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A Kind of Robot Structure Design and Kinematics Analysis
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Abstract Humanoid robots are an important part of the field of robotics, and their characteristics analysis
involves disciplines such as machinery, electronics, and materials. Since humanoid robots can imitate human be-
haviors and actions and can better serve humans, it has become a current research hotspot most humanoid robots
are equipped with a large number of intelligent software and hardware , but the body design still has defects, es-
pecially the waist structure design of humanoid robots , which is not innovative and restricts the overall function.
Based on this, a kind of humanoid robot waist structure is designed, it has a certain degree of innovation. Firstly,
its pose is calculated by using the spin theory. Secondly, by using the Adams and Matlab, the simulation fitting
is carried out. Finally, it is verified by experiments to prove the rationality and feasibility of the structure design,
it lays the foundation for robot dynamics analysis.
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Fig. 1 Movement diagram of the robot mechanism
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Fig. 2 Schematic diagram of control system circuit
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Fig. 3 Overall structure of the robot
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Tab.1 Robot dodge action and motion parameters of each joint
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Fig.4 Spinor coordinate system

Jie B AR A X

g-1.(0)=e"g,_,.(0) (1)
K, g (0) i AAR RN i— 1 AR bR R A T LAk b
O WIHIIR DL ZERE R 5 g1, (0) J i AR ZR X i1 Ak bR
PTG i1z BN 5 R B AR AR LA I 5 0 g A bR R e
M & issh Iz gl .

&R iz s e B ny il

v, —w. X q,
ée["" - q'} (2)
0 0

L, w, IR ERE; ¢ AT
R AE LA B R O PR — S B ALK 5 0, 1 w,
(1R R JE IS %o R A I

WRYEE 4T AR RTR, w, =0 0 1]; w, =

0 -1 0; w,=[-1 0 0; ¢, =4¢=0; gq,=
[~a 0 bl WAET MBS E, SRS 50
e, BERN
cf, -s6, 0 O cf, 0 -s6, O
20|80 cb, 0 0 o = 0 1 0 0
0 0 1 0f sf, 0 c6O, OFf
0 0 0 1 0o 0 o0 1
1 0 0 0
so, |0 cO; 86, —bec 0,
" Tlo -s6, c6, -b(1-co,)
0 0 0 1
A1, s=sin; c=cos,
RAKX (D, wIfg
kv kyn ks ky
Nk kn ki ky
8,4(05) = by ky o ky o ke (3)
ky kyo ks ok
K, k,=-s050,-c05s0,c0,; k,=-s0,c0,+
cl,s 0,50, k;=-cO,ch,;
ky=c0,s60,—s6,s6,c0,;
ky =c6,c0s+s 6,560,560, kyy =-56,c0,;

ks = c0,c 653 ky==c 0,5 053 ky = —s6,; k=

—acO,c0,— b(s0,505+c0,50,c6,)-bs0,s0,—
bch,s 0,(1-c 0,); k,=—as 6,c0,+b(c 0,56, -

s0,50,c0,)—bcOs0,—bsOs6,(1 —cb,); ks =
—as 6, + bcO,c 0, +bcO,(1 —cby); ky=ky,= k.=
0; k=1,

h T A E R BE AL, R AL AN bR 7
%0,=0,=0,=0ft A4, 535 g,00,)=

0 0 -1 -a
01 0 0 . N
Lo o sl BHLES AR S AR AR R ooy s 25l
0 0 O 1

MEFEAPRR OB 2z, vy, —xGl I —2, HARumk
FREBIPLEAFR N[ -a 0 b1, 5K 487555 —
H, Wi, eI EIE.

3 Hlas Nz sh=2 05 5550 5%

AT LS ALY S 4ERCR 5 A Adams 4K
PEOSEA TR B AT, BEMRE M, B8R 2
WK, AT HE0% T 4 b R FIHL a8 A A o 1,
WANARIC A, FFH 1 MainToolbox #4705 H.. LIS A
FEATRIFA 52 3 Bk i 04 B DN Bh A Bz sl an el 5
PR

(a) 0°~60° (b) 60°~120° (¢) 120°~180°
Bl5 HLEEA0°~60°, 60°~120°F1120°~180° 4RI sh{f
Fig. 5 Robot dodge action at 0°~60°,60°~120° and 120°~180°

BISH, WA BRI ML N AR ) i)
IFE 0°~60° . 60°~120°F1 120°~180° 3 A7 Y 45 4]
B SERZ ST . S E SR 3 A iE Bl
2T, A3 AR 3412 s T HUL B INBRIE AT (Mark-
er Point), Z5RUNK 6 frn. F o9, SELEK/RIT
A, MERER KT AN

20.0

2 1 150 ©

§ 10.0 g

g _ so &
34.5

- 0
0 0.1 02 03 04 05 0.6
B[] /s



Fastk H12M

— ML NS BT Rz s p

77

(a) 0°~60° W 75 1 11 s T E K A (3%

250.0 T— 25.0
2 1875 (200 5
T T F15.0
w1250 - %
] F100 £
® L &
g 6257 5.0
o 0
0 01 02 03 04 05 0.6
B 18] /s
(e) 120°~180° M I 2 Ay A3 B I F 1V B8
350.0 —— 25.0
i 200 ©
S 2500 N
< 200.0 150 @
21500 10.0 &
® 1000 &
& y 5.0
50.0 ] :

0 . 0
0 0.102 0304 05060.708

250.0 25.0
2 2000 200 ~
T 1500 150 &
2 1000 100 &
b ’ &
& 500 5.0
0 : 0
0 01 02 03 04 05 06
i8] /s
(b) 0°~60° I ICTY 2 Ay A HE M i %%
350.0 25.0
—~  300.0
200 ~
2 2500 »
< 2000 150 o
= 1500 100 &
g 100.0 o P
50.0 :
0 0
0 01 02 03 04 05 06
i 8] /s
(c) 0°~60°H SC1T 3 1) £ 18 B K FA 1 K
27.5 = S 77 20.0
= T 2 _
2 270 150 C
T 265 N
10.0
B 260 =
i so &
& 255 -
25.0 & 0
0 0.1 020304 05 06 0.7 08

Fif1E] /s
(d) 120°~180°F &Y 1 By F 1 K A i B

Fif 1E) /s
() 120°~180°HF 545 3 iy A L8 S F i B
226.0 25.0
@ 2255 204 ~
D PR 150 <
< 225.0 - B
m | e 100 &
1 f:
g 224.5 50
224.0 == 0
0 002 004 006 0.08
001 003 005 007 0.09

i 18] /s
(g) 60°~120° 7 3 FAF o B I f A%

o Bl A4 TR AL

Fig. 6 Rotation speed and angular displacement of each joint of the robot
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Tab.2 Rotating speeds of the left and right joints of the robot
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Fig. 7 Robot kinematics experiment
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Tab. 4 Error statistics of measured value and theoretical value
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