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A Basic Study of Hexapod Walking Robot

D. H, Kang Y. B. Min M lida M. Umeda

Abstract

A hexapod walking robot had been developed for gathering information in the field. The developed robot was
260x260x130 (WxLxH, mm) in size and 14.7 N in weight. The legs had nineteen degrees of freedom. A leg has three
rotational joints actuated by small servomotors. Two servomotors placed at ankle and knee played the roles of vertical joint
for up and down motions of the leg and the other one placed at coxa played the role of horizontal joint for forward and
backward motions. In addition, a servomotor placed at thorax between the front legs and the middle legs played the role
of vertical joint for pumping the two front legs to climb stair or inclination. Walking motion of the robot was executed
by tripod gait. The robot was controlled by manual remote-controller communicated by an infrared ray. Two controllers
were equipped to control the walking of the robot. The sub-controller using PIC microcomputer (Microchips, PIC16F84A)
received the 16 bit command signal from the manual remote controller, decoded it to 8bit and transmitted it to the main
microcomputer (RENESAS, SH2/7045), which controlled the 19 servomotors using the PWM command signals. Walking
speeds were controlled by adjusting the period of command cycle and the stride. Forward walking speed were within 100
cm/min to 300 cm/min. However, experimental walking speed had the error of 4-40 cm/min to compare with the theoretical

one, because of slippage of the leg and the circular arc motion of servomotor of coxa.
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Fig. 1 Prototype and schematics diagram of the hexapod robot.

Table 1 Specifications of the hexapod robot

Item Specification
Size (LxWxH, mm) 260%260x130
Weight (N) 14.7
Number of DOF per leg 3
Total DOF 19
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Fig. 2 Remote controller and transmitted infrared signal pattern.
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Table 2 Transmitting signal and functions assigned to each buttons
of the remote controller

B;t:;.m Signal Functions
1 19711 -
2 11591 Pump up front leg
3 27903 Pump down front leg
4 21759 -
5 37887 -
6 36607 -
7 23295 -
3 6655 -
9 36607 Low posture walking pattern
10 34559 High posture walking pattern
11 36351 Short stride
12 34303 Forward walking(middle stride)
13 33791 Long stride
14 33023 Turn left
15 33279 Stop
16 35071 Turn right
17 35327 Low pace frequency
18 36095 Backward walking
19 33535 high pace frequency
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Fig. 3 Flowchart of walking control of the hexapod robot by
manual remote controller.

Table 3 Specifications of the controllers in the hexapod robot

Item Specification
Mc” SH2/7045
Model —
sc™ PIC16F84A
MC 106
1/O port
SC 13
MC 28 MHz
Clock
SC 20 MHz
MC 8 ch(10bit)
A/D channel
SC -

Y MC : Main-controller
™ SC : Sub-controller
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Table 4 Specifications of a servomotor in the hexapod robot

Item Specification
Model KRS-786ICS
Size (LxWxH, mm) 41x35x21
Max. torque (N-m) 0.856
Movement 180°
Speed of movement 170 ms/60°
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Fig. 4 Time chart for driving of servomotor.



o. g2 5
a9 st s vkl die 4 ol el
2E 1€ S ARl telE AT B na]

2
a2 7M. Rase] HEL nE 19 JH4n 6,3 ok
9 Fzole] Sjsto] dAHnh thele] FE ol A
& B3t ARtEA T, Ak 2 2 26 o) BE
(stride) & A7 ¢ITh

r=1,+1c0s0,+1,cos (0, +6,) (D

6
stride =2><7"><sin~2i 2)

ojgigt BH 19 A7 6,5 Zdslo] RYPH5EY x4
o] 7¥ssith F29Eel B 29 HEHE FE 3 B
£ o, 232 glE AWM dEAE 715 it
ARARAL- HE] 291 38 O] o R sHAA v
7} Aol "ol S dgshd, e 1S FAAA Y
25 AR T, R 29} 38 O shao 2 dAA
tej7t A|A 7 HESHA st v A HES 3 oAl
BH 1€ A8 des $AANIE 1A1ER o7l
th B F A2 FolEs sl AsiMe telE =
o] &2)& Fo|xHo) dasity thele] e 0,9 6;2
7E A osle] AE=Y, K 39 B4 248 2
A AR Al AT} AL FASES siglors 7w
Z2) Al 0,485 90001, 19 63 - 21| e] k- AJA|

B8 29 BaolA 6, 7009 30°% 318385k wet
A tg9) dsE0] b 6,9 A%el o) AR sz, 6,9
A A (HE Sk AgEnt AR 2522 44497
9] FzAd wet FFIHTE FNE T3 FFsAd S A
317] Q8 2E 29 AT 24E ovhAlR HAsle] ¥
AZFe ol g2l 7)o wpet W& Eo S¥E w0 hE
k=4 38l

(o7
o2

it

1o

h=1,8in8, +1sin (0, +0,) 3)

h—1.
0, =sin~l( : ) @
2

Motor 1

Motor 2

Motor 3

fi=45mm  l2=55 mm l3==55 mm
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Fig. 8 Schematic diagram of walking patterns using tripod gait.
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Table 6 Performances of walking speed for the stride and the period of command cycle

(unit: cm/min)

. Indoor Outdoor
Stride x Ar C. speed E. speed E. speed
{cmxms) Error Error
Average S. D. Average S. D.

2.4x240 200 168 1.13 32 196 6.93 4
2.4%288 167 135 1.57 32 152 0.99 15
2.4%336 143 117 0.89 25 129 2.17 14
3.0x240 250 221 222 29 248 2.17 2
3.0%288 208 172 217 36 187 3.01 22
3.0x336 179 155 0.54 23 159 3.71 20
3.6x240 300 278 1.91 22 265 3.01 35
3.6x288 250 219 1.29 31 213 2.94 37
3.6x336 214 194 1.13 20 175 0.44 39
Average - - - 28 - - 21

C. speed: Calculated speed E. speed: Experimental speed
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S. D.: Standard deviation
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