w =

INETENLEZS N (HexapodRobot) , X NY#IwkNLEs N, & EAME AN —Fh. KIH
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Design of hexapod bionic robot based on stm32

—Auxiliary structural design and dynamic simulation analysis

Abstract

A Hexapod Robot, also known as a spider Robot, is a type of foot Robot.Due to its
special structure and movement mode, the hexapod bionic robot still has good stability in the
complex terrain environment.It has wide application prospect in various fields.

The main content of this paper is to analyze the kinematics of the hexapod bionic robot
and get its kinematic equation.The kinematic equation is used to analyze the walking space of
hexapod bionic robot.Then, Robotics Toolbox and genetic algorithm based on Matlab
software were used to plan the trajectory of walking feet.Finally, the overall motion
simulation analysis was carried out in Adams to verify the structure of the robot and the actual

effect of motion.The two auxiliary structures of the six - legged bionic machine are designed.

Keywords: foot robot; kinematics simulation; auxiliary structure design
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52N EL A HTAS 2 M HIZ B2 (RO BN T, BT 54T S AEAT 3L 7 2 35 1
RO, I AT RSt ik TSI, RS AT IS IR (%

T B AT SR RO B R 5 R F Matlab HHEOHLEE A T EAH (Robotics Toolbox) 3R
FRGAT SR IIZ B IEWR, I BRI T B X AT SR AT 025 MO R . st ds 4
B A B R . AT B TR, DL AR 2 K B
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cos 0, -sind, 0 a,,

. cosq, ,sind,  cosq, cosf  -sing, -d;sing, ,
T . .
" sing,  sin 6, sing,_, cos 6, cosa, d,cosa,
0 0 0 1

Lo A L S SR LA
O WAL I i KA -1 IS

AT R D-H £

5 a, d, 6. a,
1 0 0 0, 0
2 90° 0 o, 1,=27
3 0 0 o, 1,=60. 5
4 0 0 0 1,=75

%Uﬂ%$%§ﬁ%A%@ﬁ%dTﬁﬁ:

[cos@, -sind, 0 0 cosf, -sind, 0 1
0 sing, cos®, 0 0 . 0 0 -0
1= A= .

0 0 1 0 sind, cos6, 0 0

10 0 0 1 0 0 0 1

[cos@, -sin@, 0 1, 1 0 0 1

in 6. o, 0 0 0o 1 0 0
o7 sing, cos6, o

0 0 1 0 0 0 1 0

K 0 0 1 0 0 0 1

MR S AABR 28 B AT AL AAKR 28 IR B R R A
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Cly CSy 5 Lieey +¢ (L, +1)
07 — $i€3 8183 G Lisie,s +5,(Le, +1)
Sy Cn 0 L5y +1y8,
0 0 0 1

o

¢ =cost, ¢, =cos(f+0,) s;=sin6, s, =sin(6+0))

LR EPTid, BATR LIS BB AT R R b BN

Py Ly +o(le, +1)
P, |=| Lsicy +s5,(Le, +1)
F, sy, +1,s,

2.3 F:T MATLABT Hl33 A TR ST RITE 2T

PLES N 3N 5 e i Feblas N S0P IR,  FRATAT DU oH EN LR @A — A
JEFLRINLAS AFENL, XT3 AT 7 B AT, o] LB AT AR 45 31— e FRATT 75 22 0 200 9] e
BB 200 M SRIEHLER N ) AR5 (8155 . FRATTRfSTFH Matlab H¢) Robotics Toolbox
AT AR SR A

Mlgs A THH (RoboticsToolbox) #&2%3% PeterCorke N T 78 K I —#K
HE L THRAE. e BRA AN N TRFEHET Matlab HEPEAT 288 (1ink) , DA
Kt AT RIE S R IE#E (ikine fl fkine) FIWIBMIHUEHK] (Gtraj) .

2.3.1 BT RHEK

Denavit 5 Hartenberg $&H 1) D-H S0 R #IANLE N1 H H 7%, D-H 8058
T FF R R N AR R IR A FIAR RO B I OE R . TS AN A5 R AT LS 2
AR BRI R AR, LENLE NS 3 A B AR T LLUR 5 A S5 A0 R R K

TE TS AT AN N PP AT R B FRATAT DUR AU — AN = B L, H
D-H #4n FArR. FATiEiE Robotics Toolbox [ link () pRi¥d% D-H FHRM G 1T
RS, Link O BT BEIRATH E S AEMF R PR f . mE . HA DR A SKRE,
[K°A RoboticsToolbox HHERIA MR /SHl T AL AR, MaEAIRET 2 RS T—
NZHHEE T, MO RERZHN =FEE.

FAEAF B RG] Seriallink O pREGHHTIERIF N B B E SRS 3h
T . BUGPAT R A e, 2 J5 T Teach AT ELW M EZ AL

T



startup_rvc %A A TERE
clc ;clear;

L1=Link([0 O 27 pi/2]); YoFENT Z TEM
L2=Link([0 0 60.5 0]);

L3=Link([0 O 75 0]);

L4=Link([0 O 0 0]);

L5=Link([0 0 0 0)]);

L6=Link([0 O 0 0]);

L1.glim = [deg2rad(45) deg2rad(135)]; %IRE XTI EEE
L2.glim = [deg2rad(-45) deg2rad(90)];

L3.glim = [deg2rad(-120) deg2rad(0)];

leg=SerialLink([L1 L2 L3 L4 L5 L6]);

— p— p— p—

leg.name="one leg’; %orp 23
leg.display();
leg.teach; %R =T
100
50
0
! ~
-50 |
-100 J one leg

2.3.2 FBIT7 R IR



AR CRIPAT RS R IIAL R, ROR A IS A1 L3S . W2 RN AT A2 b
M S, RRDAT RSN RAT M A R . L RS S g3 T LS EAT 0 AT 2
(R EAT BRI BLfili. 7E Robotics Toolbox HIRATRT LA B4 fkine O %% 5345
DAT R IEIZEN I, bR ERITHE . FFE, AT DUER ikine OO pREutATIHIZZ)
fité o

MR
theta =[pi/4 pi/6 -pi/2 0 0 0]: YolkLUf K11 F i
thetal=[pi/2 pi/4 -pi/2 0 0 0]: Y i R AR B
theta2 = [pi*3/4 pi/6 -pi/2 0 0 0]; VoL ni YT AR B

p0 = leg fkine(theta)
pl = leg.tkine(thetal)
p2 = leg.fkine(theta2)

%K p0 FAYIEIE 3%
%K pl T IEES) Y
%K p2 FHYIEIZ 35

"

M=[111000] % B B

q0 = leg.ikine(p0.'q0' theta,'mask’,M) %K p0 YIS IEE)
ql = leg.ikine(p1,'q0" thetal,'mask',.M) %K pl T ITIE 25
q2=leg.ikine(p2.'q0" theta2,'mask' M) YR p2 FHYIEIZ AN

(EEI AT I
p0=
+0.3536 +0.6124 +0.7071 +82.66
+0.3536 +0.6124 -0.7071 +82.66
-0.8660 +0.5000 +0 -34.7
+0 +0 +0 +1
pl=
+0 +0 +1 +0
+0.7071 +0.7071 +0 +122.8
-0.7071 +0.7071 +0 -10.25
+0 +0 +0 +1
p2=
-0.3536 -0.6124 +0.7071 -82.66
+0.3536 +0.6124 +0.7071 +82.66
-0.8660 +0.5000 +0 -34.7
+0 +0 +0 +1
q0 =
0.7854  0.5236  -1.5708 0 0 0



1.5708 0.7854  -1.5708



q2=
23562 05236  -1.5708 0 0 0

2.3.3 BT RKEBHZER=HE

FERURIPOL T, N 7t D0 TSR AT R EE, BA TR LUEN EIE v
ARBR I RIE XM ST WIS BN L AR, RIFEAT D AT 2 R o ] BE S A = B 22

WRLPAT R E M K, AT LB TS84T 2 iz 3 23 A TR 23 A Al
Koo APNJR BRI B —E 1S %

BEARBATIE F S5 R I BUE 7 ik R AP AT R 2 i v A 2 R BEAT A Ao 18
randperm (1000: 1) pRECKEEHLAE R 1 2] 1000 PR —NEERL, AR LR 21254
RIS X 8] AP AR B — A REHLA T AL B, AN b AR ik s AG AR AT AL
AT AR, R R 2 (KO BUE B AT A3 225 AT A A2 i T Y 25 T =

FERP 40 R

x=[Ly=[lz=1[ % fEJiit XVZ,
11=2712=60.5:13=75; Y% T B &K
fail =45:90/10000:135; % 4 i 2h X 6] 4 10000

fai2 = -45:135/10000:90;

fai3 = 0:120/10000:120;

fl = fail *pi/180; ol A )
2 = fa12*pi1/180;

f3 = fai3*pi/180;

cl = cos(fl);c2 = cos(f2):c3 = cos(f3):s1 = sin(f1);s2 = sin(f2);s3 = sin(f3); %fatt
for a=1:10000 %ofiE+H 10000
il = randperm(10000,1); Y%r=4 e LA

12 = randperm(10000.1);

13 = randperm(10000,1);

x0 = 13*c1(il)*cos(f2(i2)+3(i3))+cl (i) *11+c1 (i1 )*c2(i2)*12; %iitr AR i ek
y0 =13*s1(il)*cos(f2(i2)+13(13))+s L (A1) *11+s1(il )*c2(i2)*12;

z0 = 13*sin(f2(12)+13(13))+12*s2(i2);

X = [%,x0]:y = [v.¥0]:z = [2.z0]: SofiELT

end

plot3(x,y,z,"") Y%z [
R TH:
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ST ) 25 B TAT AT (9 1, B30 K240 R AE— > 200mmX200mmX200mn
g2 i) 2 A, e SR B R 27 2 9 B 2 A R ARIE B3 A 0 T 343547
I SR ) 7 35k 0 FELBL 2 e LB 9 T B e L
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3 ETRIEFEIERIPAT RPTHRI

3.1 L HMRIHEER X

TSR K WL N AN SEFTEIB AT ORI RS « SRPE . ISR B S S0 AT 121
£ T R RI A AT LA AL SR 038 AT 8, T ELARAE 7 3 B 2R 00, AR F-HL
SEIR . BT LA R ZE LSS A TR E AP (5 A T B Ay

3.2 5 Robotics Toolbox BiZFERE HIXF b
£ Robotics Toolbox Hgi vl LLEIT jtraj () eRECk#AT 5 k2 Wik kit 47 Pk

PRI 571 2 1] (R R o

FEFUR:
init_ang = [pi/4 pi/6 -pi/2 0 0 0]; YorL in 7L B
targ_ang = [pi/2 pi/4 -p/2 0 0 0]; % H R A B
XXXX_ XXX=[p1*3/4 p1/6 -pv/2 0 0 0]; % i AL
t=0:0.1:2; Yol B AP L
step = 150;
[q qd qdd] = jtraj(init_ang.targ ang step): YoilEAT T 2 UL KL
[ql qd1 qddl] = jtraj(targ_ang,xXXX XXX,step),
traj_1 = jtraj(init_ang.targ_ang.(); YR B A 7% B
xxxx_1 = jtraj(targ ang xxxx XXX,t);
JTA = transl(leg fkine(traj 1)) %R Hi J2 i B 7

JTAI = transl(leg.tkine(xxxx 1));

FEIRX AP T3 3%

-50 one leg

P LLE RIS TR DY AT 3R A . BRI RIR D gt i, &
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AT DA A 38 A% SR0A R BEAT XS IR (B AT HE SR, R — DRI 18], S e AR I
AR -

3.3 ETBEEERBEIMRIREA D K

AL AL IR 7 N NER I A IR IR o MRS A SR A 3 ik
oy EEE . AR SO ) o

H e BENLA B — A, AR A I B AR H AR R B, 45 a8 W R AT Vg K
Gk . KT ERATESRMAMEE T, NSk, PAUEEHN. R&RAERNIM
PR R AR 2 BORAAT 5 AT H AR R 280, MR BATTR] LAAS 21 H s e S LA

ﬂ

H

— K -————1

R 5 -
[ N S —— l
5

$— X5 5

RN T |

3.4 AR
AL SRTEE R, I 4A R SO P AR — TR RARR IRA T 1] . FRATT R T — A
[ #FLL—> 10 (chromlength) £ i) @k B AR N AR AR IE L,
WEREN A MAEEE N 40 (popsize) .
AR 4R -
function pop=initpop (popsize, chromlength)
R
pop=round (rand (popsize, chromlength)) ;

end

3.5 R SHIIRF%E

12



T E— RPN C LB RNYIEFEE, B AR EREETEHE. BRI 2
3L rand O KA 40 A 10 AL EA @ round O P& AR EIR . B AL
FRERF IR 0 BTG OL, (B2 AR AT REN 0. BT LASRATT R E5E ik —ik, DAPRIERS (]
Ay 0o T B —AE B Tk, By (AR RS AR S = AR A g 0 fR4E 5%

AT -

for i=1:40 %kt £ n] 0
if pop(i, :)==[0 00000000 0]
pop(i,:)=[1111111111];

end
end
2 W) R T AR AT ke B R R T .
AU
for i=1:40 % i it

t1(i)=pop(i, 1)*1+pop (i, 2)*2+pop (i, 3) *4+pop (i, 4) *8+pop (i, 5) ¥16.
+pop (i, 6) *32+pop (i, 7) #64+pop (i, 8) ¥128+pop (i, 9) *256+pop (i, 10)*512;
end
e J 340 5 B Sp [ KRR BSF R A R RV T, FRATTX B AR 2. RIERIIN R YE Ly (O,
2) .
AR UNE
t=t1/1023%2; BRI IR (7] X 1]

3.6 HE
RN A RN B Tk 2 WU 2 A b, 153 08— BB e B ok g Rk =,
B UEAS 21 B I 8] R 7= A i3s3l A2 S R AT s s 2T R %A
AR
v (p)=30%60/t (i) 3o 2-60%60/t (i) 4%o0 3+30%60/t (i) 5*o 4;
a(p)=60%60/t (i) 3*0-180%60/t (i) 4*o 2+120%60/t (i) 5*o 3;

PR BRRE . IE AR, EHEEE A for O #ATHD, TR

PRI R o I 3
RIS U

13



for o=0:0.0001:t(i)
p=p+l:
v{p)=30%60/t (i) 3%0 2-60%60/t(i) 4*o 3+30%60/t (i) 5H*o 4:
a(p)=60%60/t (i) 3%0—180%60/t (i) 4%o 2+120%60/t (i) 5%o 3;
end
v=abs(v) :a=abs (a) :

vmax (i) =max (v) ;amax (i) =max (a) ;

3.7 i&F

e BETF UG 0 BB st AT IS S T, R 3 V7 ) (R T DL Ak Fr 3 ) 4% 4 5k
PERVESL, SRR, ERESRAIIZINAR A M. AT
BRI 7 SR HEATIX 43 o ST SR FRATTIE 3h 20 344 (R ANASE 2[R 25 20, AT iEAT IX

P

FEREFUT:
syd=[];
for i=1:40
pd=vmax (i) <480&&amax (i) <134;
if pd==1
syd(i)=100-t (i) ;
else
syd(i)=80-t(i);
end

end

BRI MERPENEJF, AT EIATH T . 18I sort O BT AN BIRHHE
Fp, FEE find O REER BT ARG R JFUR A TP AL E, A3 2] 172
B PR f K, RS RN e FEIK L, R 07 10 RO A g 2 82 B A1 5 e o B
FEm MR LU G S R i b e 34k, FEAS TR IS A 0 s ) B A A —FE,
FERT VY -HA R B Hd B S 2 AR (5%) , FEE PU-HARI S 5 A4 (12.5%) .
XA BCE A TERTHILE R R m 2 R, DR AR R A . J5 WIn Rk /)
AR TS, SRR M AT & BATESR I X 35 T .

EEREFFUR

pk=syd:

pkpx=sort (pk) ;

[m, nl1]=Ffind (pk==pkpx (1)) ;
[m, n2]=find (pk==pkpx (2)) ;
[m, n3]=find (pk==pkpx (3)) ;
[m, n4]=find (pk==pkpx(4)) ;
[m, n5]=find (pk==pkpx(5)) ;
[m, n21]=find (pk==pkpx (40) ) ;
[m, n22]=find (pk==pkpx (39)) ;
[m, n23]=find (pk==pkpx (38)) ;
[m, n24]=find (pk==pkpx (36) ) ;
[m, n25]=find (pk==pkpx (35)) ;
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if k<=40

pop(nl(1),
pop (n2(1),
pop (n3(1),

$)=pop(n21(1), :);
2)=pop(n22(1), :);
2)=pop(n23(1), :);

end

if k>40

(1), )=pop(n21 (1), :):
(1), :)=pop(n22(1),
(1), :)=pop(n23(1),
(1), :)=pop(n24(1),
pop(n5(1), :)=pop(n25(1), :);

s

end

3.8 XXZER

T I VA DO B 22 AR ) R PR, o BB v AR (R R PR o SR BB T IR 1 A
ERREE, AR R R IRATITIAG 7 MR R o AT RN G C 4 T iH#T T —4R
RBEIEESL T, WA TETHEZXN A W MEHAT X, LA E RN 2. 72X IRAT
BEMLAT G A BRI BENL 3 AriEAT e 4. HAZ SURAEREZR pe 7EAS RIS AR A P 22
Al HARWAT DRI A

pc = 0.8-k/200

RUBH IR R R, 28 UL kil o J5 BAZE SRk /b A R T e s, B
AT BORAE MR 2t fig — @ R B I ORUE IR HE 22 A1

B TR XANEF AL 5, it AR S m] DUAR B R () 2 A6, AR R &R G SR,
T A e\ Ry T S DL AR A S e B o IR AE SR AR SOME R N IR 5, AR A 1 2 AR R
UE. AR FHIMER pm [A] FIRH) pe —FF, #BZREAE k 20 X AR R HEE pm AT RIA
N:

pm = 0. 1+k/200

HARATTRAS ARG PR 5777 58 Rhd B R 203 2 SR BRIk it
LA W E AT RIS o FRATT N FL R A Bk AT A e RV AT o 1717 %6 38 8L B8 AR SR agft AN ik
AR MR & AT BRI AR 57, ke E 0 R AR R Ve [, SRR 2 e

FEREFUT:
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