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Design and Analysis of Leg Linkage of Small-scale
Insect-inspired Ground Mobile Robot
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Abstract: Small-scale ground mobile robots can access confined spaces where people or larger robots
are unable. As the scale of the robot decreases, the relative size of the environment increases; therefore,
maintaining the mobility of the small-scale robot is required. However, small-scale robots have
limitations in using a large number of high-performance actuators, powerful computational devices,
and a power source. Insects can effectively navigate various terrains in nature with their legged motion.
Discrete contact with the ground and the foot enables creatures to traverse irregular surfaces. Inspired
by the leg motion of the insect, researchers have developed small-scale robots and they implemented
swing and lifting motions of the leg by designing leg linkages that can be adapted to small-scale robots.
In this paper, we propose a leg linkage design for insect-inspired small-scale ground mobile robots. To
use minimal actuation and reduce the control complexity, we designed a 1-DOF 3-dimensional leg
linkage that can generate a proper leg trajectory using one continuous rotational input. We analyzed the
kinematics of the proposed leg linkage to investigate the effect of link parameters on the foot trajectory.

Keywords: Robot, Small-scale Robot, Legged Robot, Linkage Design

.M B
el Aol A] Q- FabA 0 2 sl o1
A

53
cslalr] Shel ARhe s BAg 5 gl TRt 2

Uk 27 2 A mR2 Abelu 2 2250 He] o
7 &

2 A8} Feolu Az vl 52 el 228 AFste] 4

Received : May. 30. 2023; Revised : Jul. 17. 2023; Accepted : Jul. 20. 2023

% This research is performed based on the cooperation with the
Defense Acquuisition Program Administration and Defense Rapid
Acquisition Technology Research Institute’s Critical Technology
R&D program (No. UC190002D)

1. Phd Student, Mechanical Engineering, Seoul National University,
Seoul, Korea (yimsj94, bsm6656@gmail.com)

2. Research Engineer, LIG Nex1, Seongnam, Korea (seongjun.lee,
seokhaeng.heo, jaekwan.ryu@lignex1.com)

+ Professor, Corresponding author: Mechanical Engineering, Seoul
National University, Seoul, Korea (kjcho@snu.ac.kr)

Copyright©KROS

i

2 o 1

=

wE A 9 ] A QTS S 5 e,
2172 3ol B AL F-E E Aolol 2T 5
Aol ), 7123 AiQle] Fefsle] Lutel] 419
35 glo] 23 AV 3L ek LR o] 2R vl
o] 288 7 9lrh. ole)# o] A Q1] 2g57] 9
ofof gk, ol 3:e]

¢
2717} Hoba 5% 391 B9 JH 717 AA7) R

o]

A

e xS
¥

o,

—_

L o (T o 2

o
By
o
i)
o2
o
N
ot
9
X
o,

i
]
N
o)

S sh= Ao D st sk A 32 A7)0 Aloke.
= B2 o] G579 A E ARSS] o HaL AlejE 3
S gl b A o dA o= FEsk] R ke A
#| o] GAZF EA T whebA A m3te] AR 23 el A
gt ol A o5& 5= A sk 3 wiFYEe] 7


https://crossmark.crossref.org/dialog/?doi=10.7746/jkros.2023.18.3.285&domain=https://jkros.org/&uri_scheme=http:&cm_version=v1.5

286 =353 =57 4|18 A3 (2023.9)

(stance phase)oﬂ A o7 AAE EH S A7) AL o]
% §-2t7](swing phase)oll A= T & & =l
Ul T BalS 918k =l il o] X9 vl

domel BEo Ll e ool

Hﬁg ﬂﬂ‘%ﬂ(altematmg tl‘lpOd galt)JJr & o o] 9}
AA|(sprawled leg)= 538 A A, “12]al 4 P&
A ek 4 Qlie = T, o) 27 Thbek S ol A Qg K o
ol&d < I sk 5o B 49 2o 73 w7y
T AAER=E Artke)rhE 5 3

upebA] Thekek el o) s g —)F = =] vl =3
S AR A2 A ZAF 23S0 7R H AT, o)
g YA BAL 2RO M= 2] Aol Ae AR
AR = Q7] ozl ARg-shE s 17 Ul 2 S El
1ol Aghel vhy A4 wheoful= vl 7158 A7
gdoslt) duidow wa vieko g 1:]—;4 = 870 %swmg
=AU TS AelA BoleEl=
ek (11121004 vhe] shobe 7
T&7) 5 ek 5E T TTE *]‘9“3}04 ‘ﬂrﬂ«] swing @}
lifting 21 91-& WHEo] Wtk [2,13-15]0l1 4= BE g 7He] A
% 374 0 = th] ] swing ¥} lifting©] 718k 7|95 A A
ato] v shubd A a7k 5719 5 EolaL Alo] Hi=

= 7 AL L2l e F 0] A 2JES AR

fﬁL—_ A AN, 393 Setold wA VS 1T o
S A R B F SR PAR AL I
ket vhe] 7195 E5f thel o] swing# lifting #4191 T
3k o] A" 719 sl S vl = sy 9l 2
2A|DoNA 3aF o] HARE )2 A Al R ARl o g

o Yot thele] A4 73 Aol Q&S vA7] wie
of sk the] AAE 2h= 719 A2 e st o] #]
ol o} gl 47l 3 W dolql B F(stride
length)7} A5 42 Fulpoll A B ik S5 d 4 Sl
e 4z7ielA o] 5 §°] ohd ko] M7t e s =
o] 29, Ak ko m 1lo] ZopAaL g A Q] Fao]
7Fesith Bk i 714 4 Hof Folt sy w24
s S5 5 Uk o gk v A4 v 7)) A
o] wet G A Huw, A3 v 7)) A W
A o] 2 ¢ 3}

o] 7|5l e 4 T3 YA A 220 A

‘41%% 242 27X 752 s ] $18) SCM (Smart

Of

[e

ofrt

300 '~ sem 21]

° Conventional

250

200

150

mass (g)

100 [20]
[16] 197 [15]

o o oll8
50 [14]%/)[[13]]
[B][]l] [171© 2]

0
40 60 80 100 120 140 160

size (mm)

[Fig. 1] Size and mass comparison of previously developed
centimeter-scale legged mobile robots. Blue dots indicate robots
designed by SCM method, and red dots indicate robots designed
by conventional method
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[Fig. 2] Proposed leg linkage for small-scale insect-inspired
ground mobile robot
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[Fig. 3] Leg linkage model for kinematic analysis with DH
parameters (a) z-axis of each joint (b) Diagram for overall linkage
illustrated with parameters
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List of parameters for the leg linkage model

Parameter

Description

Length between joint 1 and joint 2 in link 1

Length between joint 2 and joint 3 in link 2

Length between joint 3 and joint 4 in link 3

Length between joint 4 and joint 5 in link 4

Length between joint 5 and anchored point of joint 6 in link 5

center of the joint 6

Length between anchored point of joint 6 in link 5 and

Length between center of joint 6 and joint 7 in link 6

Length between center of joint 7 and joint 8 in link 7

Vertical displacement between center of joint 7 and joint 1

x,, |X position of joint 4 in coordinate O

Y..  |Y position of joint 4 in coordinate O

2,4 |Z position of joint 4 in coordinate O

z; ,  |Xposition of foot point in coordinate 5

Y5, |Y position of foot point in coordinate 5

%5+ |Z position of foot point in coordinate 5

[Table 2] DH parameter for the leg linkage
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[Fig. 4] Description of trajectory comparison parameters in (a)
yz plane and (b) xy plane. Dark blue points indicate the stance
phase when the foot contacts the ground, and light blue points
indicate the swing phase when the foot is in the air
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[Fig. 5] Result of kinematic analysis of the proposed leg linkage
with randomly selected variable set. Black points indicate the
joints and red and green lines indicate the links. The input rotation
of the link 1 generates the 3D motion of the foot, and the swing
and lifting motion can be achieved with only one rotational input
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[Fig. 6] The resultant foot trajectory of the linkage while changing the design parameter (,, i,, I, ;) in Xy, yz, and xz-plane. Only one
variable was changed at once. Orange points are the result of trajectory with same variable values used for [Fig. 4], and blue points are
when the length of the link was increased 10%, and green points are when the length of the link was decreased 10%
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