
Direct kinematic model 
Denavit-Hartenberg 
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Kinematic chains 
• Kinematic chain is a set of segments and 

joints. 

• Serial robot is a set of kinematic chains 

• Joints 
• Simple joint (1 DOF) 

• Composed joint (2 or 3 DOF) 
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Serial Robot Studying 
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Denavit-Hartenberg 



Denavit-hartenberg method 
For every joint, we have to determine: 

1. DH Frames 

2. DH Parameters 

3. DH Transformation 
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DH Frames (Theorems) 
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DH Parameters 
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Joint 𝒂𝒊 𝜶𝒊 𝒅𝒊 𝜽𝒊 

1 

2 

3 

…. 

Joint 𝒂𝒊 𝜶𝒊 𝒅𝒊 𝜽𝒊 

1 0 0 𝒅1 𝜽1 

2 0 -90 𝒅2 0 

3 0 0 𝒅3 0 

…. 



DH Transformation 

https://manara.edu.sy/ 7 



















































































































 











1000

0

1000

00

00

0001

1000

0100

0010

001

1000

100

0010

0001

1000

0100

00

00

,,,,

1

1

1

i
d

i

C

i

S
i

S
i

a

i

S

i

C

i

C

i

C

i

S
i

C
i

a

i

S

i

S

i

C

i

S

i

C

i

c

i

s
i

s

i

ci
a

i
di

c

i

s
i

s

i

c

ixaixd iziz

T

T

RotTransTransRotT

i

i

i

i

i

i


















DH table & matrices 

https://manara.edu.sy/ 8 



Simple case : 2R planar robot 
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3R planer robot 

https://manara.edu.sy/ 10 



DH table & matrices 
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Direct kinematic model 
Actual & Generalized parameters 
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Actual & Generalized Parameters 
• Actual parameters of a serial robot are the 

coordinates of its end-effector 

• Generalized parameters are the DH 
variables 
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Serial Robot Kinematic Analysis 
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Robot Presentation DH Matrices DKM & IKM 



Direct and inverse kinematic models 

DKM IKM 
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Example : Spherical wrist 
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DH table & matrices 
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DKM 
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Numerical example 
Find (the actual parameters) the position and the orientation of the end effector when: 

𝜃1 =
𝜋

3
, 𝜃2 =

𝜋

4
, 𝜃3 =

𝜋

6
 

Suppose 𝑑3 = 200 𝑚𝑚 
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Remember 

Euler Matrix RPY Matrix 
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Thanks 
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