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Embedded Hardware Implementation of an FPGA Based
Nonlinear PID Controller for the ROBOKER Arm

ZH M ™Mad s
(Jeong-Seob Kim, Hyo-won Jeon, and Seul Jung)

Abstract : This paper presents the hardware implementation of nonlinear PID controllers for the ROBOKER humanoid robot arms.
To design the nonlinear PID controller on an FPGA chip, nonlinear functions as well as the conventional PID control algorithm have
to be implemented by the hardware description language. Therefore, nonlinear functions such as trigonometric or exponential
functions are designed on an FPGA chip. Simulation studies of the position control of humanoid arms are conducted and results are
compared. Superior performances by the nonlinear PID controllers are confirmed when disturbances are present. Experiments of
humanoid robot arm control tasks are conducted to confirm the performance of our hardware design and the simulation results.
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Table 1. Parameters of saturated function.

Parameter Value
al 0.28

a2 0.5

o3 0.6

B 1.5

) 0.1

A 1.1
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Table 2. PID gains.

Parameter Value
Kp 7,000
. Kp 20
Jointl Kos 200
K; 1
Kp 7,000
. Kpy 25
2
Joint Ko 750
K; 3
Kp 7,500
. Kp; 20
Joint3 Kog 200
Ky 1
Kp 2,800
. Kp 25
Joint4 Ko, 250
K; 3
Kp 2,300
. Kpy 15
Joint5 Koy 150
K; 2
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