
1. INTRODUCTION 

Mobile robots are widely being used in industrial fields from 
simple visual inspection tasks using CCD cameras to integrity 
evaluation of industrial facilities utilizing special sensors 
and/or transducers [1, 2]. There are many cases in industrial 
fields to inspect the condition of facilities under hot 
environment. In general, that kind of work is done by human 
operators after the equipments get cold to the normal 
temperature. In that case, however, it takes long time for hot 
facilities to become cool because of big heat inertia.  

For example, normal operation temperature in annealing 

furnaces at steel making plants is near 900 C, and it takes over 
7 hours to cool down the furnace for the inspection by human 
beings at emergent situation. To avoid unnecessary time loss 
for cooling the furnaces, it is helpful to use mobile robots 
which can endure high temperature in a few hours after the line 
stops. It is necessary, therefore, to develop the visual inspection 
mobile robot equipped with heat protecting and internal 
cooling means. 

In this study, a mobile robot system is developed for visual 

inspection of facilities in industrial furnaces under 400 C for 
30 minutes. The developed mobile robot is equipped with 
external heat insulation material and internal cooling 
mechanism. The mobile robot travels on the internal floor in 
hot furnaces by operators’ joystick commands transmitted 
through wireless communication, captures the images of the 
target facilities, and sends the images to the portable controller 
through wireless communication. 

2. MOBILE ROBOT DESIGN 

3.1 Task and Basic Concept 

The task of the inspection mobile robot developed in this 
study is to examine the surface condition of rolls and steel 
strip in hot annealing furnaces at cold rolled mills when the 

internal temperature of the furnace is near 400 C after a few 
hours from the line stops. The mobile robot is put into the 
furnace through one of lower bungs of the furnace by a 
specially designed lifting device. The operator located outside 
the furnace gives command to the robot by operating joysticks 
mounted in the portable controller. The command is delivered 
to the robot through wireless communication. The mobile 
robot travels on the bottom floor in the furnace, and examines 
the target using two CCD cameras according to the operator’s 
command. The images captured by the cameras are 
transmitted to the portable controller through wireless 

communication, displayed on the monitor attached to the 
controller, and saved in a notebook computer connected to the 
controller. Fig. 1 shows the basic operation concept of the 
developed mobile robot system. 

3.2 Design of the Mobile Robot 

3.2.1 Design concept  

The mobile robot to be designed in this study performs 
abovementioned task in hot and dark furnaces. Therefore, it is 
necessary to design the mobile robot to contain the following 
parts in its body: 

External heat insulating material surrounding the outer 
surface of the robot to protect the robot from heat 
Internal heat insulating material surrounding the internal 
surface of the robot 
A zoom CCD camera mounted on a two-degrees-of- 
freedom table to examine the targets 
Lamps to light up the targets 
A CCD camera with lamps mounted at the front part of the 
robot to observe the frontal part of the robot 
Electric DC motors to drive the wheels of the robot 
An embedded controller to control all the electric/ 
electronic devices and DC motor drivers 
Wireless communication modules to send the images of  
CCD cameras to the portable controller 
An RS-232 wireless modem to send and receive the 
control signal between the embedded controller and the 
portable controller 
A battery pack to supply electric power to all the 
electric/electronic devices 
An internal cooling mechanism to prohibit overheat inside 
the robot 

Fig. 1 Basic operation concept of the visual inspection mobile 
robot in a hot industrial furnace. 
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3.2.2 External heat insulation and internal cooling

Since the mobile robot works under hot environment, the 
mechanical and electrical parts of the mobile robot need to be 
protected from overheat. For the purpose, two kinds of 
overheat prevention means, external heat insulation and 
internal cooling, are used. 

1) External heat insulation: All the external and internal 
surfaces of the robot body is surrounded with board type heat 
insulation material shown in Fig. 2. 10mm and 30mm 
thickness heat insulation board are mounted for external and 
internal use, respectively. Table 1 shows the physical features 
and chemical composition of the heat insulation boards. 

2) Internal cooling mechanism: In spite of the heat 
insulation material mounted the external and internal surfaces 
of the robot body, the internal temperature of the robot body 
can be risen continuously if the robot works in hot furnaces for 
long time. Therefore, the internal cooling mechanism is 
required to maintain the temperature in the robot body under 
proper degree.  

For this purpose, replaceable refrigerant cans are installed 
in the robot body, and the refrigerant contained in the cans is 
sprayed over pre-defined temperature. The cans are mounted 
on the can seats, and the solenoid valve controls the 
intermittence of the refrigerant gas according to the 
temperature measured by the thermocouple as shown in Fig. 3. 
Fig. 4 shows the fabricated internal cooling mechanism using 
replaceable refrigerant cans. SF-1012 inert gas by 
NABAKEM Co. is used as refrigerant, and it can cool down 

local spots to -50 C.

Fig. 2 Heat insulation material and its thermal 
conduction rate. 

Table 1 Properties of the heat insulating board 

Physical features Chemical composition 

Max. Temp. 1260 C Al2O3 46% 

Temp. 1177 C SiO2 54% 

Melting point 1760 C ZrO2 - 

Tension 75~100psi Loss on Ignition 3~9 

Fig. 3 Schematic draw of the internal cooling mechanism. 

Fig. 4 The fabricated internal cooling mechanism. 

3) Design of robot body and driving mechanism: For the 
convenience of mounting heat insulation boards, the body of 
the robot has hexahedral shape. Two DC motors are used for 
the differential driving type robot, and each motor drives two 
or three wheels at each side of the robot. Fig. 5 shows the 
driving mechanism of the mobile robot. 

4) Design of a 2 degrees-of-freedom CCD table: Two CCD 
cameras are mounted in the mobile robot as shown in Fig. 6. 
The operation CCD camera is mounted at front part of the 
robot, and captures front image through heat resistant glass for 
the operator. The inspection CCD camera captures the accurate 
image of the targets through heat resistant glass. The zoom 
CCD camera is mounted on a two degrees-of-freedom table as 
shown in Fig. 7. Two RC servo motors are used to control two 
angles of the table.  

Fig. 8 and 9 show the assembled interior parts in the mobile 
robot and outward appearance of the fabricated mobile robot, 
respectively. Two lamp arrays are equipped near each heat 
resistant glass for two CCD cameras. Table 2 gives the 
specification of the developed mobile robot. 

(a) Top view 

(b) Side view 

Fig. 5 Schematic draw of the driving mechanism of the mobile 
robot.
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Fig. 6 Two CCD cameras mounted in the mobile robot. 

       (a) Top view              (b) Side view 

Fig. 7 Schematic draw of the 2 degrees-of-freedom CCD table. 

Fig. 8 The assembled interior parts in the mobile robot. 

 Fig. 9 The outward appearance of the assembled mobile 
robot.

Table 2 Specification of the mobile robot 

Weight 20.5kg 

Size 464mm(W)  418mm(D)  210mm(H)

Max. Speed 12m/min 

3. CONTROLLER DESIGN 

3.1 Total Control System 

Fig. 10 shows the total control system. The mobile robot has 
an embedded controller. The operator operates the portable 
controller to control the mobile robot. The control signal 
between the embedded controller and the portable controller is 
transmitted through wireless communication.  

3.2 Embedded Controller 

Fig. 11 shows the structure of the embedded controller for 
the mobile robot. A chip PLC, CPU16C74 is used as the CPU, 
and it receives the control signal from the portable controller. 
An RS-232 communication module, an A/D module, a micro 
CPU, and a PWM output module which communicates through 
RS-232C are connected to the CPU, and they control all the 
electric/electronic devices. 

Fig. 10 Schematic view of the total system. 

Fig. 11 The structure of the embedded controller. 
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3.2 Portable Controller 

Fig. 12 shows the structure of the portable controller to 
operate the mobile robot. The portable controller has two 
joysticks, an auto-return one for controlling the motion of the 
mobile robot, and a self-sustain one for the inspection CCD 
camera. The LED on the control panel displays the battery 
remain, output voltage from the battery, the temperature in the 
robot, the refrigerant spraying time, and the total operation time 
of the mobile robot. The 11 inch LCD monitor selectively 
displays the images captured by the operation and inspection 
CCD cameras. Fig. 13 is the fabricated portable controller, and 
Fig. 14 shows the operation panel of the portable controller. 

Fig. 12 The structure of the portable controller. 

Fig. 13 The fabricated pottable controller. 

Fig.14 The operation panel of the portable controller. 

4. EXPERIMENTS AND RESULTS 

4.1 Heat Insulation and Cooling Experiment 

Experiments for testing external heat insulation and internal 
cooling performance were carried out. The assembled mobile 
robot was put into an experimental furnace, and the internal 
temperature in the robot was measured when the furnace was 

heated to 100 C, 200 C, and 400 C, respectively. Fig. 15 
shows that the internal temperature of the robot can be 

controlled under 50 C at every case for 30 minutes. As shown 
in Fig. 15, it can be known that the internal temperature in the 

mobile robot can be maintained under 50 C at every case of the 
experiment, which means that the internal cooling mechanism 
works well. 
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Fig 15. The experimental results for heat insulation and 
internal cooling. 
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4.2 Image Capturing and Transmission Experiment  

The image capturing and transmission performance of two 
CCD cameras was tested in a completely dark room like in the 
furnace. For this experiment, a specimen with a 0.5mm dent 
was installed at 3m distance from the robot. Fig. 16 is the 
image displayed on the LCD in the portable controller. As 
shown in Fig. 16, it can be known that the inspection CCD 
camera gives sufficient images to identify the defects on the 
surface of the targets. 

Fig. 16 The image of a specimen captured by the inspection 
CCD camera. 

Fig. 17 The developed mobile robot system for visual 
inspection of industrial facilities under hot 
environment.

5. CONCLUSION 

In this study, a mobile robot system for visual inspection of 
industrial facilities under hot environment was designed and 
fabricated as shown in Fig. 17. The robot can visually inspect 
the damage on the surface of the targets in hot industrial 

furnaces under 400 C for 30 minutes without any damage of 
the robot system. This kind of robot is advantageous to 
minimize the suspension time for cooling the facility in the 
continuous production line at emergent circumstance. 
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