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Abstract 

The central air conditioning system is becoming the main part of the modern building. However, the regular cleaning and pipeline 
inspection rely on human is not only labor-intensive but also less effective. This paper presents the development of an air conditional 
route wireless inspection robot. The movement and speed of the wireless inspection robot can be controlled remotely by using a joystick. 
This robot also can be used to detect a leaking hole based on heat detection and clean the air conditioning route. The operator can monitor 
the robot’s inspection by using video that are captured through a wireless camera on the surface of the robot. The robot is controlled using 
PIC16F877A and Visual Basic 6.0 programs are created to interface with computer. This user friendly wireless inspection robot is 
expected to overcome the inspecting and cleaning the air conditional routes problem in the fastest and easiest way. 
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Short term: 
IFR  - International Federation of Robotics 
PIC  - Programmable Integrated Circuit 
PWM - Pulse Width Modulation 
LM  - Low Measurement 
ADC  - Analog to Digital Converter 
UART - Universal Asynchronous Receiver Transmitter 
USART - Universal Serial Asynchronous Receiver Transmitter 
USB  - Universal Serial Bus 
RCA  - Radio Corporation of America 
S-Video - Separate Video 
VHS  - Video Home System 
VCR  - Video Cassette Recording 
DVD  - Digital Versatile/Video Disc 
PID  - Proportional Integral Derivative 
AR  - Arduino Robot 
Symbols: 
V  - Voltage 
mv  - mille volt 
vdc  - voltage direct current 
vac  - voltage alternating current  
Hz  - hertz 
rpm  - revolution per minutes 
GHz  - giga hertz 
°C  - degrees Celsius 
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1.  Introduction 

Robots are increasingly being integrated into working tasks to replace humans especially to perform the repetitive task. 
In general, robotics can be divided into two areas, industrial and service robotics. International Federation of Robotics (IFR) 
defines a service robot as a robot which operates semi- or fully autonomously to perform services useful to the well-being of 
humans and equipment, excluding manufacturing operations. These mobile robots are currently used in many fields of 
applications including office, military tasks, hospital operations, security systems, dangerous environment and agriculture 
[1]. 

On the other hand, in our society the central air conditioning system is actually becoming the lung of modern buildings 
by controlling their metabolism [2]. However, the regular or repetitive cleaning and pipeline inspection of air conditional 
routes by relying on human is not only labor-intensive but also less effective. On top of that, it is difficult to the human to do 
the inspection due to the small air conditioner routes [3]. Therefore a wireless inspection robot can be replaced human to do 
this repetitive job especially for a big building and unreachable area. The wireless inspection robot will be able to detect the 
leaking problems based on temperature changes by using temperature sensor.  

The robot is wireless to ensure fast and reliable two-way communication. It is the improvement from our initial 
development of inspection robot using wired as described in [4]. The robot body is prepared mechanically and electrical 
components were chosen to be suitable for this inspection task. The robot is controlled using microcontroller PIC16F877A 
as the brain of this inspection robot. The movements of the robot is controlled by controlling the direction of motors so that 
the robot can move in all directions (forward, reverse, right and left).The robot speed is controlled by generating pulse width 
modulation (PWM) from the PIC. The moveable camera is mounted on this robot and it can move right or left direction by 
controlling the servo motor. 

Due to the small air conditioner routes, it is difficult to human to inspect these air conditional routes.  There is a demand 
to have the mobile inspection for this purpose [5]. By using the mobile robot it can help to inspect in the small area and 
operator can easily monitor by using camera and sensors. This paper is presented the development of an air conditional 
route wireless inspection robot with ability to  detect a leaking hole based on heat detection and clean the air conditioning 
route as well as able to know battery level status.  

2. Materials and Method 

2.1 Project Overview 

These systems have two main parts which are the wireless inspection robot and computer system. The microcontroller 
PIC16F877A is acting as the ‘brain’ of the entire system. Visual Basic 6.0 programs are created to interface with computer 
and wireless inspection robot. The wireless camera helps the user to monitor robot’s navigation and view any leaking in the 
routes and this is controlled by using joystick.  The temperature sensor able to detect the leaking of the routes by sensing 
any heat changes on the route. The battery level status can be checked by user anytime. Since the routes are always dark, 
therefore LED is used to light up the routes.  The brushes are used to clean any dust along the routes of the air conditional. 
 

Basically, this robot has four inputs which are temperature sensor, battery level, joystick and wireless camera. 
Meanwhile, the three outputs are servo motor, DC motor and LED as the initial wired robot that we have developed 
before[3]. Since the wired based inspection robot has some limitation to inspect the big area due to the wire length. 
Therefore constructing a wireless based robot is the best solution. The PIC16F877A microcontroller as interfacing device 
between computer and inspection robot by using the high level wireless communication protocols ZigBee has been used.  
The block diagram of the main structure of the wireless inspection robot and the robot overview is shown in Figure 1. 

 
It can detect any problems such as crack or blocking due to dust in the routes with wireless camera and the visual image 

will be displayed to the computer. Using temperature sensor, the leaking also can be detected based on heat changes. The 
wireless inspection robot also be more effective in functionality and move properly. The brushes are attached to remove any 
dust along the air conditional routes. LEDs help the wireless inspection robot to light up the routes because the routes 
normally dark. On top of that user easily can control the wireless inspection robot movement by their joystick. All the 
navigation or movement of robot can be seen from computer through wireless camera.  
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Figure 1: Main structure and overview of the Inspection Robot 

2.2 Project flowchart 

Figure 2 shows the flowchart of the wireless inspection robot operation. The operation of the robot starts with the 
command from computer to activate the PIC. VB6 is used as a software platform to communicate with this PIC. VB6 also 
act as interface between the PC and the robot by giving the navigation commands.  

 

         
Figure 2: Flowchart of the inspection robot operstion 
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2.3 Project architecture 

Table 1 shows the project specification for this wireless inspection robot. The main purpose of producing this 
specification is to clarify some important aspects of the project and to make sure that the project is feasible as well as 
appropriate to be used in the market.  

 
Table 1: Specification Hardware & Software  

Module Specification 

Main voltage 240 VAC, 50 Hz 

Supply from battery 12 VDC and 9 VDC 

Power consumption 5 VDC 

Controller  PIC16F877A 

Battery level ADC PIC16F877A 

Computer Visual Basic 6.0 

Temperature sensor LM35 

Indication LED for lighting in routes air conditioner 

Wheels control Servo motor 

Camera Wireless camera 

Route cleaner DC motor 

 
Primary source of power for the robot is an alkaline battery because of its characteristics and advantages. A 9V battery is 

used to provide 5V by using voltage regulator. LM78XX. LED is used to light up the routes of air conditioner since the 
routes is always dark.  L293 is IC that can control the other device such as motor at maximum voltage of +24V with input 
signal from microcontroller of +5V only. So, this L293 make easier to the user for power converter without using relay, 
diode and transistor. In this project, this IC is used for control the servo motor to move forward or reverse and also can 
adjust the voltage to change the motor speed. Speed control is important to this robot because if want to inspect something, 
this robot must move slowly. USART work as serial communication is used for connection from computer to PIC16F877A. 
Data will send and receive in value from 0 to 255.  

Microsoft Visual Basic 6.0 is used  in  this  project  because  of  its  easy  programming,  easy  displaying  of  visual  
elements,  availability.  it  is  one  of  the  most  popular  programming  languages  and  it  is  easy  to implement functions 
using it [6]. VB 6 can display navigation option command such as if user choose forward, the robot will go forward and if 
user choose temperature request, the PIC will send the temperature value. Temperature sensor LM35 is used because it can 
generate signal in degree Celsius since it common among Malaysian. Servo motor is one of the DC type motors with 
feedback that used in many applications that required controlling the system in up-down direction. Servos are extremely 
useful in robotics [7]. Servo motor 360, it is basically is used for full rotation either to move forward or reverse. Servo 
motor provides low speed with high torque if compared to DC motor. Since the high torque is essential for this project. 
Therefore servo motor 360 is preferred in this project.  

To detect the leakage in air conditional route, miniature wireless camera with microphone has been used. The features 
are 380-lines resolution 150 foot range (no obstacles) 2.450 GHz output frequency, built-in microphone, and full motion 
real time colour video without delay. From wireless camera receiver to the computer, the EasyCAP DC60 has been used 
with USB 2.0 audio/video creator capture high-quality analog video. In air conditional route normally dusty around the 
route. To clean the route, dc motor has been used with brush under the inspection robot.  

The ZigBee modules were engineered to meet IEEE 802.15.4 standards and support the unique needs of low-cost, low-
power wireless sensor networks. The modules require minimal power and provide reliable delivery of data between devices. 
The modules operate within the ISM 2.4 GHz frequency band and are pin-for-pin compatible with each other. The ZigBee 
modules interface to a host device through a logic-level asynchronous serial port. Through its serial port, the module can 
communicate with any logic and voltage compatible UART; or through a level translator to any serial device (For example: 
Through a MaxStream proprietary RS-232 or USB interface board). By default, ZigBee modules operate in Transparent 
Mode. When operating in this mode, the modules act as a serial line replacement - all UART data received through the data 
input (DI) pin is queued up for RF transmission. When RF data is received, the data is sent out the data output (DO) pin. 
The Zigbee modules support ADC and digital I/O line passing. Every RF data packet sent over-the-air contains a Source 
Address and Destination Address field in its header. The RF module conforms to the 802.15.4 specification and supports 
both short 16-bit addresses and long 64-bit addresses. A unique 64-bit IEEE source address is assigned at the factory and 
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can be read with the SL (Serial Number Low) and SH (Serial Number High) commands. Short addressing must be 
configured manually. A module will use its unique 64-bit address as its Source Address if its MY (16-bit Source Address) 
value is “0xFFFF” or “0xFFFE”. To send a packet to a specific module using 64-bit addressing: Set Destination Address 
(DL + DH) to match the Source Address (SL + SH) of the intended destination module. To send a packet to a specific 
module using 16-bit addressing: Set DL (Destination Address Low) parameter to equal the MY parameter and set the DH 
(Destination Address High) parameter to ‘0’. ZigBee operate in five modes which are transmit mode, receive mode, 
command mode and sleep mode. 

 

3. Results and Discussion 

3.1 Project prototype layout 

This robot can move forward, reverse, turn left n right using servo motor and it also can adjust the speed of the 
inspection robot either to move slowly or faster.  The wireless camera can move 360° to monitor every angle of the air 
condition route. On the bottom of this inspection robot there are the motorised brushes for cleaning purpose. 
Communication between PIC16F877A as microcontroller and computer is using high level communication protocols such 
as ZigBee. ZigBee is targeted at radio-frequency (RF) applications that require a low data rate, long battery life, and secure 
networking. ZigBee has a defined rate of 250 Kbit/s best suited for periodic or intermittent data or a single signal 
transmission from a sensor or input device. Figure 3 shows the photo of wireless inspection robot that has been developed. 

 
Figure 3: Wireless Inspection Robot 

3.2 Project interfacing layout 

Figure 4 shows the graphical user interface (GUI) of operating panel for this inspection robot system. GUIs are used 
because it makes things simple for the end-users to operate any system [5]. Without GUI, user needs to work from the 
command line interface, which can be extremely difficulty and frustrating like coding input text commands to operate the 
internet web browser. The control panel of the GUI for this project consists of: 
• Connection from computer to PIC using wireless. 
• Security login. Therefore only registered user can operate this robot. 
• Camera view, capture, record and image processing to detect the leaking in air conditional route 
• Movement robot, robot speed, position of the robot in meter 
• Temperature and battery request. 
• Lamp on and clean the routes with brushes. 
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Figure 4: GUI of DeACoR-WIR 

 
The inspection robot can be changed the speed and 70% speed motor is as a default.  Figure 5 shows the wheel 

movement. It can make robot move forward, reverse, turn left and right. The robot can move using manual controller by 
using joystick or computer [8].  

 

 
Figure 5: Wheel Movement of Inspection Robo 

Finally this wireless air conditional inspection robot with ability to detect a leaking hole based on heat detection and clean 
the air conditioning route as well as able to know battery level status has been developed. The wireless camera was used to 
capture the image then this image was processed to check the leaking routes. 

Image processingCamera view
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4. Conclusion and recommendation 

The robot is called wireless inspection robot from the fact that it is designed to inspect the air conditional route and able 
to move fast and clean the route.  In this project, the microcontroller PIC16F877A is a very important device and acts as the 
‘brain’ all the system. The servo motor as the tires for wireless inspection robot to make the robot move forward and reverse 
along the routes air conditional, the camera to help the user to monitor the routes. The movement of the robot can be 
navigated by using joystick. The temperature sensor was used to detect the leaking by identifying the temperature changes, 
the level of battery also able to check by user request. The control was used by making  interface  between  PIC  and  visual  
basic  in  both  directions,  sending  data  from computer to robot or vice versa. The development of air conditional route 
wireless inspection robot is hoped to improve the inspection method. The wireless inspection robot can be applied for real 
routes in air conditional. Overall the benefits  of  wireless inspection  robot  to  these  operations  include  reduced  number 
of workers and  be able access  to  unreachable areas by human. The development of this robot in the real scale will be 
carried out as the future work. 
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