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Abstract— In the world of globalization and modernization where air conditioning system acts as the pulse of every modern 
infrastructure, in which air supply plays a prominent role in cooling. The duct systems work as nerves of these air 
conditioning units. Also, its maintenance is required for greater efficiency to prevent damage. Our research focuses on the 
non-destructive techniques to clean the dust, fungi, foreign particles and it also detects flaws, cracks, and corrosion inside the 
ducts. The technique if used on a regular basis, we can increase the efficiency and life of ducts and the cooling units. This 
research involves a wirelessly controlled robot powered by rechargeable batteries, having wheeled and wall tire system for 
movement inside different cross-sectional ducts. It comprises of several sensors like ultrasonic, humidity, gas, thermography 
and pressure sensors to provide the great visuals for inspection of various parameters inside the ducts. The prime objective is 
to clean the ducts by a cleaning probe attached to the robot, different probes like scrubber blades, abrasive blades are 
attached further for removing the dust, fungi, and bacteria from ducts. Helping to provide the healthy conditioned air supply 
to the chambers. The robot equipped with infra-red cameras for the live view of inside the ducts. As dust, fungi, bacteria and 
corrosion affects the efficiency, the cleaning probe provides the removal of these impurities. The simple design of robot 
makes it more convenient and useful for varying cross section ducts and helps to build its bond at consumer ends.  
 
Index Terms— Air Conditioning, Cleaning, Robot, Ducts. 
 
I. INTRODUCTION 
 
In today's world of globalization and modernization, 
there is an increase in earth's temperature and has also 
demanded an increase in air conditioning and 
ventilation systems. Air conditioners are machines 
that alter the characteristics of surrounding air to 
condition more comfortable for humans by lowering 
temperature, eliminating humidity and distributing it 
to the required places. Nowadays As its need is 
increasing exponentially, the distribution process has 
also become diversified leading to the entire system as 
heat, ventilating, and air conditioning (HVAC) 
system. These distribution channels require inspection 
at regular intervals to maintain its high efficiency and 
to lower the losses of effects produced by the air 
conditioners [1].  
 
With the advancement in technology, Robots are 
increasing day by day and get involved in the task that 
are either monotonous or dangerous for human life 
like in fields of applications not limited to office, 
military operations, hospitals, industrial automation, 
security systems, and agriculture [2]. Recent 
advancements in robotics are focusing more towards 
the safety of power plants, and special attentions 
given for inspecting them [3,4,5]. Also, more and 
more robots are being employed in cleaning of the 
power plants which is considered to be a tedious job 
[5,6]. A robot is a mechanical or some intelligent 
virtual agent that has the capability to work in an 
autonomous, semi-autonomous or remotely controlled 
way [7]. Some inspections and cleaning works 
requirement in hostile situations and some areas 
inaccessible to humans [8,9,10].   

Our research focuses on non-invasive methods for 
cleaning and inspection of ducts using the robot. 
Usually, the ducts are of various sizes and shapes 
some includes rectangular, circular and square cross-
sections, so there is a requirement of a robot that is 
capable of working in different cross section ducts. 
One of the techniques available is vacuum pressure, 
but it is not capable enough to perform various 
attributes. Our research provides the optimized 
methods for cleaning and inspection of ducts by a 
wirelessly controlled robot having an array of sensors, 
actuators for working in horizontal and vertical 
directions.As the actuators are vital to the movement 
of the robot, so we have designed a unique conveyor 
mechanism in which the end user has the facility to 
change the track width for smooth movement of the 
robot in varying cross sections. This robot helps to 
remove dust, bacteria, and fungi from the ducts by 
some non-destructive methods and inspection of 
cracks and carrion 
 
II. DESIGN OF ROBOT 
 
The design of robot consists of universal joints and 
double actuated universal joints contributing to the 
maximum degree of freedom for the various cross 
section of ducts. The robot consists of a four-wheeled 
mechanism for the movement inside the ducts. The 
main body is adjustable for a different cross section of 
pipes. In our research, we have elucidated varying 
size robots in which size would change by using 
springs that can be actuated using links. The size 
plays the most important role in improving ducts, so 
the size of our robot is kept optimized and includes 
various sensors for detection of flaws and leakage 
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including the camera for visual inspection. The CAD 
model of the robot is shown below in the Fig. 1.  

 

 

 
Fig. 1 CAD model of the Duct Cleaning Robot. 

 
A. Duct Parameters 
The duct consists of various cross sections. As every 
infrastructure demands different duct sizes, the ducts 
are fabricated according to the need for supply of 
conditioned Air for different infrastructure like 
rectangular, square, or circular cross sections. The 
robot performs in these cross sections to make the 
ducts free from impurities as well as in detections of 
flaws, cracks, and leakages.  
 
B. Controls 
The robot is the anthropomorphic autonomous 
projection, so the end user operates the control with 
the help of sensors and transducers. The motion of the 
robot is of prime importance along the different cross 
section of ducts. The robot comprises of simple 
sliding, universal, double acting universal joints that 
allow linear, angular and elbow movements quickly. 
The wheeled and wall mechanisms help for free and 
easy movements at varying size ducts. The slider 
movement of attached four wheels provides better 
gripping and contributes to overcoming the friction. 
The actuators help to modify the sliding movement of 
tires for movement of robots in various cross section 
ducts. The wheels are the backbone of motion, so 
essential work done by our experimental analysis is to 
empower the wheels. The electric motors of 12 volts, 
500 rpm servo motors help to provide enough 
revolution. The main problem faced by wheels are 
slipping and gripping, keeping this in mind we opted 
highly vulcanized tires for premium gripping with the 
walls. The helical springs vary the wheel's movements 
for smooth adjustments during the various cross 
section ducts. As ducts are changing continuously, so 
the role of wheels also increases to keep in contact 
with walls. The slider movement empowers to be at 
different angles while working on various cross 
sections ducts. 

C. Sensing Techniques 
In ultrasonic techniques the pulsar sends high voltage 
output to produce ultrasonic waves, which detects 
flaws by sending the sonic waves and if there is any 
flaw, the sonic waves come back which are received 
by the receiver, followed by an oscilloscope for 
display. The ultrasonic method is efficient to detect 
the defects. The pulsar and the receiver are the sensors 
working for the anthropomorphic character. 
 
The x-ray sensor also helps to detect the flaws, 
corrosion and leakage as it is the fastest of all the non-
invasive techniques available for detecting flaws. As 
x-rays are electromagnetic radiations that form when 
electrons collide with the nucleus and detect defects, 
corrosion in minimum time. The x-ray sensor 
equipped at the front side of the robot. Infrared 
Cameras are the primary visual device that optimize 
the optical images underlying on infra-red 
transmission. It also helps in detecting flaws, leakage 
and to visualize impurities. 
 
The distance and position play an import role in 
varying ducts; the proximity sensors give the exact 
distance of robots from walls and end points. The 
proximity sensor measures the end distance helping 
the robot to reach precise points. The Hall Effect 
sensors empower to know the datum and the position 
of robot front as well as end points and walls. The 
thermography sensors help to know the temperature 
of unpurified and purified ducts. It also tells the 
difference in temperature after the working of the 
robot for better efficiency of ducts. The ultrasonic 
sensors detect flaws, cracks, and leakages. The x-ray 
sensors determine the corrosion inside the ducts. The 
eddy current sensors help to know the discontinuity of 
joints of ducts. As ducts are the medium to distribute 
the compressed, cooled air, but it is also the media of 
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different harmful gas that are detrimental to humans. 
In today's scenario, these gasses have urged many 
research work, elucidating this our research analysis 
comprises of the gas sensor that detect toxic gasses 
and cut off the compressor when the sensors detect 
the harmful gasses. 
 
The ZigBee wireless system helps for better usage and 
efficiency inside the ducts. It creates a personal area 
network and is also cost efficient. The wireless 
control and its coding managed by Arduino mega 
allows pre-programming of the required path in ducts 
which has a flexible cross section. The mobile robot is 
equipped with proximity and bump sensors so that 
robot does not hit the walls and do not alter the duct 
sizes. The batteries are powerful to empower the tires 
with the help of motors which makes vertical 
climbing as well as regular one very easy. The 
wireless camera works on radio frequency 
identification for viewing live inside the ducts. The 
RFID receiver attached to the laptop or with any 
display medium provides images that amplify using 
tuners. All the sensors used with this robot have been 
listed below in Table 1. 
 

Table 1. Sensors used 

 
 
D. Cleaning Brush 
The cleaning brush empowered by the servo motor 
that provides clockwise and anti-clockwise 
movements for better efficacy. The cleaning brush is 
three coated brush that clean the ducts, the first coat is 
of sponge that just sucks the dust, bacteria, and fungi, 
and the next is the rough one for removing hard 
materials and third is the pro to bacteria which is used 
for the removal of fungi. 

 
III. RESULTS 
 
The ducts are the house of various impurities, dust, 
bacteria and fungi that reduce the air conditioning 
capacity and are harmful to humans. So after using 
this robot with cleaning brushes that clean the ducts 
and lead the tubes free from fungi, bacteria, and dust 
free ducts, we get some significant results. In this 
experiment, we measured the values of dust in gm/m2. 
While using it with various types of the ducts, we 
have got the max. Improvement of 98.22% and min. 
of 93.04% before and after cleaning can be seen in 
Table 2. The results obtained, plotted and were shown 
in Fig. 2 below. 

 
Fig. 2 Comparison of After Clean and Before Clean Values of 

Duct 
 
CONCLUSION 
 

Table 2. Cleaning Efficiency obtained 

 
 
The duct cleaning and inspection robot uses one of the 
premium non-destructive method for cleaning the 
ducts and making it free of dust, bacteria and fungi 
with the help of appropriate sensors and also detects 
flaws, cracks and leakages.  

 
This robot is of great help in air conditioning industry 
as it provides cleaning of the duct with the easiest 
medium and detection capability for the amount of 
dust and fungi. The readings offered by the sensors 
and tabulated for different points and amounts of dust 
and fungi shown in Table 2.The walled and wheeled 
movement of tires combining with the wireless 
control helps the robot providing an active motion 
inside the duct, which had the varying cross section. 
The infra-red camera provides the ability to see the 
cracks. This research provides an efficient method as 
on comparison with other mechanisms because it is 
following non-destructive methods. Thus, this paper 
summarizes the robot cleaning method developed and 
tested. 
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