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Hybrid wheeled-legged robots offer superior mobility in unstructured terrain by combining the locomotion efficiency
of wheels with the adaptability of legs. However, efficiently traversing complex obstacles necessitates intelligent
reconfiguration policies that coordinate leg movements, wheel velocities, and body posture. This paper presents an
integrated learning framework to derive optimal policies for a six-wheeled-legged robot traversing an asymmetric step
obstacle. Initially, the kinematic relationships governing wheel-leg interaction with the ground and slip-free wheel
velocity coordination are formulated. As the key innovation, the obstacle traversal problem is mapped into a low-
dimensional and continuous parametric optimization space, upon which a Genetic Algorithm-based learning framework
is developed. Without imposing restrictive assumptions, this framework significantly reduces the complexity of the
search space. In addition, fuzzy logic is employed to integrate human expertise into the cost function and adapt its
weighting coefficients. This facilitates the automatic discovery of practical policies without relying on pre-defined
motion sequences. Simulation results are validated through experiments on the ViraHex robot, demonstrating close
agreement in leg motion sequences, support polygon transitions, and the mitigation of undesired body deviations.
Opverall, this framework offers an effective and scalable solution for optimizing obstacle traversal in hybrid robots,
highlighting the potential of learning-based strategies in complex environments.
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Table 1 Physical and inertial parameters of the robot [7]

Symbol Value Symbol Value
Mpoay 1002 kg Lyoay 2m
myeg 31.7 kg Whoay 0.8 m

m, 51.3 kg Hpoay 0.55m
Lxpoay 460 kgm? Lieg 0.42 m
I”body 900 kgm? Iy 0.84 m
Lz body 1200 kgm? L 0m
Liieq 0.02 kgm? [N 0.84m
1 ieg 0.42 kgm? Ly 0.84 m
Lzpeq 0.4 kgm? R, 0.32m

w, 1.355 m W, 0.205 m
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Fig. 1 a) Full-scale six-wheel-leg robot with actively actuated shoulder joints b) ViraHex, the one-fifth—scale experimental prototype
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Fig. 2 Schematic illustrating the height components of the shoulder joint

and velocity vectors of different segments of a leg-wheel assembly for
determining the joint velocity p;
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Fig. 3 Robot and velocity diagram for determining constraints necessary
for stable configurations based on desired body velocities
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Fig. 4 Chromosome mapping of the reconfiguration for asymmetric step
obstacle traversal
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Table 4 Weight vector of the cost function across simulation cycles until
convergence
Simulati
1.m \iation Calculated weight vector
interval
0 §=1[37,1.5,0,0,15,0,0,0,0]
1 $=[18.57,2.14,0.79,0.86,15,0.4,2.80,12,18]
2 s =[63.14,7.86,0.043,0.43,15,0. 06, 0.46, 0. 86, 0. 86]
3 s =[18.57,2.14,1.11,0.8600,15,0.69,4.8,15,15,]
4 §=[18.57,2.14,1.39,1.2,15,0.49,3.4,15,15]
5 $=1[18.57,2.14,1.39,1.8,15,0.74,5.2,15,15]
6 § =[18.57,2.14,1.34,1.84,15,0.77,5.4,15,15]
Simulation and training terminated
R
~ 0.8 [
<A
ped A N
= \ , NN
§ 06 % , S
- ; .
Q
1 N
g 0.4+ —— Time Saved e Roll Angle (¢) 3
5 - - - Energy Consumption Yaw Angle (¢)
Z N e Tip-over Stability ()
0.2+
oL

Interval

093 2 )3 Gy e oxib Loy 3Sles (slajlumo 4 JSB

Fig. 9 Normalized performance metrics of the best solution in each interval
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Fig. 10 Robot traversing an asymmetric step obstacle of 50 and 30 cm
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Fig. 11 Annotated view of the ViraHex robot showing the ultrasonic sensor, wiring routes, vision marker triangles, camera mount, and the experimental
obstacle. (b) Camera view illustrating the robot’s pose and orientation during the experiment
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Fig. 12 ViraHex prototype traversing an asymmetric step obstacle of 10
and 6 cm heights (equivalent to 50 cm and 30 cm in the full-scale robot)
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&lse yi3Siloidly dwsin ply 53 > 1y 353 laly 3Slee
0 Jsiz »5 dotls ;5baty s3lad ol 35 Lai (Lol aly pukas)
slaghgy 3l gygee gile glady] sas o lisd a5 cul oud eb)gT
3 ditwdlys oS gl ol b ablige b low )3 Ly yigs 39250
S ygae sy slagidlr by oyl wdl> ) glaly &l

b Sl (silotads n Sie «(o3lgidiy 62500 szl
co) Silwanden bixe 5l oeslatwl b &5 canl Yo wds
e Ols_‘gcd.g}a‘.)l)l}él‘op g (50 ‘olgjl dito g jelsl (simulation
45 35dipe 4l (Sralips (g5loae oyl (eyiaiedsd ;|
L8y wiile (Shdyud odazmn svodasy (gilwdnd 53 ooy
sl 4l of Gliley ol glacall sl YL G
03,5 o35 it Jalo g 3lee (aimliiel (ly Jlonl
N4 ol oty @ldl @ 30 (g33stie wilsdlae j3 a5 (g ol el
3948 318> (g5l s OLSA,)l}él'Q)S o2l el o ogMe [VA-YT, Y.
39150 ol |y by izl nlo 5 lapli o blite slag,s g
28l3 ,L8) 4 (6305 sloaus el 45 3940 (50 e Gzl 4 &S
03 IV Ve Yol Wl Gl (ghas s Sy sy st
9 5oz i slayiahly Golil 5 5elsl Juo ple Gyl
iz el aidly aswgi [ ,V] @21y 53 oad bl Sajd
L Jse sl b s5loand slsel clae GialesT JUS 53 oS (6,508
5o 4l Lol slayl

Glwle digia (g3liddan Uy Glel slacasgame I o
CSweliny lagsludind sl Cdio—josl (g5lududpa YU
5k 2538 bl § 4283 8 Slwlxe gilic 4 YL eds |y
89y O.))L.AS S)LOT W)l&gc‘ ﬁLM" 542&*.3 Bl Cowl b.))s
03915 iy Sol g3y oyl e3g3me 53 b yialoT 51 (5305 slass
bgiyo (silwands bhuxe 1 cudgaxe ol (Jlo ol b el
ol ehlie )3 (o3l (61500 Cozle 393 4 i g 390
5 by rcwl dher ppe coje SO L YL Slwl=e aigie
S5l ol zls o el ord Cgo (55lodd cumal>
M350 ol djlge cpl andl didly s glwesls b (YL
Sy gl 3 & Gblue sly ofigt coszly ol &S
51 b wglhel uile ST Wb 5 3)ls (YU cusal (S
Ogmzme cuslio jlug I405S iy JBlie 4 (gjloans
S9ab (0

Volume 26, Issue 10, October 2026



[Online]. Available:
https://mme.modares.ac.ir/article_7632_20754aeb16
5b7072f49615f07ab6122e.pdf

[5] C. Liu et al,, "Mechanical design and wheel-leg-body
cooperation control of a step-climbing robot," Journal
of Field Robotics, vol. 39, no. 7, pp. 1054-1068, 2022.
doi: 10.1002/rob.22087

[6] L. Bruzzone, S. E. Nodehi, and P. Fanghella,
"WheTLHLoc 4W: Small-scale inspection ground
mobile robot with two tracks, two rotating legs, and
four wheels," Journal of Field Robotics, vol. 41, no. 4,
pp. 1146-1166, 2024,
doi: 10.1002/rob.22314

[7] ]. Kang, W. Kim, J. Lee, and K. Yi, "Skid steering-
based control of a robotic vehicle with six in-wheel
drives,” Proceedings of the Institution of Mechanical
Engineers, Part D: Journal of Automobile Engineering,
vol. 224, no. 11, pp. 1369-1391, 2010.
doi: 10.1243/09544070JAUT01405

[8] A. N. A. Rafai, N. Adzhar, and N. I. Jaini, "A review on
path planning and obstacle avoidance algorithms for
autonomous mobile robots," Journal of Robotics, vol.
2022, no. 1, p. 2538220, 2022.
doi: 10.1155/2022/2538220

[9] A. Pandey, S. Pandey, and D. Parhi, "Mobile robot
navigation and obstacle avoidance techniques: A
review," Int Rob Auto ], vol. 2, no. 3, p. 00022, 2017.
doi: 10.15406/iratj.2017.02.00023

[10] W. Rahmaniar and A. E. Rakhmania, "Mobile robot
path planning in a trajectory with multiple obstacles
using genetic algorithms,” Journal of Robotics and
Control (JRC), vol. 3, no. 1, pp. 1-7, 2022.
doi: 10.18196/jrc.v3i1.11024

[11] M. N. Ab Wahab, A. Nazir, A. Khalil, W. ]. Ho, M. F.
Akbar, M. H. M. Noor, and A. S. A. Mohamed, "Improved
genetic algorithm for mobile robot path planning in
static  environments," Expert Systems with
Applications, vol. 249, p. 123762, 2024.
doi: 10.1016/j.eswa.2024.123762

[12] S. M. R. Seyed Noorani, M. Shoaaran, and S.
Farshbaf, "Optimization of Synaptic Weights in a Four-
Cell Central Pattern Generator Network for Bipedal
Gait Generation," Modares Mechanical Engineering, vol.
16, no. 12, pp. 144-152, 2017. [Online]. Available:
https://mme.modares.ac.ir/article_9556_177da5703
5b03c2eb2cbe9b872348d15.pdf

[13] T. Kato, K. Shiromi, M. Nagata, H. Nakashima, and
K. Matsuo, "Gait pattern acquisition for four-legged
mobile robot by genetic algorithm," in IECON 2015-
41st Annual Conference of the IEEE Industrial
Electronics Society, 2015: IEEE, pp. 004854-004857.
doi: 10.1109/IECON.2015.7392860

[14] Y. Liu, Y. Wei, C. Wang, and H. Wu, "Trajectory
optimization for adaptive deformed wheels to
overcome steps using an improved hybrid genetic
algorithm and an adaptive particle swarm
optimization,” Mathematics, vol. 12, no. 13, p. 2077,
2024.doi: 10.3390/math12132077

[15] G. Chen and J. Liu, "Mobile robot path planning
using ant colony algorithm and improved potential
field method," Computational intelligence and

1840 yp0 Ve oylad (¥ 0y90

Glestr 2w g G Gihaesw  AF

x5l 3 e Q9z)le o wiSe il s LIS b &
gz hme gl S gleall (ool
BiS el gaygl @l b (g, ol - addue WSl ) 0xgyel,
use GBS g3y s sl A lecwlw 4395
Ohgy ol & Gl s tdidae deue |y edagek 9 Ik
ol A8 e Jes ol Sl lamhb jl Jatue Sl
sl dzwgi by b eYb Jewily deyygliws
Jles Symio (slaaly ;3 y5,B5ke g yiviadign Sy (55140l

Ao pldd ;s gy glogae; 5

Giash Jels dlis ol el whsize 80! ayagls
03l yittie lnlat 5 il 4t g )3 5l Baiungd

<l

slo Gul3T 5l pasiio i )8 g8 g (mgh ool s Jle (ol
wdlys elinlae b )l (ogee o (i 55 o el
el cé)s;:

6ilayenal gl exinsl ulf.\.wuy culgiae g AE
)|}é|‘o 3 dwgid «(Methodology) (swlic g «(Conceptualization)

Uy ‘olgjl «(Formal Analysis) (sew; Jul=i «(Software)
(Data Losls o s34 «(Validation) W)Lg.:l «(Investigation)
(Writing — Original Draft) dJlie dugl (wagi o 4 «Curation)

1090 oMuwgs (Visualization) laylsged o oS awd
9 U.J.U)'J «(Supervision) w)LL’:.'s «(Conceptualization) (_;)'b),.go.\.gl
05953 Cayde «(Writing — Review & Editing) allie (ulyg

.(Funding Acquisition) (Jle u.mi.! 9 (Project Administration)

(55555 Al 5| il 2l 51 allie 5 dlio iyl
sl 5% &8l (oyle ol osds ealdsiwl Jol ediuumg
))I.\J 2929 )Le,bl

&l

[1] C. Grand, F. BenAmar, F. Plumet, and P. Bidaud,
"Decoupled control of posture and trajectory of the
hybrid wheel-legged robot Hylos," in IEEE
International Conference on Robotics and Automation,
2004, wvol. 5: [IEEE; 1999, pp. 5111-5116.
doi: 10.1109/ROB0T.2004.1302528

[2] J. Aguilar et al, "A review on locomotion
robophysics: the study of movement at the intersection
of robotics, soft matter and dynamical systems,"
Reports on Progress in Physics, vol. 79, no. 11, p.
110001, 2016.
doi: 10.1088/0034-4885/79/11/110001
[3]R.A.I.Khan, C. Zhang, Y. Pan, A. Zhang, R. Li, X. Zhao,
and H. Shang, "Hierarchical optimum control of a novel
wheel-legged quadruped,” Robotics and Autonomous
Systems, vol. 180, p- 104775, 2024.
doi: 10.1016/j.robot.2024.104775

[4] M. Mohammadi Moghadam and M. Moradi Dalvand,
"Design, Construction, and Control of a Stair- and
Obstacle-Climbing  Robot  (MSRox),”  Modares
Mechanical Engineering, vol. 6, no. 1, pp. 13-30, 2006.

Urte SyilSo udige sole doliole


https://doi.org/10.1109/ROBOT.2004.1302528
https://doi.org/10.1088/0034-4885/79/11/110001
https://doi.org/10.1016/j.robot.2024.104775
https://mme.modares.ac.ir/article_7632_20754aeb165b7072f49615f07ab6122e.pdf
https://mme.modares.ac.ir/article_7632_20754aeb165b7072f49615f07ab6122e.pdf
https://doi.org/10.1002/rob.22087
https://doi.org/10.1002/rob.22314
https://doi.org/10.1243/09544070JAUTO1405
https://doi.org/10.1155/2022/2538220
https://doi.org/10.15406/iratj.2017.02.00023
https://doi.org/10.18196/jrc.v3i1.11024
https://doi.org/10.1016/j.eswa.2024.123762
https://mme.modares.ac.ir/article_9556_177da57035b03c2eb2cbe9b872348d15.pdf
https://mme.modares.ac.ir/article_9556_177da57035b03c2eb2cbe9b872348d15.pdf
https://doi.org/10.1109/IECON.2015.7392860
https://doi.org/10.3390/math12132077

Mo L& o by sl 1650 Satif prpsSIl s ekl (g3, cgile 1 sgae aliue 505909y bl

[27] M. Mosadeghzad, D. Naderi, and S. Ganjefar,
"Dynamic modeling and stability optimization of a
redundant mobile robot using a genetic algorithm,"
Robotica, vol. 30, no. 3, pp. 505-514, 2012.
doi: 10.1017/S0263574711000804

[28] X. Ding, K. Li, and K. Xu, "Dynamics and wheel's slip
ratio of a wheel-legged robot in wheeled motion
considering the change of height,” Chinese Journal of
Mechanical Engineering, vol. 25, no. 5, pp. 1060-1067,
2012. doi: 10.3901/CJME.2012.05.1060

[29] Y. Li, "Dynamic Simulation Analyses of a Six-leg-
wheel Hybrid Mobile Robot under uneven terrains," in
2010 Third International Conference on Intelligent
Networks and Intelligent Systems, 2010: IEEE, pp. 308-
311. doi: 10.1109/ICINIS.2010.176

[30]J. Niu, H. Wang, H. Shi, N. Pop, D. Lj, S. Li, and S. Wu,
"Study on structural modeling and kinematics analysis
of a novel wheel-legged rescue robot," International
Journal of Advanced Robotic Systems, vol. 15, no. 1, p.
1729881417752758, 2018.
doi: 10.1177/1729881417752758

[31]J. Zhao, T. Han, S. Wang, C. Liu, J. Fang, and S. Liu,
"Design and research of all-terrain wheel-legged
robot," Sensors, vol. 21, no. 16, p. 5367, 2021.
doi: 10.3390/s21165367

Modares Mechanical Engineering

neuroscience, vol. 2019, no. 1, p. 1932812, 2019.
doi: 10.1155/2019/1932812

[16] ]J. M. Garcia, J. L. Martinez, A. Mandow, and A.
Garcia-Cerezo, "Caster-leg aided maneuver for
negotiating surface discontinuities with a wheeled
skid-steer mobile robot," Robotics and Autonomous
Systems, vol. 91, pp- 25-37, 2017.
doi: 10.1016/j.robot.2016.12.007

[17] Z. Gyenes, L. B6loni, and E. G. Szadeczky-Kardoss,
"Can genetic algorithms be used for real-time obstacle
avoidance for lidar-equipped mobile robots?," Sensors,
vol. 23, no. 6, p- 3039, 2023.
doi: 10.3390/s23063039

[18] S. Abinaya, V. H. Kumar, P. S. Karthic, D. Tamilselvi,
and S. M. Shalinie, "Hybrid genetic algorithm approach
for mobile robot path planning," Advances in Natural
and Applied Sciences, vol. 8, no. 17, pp. 41-48, 2014.
[19] K. B. Lim, S. Park, S. Kim, J. M. Jeong, and Y.-S. Yoon,
"Behavior planning of an unmanned ground vehicle
with actively articulated suspension to negotiate
geometric obstacles,” in 2009 IEEE/RS] International
Conference on Intelligent Robots and Systems, 2009:
IEEE, pp. 821-826.
doi: 10.1109/IR0S.2009.5354137

[20] K. B. Lim, S. J. Kim, and Y.-S. Yoon, "Deliberative
planner for UGV with actively articulated suspension to
negotiate geometric obstacles by using centipede
locomotion pattern,” in ICCAS 2010, 2010: IEEE, pp.
1482-1486. doi: 10.1109/1CCAS.2010.5670132

[21] K.B.Lim and Y.-S. Yoon, "Reconfiguration planning
for a robotic vehicle with actively articulated
suspension in obstacle Terrain during straight
motion," Advanced Robotics, vol. 26, no. 13, pp. 1471-
1494,2012. doi: 10.1080/01691864.2012.690191
[22] S.Jeong and M. Won, "Motion Planning and Control
of Wheel-legged Robot for Obstacle Crossing," The
Journal of Korea Robotics Society, vol. 17, no. 4, pp.
500-507,2022. doi: 10.7746/jkros.2022.17.4.500

[23] E. Papadopoulos and D. A. Rey, "A new measure of
tipover stability margin for mobile manipulators,” in
Proceedings of IEEE International Conference on
Robotics and Automation, 1996, vol. 4: IEEE, pp. 3111-
3116. doi: 10.1109/ROB0T.1996.509185

[24] K. D. lagnemma, A. Rzepniewski, S. Dubowsky, P.
Pirjanian, T. L. Huntsberger, and P. S. Schenker, "Mobile
robot kinematic reconfigurability for rough terrain," in
Sensor Fusion and Decentralized Control in Robotic
Systems 1II, 2000, vol. 4196: SPIE, pp. 413-420.
doi: 10.1117/12.403739

[25] W.-H. Wang, X.-]. Xu, H.-J. Xu, and C.-L. Sun,
"Development of variable-configuration wheeled
driving system for enhancing the obstacle-crossing
ability of unmanned vehicles," Proceedings of the
Institution of Mechanical Engineers, Part C: Journal of
Mechanical Engineering Science, vol. 235, no. 9, pp.
1645-1659,2021. doi: 10.1177/0954406220951600
[26] K. B. Lim, J.-h. Kang, Y.-S. Yoon, S. H. Lee, and S.
Kang, "Obstacle-overcoming algorithm for unmanned
ground vehicle with actively articulated suspensions
on unstructured terrain,” in 2008 International
Conference on Control, Automation and Systems, 2008:
IEEE, pp. 324-328. doi: 10.1109/ICCAS.2008.4694665

Volume 26, Issue 10, October 2026


https://doi.org/10.1155/2019/1932812
https://doi.org/10.1016/j.robot.2016.12.007
https://doi.org/10.3390/s23063039
https://doi.org/10.1109/IROS.2009.5354137
https://doi.org/10.1109/ICCAS.2010.5670132
https://doi.org/10.1080/01691864.2012.690191
https://doi.org/10.7746/jkros.2022.17.4.500
https://doi.org/10.1109/ROBOT.1996.509185
https://doi.org/10.1117/12.403739
https://doi.org/10.1177/0954406220951600
https://doi.org/10.1109/ICCAS.2008.4694665
https://doi.org/10.1017/S0263574711000804
https://doi.org/10.3901/CJME.2012.05.1060
https://doi.org/10.1109/ICINIS.2010.176
https://doi.org/10.1177/1729881417752758
https://doi.org/10.3390/s21165367

