Advances in Applied Mathematics & FH$t2#8tfE, 2026, 15(3), 253-265 Hans X
Published Online March 2026 in Hans. https://www.hanspub.org/journal/aam
https://doi.org/10.12677/aam.2026.153103

ETRESERFENTENRENRZAL TR
B FER

# MY, OREEL, F OB, N OR, R, KORIZ, FAE, REHY

TR IE RN A B R REfIE 2 e, VLIF R
WL TRANU RS2 BE, @i i
BTSSR, WL B

"B AN A B REIR AL A e, VLR R

ks H . 20264F2 A 11H; FHHEM: 20265E3H4H; KA HM: 20265E3H12H

HE

X KERMEAR. WIKFEIAE, ARERUGS N EN 52 et:, Aot T —K
TP FEE RN RHSBEN, HHIT T RANSHFRERS S SMRITR. B, BB
BT, R LA] S SR JRAHE, it T RA=H R SBKTT AR AN, RARoll-
Pitch-Pitch> X1 Ji 55 MR B ITAE 3, SKIREREL. RIBENIREH. K, B TETD-HS
FOERIE SRR, ERIESIEF R, A RPUTER R AWK . FEERE, RASTAE
ETTEEAT R AR, WEEE. NEEARUSSIEsE RN PR, JREdMatlabfi HEIE T
PEMTATESAEE. KREHARSERRYA, ZENRVBNGHRHEH, B)EEEER, &
WPLTH, REAEXBEREFIIRPREBIINES, ARENEI . PENKZIRASERLA
B T HEREEORER.

XK ia
ANEHEEAN, KE, B, ek, @M, B3hEEE

Design and Kinematic Modeling of Bionic
Hexapod Robot Based on the Complex
Environment of Mars

Yang Han?, Ruobo Gul, Hao Li!, Feng Liul, Wencheng Cao?, Gang Chenz, Yuehua Li3, Jiman Su#

1School of Intelligent Manufacturing, Nantong College of Science and Technology, Nantong Jiangsu
2College of Mechanical Engineering, Zhejiang Sci-Tech University, Hangzhou Zhejiang
3Zhejiang Laboratory, Hangzhou Zhejiang

EIREE .

SCESI R BREH, WU, 2, XN, ESOR, BRI, AR, JRakin. BT OORZRIREERI AN 2 LS N LT &
BB FEHEA). R HCF R, 2026, 15(3): 253-265. DOI: 10.12677/aam.2026.153103


https://www.hanspub.org/journal/aam
https://doi.org/10.12677/aam.2026.153103
https://doi.org/10.12677/aam.2026.153103
https://www.hanspub.org/

L

“Faculty of Energy and Transportation, Nantong College of Science and Technology, Nantong Jiangsu

Received: February 11, 2026; accepted: March 4, 2026; published: March 12, 2026

Abstract

In view of the complex and rugged terrain environment on the surface of Mars, to improve the ter-
rain adaptability and motion stability of the exploration robot, this paper designs a six-legged robot
based on the bionic principle of ants and conducts systematic kinematic modeling and gait planning
research. Firstly, by analyzing the physiological structure of ants, the leg proportion and body lay-
out characteristics are extracted, and a leg mechanism with a three-degree-of-freedom serial joint
is designed. The Roll-Pitch-Pitch joint layout and crank-rocker transmission form are adopted to
achieve a lightweight and low-inertia mechanical structure. Secondly, a kinematic model based on
the D-H parameter method is established, and the forward and inverse kinematics solutions are
completed, providing a theoretical basis for the control of the foot-end trajectory. On this basis, the
polynomial interpolation method is used for foot-end trajectory planning, and speed and accelera-
tion constraints are set to achieve the smoothness of the motion process. The feasibility and ration-
ality of the trajectory are verified through Matlab simulation. Experimental and simulation results
show that the bionic six-legged robot has a reasonable structure design, accurate kinematic model,
and smooth foot-end trajectory, and has the potential to move stably in complex environments sim-
ilar to Mars, laying a theoretical and technical foundation for subsequent dynamic analysis, gait op-
timization, and practical environmental applications.
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Figure 1. Map of the Martian surface environment

B 1. AERFEE

DOI: 10.12677/aam.2026.153103 254 I3RS


https://doi.org/10.12677/aam.2026.153103
http://creativecommons.org/licenses/by/4.0/

FhRH A5

A ROE R K BRI R AR 58 ARAE S5, Fwth stk Re e siplas Ao B ArH Wi sh v 6 &
FOAER I A IR NLA N . AR, AR SR sNLas NG I UKt 17 1R 35 N BE T A R T A AL A
MBI LR DYENLES NAEIS SRR P TTIAFE AN, IR R R I AR T8 KR B R B b w54
Ao MHEZTE, NENEAKIEZ B SCELN, BRI BRI E M ST R, AREE TR, &
AMCIEL RS AL, SR NS AAEIZ B ] R4 2 R i (R B, AR T LR S S
P Sy, AT SE L MU B ORI IAEE . [RIk, 7N R WL AR RIX KR PRI 55 77 T B AT W R A 55
FIO KR BHIR N B 5 T R SR I B ROR SRR 1] 2]

2. AR EHEANE SR
2.1. WA IR AT

WSRO BRI AT NV B L, AR, BRI R OR AR AR S B RE D+ 5 NE
(131 2) S8R )i 8 B8 Ho ok 1 R 3 MAAF IR S 0875 2 HL s NPT B Vot 3t 7 R K.
E 3(a)FR, SIS R EXTFRI A, IX —SRRHIE X SR T L g N RE sk sE B R X [3].

(®)

Figure 2. Ant
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Figure 3. Ant physiological structure

3. 4D A IR

DOI: 10.12677/aam.2026.153103 255 I3RS


https://doi.org/10.12677/aam.2026.153103

L

FERGUSURR R S5 R RO AR Vit v, EEBEBECT . RN SN = H KR, Tt R
FIENEAT, SRS SRR KL LE A 3040 EGIRGRIR) 05 AETT I, WA 4(a) B, WIS R0 IR
AT AP ] 4(0)E— P R, ERUCGERRAS LR “HRT - A7 5, WIR TR,
HK L 5% L Z A0 3:0. £z R, fie. P 25)E R BoR T 255 mmHEs7].

Ly
2 1
L, 4 3
6 5

(@) (b)

Figure 4. Size of ants
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Figure 5. Mechanical structure diagram of the legs
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Table 1. Key dimensional parameters of the bionic hexapod robot
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Figure 6. Physical diagram of the robot’s leg structure
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Figure 7. Internal structure diagram of a single leg. (a) Physical diagram of the
institution; (b) Organization chart
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Figure 8. Physical image of the robot body
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Figure 9. Assembly drawing of the six-legged robot
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Table 2. List of main hardware components of the hexapod robot

F 2 NENBATERHIIR

[TELR &S e RiteE] sl iR
Pl g% AGX Orin NVIDIA

LIRS MTI_300 AL B e &
gk Real sense Intel

AR Al FL AL PRO60 Mintasca

DOI: 10.12677/aam.2026.153103 258 I Bl


https://doi.org/10.12677/aam.2026.153103

FhRH A5

Figure 10. Hardware system of the hexapod robot
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Figure 11. Robot control flowchart
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Figure 12. D-H Modeling schematic diagram
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Table 3. D-H modeling parameters of the hexapod robot
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Table 4. Constraint coefficients for trajectory planning of hexapod robot
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Figure 13. Trajectory of the sole of a single leg during a single gait cycle
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