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Abstract: This work focuses primarily on the D-H methodpag of the most important methods used in the gooé

designing robotic structures. In the introductithe history of the D-H method and its general sdariefly mentioned.

In the following section, the algorithm for applgi®-H in the form of mathematical formalism is eaipked. In this part,

the individual steps of creating transformatiomddtionships are explained in more detail. The obapters deal in more
detail with individual application types within s@re robotics. The first type deals with the apgion deployment of
the mobile robotic platform, the second deals with mobile humanoid robotic structure, the othedslaith the four-

legged robotic mechanism and the last type withagication of the robotic arm.

1 Introduction and we will dive deep into it. As mentioned pre&tyy the

With the fast advancement of robot innovation, mery Serial manipulator comprises of several links cotein
robots are slowly showing up in a wide area topthielic. ~ series. One end of the; arm is attached to the grand the
Service robots are the one which will perform warka Other end of the arm is made to move freely in ep@be
fully automatic or semi-automatic way for a human ofixed armis known as base and in the free endcharecal
another equipment for which the service robot isieffar.  hand or gripper is attached. The important aspectaf
Scientific researchers from various parts of thﬁ)g|are robot to perform Its taslk is the gstabllshmenheflbcatlon
investing their time and effort towards the contamid Of end effector relative to its base. This methdd
intelligent algorithm of the service robots. One the  establishing the location offend effector with resitto the
important elements of a service robot is its arso &hown base is known as position analysis problem. Theréveo
as the manipulator [1]. It is a significant chaeaistic of ~subdivision for solving the position analysis peshl One
the service robot to have a flexible arm which tmge is direct position method or direct kinematics noethin
controlled as per its requirement [2]. Kinematicthie area this method, the goal is to find the location oé ténd
where the control of the arm is designed to setge ieffector in which thejoint variables are givener:ther is

purpose and ana|yse the arm movement to be emctiﬂﬂe inverse pOSition or inverse kinematics metmogthich
according to the mechanical structure of the robot. the location of end effector is known, and the &iro find

The robot manipulator is classified according te ththe joint variables that are needed to bring theimaator
kinematic structure as serial, parallel and hybriéP its required position [3-6].
manipulator. In serial manipulator, each individliak is

connected to other link in series by different fsjrusually

prismatic or revolute joints. It is also called opkop

chain. Parallel manipulator on the other hand cte9f l l

several closed loop chains where one joint in thercis :
actuated and the other joints are passive. A hybr [ Serial ] [ Parallel ]

manipulator combines the serial and parallel mdatpu

The above image (Figure 1) shows the classificatibn Figure 1 Classification of Manipulator according kinematic
manipulator according to their kinematic structi& are structure

interested towards the serial manipulator in tlisuhent
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There are many methods available to deal with tHenown as D-H parameters and below is the process fo
Kinematics of the manipulator. The best among thachieving the transformations. The variables detiote

available method has to be chosen with due todbetis
mechanical structure. Most successful and wideldus
methods include numerical method, geometry method,
optimization algorithm and the vector algebra mdtfithe .
numerical method refers mainly to the Denavit-Haloerg &
method [7]. It is also called as 4x4 matrix metbogdimply

D-H method. Jacques Denavit and Richard Harteniperg
1955 introduced this method in order to standarttiee
coordinate frames for spatial linkages. This metrod
consistent and short description depicting the rkisigc

following:

d, offset along the previous Z axis to the common
normal,

0, angle from previous Z, from old X to new X,

a, length of the common normal (also denoted)as
Assuming revolute joint, this is the radius about
previous Z,

a, angle about common normal, from old Z axis to
new Z axis.

relations among the links connected by 1 degree-of- The D-H parameters gives a standard way to write th

freedom lower pair joints, usually, rotational grébmatic
joints. Nowadays, various other methods were intced
by this method still shows to be efficient for seale

manipulator’'s kinematic equation, especially foriae
manipulators. This can be done by using a matnxdq2
express the position and orientation of one bodh wi

specific movements of the robotic manipulator. Wk lve
looking into this method and then some of the avezese
this method is used in positioning the robotic matator
in achieving their requirements [8-10].

2 Denavit Hartenberg Method

In this method, the coordinate frames are attatdéde
joints between two links such that one of the
transformations is associated with the joint [Zhile the
second is associated with the link [X]. For a demdot
consisting of n links, the coordinate transformasidrom
the kinematic equations of the robot are givenl)y (

(1)

where [T] denotes the transformation locating thé-e
link. Below is an image showing the four parameters
involved in the D-H convention.

[T] = [Z][X,1[Z,][X5] ... [Z -1 [ Xn-11[Z, ] (X, ]

Jointj41
o3
Jointj Za
‘l o Y X3 .
N/' RO
Jointj-1 NS :‘.
. \
R NS
X
A

Figure 2 Four parameters of D-H convention [7] .
From the above image we can depict that the four
parameters associated with the D-H convention waieh
represented in red colour. They éxed, a, ;. Using these
four parameters we can translate the coordinates @,
Xia, Yia, Zia to Q, X, Yi, Z. These four parameters are
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respect to another body.

n—-1 —
T, =
cosf, —sinf,cosa, sinf,sina, a,cosd,
sinf, cos@,cosa, —cos@,sina, a,siné,
0 sina, cosa, d,
0 0 0 1

(2)

This can be written as (3):

HTnz[o g 0 ﬂ (3)

where: R is the 3x3 matrix representing the rotasind T
is 3x1 matrix representing translation.

2.1  Advantagesof D-H method
Some of the advantages of the D-H convention are as
ows:

Main aspect of D-H convention is the roto-transiati

in terms of only 4 variables for each individualKi
when compared with the canonical form involving 6
variables (3 for translation and 3 for rotation).

It is very easy and convenient to get the
transformation of number of links attached in serie
by multiplying the transformation series ratherrtha
calculating manually by basic geometry method [11-
12].

Faster convergence of estimated states is achieved
a least-squares technique by employing D-H
parameters to it. Simply saying, this will helpthe
reduction of error faster [11-12].

D-H parameters are more consistent and simpler
when compared to Product of Exponential (POE)
parameters with respect to serial link robots [13].
Minimal representation is achieved with D-H
parameters. Itis nice when worked with linear bige
computations.

D-H based algorithm model acts as an efficient tool
for sub-problems and also for real-time inverse
kinematics solution for the trajectory of seriaili
robots [2].

Copyright © Acta Mechatronica, www.actamechatronica.eu
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3 Applications of D-H Method

3.1 Body Activity Interaction for a Service Robot
In the field of intelligent robots, the interactiavith

human body plays a major role. Body Activity Interan

in a service robot [13] works in a way to realibe body

activities and interact accordingly. Microsoft Kateis

From the table, we can depict that, thes the i-1th
joint angle ando; is the i-th torque angle. Whereas the
offset link is denoted as di and ai is the lendtthe link.
MATLAB Robotics Toolbox is used to control the
kinematics motion planning of the robotic arm whare
used to design the hand shaking and hand wavinignsot

utilized to capture the body movements and theoacti Figure 4 shows the planning of the variations intjangle
recognition module provides input signals depending for performing the handshaking motion computed in

the captured movements programmed into it. Thd ata
from Kinect is capable of tracking the 20 bonesiafhan

body and by processing this data we can obtain the

recognition action for the robot movement. Somehef

MATLAB [13].

Table 1 Denavit-Hartenberg parameters for the rabot
manipulator [13]

field data includes tracking the human shoulderistwr ! 0 i O a (m) di (m)
joints, elbows, etc. Below image (Figure 3a) shdies x1 61 -90 0 0.065
robot’'s structure and the motion control of the atib 2 02 - 90° -90° 0 0
manipulator (Figure 3b). The Kinematic model cotssis 3 03 + 90° 90° 0 0.170
6 degree of freedom right arm of the robot consistif the 4 02 -90° 0 0
links and it is solved with _the help of D-H comqen’g The 5 05 - 90° 900 0 0.169
parameters used for solving the D-H conventionliated 6 0. % 90° 0 0 0
in the table (Table 1). 6
07 g
—— First joint
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—+—Thilrd Joint
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Figure 3 a) Structure of the robot [13] ¢ 02 04 05 0B ”‘ 12 4 & 1B 2
s}
0 )iz, First joint Figure 4 a) Right arm lifting [13]
0,X, 1,2, Second joint 3
0,%,,2, Third joint Kk ys 035 .
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X 02 X3 03} =3 Second joint | 4
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Figure 3 b) Motion control of the arm [13] t(s)
Figure 4 b) Right arm lowering [13]
~ 49 ~
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From the above images we can derive that the pesiti Table 2 Denavit-Hartenberg parameters for the mobirvice

values are obtained for the first and the fourtmtjo _ robot [14

meaning that rotation about fixed degrees in fitieection | Joint, | Qi a; di 0i

of the shoulder and elbow joints thus extendingripbt 0A 90° 0 d 01
arm. For lowering the right arm, the first and tbujoint B 0 a 0 0,
are taking the negative values [13]. C 0 Y 0 0s
3.2 Mobile Humanoid Robot 2 0 0 0 Gripper

Mobile humanoid robot [14] has been invented tdsass
elderly people. The robot is constructed with auais
sensor for recognizing objects. At the lower pdrthe
robot is placed the Laser Range Finder which h&dps
detect obstacles. Once the object is identified, rfbot
moves toward it and then it uses the grasping mdto o e s
hold the object. It can also be used in hospitalomesto 72 = [ 723 1523 =0 €1(a3 3 + A5 ) (4)
work actively with the humans in real environméselow S23 Ca3 0 aszs;3 +azs; +4dy
image (Figure 5a) shows the robot design and ttagém 0 0 0 1
(Figure 5b) represents the kinematic mechanismhef t
robot manipulator.

The table (Table 2) shows the D-H parameter used in
solving the kinematics of the robot and the matdx
representation of the D-H convention is given dlefes:

€€z —C1S3 81 c¢(azcyz + a;cy)

From the D-H Matrix we can derive that the orieiotat
of the end effector was represented by the firsteth
columns and the position of the end effector isespnted
by the last column such that, in terms of joint laagve
can derive both the position and orientation of émel
effector [14].

o

OB=d, = 220mm
BC= a, = 260 mm
CD =a,= 350 mm

Figure 5 a) Showing the mechanical design of mdbilenanoid ] ) - .
robot [14] Figure 6 Manipulator for D-H convention [14]

3.3  Quadruped robot

Quadruped [15] robots are used to mimic the animal
waling gait. It has four legs instead of wheelse Thain
advantage is that they can be used to walk oninearad
extremely hard surfaces. This is the main diffeessmmong
the quadrupeds when compared with that of the weleel
vehicles where the vehicles with wheel will be ktile
place of the obstacles on a rough path and thergpeds
can easily move pass the obstacles by adjusting the
height. The D-H convention is used for deriving the
kinematic solutions and thus these solutions candeel
for simulating the movement using 3D software. fidteot
can be controlled via an Android application ustheg
Bluetooth Technology. The robot hosts six types of
movements: forward, backward, left walking, right
walking, rotation in clockwise and anti-clockwise

Figure 5 b) Showing the kinematics structure of ileob
Humanoid robot [14]
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direction. Obstacles within the range of 300 cm ar8.4 Robotic Arm

identified with the help of ultrasound sensors. Tdieot is The robotic arm [16] here discussed is used fd¢ @il
capable of moving in parallel towards an identifieghlace operations. The robot is provided with théceo
obstacle in a way to avoid colliding with it. Eaaftthe four recognition and image processing capabilities. The
legs of the quadruped has 2 degrees of freedomhwhisimulation of the mechanical structure in forward
resembles the hip and knee joints of the leg artdtal it kinematics is carried out in MATLAB and the desiign
has 8 degrees of freedom. In this case, the fatigwre the using the Denavit-Hartenberg convention. The sdiriél
D-H parameters associated with the quadruped mavememanipulator is achieved by the connection of thiediwith
the link length is represented as a and the lirnkttas A. the joints in a sequential manner and thus it i\ysed
The link offset as and the angle of joint as T.dBels the with the D-H parameter method. By this, we can iokttze
D-H parameters table (Table 3) and the matrix (Sesultin a matrix where the Cartesian positiorthef end
representing the D-H convention [15]. effector is expressed in terms of the joint cocatis. The

D-H parameter is shown in the table (Table 4).
Table 3 D-H parameters for quadruped robot [15]

Lnk | a A d T
L1 L 90 0 i
Lo & 0 0 :
cac; —as; s (e +ayc,)
T = S162 TS1S2 —¢; 5 (a1 + azcz) (5)
S, Cy 0 a;S;
0 0 0 1

Figure 8 a) Design of the robot arm [16]

Figure 8 b) Kinematic analysis of the arm [16]

Table 4 D-H parameters of robot arm [16]

Joint, i -1 di 0 a1
1 90° d 01 0
2 0° 0 02 &
3 0° 0 03 3
4 90° 0 04 =1
5 90° 0 05 0
6 Qe 03 0s 0

The arm of the robot is constructed in resembldaace
the human arm joints like shoulder, elbow and wEsich
of the elbow joints has a single degree of freedoeh the
wrist can project in two planes namely, Rollandlpitas a
result of providing more flexibility for the endfe€tor in
terms of manipulation of the object [16].

Figure 7 b) Quadruped robot — front view [15]
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4  Conclusions
The Denavit-Hartenberg method is one of the efiecti
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[7] SPONG, M.W., VIDYASAGAR, M.:Robot Dynamics

and Contro] New York: John Wiley & Sons, 1989.

and simple way to derive the kinematics of a robdB] PRADA, E., BALOCKOVA, L., VALASEK, M.:

mechanism. There are a number of applications &pant
the topics discussed in this document that involliesuse

Elimination of the Collision States of the Effectaf
Industrial Robots by Application of Neural Networks

of Denavit-Hartenberg conventions. Even though, a Applied Mechanics and Material¥ol. 798, pp. 276-

number of methods are available, the D-H methastilis

one of the widely used method to solve the kinersati [9] PRADA, E.,

problem in a robot.
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