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A generated joint trajectory for biped walking with
constant height and velocity
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Abstract

Biped walking robots have several superior points:
ability of stepping up or down stairs, selecting
appropriate landing points, passing over obstacles
and so on. So, these robots could be used for people
who can’t walk, substitute for wheel chair. However
the most popular researches are copy of human
walking motion. This walking motion makes robot’s
body go up and down, and the velocity will change in
time. This action isn’t good for who is sitting on it.
Thus we try to derive a joint angle trajectory set
which keeps the main body moving at a constant

height and velocity.
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Fig 2.1 Walking motion with main body moving at a constant
height and velocity
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Fig 3.1 Definition of the parameters
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Fig 3.2 Example of smooth joint trajectory
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Fig 5.2 Trajectory of joint angular velocity
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Fig 5.3 Trajectory of joint angular acceleration




Fig5.4 Simulation




5.2

15

KHR-2HV




Fig 5.5 Experiment with real robot
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Table A-1 Two types of biped walking
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Fig A.2 Like gliding steps with real robot
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B.1

01&62

a=ArcCaos((h-D/1);

h=I Sin(X)+l SIN(X+Y);

AC=l Cos(X)+ Cos(X+Y)+l Sin(ArcCos((h-I)/1));
R=I Cos(X)+| Cos(X+Y);
x1=ACt/T-(AC-R);
L1=Sgrt((x1-x0)"2+(y1-y0)"2);
Al1=ArcCos((x1-x0)/L1);
B1=ArcCog((I"2+L1"2-1"2)/(2 L11));
R1=ArcCos((I"2-L1"2+I"2)/(2 1 1));
T=15;

X=60*/180;

Y =20* 7/180;

x0=0;

y0=0;

yl=h;

=1,




0 0 0

01=A1-B1;

02=r-R1,

Co=Ful | Si mpl i fy[n/2-(OL+Q2)];
dO1=D[O1 t{;

dO2=Simplify[D[O2 1]];

dOb=Ful I Sinplify[DJCB t]];
ddO1=D[dO1 {];
ddO2=Simplify[D[dO2 {]];
ddGb=Simplify[DJd t]];
dddO1=D[ddO1 t];
dddO2=Simplify[D[ddO2 t]];
dddGe=D[ ddCb t];
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Plot[OL {t O T}];




Plot[{O2 0.6} {t O T}];
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A3(t)=al+a2t+aBt"2+a4t"3+bt"4+a6t"5+a/t"6+ a8t"7 + O "8 +
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03(0)=n/2+X+Y
63(T)=n+a
63'(0)=-65'(T)
63'(T)=-65'(0)
63"(0)=-65"(T)
63"(T)=-65"(0)
63"(0)=-65"(T)
63"(T)=-65"(0)
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dO50=ReplaceAll[D[O5 1] t-0];
dO5T=ReplaceAll[D[O5 1] t-T];
ddOS0=ReplaceAll[D[D[O5 ] 1] t-0];
ddOST=ReplaceAll[D[D[O5 ] ] t-T];
dddOS0=ReplaceAll[D[D[D[O5 ] t] ] t=0];
dddOST=ReplaceAll[D[D[D[O5 1] ] { t=T];
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aal
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- aa'4 -
= | a5 |
aab
aar
aa8
aa9
AR2= (n0) >
aa9=bb;
aalO=cc;

AA3=Simplify[Inversg TT1].(HH-TT2.AA2)]
0. bb+0.cc + 296706
0. bb+0.cc—- 1.16863
0. bb+0.cc— 211692
0. bb + 0.cc— 9.70065
5.0625 bb + 30.375¢cc + 45.3575
—135bb - 75.9375cc—- 53.2792
135bb + 67.50cCc + 25.5208
—6. bb— 225cc— 4.43331
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04'(0)=-62/(T)
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04"(0)=-62"(T)

04"(T)=-62"(0)

04"(0)=-62"(T)

04"(T)=-62"(0)

020=ReplaceAll[02 t-0];
O2T=ReplaceAll[02 t->T];
dO20=ReplaceAll[D[O2 ] t-0];
dO2T=ReplaceAll[D[O2 t] t->T];
ddO20=ReplaceAll[D[D[O2 t] t] t-0];
ddO2T=ReplaceAll[D[D[O2 t] t] t->T];
dddO20=ReplaceAll[D[D[D[O2 t] t] t] t-0];
dddO2T=ReplaceAll[D[D[D[O2 t] ] t] t->T];
TTT=TT;

aaab |’
aaa’
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-ddozT |
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TTT.AAA==HHH;
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AAA2) = HHH

aa
AAAL= InvesgTTTL (HHH - TTT2( bbb))




aaa9
)

AR =( o0

aaad=bbb;
aaal0=ccc;
AAA3=Simplify[Inversg[ TTT1].(HHH-TTT2.AAA2)]
0. bbb + 0. ccc— 0.349066
0. bbb + 0. ccc+ 1.57449
0. bbb + 0. ccc+ 4.33971
0. bbb + 0. ccc+ 19.4236
5.0625 bbb + 30.37500c— 74.7438
—135bbb- 75.93750cc + 80.834
13.5bbb + 67.50cc— 36.7579
—6. bbb— 22500c + 6.14472
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Ol =01yt];

02 =62[1];

03 =63[t];

04 = 64[1];

O5 =65[1];

06 = 60[t];
O1'=9; 0111];
02'=9; 02[1];
03'=9; 63[1];
O4' = 9; 04[1];
O5'=9; 65[1];
06" = 9; 66[1];
Ol1" =0 61'[1];
02" =9 62'[1];
03" =9 63'[t];
O4" =9 64'[1];
O5" =9 65'[t];
06" =9 66'[t];

POx=0;

POy=0;

P1x=POx+I1 cos(01);

P1ly=P0Oy+|1 sin(Ol);

P2x= 2 P1x+2 cog(01+02);

P2y= 2 P1y+2 sin(01+02);

P3x= 2 P1x+2 12 cos(01+02)+I3 cos(01+02+03+05);
P3y= 2 P1y+2 12 sin(01+02)+|3 sin(01+02+03+05);
PAx= 2 P1x+2 12 cos(01+02)+2 |3 cog(O1+02+03+05)+l4
cos(0O1+02+03+04+05);




P4y= 2 P1y+2 12 sin(01+02)+2 I3 sin(01+02+03+05)+14
sin(01+02+03+04+05);

P5x= 2 P1x+2 12 cos(01+02)+I5 cos(01+02+05);

P5y= 2 P1y+2 12 sin(O1+02);+I5 sin(01+02+05);

P6x= 2 P1x+2 12 cos(01+02)+2 |3 cog(01+02+03+05)+2 14
cos(0O1+02+03+04+05);

P6y= 2 Ply+2 |2 sin(01+02)+2 |3 sin(01+02+03+05)+2 14
sin(01+02+03+04+05);

VOX = 9t POX;
Wy = a: POy;
VIX = d¢ P1x;
Vly = 9 Ply;
2X = d¢ P2x;
V2y = 9 P2y;
V3X = 9t P3X;
V3y = d: P3y;
VAX = 9t PAX;
VAy = d; Pdy;
VBX = 9t PBX;
By = ¢ Py,
VOX = 9 P6X;
By = 9; Poy;

Hel0=1/2 m0 (vOx"2+v0y"2);
Hel1=1/2 ml (vIx"2+vly"2);
Hei2=1/2 m2 (v2x"2+v2y"2);
Hel3=1/2 m3 (v3x"2+v3y"2);
Hel4=1/2 m4 (vAx"2+vay"2);




Hei5=1/2 m5 (vox"2+v5y"2);
Hei6=1/2 m6 (vbx"2+v6y"2);

Kai0=0;

Kail=1/2 J1 O1"2;

Kai2=1/2 J2 (O1+02')"2;

Kai3=1/2 J3 (01'+02'+03)"2;
Kai4=1/2 J4 (01'+02'+03+04)"2;
Kai5=1/2 J5 (01'+02'+05)"2;
Kai6=1/2 J6 (O1'+02'+03'+04'+06")"2;

[ti0=mO0 g POy;
Itil=m1 g Ply;
[ti2=m2 g P2y,
[ti3=m3 g P3y;
Itid=m4 g P4y;
[ti5=m5 g PSy;
I1ti6=m6 g P6y;

L=Hei0O+Hei1+Hei2+Hei3+Hei4+Hei5+Hei6+
KaO+Kail+Kai2+Kai3+Ka4+Kab5+Ka6-
(ItiO+Iti1+Iti2+Iti 3+1ti4+Iti5+Iti6);




T1l=0:dor L-001 L;
T2=0tdop L-0p L;
T3=0t doz L—-03 L;
T4d=90: 0o L-0n L,
T5=0: 0o L—-9005 L,
T6=0: dos L —00% L,

M11 = 8¢z1-- T1;
M12 = pp=- T1;
M13 = 803=- T1;
M14 = 8p4-- T1;
M15 = 8p5-- T1;
M16 = 806=- T1;
M21 = G0~ T2:
M22 = ap=- T2;
M23 = agge- T2:
M24 = oy=- T2;
M25 = 605~ T2;
M6 = doge- T2:
M31 = 801-- T3;
M32 = 8pp=- T3;
M33 = o=~ T3;
M34 = 6py-- T3;
M35 = 6p5=- T3;
M36 = 6p== T3;
MAL = 8o T4;
MA2 = 8o T4
M3 = o=~ T4;
MA4 = aoge- T4
MAS = a5+ T4;
MG = 605~ T4;




M51 = 8¢1-- T5;
M52 = 8cp=- T5;
M53 = 8- T5;
M54 = 8y=- T5;
M55 = 85~ T5;
M56 = 80s== T5;
M6l = 801-- T6;
M62 = 8pp=- T6;
ME3 = 6=~ T6;
MB4 = y=- T6;
ME5 = 6p5=- T6;
M66 = 6p0=- T6;
hll = 601~ T1;
h12 = 0p- T1;
h13 = 603- T1;
hl4 = 6y~ T1;
hl5 = 605~ T1;
h16 = 605~ T1;
h21 = 601~ T2;
h22 = ap- T2;
h23 = 63 T2;
h24 = 6oy~ T2;
h25 = 605~ T2;
h26 = 605~ T2;
h31 = 801~ T3;
h32 = - T3;
h33 = 603~ T3;
h34 = 6y~ T3;
h35 = 605~ T3;
h36 = 606 T3;
hal = a0~ T4;
h42 = a0p- T4;
h3 = 603~ T4;
h44 = 6y~ T4;
5 = 605~ T4;

h46 = 60"




h51 = 601~
h52 = app-
h53 = 603~
h54 = agy4-
h55 = 605
h56 = 606
h61 = 601~
h62 = app-
h63 = 60z~
h64 = 6p-
h65 = a5~
h66 = 606"

33500 olddadd

gl=gdq4 T1;
92=904 T2;
93=0gd, T3;
g4=0dq T4;
g5=9dq T5;
g6 =gdq T6;
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o1
02
03|

05
06

o1-
02*
- 03' -
Q = M- |’
%'
%'

1/2h11
1/2h21
1/2h31
1/2h41
1/2h51
1/2h61

gl
g2

]

1/2h12
1/2h22
1/2h32
1/2h42
1/2h52
1/2h62

1/2h13
1/2h23
1/2h33
1/2h43
1/2h53
1/2h63

1/2h14 1/2h15
1/2h24 1/2h25
1/2h34 1/2h35
1/2h44 1/2h45
1/2h54 1/2h55
1/2h64 1/2h65

1/2h16
1/2h26
1/2h36
1/2h46
1/2h56
1/2h66




o1r-°
o
a3 |
m" 7
oo

o

0""

TAUTAU=M Q ' +H. Q +G




