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Quadruped walking robots are expected to be utilized for several works on rugged
terrain because of its high terrain traversability. In this paper, we propose a quadruped walking
robot “TITAN XII” to traverse on large obstacles and discuss its design concept and system
integration. Then we show the result of large step climbing experiment by TITAN XII.
Furthermore, in order to establish the basis of gait control of quadruped walking robots on
large obstacles, we make simulation experiments about body rising motion. We investigate
the appropriate foot positions and horizontal internal forces which eliminate negative power
consumption, then optimize the motion in consideration of the actual characteristics of the
installed actuator.
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Fig. 1 Workspace of Leg
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Fig. 2 Leg mechanism of TITAN XII
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Fig. 3 2DOF active ankle mechanism
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Fig.5 Overall view of TITAN XII

Table 1 Specification of TITAN XII

Size[mm] L:1061xXW:1698xH:645.5

Weight[kg] Aprox.100

DOFsper 1Leg Limb:3, Ankle:2

Motor Joint1~3 150[w]
Joint4,560[w]

ReductionRatio Joint1~3294.5:1
Joint4,5150:1

Max Leg over 50[kgf](Constant)

Vertical Force

Max Leg 1.5[m/s](Theoretical Value)

HorizontalVelocity

gobooooboooboooboobooooooboobogo
oboooobooboooboooooobobooboon
gooccUUoooobooopooobobobooobonooo
gbobooobooooboooboobobooooao
goboooboooboobboooobooooboooo
Oo0O000oo0ooosH2000000000000
oooooooOoooo PIDOODCOODOOOPC
O SH2000000 RS2320000000SH200
OHCANDOOOOODODOOODOOOO100 SH20
0000 RS232-HCAND OO0 OOO0O0O0O0O0OOOO
oo0o0o0oosH200000000000000 10



Control PC Graphical User Interface

User Interface
Motion Planning

RS232C

SH2:7047F HCAN
GateWay:RS232C-CAN To SH2 Boards of LEG2,3,4 I

SH2:7047F(Joint1)
l—| Incremental Encoder | |

\—m |

: | SH2:7047F Joint2,3) |—{D/A | —{ Motor Driver<3 }{Motor<3] |

| U—{Incremental Encoderx2| |

| I—_PotentiometerXZ

| SH2:7047 Motor Driver=2 |— Motorx2]

|

|

|
I
L—{Incremental Encoderx2] |
I

| HCAN

HCAN

L — — — {Control System of LEGL}- — — —

Fig. 6 Control system

ooo0300000000000O00oO000n 138

oooooooOopPCOOdOdOOOOO 20msecd SH

00o0oooDoooO imseda OO0

ddooooOoobcodnooodooooooog
goooobooboooooooooobooooooa
Joo00oo0oooooooonD 1300000000
gooboobooobooooboooboobouooooad
gooooboodobooooboooooo

0000000000ogisowdanonoag Titech
DriverVerDO OO OOOO (OO)45vOOoOoooon
Joo0016.7A00060WO O OO 0O Titech Driver Ver.2
Jo0oOoDoo48vonoodoooooonoo10A000
oo oooooooooooa
O00ooodooooooosHz2000000000404
goooooodddddddddodoooooao
oo

3. 000000

OOOOTITANXII DODDOOOOO0OO000oo
gbooooooboooboobooooobooooon
00o0o0oooooooooooooooo eond
gboboobooobooooooooboooobooao
gooooooogoseommddooooooooono

gboobooooooobooobbooboboooon
gboooooooboooobooobooooon
gbboooooooobooooooboooooo
gbooogo

0000000000 Fg700000000OO
0240[secH 000000000 DOOOOOODOOO
gbobooobooooboooooooboboooboon
gboboooboooboooooooboboooboon

Fig. 7 Large step climbing experiment
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Fig. 9 Energy consumption change by leg width
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Fig. 11 Energy consumption change by internal force
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Fig. 12 Actuator consumed energy
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Fig. 13 Trajectory of DC motor operating point
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