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Abstract: Problem statement: Humanoid robots have many motors and sensors amy rontrol
methods are used to carry out complicated tasltkeofobots. Therefore, efficient control systenes ar
required for the robotdApproach: This study presented a distributed control systemgua Personal
Computer (PC) and Micro Control Units (MCUs) fommanoid robots. Distributed control systems have
the advantages that parallel processing using phelitiomputers is possible and cables in the system

be short. For the control of the humanoid robotfjuired functions of the control system were
discussed. Based on the discussion, the hardwatheokystem including a PC and MCUs was
proposed. The system was designed to carry ouydrteess of the robot control efficiently. The syste
can be expanded easily by increasing the numbé@f boards. The software of the system for
feedback control of the motors and the communiodbetween the computers was proposed. Flexible
switching of motor control methods can be achiegadily. Results: Experiments were performed to
show the effectiveness of the system. The samplétgency of the whole system can be about 0.5 kHz
and that in local MCUs can be about 10 kHz. Conmethod of the motor can be changed during the
motion in an experiment controlling four jointstbe robot.Conclusion: The results of the experiments
showed that the distributed control system propasélis study is effective for humanoid robots.
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INTRODUCTION In the distributed control systems, multiple
computers and communication lines are used for the
Humanoid robots require efficient control systems control. Multiple computes can be located in theypo
complete the complicated tasks using many actuatwds the arm and the leg of the robot. The communication
sensors. Most of humanoid robots have 10-40 matmls between the computers enables the system to diare t
many sensors. Many control methods have to beeappli data and control a whole robot. The advantage ®f th
in order to complete various tasks of the robots. distributed systems is that parallel processinghgisi
The control systems for humanoid robots can benultiple computers is possible. Small numbers of
divided to two groups. One is the centralized auintr devices are connected to each computer. 1/0Os foyma
system by single computer and the other is digeithu devices are distributed to many computers. Theeefor
control system. In the centralized control systathpf  the access time to the devices can be short arid hig
the calculations and I/0O processes are concenttated sampling frequency of the control can be achieved.
single computer. The software of the system is ¢éasy Another advantage of the distributed systems i$ tha
develop, because the computer can access all dbthe many cables from the computer to the devices can be
without communications between computers. The timeshort, because distributed computers can be located
to access all devices such as actuators and séasdss  near the devices. The disadvantage of the systémats
to be long in case of that the robot has many d@svic software tends to be complicated, because the
The signal lines to the device also tend to be ,longcommunications between the computers are required.
because all of the lines have to be connectedniglesi For the control of humanoid robots, some
computer directly. distributed control systems have been proposed.
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Zhonget al. (2005) realized distributed control system MATERIALSAND METHODS
based on CAN bus for a humanoid robot with wheels.

Albero et al. (2006) proposed distributed architecture  Humanoid robots have many motors to drive the
for a small biped robot. Kanehir@t al. (2006) joints of their arms and legs. For the motor cdntrfo
developed a distributed control system based oR reathe robot, some motor-driver boards with the fuorcti
time Ethernet for a human-size biped humanoid robotof velocity/position feedback control by the hardeva
For factory automation, distributed systems havenbe of electronic circuits have been developed and
developed. Some specifications of communicationmarketed. The advantages of those motor drivers are
network to operate machines remotely are proposedhat necessary number of signal lines is small and
The specifications such as CC-Link, MechatroLink an commands to the driver are simple. Their disadgenta
EtherCAT enable the operators of factories to menagis that their control method and gains cannot be
the machines efficiently. ~ changed easily during the motion. It is desiredt tha
The efficient control system for prototype robsts  hymanoid robots can switch the control methods
desired for various researches. For the researtheof flexibly so that the robots can have wide appliasi
robots in laboratories, it is not uncommon that|, case of that H-bridge motor-driver circuit is
additional devices are attached to the robots ameso controlled from computer directly, control methoafs

dev!ces of the robots are changed. For examp'e: thﬁﬁe motors can be designed flexibly and they can be
designs of the arm of the three robots shown in Fig easily changed during its motion

are almost same, but the degrees of freedom of theé It is important to red h ber of sianabé
robots vary greatly according to the purpose of portant to reduce the humber ot Signaearn
respective experiments (Yussafal., 2008; 2009). One of th_e robot system for th_e eff|_c|ency (.)f the
robot has two arms and two legs and the other soboXPerimental production. Four signal lines are iregli
have fingers. Different sensors such as force searsp (© control H-bridge circuit from the computer, vehil
tactile sensor are used according to the expergnent  typical commercial motor drivers require one signal
Because wide varieties of tasks are desired foline. Most of humanoid robots have 10-40 motors. If
humanoid robots, many control methods such a$ingle computer accesses many H-bridge circuits
position control force control are desired in thetion ~ directly, many long cables are required. Furtheemor
of the robots. It is also desired that the contnethod ~Many encoder cables are required for many rotary

can be flexibly switched by its software during the€ncoder attached to servo motors. If multiple small
motion. computers are located at the body and the legheof t

This study presents the development of afobots, amount of the signal cables can be reduced.

distributed control system for humanoid robots. The  Distributed control systems also have the
system is designed for the research robots used fdvantage in efficiency of the control process. The
laboratories. Therefore the system is based onlsmalProcessing time to access many motors can be shorte

scale software and low-cost hardware whose paets aPy distributing the process to multiple computefer
easily obtainable. the calculation of the motion planning and wholepo

feedback control, not only distributed small conguut
but also a high-performance computer is required.

As a prototype of control system, a system
using a PC and MCUs has been developed
(Suzukaweet al., 2009). The prototype is the system for
simple robots with a few DOFs. Figure 2 shows the
hardware structure of the prototype control system.
Micro Control Unit (MCU) in Fig. 2 is microchip
technology dsPIC30 MCU. The MCU is connected to
PC via USB/UART (Universal Asynchronous Receiver
Transmitter) converter and includes UART module,
PWM module, pulse-counter module for a rotary
encoder and so on. For feedback control of a motor,

(b) © PWM duty ratio is adjusted based on the encoder-
counter value and the calculation in the MCU.
Fig. 1. Three robots with almost same arm, (a)glsin The response of the communications in the control
arm robot, (b): dual-arm robot, (c): humanoid systems using USB/UART converter is not fast enough
robot for the control of humanoid robots.
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Fig. 2: Prototype control system using USB Fig. 3: Hardware of the control system

We have developed a control system using Rs-485
(EIA-485) by the improvement of the prototype. The
system is designed for complicated robots with many
DOFs. Figure 3 shows the hardware organizatiom®f t
control system using Rs-485. The system consists of
single PC and multiple MCU boards. The operating
system of the PC is Linux. Data of the controlhared
using Rs-485 serial communication. The MCU boards
access the motor driver and rotary encoder andy carr
out simple feedback control for each motor. Thei®C
used for complicated calculation such as motionFig. 4: MCU board

generation and whole-body feedback control of the

robots. Simple process for each motor can be doe i We have developed a MCU board for motor
short time, because multiple MCU boards work at the:ontrol. Figure 4 and 5 show the photograph and the
same time and each MCU boards access one or tWeyrgware structure of the MCU board. Two MCUs are
motors. Because the performance of MCU boards igygynted in the board. Both of those are microchip
lower than that of the PC, complicated calculatisn technology dsPIC33 MCUs. One is used for data relay

carri_?d outtbylthe I;CII bot icati bet and the other is used for 1/0 and control. Theyrela
0 control 8 Who'e robol, communications beWeeMy oy - receives data from PC via Rs-485/UART

;hr(; P%o%rr]]%cl\t/lefju ?(rje rg?eu”egéA”V?; th(;sl\{IA%L; bosaerr?: onverter _and sends data to the I/O MCU. The 1/O
communication lines. Two sets of Rs-485 are used fo cu receves data from the relay MCU_a_nd sends_ data
MCU board to send data to and from the PC. Becaus® PC Vvia UART/Rs-485 conyerter. Digital I/_O line
Rs-485 allows the connection of 32 devices in ong©Nnects two MCU boards in order to adjust the
line, the PC and all of MCU boards are connected tdransmission timing from the MCUs to the PC. I/O
one Rs-485. Additional MCU boards can be easilyMCU is connected to the motor drivers and rotary
connected to the line. To the same Rs-485 linegroth encoders. One MCU board can be connected to two
type of MCU boards such as analog input boardsbean motor drivers and two rotary encoders. Many motors
connected. Because Rs-485 line can be shared Igan be controlled using many MCU boards in the
different type of boards, additional Rs-485 linenist  system. We have developed a motor driver board
required. including two sets of H-bridge circuit using fouET.
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The motor driver board can be attached to the MCU  For the control of the motors, each /O MCU
board. The rotation direction and angular velooityhe  receives the command from the PC and controls the
motor are controlled by PWM output and digital aitp motors based on the command. For example, in dase o
from the 1/O MCU to the circuit. The control method position control of the motor angle, the MCU reads
can be flexibly switched during the motion of tlibot  encoder-pulse-counter value, calculates PWM duty
according to the command from the PC. ratio and outputs the ratio and digital I/O for thetor

In the control system, the PC and the MCU sharalrivers. Other control methods and dynamic brake ca
data such as command to the motors and encodetecounbe applied to the motors by the software of the I/O
value. Figure 6 shows the transmission data froctntan MCU. To execute the control task along with the
the PC. The data from PC to the Relay MCUs congist communication task, timer interruption is used hie t
multiple blocks. In each block, ID is written inethiop /O MCU. The control methods can be easily switched
of each block and the commands to the MCU board ar® other method according to the command from PC.
written in following parts. Each Rely MCU receivab  The function is useful for humanoid robots that tiple
data from the PC and selects the block that IDhan t control methods are often used during their motion.
block corresponds with the ID of the board. TheBecause the motor control process in all /0 MCU
selected data is sent from the Relay MCU to the I/(boards are carried out at the same time, sampéngg
MCU in each board. The commands in the sent data aof motor control loop can be small even if many onst
used for the control of the motors in the I/O MCUs.have to be controlled in the system.
Measured data such as counter values of rotary
encoders are sent from the 1/0O MCUs to the PC. The RESULTS
PC can detect the sender of data, because MCU board |\ J.4er to evaluate the control system, three

ID s written in sent data. T(_) avoid the conflict o experiments are performed. First and second ores ar
transmission data in RS'4?’5 '"?e: /o MCUS send thearried out in order to measure the sampling fraque
timing to next I/O MCU using digital I/O line bete@® i\ o /O MCU and in the whole control system
/O MCUs. respectively. In the third experiment, four joirdgf a
[_] humanoid robot are controlled using three different

PC (Lim) control methods. The humanoid robot has 21 DOFs

4 and its height is 1.25 m. The 1.0 kg box is conegct
to the tip of the right arm. The joints of the ararsd
legs are driven by 90 W DC servo motors. The angles
of the motors are measured by rotary encoders
attached to the motors.

In the first experiment, the I/O MCU outputs a

digital signal to show its status. The MCU chanties
output voltage when the timer interruption begimgl a

MCU board k

Rs485UART Relay
converter [ MCU

!

UARTRs485 B e
converter

1o
MCU

‘ [ oty ends. Figure 7 shows the voltage measured by 4@0 kH
encoder 2 data logger. In the Fig. 7, timer interruption pss
B begins and ends at the rising edge and falling edge
e voltage. Fig. 7 shows that the sampling frequerfdh®
| QENE local feedback control at I/O MCU is about 10 kHz.
Fig. 5: Structure of the MCU board |l L ~
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Fig. 8: Timing of the whole system process
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Fig. 10: Motion of the robots in the experiment

! Shoulderpitch | Figure 9 shows reference angles of the position

40

feedback control. The reference is calculated using

S0 b polynomial equation. In the Fig. 9, “control 1" is

) Eemeidy GOl Sondiol. position feedback, “control 2” is dynamic brake and
60 : 'l'; 9 I “control 3" is motor off. The reference angle ofht

shoulder-pitch joint is not calculated after 6 sec,
because position feedback control is applied tgahm
before 6 sec. Figure 10 shows photograph of the
experiment. The tip of the right arm rises by the
éotation of the right shoulder-pitch joint beforeséc. It
output voltage when the /O MCU receives the'S put down slow!y from 6-9 Sec k_Jecause of .dynamic
rake and gravity force and itis put dovguickly

command from relay MCU. The voltage is measured b ecause of motor off and gravity force after 9 5
400 kHz data logger and shown in Fig. 8. The sargpli body of the robot is twisted by the rotation oftaist

frequency of the whole control system is almostesam. . . . L
as that of data reception at /0 MCU. In the Figthe JOcl)rs]%'oTnhl?egg]tt];cir?orﬁrc?lent at the elbow joint te
rising edge of voltage shows the start time of thePOS™ )

Timne (sec)
Fig. 9: Reference angle of the joints

In the second experiment, the 1/0 MCU raises th

reception of command data. The Fig. 8 shows the DISCUSSION
frequency of the data reception is about 0.5 kHz.
In the third experiment, right shoulder-pitch, htig Motor drivers of position feedback control or

shoulder-roll, right eloow and waist joints are tolied  velocity feedback control are often used for robot
using single PC and two MCU boards. The jointshef t control. It is not easy that control method of most
legs, the neck and the left arm are not contrdltethis  those drivers is changed from one method to theroth
experiment. The position feedback control is agpt®  during the motion. The result of third experiment
right shoulder-roll, right elbow and waist joint§o  shows that the control system presented in thidystu
the right shoulder-pitch joint, position feedback has the capability of changing the control method
control, dynamic brake and motor off areplagd. during the motion.
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