas Gadjah Mada, 2023 | Diunduh dari http://etd.repository.ugm.ac.id/



73 

 

Wang, Y., De Schutter, B., Van Den Boom, T.J. & Ning, B., 2013. Optimal trajectory 
planning for trains–a pseudospectral method and a mixed integer linear programming 
approach. Transportation Research Part C: Emerging Technologies, 29, 97-114. 

Wang, Y., De Schutter, B., Van Den Boom, T.J. & Ning, B., 2014. Optimal trajectory 
planning for trains under fixed and moving signaling systems using mixed integer 
linear programming. Control Engineering Practice, 22, 44-56. 

Wang, Z.-Q. & Guo, B.-Y., 2012. Legendre-Gauss-Radau collocation method for solving 
initial value problems of first order ordinary differential equations. Journal of 
Scientific Computing, 52, 226-255. 

Wikipedia, 2023a. Jabodebek LRT [online]. Wikipedia, The Free Encyclopedia. Available 
from: https://en.wikipedia.org/w/index.php?title=Jabodebek_LRT&oldid=1167042773 
[Accessed Access Date 2023]. 

Wikipedia, 2023b. MATLAB [online]. Wikipedia, The Free Encyclopedia. Available from: 
https://en.wikipedia.org/w/index.php?title=MATLAB&oldid=1166260040 [Accessed 
Access Date 2023]. 

World Population Review, 2023. Jakarta Population 2023 [online]. World Population 
Review. Available from: https://worldpopulationreview.com/world-cities/jakarta-
population [Accessed Access Date 2023]. 

Yang, S., Wu, J., Yang, X., Sun, H. & Gao, Z., 2018. Energy-efficient timetable and speed 
profile optimization with multi-phase speed limits: Theoretical analysis and 
application. Applied Mathematical Modelling, 56, 32-50. 

Zhao, N., Tian, Z., Chen, L., Roberts, C. & Hillmansen, S., 2020. Driving strategy 
optimization and field test on an urban rail transit system. IEEE Intelligent 
Transportation Systems Magazine, 13, 34-44. 

  

Optimizing Train Trajectory for Energy-Efficient Train Control Using Radau Pseudospectral Method
in
LRT Jabodebek, Indonesia
Muhammad Iqbal, Prof. Ir. Siti Malkhamah, M.Sc., Ph.D., IPU., ASEAN.Eng.; M. Rizka Fahmi Amrozi, S.T., M.Sc., Ph.D.
Universitas Gadjah Mada, 2023 | Diunduh dari http://etd.repository.ugm.ac.id/




