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Abstract: This paper presents a trajectory generation algorithm for a 3-link mobile manipulator system
using Differential Dynamic Programming (DDP), with an emphasis on center of mass (COM)
control. The proposed method addresses stability challenges arising from the interaction between the
manipulator’s COM and the system’s overall COM. By incorporating COM-related constraints into
the DDP cost function, the algorithm minimizes joint torques while preserving overall system
stability. Two simulation scenarios were conducted to validate the approach: one with a baseline
configuration, where the trajectory was generated from the initial posture, and another with an
additional payload on the manipulator. The results demonstrate that the proposed algorithm
effectively reduces COM deviations and control effort compared to conventional methods, thereby

enhancing both stability and energy efficiency.
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[Fig. 1] A hybrid humanoid robot capable of transitioning between
bipedal and quadrupedal modes with integrated manipulators
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[Fig. 2] A simplified model of a floating base system with a
manipulator
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[Table 1] Parameters of the system and DDP

System’s parameters

Length [m] [, =04 l,=0.3 I, =01
Mass [kg] m,. =500 m; =15 | my =05 | my =0.3
Initial position [m]| =, =0 |6, =—60°| 6, =120° | 6, =30°
DDP’s parameters
t, 0.02 sec
Horizon length 5
Q, diag (1, 1, 15)
Qs1 diag (7000, 7000, 10000)
Q, diag (0.00005, 0.00001, 0.00001, 0.00001)
Q2 diag (4, 1,1, 1)
Qs diag (10, 0)
Q3 diag (15, 0)
R diag (0.001, 0.001, 0.001)

weight profile of Q;
10000

8000
6000

4000

2000 —Q,

_..Q,‘ 4 (@)
Q1 Opiten)

0 05 1 15 2 25 3 35 4 45 5
time [sec]

[Fig. 3] The weight profile of Q,; generated based on equation (15)
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[Fig. 4] Initial position and orientation of the system for Case 1
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[Fig. 5] Experimental results for Case 1: (a) Results when all weights
for the COM were set to zero. (b) Result with weights applied
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Control input trajectories with weights applied
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Appendix

o] Aol A ARGE Al AT 2R O] 254
Zrk:

chet

rlo

My My, My My,
M = | Mot Moo Moy
My My Mgy M,
My My My, M,
My =m g, +my+my+my

M, = (my (205 (60,,) +215cos (6;) +

215008 (0155))) /2 + (m, (2l,c0s (6,,) +
2l,cos(6,)))/2+1;m;cos (6;)

My =

(m (21008 (6,5) + 215008 (B155))) /2 + Lymycos (6,)
My, = lymaycos (6,3)

My, = M,

M,, = l%ml -Q—lfmZ +lfm3 + l%m2 +l§m3 +l§m3 +
21,15mc05 (853) + 21, 1ymycos (0,) 421 1ymacos (6,) +
21,1 5m4c0s (0;)

My = lmy +13my +my + 14 1;macos (6,5) +

Lyl miycos (6,) +11ymgcos (0,) 42150 ymcos (65)
My, = 1gms (15 +11c0s (8,5) +1yc0s (65))

My = M3, My, = My,

My = lmy + 13my +3my, + 21l mcos (6;)

My, = lymy(l; +1,c0s (6,))

My = My, My = My, Myy = My,

My, = l§m3
Cll 012 013 014
. o, C., C, C
C( , _ 21 22 23 24
=0 a, o
C‘Zﬂ CZIZ 034 6\214
C,=0

Cry =—20,1ymosin (8,,) —20,1,msin (6,,) —
20,1,m,sin (03,) —20,lmsin (0,,) —

26,1,m,sin (0,) —20,1,m,sin (0,) —26,1,msin (0,) —
20,14m551n0 (0,53) — 20,05mm551n0 (0,53) —
(

293l3m331n 0,193)

[kl

=
s
off
2
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Cly = 20,1ym,sin (0,,) — 26, 1masin (0,,) —
20,1,m,sin (6;,) —20,1,msin (6;,) —
29113m35in (6012) *292l3m351n (015) —
293l3m35in (0125)

Ciy = 2lgmysin (9123)9123

Cy =0

Gy == 2é2l1l3m351n (0y5) — 293lll3m351ﬂ (0y5) —
2é2l1l2m2sin (6,)— 2@2l1l2m3sin 0,)—
20,1,5m,sin (0,)

Coy =— 29111l3m351n (055) — 29211l3m351n (055) —
293lll3m3sin (0,5) — 29111l2m25in (6,)—
2éllll2m3sin (09) — 29211l2m25in (6,)—
20,1,1ymsin (6,) — 2040,1masin (6;)

Cyy == 2y (1sin (Byy) +1ysin (6,))0 0,

Gy =0

Cyy = 20,1, 13msin (By5) +20,1,1mysin (6,) +
2éllll2m3sin (6,)— 2931213m33in (6,)

Cyy =— 29312137713 sin(03)

Cyy == 2lylymysin (93)"9123

€y =0

Cly = 25miy (0,510 (65) +0,1,sin (05) +

élllsin (6,5))
Cls = 2lylymysin (0,)0,,
C,=0
Gl
Gla) = |
G
G =0

Gy =— gm,(lysin (8,,) +1;sin (0,) +1,sin (6,93)) —
ng(ZZSin (012) +llsin (01)) _gllmlSin (01)

Gg = gmg(lgsin(glg) +133in(9123)) -
gl2m251n(912)

G, = glymysin (9123)7
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