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Abstract:

The study of humanoid robots is still a challenge for the
scientific community, although there are several related
works in this area, several limitations have been found in
the literature that drive the need to develop an inverse
kinematic modeling of biped robots. This paper presents
a research proposal for the Bioloid Premium robot. The
objective is to propose a complete solution to the inverse
kinematics model for a 18 DOF (Degrees Of Freedom)
biped robot. This model will serve as a starting point to
obtain the dynamic model of the robot in a subsequent
work. The proposed methodology can be extended to
other biped robots.

Keywords: bioloid premium robot, forward kinematics,
inverse kinematic, kinematic chain.

1. Introduction

The problem of study related to the kinematics of
biped robots has been widely studied in the scientific
community; in the literature have been found several
limitations in the models of biped robot kinematics.
This drives the need to develop an inverse kinemat-
ics model for the Bioloid robot of 18 DOF. Specifi-
cally, the problem of the lack of study of the kinemat-
ics of the upper train in biped robots arises [1-13,
19-26]. Due to the high number of degrees of free-
dom and the complexity involved in the calculation of
the inverse and forward kinematics equations, most
authors have the objective of modeling only the lower
train of the robots, either using commercial robots
such as Nao with 12 DOF legs [1], HYDROiD which
has 8 active DOF per leg [2], Scout [3] and NWPUBR-
1 [4] with 12 DOF legs, Ostrich Bionic with 13 DOF
legs [5], Cassie with 20 DOF legs [6], or robots wich
are author’s design with 12 DOF [7-9] 10 DOF [10-12]
and 9 DOF [13]. All of these research papers calculate
the forward kinematics model by taking one of the
robot’s feet as supporting foot.

In other works, it is possible to obtain the for-
ward and inverse kinematics solution for both legs and
arms, using the HRP-2 robot with 12 DOF legs [14],
DARwIn-OP with 6 DOF perleg [15], AXIS with 12 DOF
legs [16], NAO with 21 DOF [17], Digit robot with 20
DOF [18], but these models propose the torso or pelvis
of the robot as the initial frame.

The Bioloid robot has been used by the scien-
tific community to perform several studies related to
kinematics, dynamics and control. Most of the works
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obtain the kinematic model of the legs, taking into
account only one foot as the initial frame [19-24];
proposing two different cases where the supporting
foot is either the right or the left foot [25], in [26] the
torso is taken as the initial frame. In [27] the kinematic
model of the robot legs and arms is obtained but uses
the torso and pelvis as initial frames.

All the works mentioned previously calculate
the kinematic modeling considering the Denavit-
Hartenberg method to represent the position and ori-
entation of the end-effector.

On the other hand, the authors have not estab-
lished a complete inverse kinematic model for a 18
DOF bipedal robot. Therefore, the Bioloid Premium
robot with 18 DOF is proposed as a study target. The
main motivation in this paper is to develop a method-
ology based on the Denavit-Hartenberg method to
obtain the forward and inverse kinematic model for a
18 DOF Bioloid Premium robot.

In the present work we propose to obtain the com-
plete kinematic model of the Bioloid robot, consid-
ering four open kinematic chains, where the initial
frames are the support feet, and we have the left and
right pelvis as end-effector frames; the pelvis is also
proposed as another initial frame to have the left and
right hand as the other end-effector frames.

The paper is organized as follows. In Section 2
the Denavit-Hartenberg method is applied to calculate
the geometric parameters of the robot. In Section 3,
forward kinematic model is obtained. The equations of
inverse kinematics of the robot are computed in Sec-
tion 4. Finally, the conclusions are given in Section 5.

2. Denavit-Hartenberg Parameters

The key idea is to generate four open kinematic
chains to describe the position and orientation of each
link of the Bioloid Premium robot. Using the Denavit-
Hartenberg method, the frames and parameters of
each link, as well as the position and orientation of
each joint of the robot are presented in Figure 1.

We can observe that the supporting right
and left feet are proposed as the initial frames
a0 (Xdo, Ydo, Zdo) and Xgo(Xdo, Ydo, Zdo), then the first
two kinematic chains goes up to the pelvis frame,
from this point three open kinematic chains can be
considered, one of them has the left foot end-effector
frame )., (z12,%12,212), while the second chain
takes into account the right hand end-effector frame
Y 43(Xa3, Va3, Zq3) and finally, the third chain considers
the left hand end-effector frame 3;5(x;3, Vi3, Zi3)-
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Figure 1. Frames assigned to the joints of the Bioloid
robot

Table 1. Denavit-Hartenberg parameters of the legs

Link o L | 6; | ds
1 /2 0 0 | di
2 —7m/2 0|6 |0
3 0 li | 621 0
4 0 lo | 03] 0
5 /2 0641 0
6 /2 0|6 | 0
7 0 0|66 | O

Table 2. Denavit-Hartenberg parameters of the right arm

Link (a7} li 01, di
1 w/2 | 0 | —7/2 | da
2 —7/2 | 13 | O | ds
3 0 la Op2 0
4 0 ls Obs 0

Table 1 presents the Denavit-Hartenberg param-
eters for the kinematic chain corresponding to the
robot legs, which relates the frame ), (x1,¥1, 21) and
frame 212 (9312, Y12, 212).

Table 2 shows the Denavit-Hartenberg parame-
ters for the kinematic chain corresponding to the
right arm of the robot, which relates the frame
> a1 (a1, Ya1, za1) and frame ) 1o (243, Ya3, 2d3)-

Table 3 has the Denavit-Hartenberg parameters
for the kinematic chain corresponding to the left arm
of the robot, which relates the frame ) ., (i1, ¥i1, 2i1)
and frame 223 (l‘i3, Yi3, 21‘3).

The robot’s home position is given by the angles
shown in Tables 4 and 5.

To define the value of the variables corresponding
to the leg links, the real measurements of the Bioloid
Premium robot leg joints were used:

Table 3. Denavit-Hartenberg parameters of the left arm

Link (s 7] l,; 07; d,;
1 —71'/2 0 —71'/2 d2
2 71'/2 I3 Opa ds
3 0 la Obs 0
4 0 l5 9b6 0

Table 4. Value of the joints corresponding to the home
position of the robot legs

01 02 93 04 95 96
w/2 | 0 0 0 | —7m/2| 0

Table 5. Value of the joints corresponding to the home
position of the robot arms

91,1 91;2 0b3
—7m/2 | 0 0

Ovs | Obs | Ovs
w/2 | 0 0

d; =33 mm, dy = 118 mm, d3 = 73 mm,
l1 = 12 =176 mm, l3 =16 mm,

l4 = 66 mm, l5 = 108 mm.

3. Forward Kinematics

To calculate the forward kinematics of the robot,
the transformation matrix defined in Equation (1) was
used.

698(97;) —sin(0;)cos(e;) sin(ei)sifz(ai) licqs(Gi)

i sin(0;) cos(8;)cos(a;) —cos(0;)sin(a;) l;sin(0;)
i—1 0 sin(ay) cos(a;) d;
0 0 0 1

(1)
Where the superscript i represents the number
of the current joint and the subscript ¢ — 1 indi-
cates the number of the previous joint. Therefore,
H! , is the homogeneous transformation matrix rep-
resenting the rotation and translation of joint ¢ with
respect to joint7 — 1.
To simplify the results obtained, the following
compact notation is used:

sin(6;) = S;, cos(6;) = C;
Sil’l(@i + QJ) =5, COS(Qi + 93) = C@j

by

where i, j denote the joint number.

The transformation matrix H} relating the frame
>0 (xo, Yo, 20) to frame Y, (1,1, 21) corresponding
to the robot’s foot is shown in (2), where o = 7/2,0 =
[=0.

10 0 O
1 |0 0 =1 0
Ho = 01 0 di (2)
00 0 1
The homogeneous transformation matrices

corresponding to the leg joints from the frame
Y1 (x1,y1,21) to frame Y (26, ys, 26) are as follows:

Ci 0 =5 0
St 0 Ci 0
0 -1 0 0
0 0 0 1
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Cy —S2 0 11O
Se Ce 0 1S
3 _ 2 2 1°2
Hy = 0 0 1 0
0 0 0 1
Cg —53 0 LgCg
Ss Cs 0 LyS
4 _ 3 3 203
Hs = 0 0 1 0
0 0 0 1
Cy 0 Sy 0
Sy 0 —=Cy O
5 4 4
Hi = 0 1 0 0
0 0 O 1
Cs 0 S5 0
S5 0 —C5 0
6 __ 5 5
Hs = 0 1 0 0
0 O 0 1
Csé =S¢ 0 0
S¢ C¢ 0 0
T _ 6 6
Hs = 0 0 1 0
0 0 01

The transformation matrix H, {;1 relating the
frame Zb (Ib, Ub, Zb) to frame Zbl (xbl, Ubl, Zb1)
corresponding to the right shoulder of the robot is
shown in (3). The transformation matrix H{® relating
the frame ), (zv, ys, 25) to frame >, , (pa, Yoa, 2p4)
corresponding to the left shoulder of the robot is
shown in (4).

0 0 -1 0
w |10 0 o
=10 1 0 a (3)
0 0 0 1
0 0 1 0
w | -1 0 0 o0
B2 =10 1 0 4 (4)
0 0 0 1

The homogeneous transformation matrices cor-
responding to the joints of the right arm, from the

frame ), (z, ys, 2) to frame >, . (@43, Yo3, 253) are as
follows:

Coi 0 —=Sp 13Cun

Y2 — Spt 0 Cp 135w
bl 0 -1 0 ds
0 0 0 1
Cra Sp2 0 14Cho
s _ | Sz Co2 O 1aSpo
b2 0 0 1 0
0 0 O 1
Cbg —Sbg 0 lSCbB
b Sps Chs 0 1553
b3 0 0 1 0
0 0 0 1

The homogeneous transformation matrices corre-
sponding to the joints of the left arm, from the frame

> (@b, yp, 2) to frame Y7, (46, Yo6, 206) are as fol-
lows:

Coa 0 Sps 13Cw

HYS — Sea 0 —Cra I35p4
5 0 1 0 ds
0O O 0 1

Cvs —Sps 0 14Chs

b7 Sps Crs 0 1455
b6 0 0 1 0
0 0 0 1

Cvs —Sps 0 I5Chs

s — Sk Cre 0 1556
7 0 0 1 0

0 0 0 1

Therefore, the forward kinematics relating the
right foot frame )" (xo,%0,20) and the right pelvis
end-effector frame ), (z6,96,26), is calculated

employing Eq. (5).
HE = HyH{ Hy Hy H{ HS Hg (5)

The forward kinematics relating the pelvis frame
> (@b, Ys, 2) and the right hand end-effector frame
> b3 (Tv3, Yb3, 283), is calculated employing Eq. (6).

Hy* = Hy Hy? Hy3 His (6)

The forward kinematics relating the right foot
frame ), (x4, s, 25) and the left arm end-effector
frame ), (@s6, Yo6, 266 ), is calculated using Eq. (7).

Hy® = Hy” Hyg Hyg Hyp (7)

4. Inverse Kinematics

The matrix H] can be computed using de forward
kinematic model. Then, by successively multiplying
H{ by the inverse matrix of H! ;, seven matrixes can
be obtained:

Hi = HyH{HyHyH{ H Hg
(HY) 'HJ = H}HHiHIHSH]
(H?)'(H}) ' H{ = HHiHIHSH]
()" (H})" (H}) ™ H] = HiHJHSH]
()~ m) " @my) (HY) H = HYHSH]
()~ () ) ) Y)Y = HOH]
(=) () @d) @) ) H = H]
The elements of matrix H;_, are as follows:

Ng Og Gz Pz

g =™ % Gy Py
E N S R
0 0 0 1

Where the matrix noa can be defined as follows:
Ny Ox Gy
noa = (n, oy ay
Ny 0z G
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4.1. Inverse Kinematics of Legs

The kinematic decoupling method presented
in [28, 29] is used to simplify the robot’s legs inverse
kinematic model, which consists of the separation
of orientation and position in robots with 6 degrees
of freedom; Robots usually have three additional
degrees of freedom, located at the end of the kinematic
chain, and those axes generally intersect at a point
informally called the robot’s wrist. Thus, given a
desired final position and orientation, the position
of the cutting point (robot wrist) is established by
calculating the values of 61, 6> and 63, and then from
the orientation data and those already calculated, the
values of the rest of the joint variables 64, 05 and 6
are obtained. Similarly, the three hip axes of the robot
are considered as the wrist of a robot manipulator,
for which reason the position of the cutting point of
the three axes of the hip, at this point, the origins of
the reference systems of the three coincide. degrees
of freedom of the hip.

Then, the first three joints of the leg can
be calculated taking into account the matrixes
H},H? H3, Hi, which were obtained in the direct
kinematics model. Therefore, using the inverse matrix,
the following matrix equation can be determined:

-1 -1 -1
(H3) (HY) (Hy) Hj = Hj

Co Sy 0 = 4 S 0 0
—Sy Cy 0 0 0 0 -1 0
0 0 1 0 -5 Ci 0 0
0 0 0 1 0 0 0 1
1 0 0 0 Ng Oz Az DPg
0 0 1 —d Ny Oy Gy Py
0 —1 0 0 nz Oz az pZ
0 0 0 1 0O 0 0 1
Cg —Sg 0 1203
1S3 Cs 0 283
|0 0 1 0 (8)

0 0o 0 1

r1,1 OyS2 +0,C1Co + 0,C551
2,1 OyCQ —0,C152 — 0,515
3,1 0,C1 — 051

0 0

aySQ + a,C1Cs 4+ a,C55
ayC’g — amCHSg — a25'152
a,C1 — azS1
0

P,Sy — Ui + P,C1Cy + P,CyS1 — di1Ca54
PyOQ — P.C1Cy — P,5155 + d15152
P.Cy — P,S, —diCy

1
Cg —Sg 0 lQCg
- Sg 03 0 1253
10 0 1 0 ©)
0 0 0 1

where

r1,1 = nySe +n,C1Cs +n.C2 51

r2,1 = nyCQ — nzCng — nZSlSQ
r3,1 =n.C1 —ngS1

Analyzing Eq. (9) it is possible to match the 16
terms that a matrix contains, in other words, 16 equa-
tions can be proposed and the one that is most friendly
to clear the joint variable can be chosen. Therefore,
from (9) the angles 61, 62, 05 can be calculated. First,
03 is calculated using the (3,4) term on both sides of
the equation, as follows:

P,cos(61) — Pysin(f1) — dicos(61) =0

P, —d
0, = arctan ( iz 1) (10)

xT

Then 6; is calculated using the (2,4) term on both
sides of the equation:

0ysin(f2) + 0,c0s(#1)cos(62) + 0,cos(62)sin(6) =0
0yc0s(01) + ozsin(61)>

702]

0> = arctan (
(11)

Subsequently, 6; is calculated using the term (3,3)
on both sides of the equation:

A = Pycos(62) — Pycos(61)sin(6z)
— P,sin(6;)sin(#2) + dysin(6)sin(62)

B = Pysin(6,) — l1 + P,cos(61)cos(62)
+ P.cos(f3)sin(61) — dycos(62)sin(6;)

lQSin(Qg) N é

locos(f3) B

A
05 = arctan <B) (12)

The next step is to find the joint variables 6,4, 05
and 6g, using the matrix equation (8), in which it is
not necessary to use the homogeneous transforma-
tion matrices because there are no translations, only
rotations, for this reason reason you can use only the
rotation submatrices.

The rotation matrix from 0 to 6 can be written
in a generic way through the noa matrix, which is
nothing more than the total rotation matrix that has
been carried out with the last coordinate system that
corresponds to the hip on the transversal axis.

Using the Denavit-Hartenberg parameters from
Table 3 it is possible to define the rotation matrix R
as observed in

R? = RYRSR] (13)
where:

Cy 0 Sy Cs 0 Ss
Ri=1(S1 0 —Cs| RE=[S5 0 —Cs
0 1 0 0 1 o0

Cs —Ss 0

Ri=1S Cs 0

0 0 1
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Thus:

S486 + C1C5Cs  CgSy — CyCs5Ss  CySs
Rl = [ C5C68, — C4Ss —C4Cs — C554Ss  S4Ss
CsS5s —S5556 —C5
(14)
The rotation matrix from 0 to 3 is found with the
parameters «, 6 and [ from Table 2.

Ry = RyRiR3R; (15)
10 0 c, 0 -5
Ry=10 0 -1 Ri=|[|S 0 O
01 0 0 -1 0
) C2 732 0 Cg *53 0
Ri=1[S C» 0| Rj=|[Ss C3 0
0o 0 1 0 0 1
Thus:
C’2,36’1 752,301 7S1
Ry=| Sa3 Ca3 0
C2351 —S52351 O
. . Cy3C1  Sa3 (2351
(R}) = (Rg) = |—523C1 Coz —S235:

—51 0 C1
(16)

Substituting Egs. (15) and (16) and the matrix noa
in the equation we have:

T
R} = (R}) Rj (17)

5486 + C4Cs5Cs  CeSy — CyC58¢  C4Ss
C5C6Sy — CySg —CyuCs — C55456 S4S5
CGS5 *S5S6 705

Cy3C1  S23 (5351 Ng 0z Qg
= *52,361 02,3 *52,351 Ny Oy Ay
-5 0 4 n, 0, a,

From Eq. (18) the terms that generate a friendly
equation are chosen to clear the joint variables 6, 05
and 6. First, 6, is calculated using the term (3,3) on
both sides of Eq. (18), as follows:

C = aycos(8 + 03) — azsin(fa + 63)cos(61)
— a,sin(0s + 03)sin(61)

D = aysin(02 + 03) + a,cos(fz + 63)cos(6:)
+ a.cos(fz + 05)sin(d;)

sin(f4)sin(¢5) C

cos(04)sin(fs) D

04 = arctan <g> (19)
Then 65 is calculated using the term (2,2) as
follows:
cos(f4)sin(6s) D

—cos(fs)  a,cos(f;) — agsin(6;)

Table 6. Inverse kinematics equations of the robot’s legs

Link Equation
P—d;
Pﬂ‘/

0, = arctan

02 = arctan M)

—%y

03 = arctan (%)
04 = arctan (%)

05 = arctan (

D
—(605(94)(az605(61)—azsin(Gl))))
0s = arctan (7(ozcos(91)7o$sin(91))>

ncos(01)—ngsin(61)

| U [ W N =

D
s = arctan (—(cos(94)(azCOS(91) - al.sin(91)))>
(20)

Then, 6 is calculated using the term (1,2), as fol-
lows:

_ sin(f5)sin(fs) _ 0.cos(61) — ozsin(bh)
cos(f)sin(fs)  n.cos(f;) — n,sin(6;)

0s = arctan <_(OZCOS(01) - oxsin(ﬁl))> (21)

n.cos(61) — nysin(61)

The equations to find the angles of legs are shown
in Table 6.

It is important to mention that the previous pro-
cess is the same to calculate the value of joint positions
01,02,0s,04,05 and 05 of both legs.

4.2. Inverse Kinematics of Arms

To obtain the inverse kinematics of the left arm,
consider the elements of matrix H¢4, which is shown
in Eq. (6):

Npz Obx OAbx Pz

Hd4 _ Npy  Oby Aby Py (22)
Npz  Obz Apz Pz
0 0 0 1

Then, from (6) the following matrix equation is
defined:

-1 -1 -1
(Hys) (Hyi) (Hy) Hy''=Hp

Cra Sp2 0 —ly Cyr S 0 I3
—Sp Cpra 0 0 0 0 -1 ds
0 0O 1 0 —Sp1 Cp1 O 0
0 0 0 1 0 0 0 1
0 -1 0 0 Npz Obx OGbx Phx
0 0 1 7d2 Npy  Oby Gby  Pby
-1 0 0 0 Npz Opz Apz  Pbz
0 0 O 1 0 0 0 1
Crs —Sp3 0 I5Ch3
_ [ Ses Crs 0 155
0 0 1 0
0 0 0 1

Mz Sb2 — Moy Co1 Cr2 + 14 Cp2Sp1
Nz Cr2 + My Cp1.Sb2 — Mp2Sk1 62
Np,Cy1 + Ny Se1
0
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062 Sb2 — 0pyCp1Cp2 + 04, Cp2Sp1
0bzC2 + 06y Cp1 52 — 04255252
0b:Cp1 + 0by S
0

b Sp2 — apyCp1Cr2 + a5, CpaSp1 - 71,4
bz Cr2 + abyCr15p2 — b2 Sp2Sk2  T2.4

ap,Cy1 + apySp1 3.4
0 1
Crs —Sp3 0 I5Ch3
| Sz Crz 0 1553
o 0 0 1 0 (23)
0 0 0 1

where,
r1,4 = PrSpa — la — 13Ch2 + d3Sp2 — PyCp1Cpo
+ P.Cy2Sp1 — d2Ca S

ro,4 = PpCho + d3Cha + 13Sp2 + Py Cy152
— P, Sp1Sp2 + d2Sp1Sh2

r3,4 = P,Cy1 + P Sp1 — d2Ciy

Taking the quotient of the elements (3,4) of both
sides of Eq. (23) the angle 6y; is calculated as follows:

P.cos(0y1) + Pysin(fy1) — dacos(fp1) =0

P, —
Oy1 = arctan ( d2> (24)
—P,

Considering the element (1,3) of both sides of
Eq. (23) the angle 6, is calculated as follows:

a5Sin(fy2) — aycos(8p1)cos(Oy2) + a,cos(6p2)sin(fy1) =0

aycos(6p1) — azsin(9b1)>

Az

Opa = arctan (
(25)
Using the element (2,4) and (1,4) of both sides of
the equation, the angle 6,3 is calculated:
E = P,cos(0p2) + dscos(bp2) + I3sin(fps)
+ Pycos(p1)sin(6y2) — P.sin(6y1)sin(6p2)
+ dasin(6p1 )sin(bp2)
F = P,sin(0p2) — lg — I3c08(0p2) + d3sin(6y2)
— P,cos(6p1)cos(Byz2) + P,cos(8p2)sin(Gy1 )
— docos(0p2)sin(bp1)
l5sin(9b3)
I5cos(B3)

Ops = arctan(E, F) (26)

_E
~F

The equations to find the angles of right arm are
shown in Table 7.

To obtain the inverse kinematics of the right arm,
consider the equation shown in Eq. (27).

The following matrix equation is defined:

-1 -1 -1
(Hyg) (Hgs) (Hy®)  Hy® = Hyg

Table 7. Inverse kinematics equations of the robot’s
right arm

Link Equation
1 01 = arctan (1?7;52)
2 91)2 — arctan (aycos(Gbl)—azsin(Gbl)
3 Ops = arctan(E, F)
Cos Sps 0 —ly Coa Sps 0 —l3
—Sps Cps 0 O 0 0 1 —dj
0 0 1 0 Spa —Cps 0 0
0 0 O 1 0 0 0 1
0 -1 0 0 nb, ob, ab, pb,
0 0 -1 do nb, ob, ab, pbd,
1 0 0 0 nb, ob, ab, pd,
0 0 0 1 0 0 0 1
Cbﬁ —Sb6 0 l5Cb6
_ | S Chs 0 15k
0 0 1 0
0 0 0 1
NS5 — My CpaCs — My Crs Spa
N Crs + Moy CpaSes + b2 SbaSes
Mp2Cha — Ny Sha
0
0bzSt5 — 0y CpaCrs — 01, CpsSpa
0bzCs + 05y CpaSps + 02.SpaSps
0b2Cha + 0bySpa
0
@b Sts — AbyCraCrs — ap.Cp5Spa U1 4
bz Cs + abyCpaSps + ap2 6455 U4
ap;Cha — QpySpa U3 4
0 1
Cvs —Sps 0 I5Chs
| S Cre 0 1556
o 0 0 1 0 (27)
0 0 0 1

where,
U4 = PpSps — Iy — 13Cys — d3Sps — Py CrsChs
— P,Cp5Spa + d2Cp5Spa

Uz 4 = PpCps — d3Cps + 1355 + PyCpaSps
+ P, Sp4Sp5 — d2SpaSps

r3.4 = P.Cpa — PySps — d2Cpy

Taking the quotient of the elements (3,4) of both
sides of Eq. (27) the angle 64 is calculated as follows:

P.cos(0ps) — Pysin(Oys) — dacos(fps) =0

P, — ds
2 > (28)

Yy

Opa = arctan (

Considering the element (1,3) of both sides of
Eq. (27) the angle 65 is calculated as follows:

azSin(Bys) — @, cos(6pa)cos(Bys) — a,cos(0ys)sin(dps) = 0
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Table 8. Inverse kinematics equations of the robot’s
right arm

Link Equation
1 Ops = arctan (PZT*d?
Yy
2 0ps = arctan (M)
3 Ovs = arctan(G, H)

Op5 = arctan (aycos(ﬂbl) il alen(0b1)> (29)

ag

Using the element (2,4) and (1,4) of both sides of
the equation, the angle 6,4 is calculated:

G = P,cos(0ys) — dzcos(Oys) + I3sin(bps)
+ Pycos(8p4)sin(fys) + P,sin(fpa)sin(6ss)
— daosin(fp4)sin(6ps)

H = P,sin(0p5) — 14 — lscos(bps) — dssin(bps)
— P,cos(6pa)cos(Oys) — P,cos(8ps5)sin(Gps)
+ dacos(6ps)sin(bp4)

l5sin(9b6) N G

Iscos(Bys) H
Ovs = arctan(G, H) (30)

The equations to find the angles that correspond
to the joints of the left arm are shown in Table 8.

5. Conclusion

This paper presents a complete solution of
the inverse kinematics model using the Denavit-
Hartenberg methodology for a 18 DOF robot. The
forward kinematics model allowed to represent the
Bioloid Premium robot.

Unlike the other geometric methods, our research
proposal considers the decoupling kinematic method,
taking the feet and the pelvis as points of origin, gen-
erating 4 open kinematic chains to calculate the joint
positions of both arms and legs of the robot in a three-
dimensional space (x, y, z), consequently it is possible
to determine the final position of each end-effector of
the robot, taking the supporting feet as fixed reference
frame.

This methodology is an important step forward
to obtaining the differential kinematics and subse-
quently calculating the dynamic model of the robot in
a later work.

On the other hand, the proposed methodology can
be extended to other biped robots.
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