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Musculoskeletal Robot with Anti-Gravity Muscle and Bi-Articular Muscle

*RyumaNITYAMA (The University of Tokyo), Yasuo KUNIYOSHI (The University of Tokyo)

Abstract— The muscul oskeletal system gives animalsthe ability to movein ahuge variety of environments. The artificial
musculoskeletal system proposed here is based on the engineering concept of using biological structures as guidelines for
robot architecture. The design method for the multi-joint actuator-link system is derived from kinetic analysis. Our
experimental system is a pneumatically actuated bipeda robot. The robot’s artificial musculoskeletal system consists of
McKibben pneumatic muscle actuators and two legs with hip, knee, and foot joints. We demonstrate the physical ability

of the robot in soft landing after drop from one-meter-high.
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Fig.1 Kinetic analysis of the musculoskeletal leg. Symbols
in the diagram are: gluteus maximus muscle (GMAX), iliop-
soas (IL), hamstrings (HAM), rectus femoris (RF), short head
of biceps femoris (BF), vastus (VAS), gastrocnemius (GAS),
no name (NULL), soleus (SOL), tibialis anterior (TA).

0000000000000 0 FO eg(3y0000O
ooooooOoTOOOODOODOOOOOODOOOOO

F =[Tomax, TiL, THam, Trr,

Ter, Tvas, Teass Tnutes Tsols Ttal ¥ ©)

0000000000000 00000000000
0001000000 7 = [Thip, Tknees Tfoot] T O Fig. 10
0000000000000000000 GO e9.(4)
oooooooo

-11-11 000 00 0
0 0-11-11-11 0 0 4
0 00 00 O0-11-11

G' =

000 eq(l), eq() 00DODDO0OOO0OOO0DOO
0000000000000000000000000
00000000000000000 Fig10O000O2
00 60000000000000000O0O00000
000 [503000000000000000000

4, O00O0ODOO0OOODO

coboooooooobooooooooooooog
gobooooooooo

e JOOOOODOOODODOO
e JOOOOOODOOOODO:
00000000 (ooooo)uooo

41 00000000 ODOOO0O0OO0

000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000
000000000000000000000000
0000000000000000000000000
0000000000000000000000000
00000 [40
000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000 100000000000000005
000000000000000000000000

3.0 2.0

Fig.2 Comparison of theforce distribution between the full
muscle and anti-gravity muscles.
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Fig.3 Redundancy of the muscle layout.
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Fig.4 Mowgli: abipedal jumping and landing robot.
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Fig.5 Antigravity muscles and atagonistic springs.
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Fig.6 Muscul oskeletal robot.
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Fig.7 Layout of muscle.
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Fig.8 Soft landing from 1.0[m] high.
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