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Design and Hardware Integration of Humanoid Robot Platform KHR-2
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Abstract

In this paper, we present the mechanical, electrical system design and system integration of controllers
including sensory devices of the humanoid, KHR-2 (KAIST Humanoid Robot — 2). We have developed KHR-
2 since 2003. Total number of DOF of KHR-2 is 41. Each arm including a hand has 11 DOF and each leg has
6 DOF. Head and trunk also has 6 DOF and 1 DOF respectively. In head, two CCD cameras are used for eye.
To control all axes efficiently, distributed control architecture is used to reduce computation burden of main

controller and to expand devices easily. So we developed the sub-controller as a servo motor controller and a

sensor interfacing devices using microprocessor. The main controller attached its back communicates with
sub-controllers in real-time by CAN (Controller Area Network) protocol. We used Windows XP as its OS
(Operation System) for fast development of main control program and easy extension of peripheral devices.

And RTX HAL extension commercial software is used to realize the real-time control in Windows XP

environment.
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Fig. 1 Photograph of KHR-2
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Fig. 2 Joint structure of KHR-2

Table 1. Specification of KHR-2
7] 120 cm
=5 56 Kg
HyPEE 0 ~ 1.0 Km/h
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Table 2. DOF(Degree of freedom) of KHR-2

£ (Pan/Tilt) 2 DOF
™ 2] T 2DOF X 2 &
(Pan/Tilt) =4 DOF
o] 7§ (Roll/Pitch/Yaw) 3 DOF
o &= X (Pitch) 1 DOF
b 4DOF X 2 &
= 8 DOF
&2 (Roll/Pitch) 2 DOF
. &7+ (Pitch) 1 DOF X 5 DOF
= 7DOF X 2 &
= 14 DOF
e Yaw 1 DOF
1374 (Roll/Pitch/Yaw) 3 DOF
= (Pitch) 1 DOF
== 12 (Roll/Pitch) 2 DOF
6 DOF X 2 Ut}
=12 DOF
DZ; 41 DOF
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Fig. 4 3D Model of the hand
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Table 3. Movable angle range of lower body joints

Movable angle range(deg)

Roll -90 ~ +38

334 |Pitch -90 ~ +90
Yaw =77 ~+60

. 0~ +150
Roll -40 ~ +23

W=

Pitch -90 ~ +90

Table 4. Actuator types in lower body

TE Ag U2 DC ZE &%
Roll 24V/150W
I#4| Pitch 24V/150W
Yaw 24V/90W
Harmonic drive gear +
24V/150W
= Pulley/Belt
X2
Roll 24V/90W
p
Pitch 24V/90W

Fig. 5 Thigh Design (Hip Pitch Joint & Knee Pitch Joint)
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Fig. 6 Photograph of the lower body
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Height: 15mm
o Saei <

[ 110mm ! |'—7 0 mm —'| Height: 20mm

a. 7-ch Motor Controller b. 2-ch Motor Controller

Fig. 8 Joint motor controller

a. Signal Processing Module b. F/T Sensor in Wrist c. F/T Sensor in Ankle

Fig. 9 F/T sensor module
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Fig. 10 Inertia sensor module
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