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XX1



Vehicle weight in Newton

Yaw angle

Yaw rate
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KAWALAN KADAR REWANG DAN GELINCIR SISI MENGGUNAKAN
PENDEKATAN PENGAWAL H-INFINITY-PID KETIKA PEMANDUAN

PENUKARAN LORONG AUTOMATIK

ABSTRAK

Pengawal PID klasik digunakan dengan meluas dalam aplikasi sistem kawalan in-
dustri. Walaupun struktur sistem pengawal PID senang difahami dan ringkas, didapati
bahawa untuk melaras parameter dan kadar pengawalnya adalah sukar, terutama bagi
sistem kawalan kenderaan yang terbukti lebih kompleks dan memakan masa. Kajian
ini bertujuan untuk mencadangkan algoritma pelarasan PID yang mudah dan menye-
lidik potensi penggunaan sintesis H. dalam mengoptimumkan kadar pengawalan PID
semasa pemanduan penukaran lorong automatik menggunakan anggaran sudut stereng
model pemandu pada kelajuan tetap 80 km/j. Dua algoritma pelarasan telah dica-
dangkan; Pertama, menggunakan nilai K, K; dari sempadan lokus yang stabil bersama
kaedah pelarasan Ziegler-Nichols (Z-N); Kedua, versi lanjutan dari algoritma pertama
menggunakan kaedah hibrid H., dan Chein. Dengan menggunakan model kendera-
an sisi satu-masukan-dua-keluaran (SITO) kawalan-stereng-hadapan (FWS), kadar re-
wang,  dan gelinciran sisi, 3, kedua-duanya dikawal menggunakan dua konfigurasi
PID; Satu-PID dan Dua-PID. Perbandingan prestasi dilakukan antara PID yang dila-
raskan secara automatik menggunakan MATLAB dan PID yang dilaraskan menggu-
nakan kaedah yang dicadangkan. Pengawal H..PID menunjukkan prestasi yang lebih
baik berbanding PID-MATLAB, terutamanya bagi konfigurasi Satu-PID yang meng-
hasilkan hanya 1.71 % ralat pada nilai akhir anjakan sisi. Ia mengurangkan kira-kira
0.58% ralat oleh pengawal Satu-PID tanpa sintesis H.. Namun, untuk konfigurasi

Dua-PID, ia hanya menghasilkan 55% keluaran jejak rujukan. Kesimpulannya, pe-

xxiil



REFERENCES

Ackerman, E. (2016). Lidar that will make self-driving cars affordable [news]. IEEE
Spectrum, 53(10), 14-14.

Ackermann, J. (1990). Robust car steering by yaw rate control. In 29th ieee conference
on decision and control (pp. 2033-2034).

Ahmed, S. (2016). Modeling and control of lane keeping system for autonomous
vehicle (Unpublished doctoral dissertation).

Ahmed, S., & Rahiman, W. (2016). Predictive control of an autonomous ground
vehicle for lane-keeping. Advanced Science Letters, 22(10), 2642-2646.

Akermi, K., Chouraqui, S., & Boudaa, B. (2020). Novel smc control design for
path following of autonomous vehicles with uncertainties and mismatched distur-
bances. International Journal of Dynamics and Control, 8(1), 254-268.

Apkarian, P., & Noll, D. (2017). The hal.d control problem is solved.

Ardelt, M., Coester, C., & Kaempchen, N. (2012). Highly automated driving on
freeways in real traffic using a probabilistic framework. IEEE Trans. Intelligent
Transportation Systems, 13(4), 1576—1585.

Aripin, M., Md Sam, Y., Danapalasingam, K. A., Peng, K., Hamzah, N., & Ismail, M.
(2014). A review of active yaw control system for vehicle handling and stability
enhancement. International journal of vehicular technology, 2014.

Asiabar, A. N., & Kazemi, R. (2019). A direct yaw moment controller for a four in-
wheel motor drive electric vehicle using adaptive sliding mode control. Proceed-
ings of the Institution of Mechanical Engineers, Part K: Journal of Multi-body
Dynamics, 233(3), 549-567.

Astrom, K. J., & Hagglund, T. (2001). The future of pid control. Control engineering
practice, 9(11), 1163—-1175.

Astrom, K. J., & Murray, R. M. (2010). Feedback systems. Princeton university press.

Attia, R., Orjuela, R., & Basset, M. (2014). Combined longitudinal and lateral control
for automated vehicle guidance. Vehicle System Dynamics, 52(2), 261-279.

Bansal, H. O., Sharma, R., & Shreeraman, P. (2012). Pid controller tuning techniques:
a review. Journal of control engineering and technology, 2(4), 168—176.

168



Barton, D. (2009). Guide to road design: part 3: geometric design.

Boada, B., Boada, M., & Diaz, V. (2005). Yaw moment control for vehicle stability in
a crosswind. International journal of vehicle design, 39(4), 331-348.

Bonnet, C., et al. (2017). Stabilization of miso fractional systems with delays. Auto-
matica, 83, 337-344.

Borase, R. P, Maghade, D., Sondkar, S., & Pawar, S. (2020). A review of pid control,
tuning methods and applications. International Journal of Dynamics and Control,
1-10.

Borrelli, F., Falcone, P., Keviczky, T., Asgari, J., & Hrovat, D. (2005). Mpc-based

approach to active steering for autonomous vehicle systems. International journal
of vehicle autonomous systems, 3(2-4), 265-291.

Boudali, M., Orjuela, R., Basset, M., & Attia, R. (2018). Emergency autonomous
vehicle guidance under steering loss. In 2018 ieee intelligent vehicles symposium
(iv) (pp. 2078-2083).

Bucchi, F.,, & Frendo, F. (2016). A new formulation of the understeer coefficient to
relate yaw torque and vehicle handling. Vehicle System Dynamics, 54(6), 831-
847.

Buggaveeti, S., Batra, M., McPhee, J., & Azad, N. (2017). Longitudinal vehicle
dynamics modeling and parameter estimation for plug-in hybrid electric vehicle.
SAE International Journal of Vehicle Dynamics, Stability, and NVH, 1(2017-01-
1574), 289-297.

Burgio, G., & Zegelaar, P. (2006). Integrated vehicle control using steering and brakes.
International Journal of Control, 79(05), 534-541.

Camarillo-Goémez, K. A., Pérez-Soto, G. 1., Rodriguez-Reséndiz, J., et al. (2018).
Comparison of pd, pid and sliding-mode position controllers for v—tail quadcopter
stability. leee Access, 6, 38086-38096.

Cerdeira, M., Falcon, P., Delgado, E., & Barreiro, A. (2018). Reset controller design
based on error minimization for a lane change maneuver. Sensors, 18(7), 2204.

Cerone, V., Milanese, M., & Regruto, D. (2008). Combined automatic lane-keeping
and driver’s steering through a 2-dof control strategy. IEEE Transactions on Con-
trol Systems Technology, 17(1), 135-142.

Chaib, S., Netto, M. S., & Mammar, S. (2004). H/sub/spl infin//, adaptive, pid and
fuzzy control: a comparison of controllers for vehicle lane keeping. In leee intel-
ligent vehicles symposium, 2004 (pp. 139-144).

Chaichaowarat, R., & Wannasuphoprasit, W. (2016). Full-slip kinematics based esti-
mation of vehicle yaw rate from differential wheel speeds. International journal
of automotive technology, 17(1), 83-90.

169



Chebly, A., Talj, R., & Charara, A. (2017). Coupled longitudinal and lateral control
for an autonomous vehicle dynamics modeled using a robotics formalism. /FAC-
PapersOnlLine, 50(1), 12526-12532.

Chen, W., Xiao, H., Wang, Q., Zhao, L., & Zhu, M. (2016). Integrated vehicle dynam-
ics and control. John Wiley & Sons.

Cheng, S., Li, L., Guo, H.-Q., Chen, Z.-G., & Song, P. (2019). Longitudinal col-
lision avoidance and lateral stability adaptive control system based on mpc of
autonomous vehicles. IEEE Transactions on Intelligent Transportation Systems.

Chindamo, D., Lenzo, B., & Gadola, M. (2018). On the vehicle sideslip angle estima-
tion: a literature review of methods, models, and innovations. applied sciences,
8(3), 355.

Chung, S., & Lee, H. (2015). Estimating desired yaw rate and control strategy analysis
on developed air esc system for performance evaluation. In 2015 15th interna-
tional conference on control, automation and systems (iccas) (pp. 2005-2010).

Conner, M. (2011). Automobile sensors may usher in self-driving cars. EDN-
Electronic Design News, 56(10), 38.

Crew, B. (2015). Driverless cars could reduce traffic fatalities by up to 90says
report. Retrieved from https://www.sciencealert.com/driverless—-cars
-could-reduce-traffic-fatalities-by-up-to-90-says-report

Diao, X., Jin, Y., Ma, L., Ding, S., & Jiang, H. (2017). Composite active front steering
controller design for vehicle system. IEEE Access, 5, 6697—6706.

Ding, N., & Taheri, S. (2010). An adaptive integrated algorithm for active front
steering and direct yaw moment control based on direct lyapunov method. Vehicle
System Dynamics, 48(10), 1193—-1213.

Ding, S., Liu, L., & Zheng, W. X. (2017). Sliding mode direct yaw-moment control
design for in-wheel electric vehicles. IEEE Transactions on Industrial Electron-
ics, 64(8), 6752-6762.

Dixit, S., Montanaro, U., Fallah, S., Dianati, M., Oxtoby, D., Mizutani, T., & Mouza-
kitis, A. (2018). Trajectory planning for autonomous high-speed overtaking using
mpc with terminal set constraints. In 2018 21st international conference on intel-
ligent transportation systems (itsc) (pp. 1061-1068).

Dolgov, D., & Urmson, C. (2013, June 25). Controlling vehicle lateral lane position-
ing. US Patents. (US Patent 8,781,670 B2)

Dominguez, S., Ali, A., Garcia, G., & Martinet, P. (2016). Comparison of lateral con-
trollers for autonomous vehicle: Experimental results. In 2016 ieee 19th interna-
tional conference on intelligent transportation systems (itsc) (pp. 1418—1423).

Du, Y., Wang, Y., & Chan, C.-Y. (2015). Autonomous lane-change controller. In 2015
ieee intelligent vehicles symposium (iv) (pp. 386-393).

170


https://www.sciencealert.com/driverless-cars-could-reduce-traffic-fatalities-by-up-to-90-says-report
https://www.sciencealert.com/driverless-cars-could-reduce-traffic-fatalities-by-up-to-90-says-report

El Hajjami, L., Mellouli, E. M., & Berrada, M. (2019). @articlenaranjo2008lane,
title=Lane-change fuzzy control in autonomous vehicles for the overtaking ma-
neuver, author=Naranjo, Jose E and Gonzalez, Carlos and Garcia, Ricardo and
De Pedro, Teresa, journal=IEEE Transactions on Intelligent Transportation Sys-
tems, volume=9, number=3, pages=438-450, year=2008, publisher=IEEE . In
Proceedings of the 4th international conference on big data and internet of things

(pp. 1-5).

Endsley, M. R. (2017). Autonomous driving systems: A preliminary naturalistic study
of the tesla model s. Journal of Cognitive Engineering and Decision Making,
11(3),225-238.

Erdogan, G., Hong, S., Borrelli, F., & Hedrick, K. (2011). Tire sensors for the mea-
surement of slip angle and friction coefficient and their use in stability control sys-

tems. SAE International Journal of Passenger Cars-Mechanical Systems, 4(2011-
01-0095), 44-58.

Ferrara, A., & Incremona, G. P. (2018). Sliding modes control in vehicle longitudinal
dynamics control. In Advances in variable structure systems and sliding mode
controldATtheory and applications (pp. 357-383). Springer.

Fundowicz, P., & Sar, H. (2018). Estimation of mass moments of inertia of automobile.
In 2018 xi international science-technical conference automotive safety (pp. 1-6).

Gahinet, P., & Apkarian, P. (1994). A linear matrix inequality approach to hal.d
control. International journal of robust and nonlinear control, 4(4), 421-448.

Gillespie, T. D. (1992). Fundamental of vehicle dynamics. Warrendale, USA: Society
of Automotive Engineers.

Guo, H., Cao, D., Chen, H., Lv, C., Wang, H., & Yang, S. (2018). Vehicle dynamic
state estimation: state of the art schemes and perspectives. IEEE/CAA Journal of
Automatica Sinica, 5(2), 418-431.

Guzzella, L. (2009). Automobiles of the future and the role of automatic control in
those systems. Annual Reviews in Control, 33(1), 1-10.

Hac, A., & Simpson, M. D. (2000). Estimation of vehicle side slip angle and yaw rate.
SAE transactions, 1032—1038.

Han, G., Fu, W., Wang, W., & Wu, Z. (2017). The lateral tracking control for the
intelligent vehicle based on adaptive pid neural network. Sensors, 17(6), 1244.

Han, S., Keel, L. H., & Bhattacharyya, S. P. (2018). Pid controller design with an hal.d
criterion. [FAC-PapersOnLine, 51(4), 400 - 405. Retrieved from http://www
.sciencedirect.com/science/article/pii/S2405896318304245 (3rd
IFAC Conference on Advances in Proportional-Integral-Derivative Control PID
2018) doi: https://doi.org/10.1016/j.ifacol.2018.06.127

Han, X., Zhang, X., Du, Y., & Cheng, G. (2019). Design of autonomous vehicle

171


http://www.sciencedirect.com/science/article/pii/S2405896318304245
http://www.sciencedirect.com/science/article/pii/S2405896318304245

controller based on bp-pid. In Iop conference series: Earth and environmental
science (Vol. 234, p. 012097).

Hang, C. C., Astrb‘m, K. J., & Ho, W. K. (1991). Refinements of the ziegler—nichols
tuning formula. In lee proceedings d (control theory and applications) (Vol. 138,
pp- 111-118).

Hawkins, A. J. (2020, January). The new cadillacs are getting automatic
lane-changing, thanks to updated super cruise.  The Verge.  Retrieved
from https://www.theverge.com/2020/1/28/21111495/cadillac-super
-cruise-automatic-lane-change-gm-update

He, X., Yang, K., Liu, Y., & Ji, X. (2018). A novel direct yaw moment control system
for autonomous vehicle (Tech. Rep.). SAE Technical Paper.

Huang, G., Yuan, X., Shi, K., & Wu, X. (2019). A bp-pid controller-based multi-model
control system for lateral stability of distributed drive electric vehicle. Journal of
the Franklin Institute, 356(13), 7290-7311.

Hussain, R., & Zeadally, S. (2018). Autonomous cars: Research results, issues, and fu-
ture challenges. IEEE Communications Surveys & Tutorials, 21(2), 1275-1313.

Hyundai, S. P. (2020). Hyundai safety features. Retrieved from https://www
.southpointhyundai.com/hyundai-safety-features/

International Organization for Standardization. (2018). Passenger cars - Test track
for a severe lane-change manoeuvre - Part 1: Double lane-change [Standard No.
3888-2:2018].

ISO. (1992). Passenger cars - Mass distribution. ISO Standard 2416.

ISO. (2011a). Road Vehicles - Lateral Transient Response Test Methods - Open-loop
Test Methods. ISO Standard 7401.

ISO. (2011b). Road Vehicles - Vehicle Dynamics and Road-holding Ability - Vocab-
ulary. ISO Standard 8855.

Jalaliyazdi, M. (2016). Integrated vehicle stability control and power distribution
using model predictive control.

Jang, Y., Lee, M., Suh, L[.-S., & Nam, K. (2017). Lateral handling improvement with
dynamic curvature control for an independent rear wheel drive ev. International
Journal of Automotive Technology, 18(3), 505-510.

Jazar, R. N. (2017). Vehicle dynamics: theory and application. Springer.
Jazar, R. N. (2019). Advanced vehicle dynamics. Springer.

JKR, J. K. R. M. (1986). A guide on geometric design of roads. ArahanTeknik (Jalan),
8(86), 71.

172


https://www.theverge.com/2020/1/28/21111495/cadillac-super-cruise-automatic-lane-change-gm-update
https://www.theverge.com/2020/1/28/21111495/cadillac-super-cruise-automatic-lane-change-gm-update
https://www.southpointhyundai.com/hyundai-safety-features/
https://www.southpointhyundai.com/hyundai-safety-features/

Johnson, M. A., & Moradi, M. H. (2005). Pid control: New identification and design
methods. Springer.

Jorge de J, L.-S., Tudon-Martinez, J. C., & Salinas, J. (2017). Control design for
a motion cueing on driving simulator. In Journal of physics: Conference series
(Vol. 783, p. 012049).

Joshi, A. A., Peters, D., & Bastiaan, J. M. (2019). Autonomous lane change control
using pid and a bicycle model (Tech. Rep.). SAE Technical Paper.

Kakria, S., & Singh, D. (2015). Cae analysis, optimization and fabrication of formula
sae vehicle structure (Tech. Rep.). SAE Technical Paper.

Kanaris, A., Kosmatopoulos, E. B., & Loannou, P. A. (2001). Strategies and spacing
requirements for lane changing and merging in automated highway systems. IEEE
transactions on vehicular technology, 50(6), 1568—1581.

Kang, Y.-s., & Ferris, J. B. (2018). Performance margin for geometric road design.
SAE International Journal of Passenger Cars-Mechanical Systems, 11(06-11-04-
0022), 263-272.

Kayacan, E. (2017). Multiobjective H. control for string stability of cooperative
adaptive cruise control systems. IEEE Transactions on Intelligent Vehicles, 2(1),
52-61.

Kinjawadekar, T., Dixit, N., Heydinger, G. J., Guenther, D. A., & Salaani, M. K.
(2009). Vehicle dynamics modeling and validation of the 2003 ford expedition
with esc using carsim (Tech. Rep.). SAE Technical Paper.

Kiyakli, A. O., & Solmaz, H. (2018). Modeling of an electric vehicle with mat-
lab/simulink. International Journal of Automotive Science And Technology, 2(4),
9-15.

Kong, J., Pfeiffer, M., Schildbach, G., & Borrelli, F. (2015). Kinematic and dynamic
vehicle models for autonomous driving control design. In 2015 ieee intelligent
vehicles symposium (iv) (pp. 1094—-1099).

Lee, K., Jeon, S., Kim, H., & Kum, D. (2019). Optimal path tracking control of
autonomous vehicle: Adaptive full-state linear quadratic gaussian (Iqg) control.
IEEE Access, 7, 109120-109133.

Lenzo, B., Sorniotti, A., Gruber, P., & Sannen, K. (2017). On the experimental analysis
of single input single output control of yaw rate and sideslip angle. International
Journal of Automotive Technology, 18(5), 799-811.

Lenzo, B., Zanchetta, M., Sorniotti, A., Gruber, P., & De Nijs, W. (2020). Yaw rate
and sideslip angle control through single input single output direct yaw moment
control. IEEE Transactions on Control Systems Technology.

Limroth, J., & Kurfess, T. (2010). Design of an open-loop steering robot profile
for double lane change maneuver using simulation (Tech. Rep.). SAE Technical

173



Paper.
Liu, J. (2018). Intelligent control design and matlab simulation. Springer.

Loos, H., & Dodlbacher, G. (1986). A mathematical AAIlprototypedaAl of the vehicle
to describe vehicle handling behaviour. Vehicle System Dynamics, 15(supl), 320—
341.

Lu, Q., Gentile, P., Tota, A., Sorniotti, A., Gruber, P., Costamagna, F., & De Smet, J.
(2016). Enhancing vehicle cornering limit through sideslip and yaw rate control.
Mechanical Systems and Signal Processing, 75, 455-472.

Madhusudhanan, A. K., Corno, M., & Holweg, E. (2015). Vehicle sideslip estima-
tion using tyre force measurements. In 2015 23rd mediterranean conference on
control and automation (med) (pp. 88-93).

Madhusudhanan, A. K., Corno, M., & Holweg, E. (2016). Vehicle sideslip estimator
using load sensing bearings. Control Engineering Practice, 54, 46-57.

Manning, W., & Crolla, D. (2007). A review of yaw rate and sideslip controllers for
passenger vehicles. Transactions of the Institute of Measurement and Control,
29(2), 117-135.

Mastinu, G., & Ploechl, M. (2014). Road and off-road vehicle system dynamics hand-
book. CRC Press.

Matusu, R. (2011). Calculation of all stabilizing pi and pid controllers. International
Journal of mathematics and computers in simulation, 5(3), 224-231.

Mazda Motor Corporation, M. (2016). Mazda cx-5 service & repair manual: Dsc
control. Retrieved from http://www.mcx5.org/dsc_control-875.html

McHenry, B. G., & McHenry, R. R. (2017). msmac3d manual. Retrieved from
http://www.mchenrysoftware.com/medit32/readme/msmac/default.htm
7turl=examplestirecorneringstiffnesscalculationl.htm

Menhour, L., Koenig, D., & DAAZAndréa-Novel, B. (2015). Simple discrete-time
switched hal.d optimal control: Application for lateral vehicle control. IFAC-
PapersOnlLine, 48(26), 43—48.

Metzler, M., Tavernini, D., Sorniotti, A., & Gruber, P. (2018). An explicit nonlinear
mpc approach to vehicle stability control. In Proceedings of the 14th international
symposium on advanced vehicle control.

Michelis, A., Ravier, C., & Moulaire, P. (2019, May 21). Understeer and oversteer
detector for a motor vehicle. Google Patents. (US Patent 10,293,852)

Mirzaei, M., Alizadeh, G., Eslamian, M., & Azadi, S. (2008). An optimal approach
to non-linear control of vehicle yaw dynamics. Proceedings of the Institution

of Mechanical Engineers, Part I: Journal of Systems and Control Engineering,
222(4), 217-229.

174


http://www.mcx5.org/dsc_control-875.html
http://www.mchenrysoftware.com/medit32/readme/msmac/default.htm?turl=examplestirecorneringstiffnesscalculation1.htm
http://www.mchenrysoftware.com/medit32/readme/msmac/default.htm?turl=examplestirecorneringstiffnesscalculation1.htm

Mitsubishi, S. (2020). Mitsubishi asx features: Blind spot warning (bsw) & lane
change assist (lca). Retrieved from https://www.southsidemitsubishi
.com.au/new-vehicles/asx/features/#:~:text=The}20Lane’20Change},
20Assist’%20system, 70m%20fromy20its%20rear/,20bumper .

Mousavinejad, E., Han, Q.-L., Yang, F., Zhu, Y., & Vlacic, L. (2017). Integrated
control of ground vehicles dynamics via advanced terminal sliding mode control.
Vehicle System Dynamics, 55(2), 268-294.

Nagahara, M. (2012). H2 versus hiLd. Retrieved from http://sparseland
.blogspot.com/2012/05/h-2-versus-h.html

Nahidi, A., Kasaiezadeh, A., Khosravani, S., Khajepour, A., Chen, S.-K., & Litkouhi,
B. (2017). Modular integrated longitudinal and lateral vehicle stability control
for electric vehicles. Mechatronics, 44, 60-70.

Naidu, D. S. (2018). Optimal control systems. CRC press.

Nam, K., Fujimoto, H., & Hori, Y. (2012). Lateral stability control of in-wheel-motor-
driven electric vehicles based on sideslip angle estimation using lateral tire force
sensors. IEEE Transactions on Vehicular Technology, 61(5), 1972—-1985.

Nam, K., Oh, S., Fujimoto, H., & Hori, Y. (2012). Estimation of sideslip and roll angles
of electric vehicles using lateral tire force sensors through RLS and Kalman filter
approaches. IEEE Transactions on Industrial Electronics, 60(3), 988—1000.

Naranjo, J. E., Gonzalez, C., Garcia, R., & De Pedro, T. (2008). Lane-change fuzzy
control in autonomous vehicles for the overtaking maneuver. IEEE Transactions
on Intelligent Transportation Systems, 9(3), 438—450.

NHTSA. (2020). How does nhtsa categotize vehicles? Retrieved from https://
www.nhtsa.gov/ratings

Nise, N. S. (2020). Control systems engineering. John Wiley & Sons.

Nocedal, J., & Wright, S. (2006). Numerical optimization. Springer Science & Busi-
ness Media.

Noh, S., & An, K. (2017). Risk assessment for automatic lane change maneuvers
on highways. In 2017 ieee international conference on robotics and automation

(icra) (pp. 247-254).

O’Dwyer, A. (2000). A summary of pi and pid controller tuning rules for processes
with time delay. part 2: Pid controller tuning rules. IFAC Proceedings Volumes,
33(4), 211-216.

Opland, L. (2007). Size classification of passenger cars. Goteborg, Sweden: Mas-
terdAZs Thesis, Chalmers University of Technology. OpenURL.

Pacejka, H. B. (2006). Tyre and vehicle dynamics, 2002. Butterworth-Heinemann,
ISBN 0, 7506, 5141.

175


https://www.southsidemitsubishi.com.au/new-vehicles/asx/features/#:~:text=The%20Lane%20Change%20Assist%20system,70m%20from%20its%20rear%20bumper.
https://www.southsidemitsubishi.com.au/new-vehicles/asx/features/#:~:text=The%20Lane%20Change%20Assist%20system,70m%20from%20its%20rear%20bumper.
https://www.southsidemitsubishi.com.au/new-vehicles/asx/features/#:~:text=The%20Lane%20Change%20Assist%20system,70m%20from%20its%20rear%20bumper.
http://sparseland.blogspot.com/2012/05/h-2-versus-h.html
http://sparseland.blogspot.com/2012/05/h-2-versus-h.html
https://www.nhtsa.gov/ratings
https://www.nhtsa.gov/ratings

Pan, S., & Zhou, H. (2017). An adaptive fuzzy pid control strategy for vehicle yaw
stability. In 2017 ieee 2nd information technology, networking, electronic and
automation control conference (itnec) (pp. 642—646).

Panagopoulos, H. (2000). Pid control, design, extension, application (Unpublished
doctoral dissertation). Lund University.

Peng, Z., & Ning, G. (2014). 2 dof lateral dynamic model with force input of skid
steering wheeled vehicle. In 2014 ieee conference and expo transportation elec-
trification asia-pacific (itec asia-pacific) (pp. 1-5).

Penmetsa, P., Pulugurtha, S. S., & Duddu, V. R. (2018). Factors associated with
crashes due to overcorrection or oversteering of vehicles. IATSS research, 42(1),
24-29.

Perrelli, M., Cosco, F., Carbone, G., & Mundo, D. (2019). Evaluation of vehicle lateral
dynamic behaviour according to iso-4138 tests by implementing a 15-dof vehicle
model and an autonomous virtual driver. Int. J. Mech. Control, 20(2), 31-38.

Petrov, P., & Nashashibi, F. (2013). Adaptive steering control for autonomous lane
change maneuver. In 2013 ieee intelligent vehicles symposium (iv) (pp. 835-840).

Pierson, A., Schwarting, W., Karaman, S., & Rus, D. (2018). Navigating congested en-
vironments with risk level sets. In 2018 ieee international conference on robotics
and automation (icra) (pp. 1-8).

Popp, K., & Schiehlen, W. (2010). Ground vehicle dynamics. Springer Science &
Business Media.

Rafaila, R. C., & Livint, G. (2016). H-infinity control of automatic vehicle steering. In
2016 international conference and exposition on electrical and power engineer-
ing (epe) (pp. 031-036).

Rajamani, R. (2011). Vehicle dynamics and control. Springer Science & Business
Media.

SAE. (2008). Vehicle Dynamics Terminology. SAE Standard J670.

Samiee, S., Azadi, S., Kazemi, R., & Eichberger, A. (2016). Towards a decision-
making algorithm for automatic lane change manoeuvre considering traffic dy-
namics. PROMET-Traffic&Transportation, 28(2), 91-103.

Sarmis, M., Orjuela, R., Bouteiller, J.-M., Ambert, N., Legendre, A., Bischoff, S., ...
Baudry, M. (2015). Stability constraints of markov state kinetic models based

on routh-hurwitz criterion. Journal of Computer Science & Systems Biology, 8,
296-303.

Sayers, M. (1996). Standard terminology for vehicle dynamics simulations. The
University of Michigan Transportation Research Institute (UMTRI), Tech. Rep.

Schubert, R., Schulze, K., & Wanielik, G. (2010). Situation assessment for auto-

176



matic lane-change maneuvers. IEEE Transactions on Intelligent Transportation
Systems, 11(3), 607-616.

Segel, L. (1956). Theoretical prediction and experimental substantiation of the re-
sponse of the automobile to steering control. Proceedings of the Institution of
Mechanical Engineers: Automobile Division, 10(1), 310-330.

Sellen, M. (2021). How much does a car weigh? dAS average car weight. Retrieved
from https://mechanicbase.com/cars/car-weight/

Selmanaj, D., Corno, M., Panzani, G., & Savaresi, S. M. (2017). Vehicle sideslip
estimation: A kinematic based approach. Control Engineering Practice, 67, 1—
12.

Sharmin, A., & Wan, R. (2017). An autonomous lane-keeping ground vehicle control
system for highway drive. In 9th international conference on robotic, vision,
signal processing and power applications (pp. 351-361).

Sharp, R., & Peng, H. (2011). Vehicle dynamics applications of optimal control theory.
Vehicle System Dynamics, 49(7), 1073-1111.

Shawky, M. (2020). Factors affecting lane change crashes. IATSS research, 44(2),
155-161.

Sherfey, J. S., Soplata, A. E., Ardid, S., Roberts, E. A., Stanley, D. A., Pittman-Polletta,
B. R., & Kopell, N. J. (2018). Dynasim: a matlab toolbox for neural modeling
and simulation. Frontiers in Neuroinformatics, 12, 10.

Silveira, M., Wahi, P., & Fernandes, J. (2017). Effects of asymmetrical damping on a 2
dof quarter-car model under harmonic excitation. Communications in Nonlinear
Science and Numerical Simulation, 43, 14-24.

Sivak, P., & Hroncov4, D. (2012). State-space model of a mechanical system in
matlab/simulink. Procedia engineering, 48, 629-635.

Solhmirzaei, A., Azadi, S., & Kazemi, R. (2012). Road profile estimation using

wavelet neural network and 7-dof vehicle dynamic systems. Journal of mechani-
cal science and technology, 26(10), 3029-3036.

Song, P., Zong, C., & Tomizuka, M. (2015). Combined longitudinal and lateral control
for automated lane guidance of full drive-by-wire vehicles. SAE International
Journal of Passenger Cars-Electronic and Electrical Systems, 8(2015-01-0321),
419-424.

Spero, D. J., Pilutti, T. E., Rupp, M. Y., & Joh, P. G. (2015, November 17). Au-
tonomous lane control system. Google Patents. (US Patent 9,187,117)

Stoorvogel, A. A. (1992). The hal.d control problem: a state space approach. Depart-
ment of Electrical Engineering and Computer Science University of Michigan
Ann Arbor USA.

177


https://mechanicbase.com/cars/car-weight/

Suzuki, Y., & Takeda, M. (2016). An overview on vehicle lateral dynamics and yaw
stability control systems. Journal of Advances in Vehicle Engineering, 2(4), 182—
190.

Tagne, G., Talj, R., & Charara, A. (2015). Design and comparison of robust nonlinear
controllers for the lateral dynamics of intelligent vehicles. IEEE Transactions on
Intelligent Transportation Systems, 17(3), 796—809.

Tan, N., Kaya, L., Yeroglu, C., & Atherton, D. P. (2006). Computation of stabilizing
pi and pid controllers using the stability boundary locus. Energy Conversion and
management, 47(18-19), 3045-3058.

Tchamna, R., & Youn, I. (2013). Yaw rate and side-slip control considering vehicle
longitudinal dynamics. International Journal of Automotive Technology, 14(1),
53-60.

Templeton, B. (2019). Ntsb report on tesla autopilot accident shows what’s in-
side and it’s not pretty for fsd. Retrieved from https://www.forbes.com/
sites/bradtempleton/2019/09/06/ntsb-report-on-tesla-autopilot
-accident-shows-whats-inside-and-its-not-pretty-for-fsd/
#1962806d4dch

Toledo, T., & Zohar, D. (2007). Modeling duration of lane changes. Transportation
Research Record, 1999(1), 71-78.

Tota, A., Lenzo, B., Lu, Q., Sorniotti, A., Gruber, P., Fallah, S., ... De Smet, J. (2018).
On the experimental analysis of integral sliding modes for yaw rate and sideslip

control of an electric vehicle with multiple motors. International Journal of Au-
tomotive Technology, 19(5), 811-823.

Tumari, M. Z. M., Saealal, M. S., Abd Rashid, W. N., Saat, S., & Nasir, M. A. M.
(2017). The vehicle steer by wire control system by implementing pid controller.
Journal of Telecommunication, Electronic and Computer Engineering (JTEC),
9(3-2), 43-47.

Van Zanten, A. T. (2000). Bosch esp systems: 5 years of experience. SAE transactions,
428-436.

Vorotovié, G. S., Rakicevié, B. B., Mitié, S. R., & Stamenkovié, D. D. (2013). Deter-
mination of cornering stiffness through integration of a mathematical model and
real vehicle exploitation parameters. FME Transactions, 41(1), 66-71.

Wang, H., Nagayama, T., & Su, D. (2019). Estimation of dynamic tire force by mea-
surement of vehicle body responses with numerical and experimental validation.
Mechanical Systems and Signal Processing, 123, 369-385.

Wasim, M., Kashif, A., Awan, A. U., Khan, M. M., Wasif, M., & Ali, W. (2016).
H-infinity control via scenario optimization for handling and stabilizing vehicle
using afs control. In 2016 international conference on computing, electronic and
electrical engineering (ice cube) (pp. 307-312).

178


https://www.forbes.com/sites/bradtempleton/2019/09/06/ntsb-report-on-tesla-autopilot-accident-shows-whats-inside-and-its-not-pretty-for-fsd/#1962806d4dc5
https://www.forbes.com/sites/bradtempleton/2019/09/06/ntsb-report-on-tesla-autopilot-accident-shows-whats-inside-and-its-not-pretty-for-fsd/#1962806d4dc5
https://www.forbes.com/sites/bradtempleton/2019/09/06/ntsb-report-on-tesla-autopilot-accident-shows-whats-inside-and-its-not-pretty-for-fsd/#1962806d4dc5
https://www.forbes.com/sites/bradtempleton/2019/09/06/ntsb-report-on-tesla-autopilot-accident-shows-whats-inside-and-its-not-pretty-for-fsd/#1962806d4dc5

Weiss, Y., Allerhand, L. 1., & Arogeti, S. (2018). Yaw stability control for a rear
double-driven electric vehicle using Ipv-hal.d methods. Science China Informa-
tion Sciences, 61(7), 70206.

Wood, S. (2011). Passenger carsaATtest track for a severe lane-change maneuverdAT-
part 2: Obstacle avoidance. The international organization for standardization.

Xie, G., Gao, H., Qian, L., Huang, B., Li, K., & Wang, J. (2018, jul). Vehicle tra-
jectory prediction by integrating physics- and maneuver-based approaches using

interactive multiple models. IEEE Transactions on Industrial Electronics, 65(7),
5999-6008.

Yang, S., Lu, Y., & Li, S. (2013). An overview on vehicle dynamics. International
Journal of Dynamics and Control, 1(4), 385-395.

Young, K. L., Lenné, M. G., & Williamson, A. R. (2011). Sensitivity of the lane
change test as a measure of in-vehicle system demand. Applied Ergonomics,
42(4),611-618.

Zames, G. (1981). Feedback and optimal sensitivity: Model reference transforma-
tions, multiplicative seminorms, and approximate inverses. IEEE Transactions
on automatic control, 26(2), 301-320.

Zhang, B., Khajepour, A., & Goodarzi, A. (2017). Vehicle yaw stability control using
active rear steering: Development and experimental validation. Proceedings of
the Institution of Mechanical Engineers, Part K: Journal of Multi-body Dynamics,
231(2), 333-345.

Zhang, J., Sun, W., & Feng, Z. (2018). Vehicle yaw stability control via hal.d gain
scheduling. Mechanical Systems and Signal Processing, 106, 62-75.

Zheng, B., & Anwar, S. (2009). Yaw stability control of a steer-by-wire equipped
vehicle via active front wheel steering. Mechatronics, 19(6), 799-804.

Zhou, H., Chen, H., Ren, B., & Zhao, H. (2015). Yaw stability control for in-wheel-
motored electric vehicle with a fuzzy pid method. In The 27th chinese control and
decision conference (2015 ccdc) (pp. 1876—-1881).

179



LIST OF PUBLICATIONS

Zainal Z and Wan Rahiman (2016) "Concept of Controller Design for Improving Lat-
eral Vehicle Dynamic Model Stability", In: 6th Electrical And Electronic Post-

graduate Collogium, School of Electrical and Elecronic Engineering, USM

Zainal Z, Wan Rahiman and Baharom M.N.R. (2017) "Yaw Rate and Sideslip Control
using PID Controller for Double Lane Changing", In: Journal of Telecommuni-
cation, Electronic and Computer Engineering (JTEC), Journal of Telecommuni-
cation, Electronic and Computer Engineering (JTEC), 9(3-7), 99-103. (SCOPUS

indexed Q4, 3 citations, Researchgate read: 1,929)

Zainal Z and Wan Rahiman (2017) "Study on the Effect of Yaw Rate and Sideslip to
Lateral Vehicle Dynamic Stability", In: 7th Electrical And Electronic Postgradu-

ate Collogium, School of Electrical and Elecronic Engineering, USM.

Zainal Z, and Wan Rahiman (2019) "Effect of Yaw Rate and Sideslip to Lateral Ve-
hicle Dynamic Stability", In: 10th International Conference on Robotics, Vision,
Signal Processing and Power Applications (ROVISP), Lecture Notes in Electrical
Engineering, vol. 547, pp. 473-479, Springer, Singapore. (SCOPUS indexed Q3)

180



	Front Matter
	acknowledgment
	Table of Contents
	List of Tables
	List of Figures
	List of Abbreviations
	List of Symbols
	Abstrak
	Abstract

	Main Chapters
	1 Introduction
	1.1 Background of Automated Lane Change Technology
	1.2 Problem Statements and Motivation
	1.3 Research Objectives
	1.4 Research Scopes
	1.5 Thesis Structure

	2 Background and related works
	2.1 Fundamental of Controller Design for Autonomous Lane Change (LC)
	2.2 Review of related works
	2.3 Summary

	3 Dynamic Modelling and Autonomous Steering Wheel Angle Estimation
	3.1 Introduction
	3.2 Dynamic Modelling
	3.3 Yaw Rate and Sideslip Behavior
	3.4 Automated Lane Change SWA
	3.5 Summary

	4 Controller Design Method
	4.1 Introduction
	4.2 PID Controller Design
	4.3 HPID Controller Design
	4.4 Summary

	5 Results And Discussion
	5.1 Analysis of Yaw Rate and Sideslip Behavior
	5.2 Analysis of Autonomous SWA without Controller for LC Manoeuvre
	5.3 Results and Analysis for PID Controller Design
	5.4 Chapter Summary

	6 Conclusion and Future Work
	6.1 Conclusion
	6.2 Summary of Thesis Contributions
	6.3 Vision and Future Work

	References
	LIST OF PUBLICATIONS




