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3 Development of a remote-access laboratory:
4 a dc motor control experiment

5 Kin Yeung*, Jie Huang
6 Department of Automation and Computer-Aided Engineering, The Chinese University of Hong Kong, Shatin, Hong Kong

7

8 Abstract

9

10 This paper presents the development of a remote-access control system which allows users to perform control experiments

11 through Internet. A dc motor control module is used as an example to illustrate our design. The system is composed of an internal

12 distributed system and an application system linked by a data acquisition (DAQ) interface card. Web server, video server and

13 Laboratory Virtual Instrument Engineering Workbench (LabVIEW) controller server are designed based on a client–server

14 structure. The experiment can be accessed from http://www.acae.cuhk.edu.hk/�accl/ibc/.

15 # 2003 Elsevier B.V. All rights reserved.
16

17 Keywords: Internet-based control; On-line laboratory; Distance learning; Internet; Engineering experiment; Education
18

19 1. Introduction

20 Since 1990s, there have been consistent efforts in

21 developing web-based education environment at many

22 institutions around the world. An innovative real-time

23 remote-access control engineering teaching laboratory

24 was developed and demonstrated at Oregon State Uni-

25 versity in 1998 [1]. A remote laboratory called VLAB

26 on an oscilloscope experiment was setup at The

27 National University of Singapore in 1999 [2]. Later,

28 a web-based control experiment on a coupled tank

29 apparatus was further developed [3]. The Process Con-

30 trol and Automation Laboratory at Case Western

31 Reserve University developed a Bytronic Process Con-

32 trol Unit, referred to as the process rig, over the Internet

33 [4]. The user can login parameters using a web browser

34 from a remote client to a Laboratory Virtual Instrument

35Engineering Workbench (LabVIEW) G web server,

36which was connected to the process rig via a PLC

37control module. An interactive on-line laboratory for

38remote education called Automated Internet Measure-

39ment Laboratory was established at Rensselaer Poly-

40technic Institute [5]. The laboratory developed a course

41module on semiconductor device characterization,

42which could be freely accessed through a web browser.

43Other relevant developments can be found in [6–8].

44At Chinese University of Hong Kong, we have been

45developing a web-based remote-access control labora-

46tory since 1999. Our purpose is to create an experi-

47ment setup that can be accessed anywhere at anytime

48by students with access to any web browser. This

49paper will describe our development using a dc motor

50control experiment as an example. In contrast to the

51work reported in [1–8], we focus more on the system

52security, database technique enhancement and stabi-

53lity of operating system. In addition, we have aimed to

54achieve a good integration of varieties of computer

55languages and operating systems to enhance the flex-

56ibility and user-friendliness of our experiment setup.
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57 The rest of this paper is organized as follows.

58 Section 2 describes the overall system architecture

59 including both hardware and software. An application

60 example, that is, a dc motor control experiment is

61 described in Section 3. Finally, Section 4 offers some

62 concluding remarks, and points out some thoughts for

63 our future work.

64 2. System architecture

65 The core of our work is to provide a server side

66 system that can communicate with laboratory instru-

67ments so that a control experiment can be interac-

68tively carried out from the client side. Fig. 1

69illustrates the general structure of the experiment

70setup. The system is composed of several compo-

71nents: an internal distributed system which includes a

72server machine linked with Internet, an internal

73controller PC linked to the server only, and an

74application system which is controlled through the

75PC in this Intranet through a data acquisition (DAQ)

76interface card. LabVIEW from National Instruments

77is used as the controller interface software. A chain

78client–server structure design enables each compo-

79nent in the system to perform tasks individually,

Fig. 1. Basic structure of experiment setup.

Fig. 2. System hardware components.

2 K. Yeung, J. Huang / Computers in Industry xxx (2003) xxx–xxx
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80 which offers a great flexibility for different applica-

81 tions.

82 Fig. 2 shows the overall system hardware architec-

83 ture which is mainly composed of two parts: the

84 simple internal distributed system and the application

85 system. An internal distributed system is a collection

86 of heterogeneous computers and processors connected

87 via a network. The system here consists of a server

88 machine which acts as the gateway for accessing to

89 Internet, and a PC which acts as a digital controller

90 and functions as the video server. A hub is used to

91 connect the Internet accessible gateway, the web

92 server, and other PCs in this Intranet system. Due

93 to security concern, only the gateway server is directly

94 linked to Internet. Other PCs are masqueraded and

95 assigned with virtual IP address known only by this

96 server machine. Our setup only allows the client to

97 access to the web server to enhance the security and

98 performance of the system.

99 The Apache web server on Mandrake 7.0 Linux

100 operating system is used to perform such jobs as

101 providing web pages, user authorization and user

102 conflict checking. The architecture and task descrip-

103 tion of our web server is illustrated in Fig. 3. The

104 highly stable performance of Linux operating system

105 can greatly enhance the stability of our overall system,

106 which is one of the main concerns of a user who is

107 conducting an experiment. Our approach is in contrast

108with that described in [3,4] which employs the Lab-

109VIEW G web server in Windows OS. This is because

110that the Linux operating system is considered very

111reliable. Moreover, using the Linux operating system

112may reduce the loading on the memory and increase

113the execution speed of the server machine.

114A JVC color CCD camera with the MATROX

115METEOR2 PCI frame grabber is used to take the

116video in real-time. InetCAM video capture software is

117used as the video server interface. It is simple and

118requires no plug-ins. The video server is located in the

119controller PC to save computing resources.

120A PC that runs software LabVIEW is used as the

121interface in controlling the application system via the

122DAQ card that is plugged onto the PC. In general,

123DAQ is the process of converting a physical quantity

124(such as temperature or pressure) into an electrical

125signal and measuring the signal in order to extract

126useful information. Fig. 4 shows how a typical DAQ

127card is positioned.

128The DAQ card can act as a D/A converter and A/D

129converter, and it has both an analog output channel and

130an analog input channel. The output channel, which is

131connected to the input of the dc motor module, sends

132the control signal to the motor. The analog input of the

133DAQ card is connected to the output of the motor, and

134sends the digitized measurement of the dc motor to the

135computer which will process the control signal and

Fig. 3. Web server architecture.

K. Yeung, J. Huang / Computers in Industry xxx (2003) xxx–xxx 3
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136 display the result. The DAQ card can have up to 500

137 kilo samples per second (kS/s) single channel scan-

138 ning rate and 12-bit output resolution.

139 Fig. 5 illustrates the software structure of the

140 system. Hyper Text Transport Protocol (HTML),

141 Common Gateway Interface (CGI), and JavaScript

142 are the languages used on web server side. While

143 LabVIEW’s G language and Java are the ones used

144 on the control PC side. CGI is coded by Practical

145 Extraction Report Language (PERL). All networking

146 algorithms are based on a client–server structure.

147 User authorization and conflict checking as well

148 as database linkage are all handled by PERL lan-

149 guage on the server. Its library packages on database

150 management system (DBMS) provide modules to

151 interface with Oracle, Sybase, mSQL, MySQL,

152 Ingres, and others [10]. We use DB_File packages

153 to perform the database management. Whenever a

154 user inputs the parameters, the system can update

155these parameters in the database. Thus, if there is a

156network or system failure when a user is conducting

157a task, the system can retain the most recent data

158so that the user can continue to conduct the task

159with the stored data when the user re-logon the

160system.

1613. Application system: dc motor control module

162A dc motor control module (MS15) from L.J.

163Technical Systems is used as our application system

164(Fig. 6). The module enables the user to perform

165position or speed control of a dc motor by a propor-

166tional-integral-derivative (PID) controller. The speed

167and direction of rotation of the motor can be con-

168trolled by either an analogue signal or a pulse width

169modulated (pwm) digital signal [11]. As shown in

170Fig. 7, the power amplifier with the dc motor used in

Fig. 4. The typical DAQ system [9].

Fig. 5. Software structure.

4 K. Yeung, J. Huang / Computers in Industry xxx (2003) xxx–xxx
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171 the system generates a torque T, which is assumed

172 proportional to the input voltage, Vin.

173 Other notations are described as follows:
174

175 Since IðtÞ ¼ KA � Vin(t) and TðtÞ ¼ KM � IðtÞ, by

176 Laplace transform, we have
177

TðsÞ ¼ KMKAVinðsÞ (1)
179

180 From the mechanical portion of the system, we obtain

181 a second-order differential equation as follows:
182

J�yðtÞ þ B _yðtÞ ¼ TðtÞ ) TðsÞ ¼ syðsÞðJs þ BÞ (2)
184

185 Combining (1) and (2) gives the transfer function from

186 the input Vin(s) to the angular velocity o(s) as follows:
187

oðsÞ
VinðsÞ

¼ K

ts þ 1
; (3)

189

190 where t ¼ J=B ¼ 0:25, K ¼ KMKA=B ¼ 54:75.

191We consider employing a PID controller to regulate

192the angular speed of the motor. A PID controller takes

193the form of

194

u ¼ Kpe þ Ki

Z
e dt þ Kd

de

dt
;

Fig. 6. The dc motor control module.

Fig. 7. Block diagram for electromechanical portion of the system.

Fig. 8. Block diagram for the PID closed-loop control system.

Fig. 9. Step response under PID control (Kp ¼ 0:41, Ki ¼ 1:05,

Kd ¼ 0:00).

B viscous damping coefficient

J equivalent mass moment of inertia

T torque produced by motor

y angular position

o (i.e. _y) angular velocity

KA amplifier factor

KM motor constant

K. Yeung, J. Huang / Computers in Industry xxx (2003) xxx–xxx 5
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196197 where the tracking error: e ¼ r � y. The controller

198 will be further discretized with a sampling period Ts to

199 yield a discrete PID controller of the form:

200

uðkÞ ¼ KpeðkÞ þ KiTs

Xk

j¼0

eðkÞ þ Kd
eðkÞ � eðk � 1Þ

Ts

;

k ¼ 0; 1; 2; . . . (4)
202

203 The closed-loop system under the PID controller is

204 described in Fig. 8.

205 The values of reference input r, Kp (proportional

206 parameter), Kd (derivative parameter) and Ki (integral

207 parameter) can be changed online. The values of Kp,

208 Kd, and Ki are selected to give a satisfactory motor

209 speed response. The step response of the closed-loop

210 with Kp ¼ 0:41, Ki ¼ 1:05, Kd ¼ 0:00, r ¼ 3:00 V

211 and Ts ¼ 40 ms is shown in Fig. 9, which shows that

212 this controller can achieve a satisfactory performance.

213 Fig. 10 shows the web interface. The real-time

214 video window is located on the upper-left corner.

215The signal generator and PID controller are at the

216bottom. A user can click on the manual anchor to pop-

217up the manual window to perform the experiment step

218by step. Real-time output responses are displayed

219automatically once the parameter is inputted.

2204. Conclusion

221This paper presents a general approach in develop-

222ing an Internet-based control laboratory experiment

223system. The project involves several different pro-

224gramming languages, operating systems, and hardware

225suites, and each of them has its own advantages and

226disadvantages. Thus, the great challenge to the success

227of this project is how to integrate varieties of computer

228techniques seamlessly so that a reliable system per-

229formance can be achieved. In addition, flexibility,

230controllability and user-friendliness are also our major

231concern in designing the system’s architecture.

Fig. 10. Web interface.

6 K. Yeung, J. Huang / Computers in Industry xxx (2003) xxx–xxx



U
N

C
O

R
R

E
C

TE
D

 P
R

O
O

F

COMIND 1711 1–7

232 Our future work will focus on simultaneous control,

233 system integration, and laboratory safety. We will also

234 introduce other control application systems such as a

235 magnetic levitation system and a single conveyor parts

236 selection programmable logic control system.
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