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A Universal Method for Constructing DH parameters
from Unified Robot Description Format
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Abstract: This paper introduced how to construct Denavit-Hartenberg (DH) parameters from the
Unified Robot Description Format (URDF). URDF is convenient for describing a robot even though
the robot is very complex. On the other hand, DH convention is not an easy notation for many novices
who want to describe a robot. Therefore, most vendors provide URDF and users prefer to use URDF to
describe a robot. However, some controllers or algorithms are based on DH parameters to perform
kinematics, dynamics, control, etc. To connect URDF and DH parameters, we present a three-step
approach to construct DH parameters from URDF. The first step is to define the joint axis for constructing
DH parameters. The second step is constructing DH parameters to define joint character. The final step
is constructing DH parameters to define the coordinate frame of the child link. This approach is based
on intuitive vector calculation and guarantees the uniqueness of DH parameters. To verify our approach,
we applied our approach to a simple one-link robot, a manipulator with 6 DOF, and a quadruped robot
with 3 DOF per leg. We verified that our approach worked well based on forward kinematic results.
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[Fig. 1] Two coordinate frames and two arbitrary joint axes. To
construct DH parameters from URDF, z;, 2;, 0,, &, .1, ;41>
o, ., and j; are required. z,, 2;, =, ,, 2;,, and j, are herein
unit vectors

[Table 1] List of Notations used in this paper

{i} Coordinate frame i
Ji Joint axis at {i}
2 x axis at {i}
z z axis at {i}
o, origin at {i}
z,, x axis at {itl}
z;, X axis at {it2}
0, origin at {itl}
0,9 origin at {it2}
o, 0, DH parameters from {i} to {itl}
0,5, d;y, Gy, iy DH parameters from {it1} to {it2}
0,5, d,s DH parameters from {it2} to {i+1}
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[Fig. 2] Step 1: DH parameters to define the joint axis. z,,, is
introduced to find «;, and 6,,

[Fig. 3] Step 2: DH parameters for joint characteristics. Using
constructed {it1}, DH parameters for joint characteristics can be
constructed
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[Fig. 8] Step 3: DH parameters for child link
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[Fig. 9] Summary of constructing DH parameters
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[Fig. 10] Flow chart to construct DH parameters from URDF
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[Table 2] URDF information of 1-link robot

Parent | Child |Originxyz| RPY | Axis | Type
Joint1 | Base | Linkl | 000 | 000 |[001 Rev(;’l“te
1
Joint2 | Linkl | end 1 | ™ 320 000 | Fixed
T,

Conventional ! A«
DH URDF

12+ Rotation axis
11 oo

08 ‘
06 -

N |
0.4+

02—\‘
3

y 02 //
T :
2 < e o

[Fig. 12] Robots constructed by URDF from [Table 2] and
conventional DH parameter(6= ¢, +n/2,d=1,a=1, a = n/2).
In this figure, we notice that the coordinate frame constructed by
conventional DH parameter is out of the robot body. This
situation makes users hard to use conventional DH parameter
and know the position of end effector

[Table 3] DH parameters from URDF of 1-DOF robot
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[Fig. 13] The robot constructed by DH parameters from [Table
3]. In this figure, the end effector is identical with the end
effector in the robot constructed from URDF

(a) (b)

27 g 2
= (2}
T 1
g T 4
E :
o =}
5 g0
: :
& g -1
a fod

iy
0 a-2
0 05 1 0 05 1

(Ck) time (s) (d) time (s)
E2 B
z DH @ DH
T 4 +  URDF © URDF
> N
c [=4
o o
€0 €1
£ £
[9) 193
O -1 o
o K]
3 &
o-2 [a}

0 0.5 1 0 0.5 1
time (s) time (s)

[Fig. 14] Forward kinematic results of end effector of 1-DOF
robot from DH parameters and URDF. (a) Joint trajectory for q.
(b) x axis displacement of end effector. (¢) y axis displacement
of end effector. (d) z axis displacement of end effector

O DH
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[Fig. 15] The trajectories of end effectors of 1-DOF robots from
URDF and DH parameters. For the given trajectory of the joint
axis, the results of the forward kinematics of the end effectors
are the same between the two robots
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[Table 4] URDF information of indy7

parent | Child | O8M | RPY | Axis | Type

Xyz

Joint1 | World | Link0 | 1,1,1 | 000|000 | Fixed
0, Revolut

Joint2 | Link0 | Linkl | 0, |000|001 | o O%e
0.0775 a
0, /2,

Joint3 | Linkl | Link2 | -0.109, | =2, | 001 | Revolute
0222 | 0 S
045, Revolute

Joint4 | Link2 | Link3 | 0, |000]|001
-0.0305 E
0267, | = /2, Revolute

Joint5 | Link3 | Linkd | 0, 0, 001
0,075 | 7/2 s
0, | /2 Revolut

Joint6 | Linkd | Link5 | -0.114, | =/2, [ 001 [ " o0
0083 | 0 S
-168, | —x/2,

Joint7 | Links | Linké | 0, | o0, |o0o1 | Revolute
0.069 | /2 s
05

Joint8 | Linké | TCP | 0, |000|000 | Fixed
0.06
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[Fig. 16] Indy7 coordinate frames from URDF

[Table 5] DH parameters from URDF of indy7

[Fig. 18] Indy7 coordinate frames from DH parameters with
another viewpoint

DH parameters A: URDF
constructed from URDF T
Dumuny ; el 4 /L
frames ~ - ’ /
Sie

[Fig. 19] Indy7 coordinate frames from URDF and DH parame-
ters. The coordinate frames of the URDF matches the coordinate
frames of the DH parameter. Also, the dummy coordinate frames
introduced in the DH parameter are observed for making DH
parameters from URDF
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[Fig. 17] Indy7 coordinate frames from DH parameters
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[Fig. 20] Forward kinematic results of end effector of Indy7
from DH parameters and URDF. (a) Joint trajectories for q;~qg.
(b) x axis displacement of end effector. (c) y axis displacement
of end effector. (d) z axis displacement of end effector
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[Fig. 21] The trajectories of end effectors of Indy7 from DH
parameters and URDF
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[Fig. 22] GO1 whole body coordinate frames from URDF
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[Fig. 23] GO1 front left leg coordinate frames from URDF

[Table 6] URDF information of GOI

Parent | Child |Originxyz| RPY | Axis | Type
Joint1 | Base | Trunk | 0,0,0 | 000|000 | Fixed
. . 0.1881, Revolute
Joint2 | Trunk | FL hip | 0.04675, | 000 | 100
0 @
. . FL 9 Revolute
Joint 3 | FL_hip thi ng 0.88, 000|010 o
. FL FL 9, Revolute
Joint 4 thi g_h calf 0, 000|010 4
-0.213
. FL FL 0, .
Joint 5 calf fool 0, 000|000 | Fixed
-0.213
[Table 7] DH parameters from URDF of GO1
o; d; q o
0.243602 0 0.193823 0
-0.243602 0 0 0
—7/2 0 0 —7/2
gt 0 0.08 —7/2
—7/2 0 0 0
0 0 0 —7/2
grtm 0 0 —7/2
7r -0.213 0 0
0 0 0 —7/2
qstm 0 0 —7/2
™ -0.213 0 0
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[Fig. 24] GOI1 front left leg coordinate frames from DH para-
meters
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