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Abstract—Gas leakage has always been a prominent cause of major 
accidents resulting in an enormous destruction of life, property, and 
economy. A live example has been the Bhopal gas tragedy of 1984 
whose after effects still haunt the victims and surroundings alike. 
Being a critical issue, substantial efforts have been made in 
improving the present leakage detection system. As mere leak 
detection is not always sufficient enough to generate a concrete 
action, some major strategies were developed for mapping possible 
locations of the leak origin. Thus, adopting an optimized location 
framework based on behavioural subsumption architecture for 
intelligent mobile vehicles along with the specialized olfactory sense 
can address numerous tasks such as chemical leak detection in public 
places, inspection of industrial facilities, and environment monitoring 
with minimum human intervention. The state-of-the-art automation 
technology and robotics combined together have created a revolution 
in the plume sensing and monitoring domain and has become a 
subject of intense research in recent years. Although, numerous 
odour tracing strategies and approaches have been developed, but 
only a few have so far proved suitable for robotics application due to 
the complexity of diversified odour distribution and technological 
constraints. Thus, current trends in the present work focused on 
different subtasks related to gas identification and source localization 
are reviewed in this paper. 

1. INTRODUCTION 

Incorporating of robotics in olfaction industry has opened the 
gateway to research that focuses on the integration of gas 
identification and sensing technology on autonomously driven 
vehicles. This calls for the fusion of varied disciplines such as 
embedded logics, autonomous navigation, machine perception 
and various other algorithms. Gas dispersion is characterized 
by two important phenomena and these are diffusion and 
turbulence. The former process is defined by the random 
movement of gaseous particles resulting into concentration 
equalization [1] whereas turbulence generates  eddies and 
vortices  in varied size and concentration leading to the 
formation of intermittent and patchy plume structures which 
can be meandered, diluted, and spread by intermittent wind 
flow pattern. Reynolds number [2] is the main parameter 
which defines gas dispersion. It is a dimensionless value 
which describes the flow pattern at a given location. Smooth, 
Gaussian concentration profiles are produced at lower values 
of Reynolds number whereas medium to high values caters to 

the domination of turbulence and generation of irregular 
concentration patterns. In earlier works researchers laid more 
emphasis on developing algorithms based on biological 
behavioral patterns for gas sensing and trail following, but 
designing was done on assumptions that were unrealistic and 
most of the experiments were performed in the controlled 
environment which could not map the complex conditions of 
the real world successfully. Robotics has always been a topic 
of intense research and gas sensing adds just another feather to 
this field. With advances in technology at faster pace, easy 
accessibility and its high rated usage , robotic systems have 
become an inevitable part of our day today lives, for instance, 
using robots as home assistants for basic chores , at offices, 
workplaces, hospitals, industrial plant inspection and rescue 
operations are some of the basic  applications considered. 
Moreover, accidents in chemical process industries, mining 
and biological weapons and explosives which pose a major 
threat to property and population reveal the need of the hour of 
having such technology of gas sensing robots. The main 
requisites of the gas sensing mobile robots are detection and 
differentiation of a variety of odourants, a robust response and 
high sensitivity in the presence of an analyte gas. Such sensing 
capabilities can be induced in robotic systems by fusing gas 
sensing devices with these mobile platforms. A number of 
olfactory-related tasks to be undertaken in this regard include 
navigation to an odour source, concentration mapping, 
continuous inspection and creation of dimensional 
representations, detection of obstacle and path planning and 
estimating the exact position and orientation of the robot in the 
environment. Gas sensitive robots are far more advantageous 
than stationary sensor networks. As latter cannot work well 
when there is a variation in optimal sensor locations over 
larger distances whereas mobile robots can carry these sensors 
providing accurate computational and localization resources to 
develop online distribution model with adaptive resolution. 
They also have decision-making capability embedded in them 
thus enabling to predict the next location of observation on the 
basis of the current model. They can continue with the 
required measurement procedures for long hours without 
suffering from fatigue. Thus, a thorough investigation of key 
research topics related to mobile robotics olfaction can result 
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into the parallel progress of sensor development. However, 
there still remains a long way in fully realizing the potential of 
gas sensing robots due to slow development of sensing 
technologies and the challenges associated with their 
performance in uncontrolled environments. A review of topics 
such as gas detection, trail guidance, distribution mapping and 
other subtasks of source localization is presented in this paper. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1.1: Steps in Robotic Olfaction System. 

As it is quite evident from the block diagram above that gas 
detection is an intersection of three broad domains which are 
chemical sensing and detection, artificial olfaction system and 
robotics systems. The lowest level is characterized by gas 
identification technology which forms the fundamental unit. 
Artificial olfaction forms the middle level which caters to the 
tasks related to detection, identification, and localization of 
chemical compounds. This also comprises of enhancing the 
capabilities of intelligent systems. The information regarding 
position and orientation of the robot with respect to a global 
frame, environmental mapping, and sensor output serve as 
inputs to trajectory planning algorithms for robotic path 
simulation. Process as follows: 

1.1. Gas Detection-The continuous sensing of and identifying 
gas emission profile changes forms the basis for intelligent 
system operation in the turbulent environment. Simplistic 
methods which are mainly applied involve check the threshold 
limits of concentration to detect the presence of a given odour 
cue. The complexity of turbulent environments calls for more 
sophisticated approaches to monitor these emission profiles. 
Moreover, sensor constraints further limit the detection 

process. The practical scenario involves a direct exposure of 
the gas sensors to the environmental conditions which is 
termed as Open Sampling System (OSS). 

1.2. Gas Quantification- The process of expressing acquired 
measurements as a function of absolute concentration values is 
termed as quantification. While sensors can measure 
calibrated values (in ppm), few technologies report values in 
terms of electrical changes which need calibration to 
correspond to exact concentration levels. The calibration[3] 
involves keeping concentration constant for a specific time 
period after that sensor response is measured with a gradual 
concentration increase and simultaneous calculation of 
mapping parameters by applying principles of partial least 
squares[4,5] , artificial neural networks[6]. 

1.3. Gas Discrimination - In order to differentiate between 
multiple odour cues for exact identification, sensor array along 
with the pattern recognition techniques such as nearest 
neighbours classifiers [7], artificial neural networks and 
support vector machines should be used. It should be 
performed in tightly controlled scenarios with the sensor array 
to reach a semi- steady response. 

1.4. Gas Distribution Modeling - The observed gas 
distribution is represented using the temporal and spatially 
distributed measurements of parameters obtained from 
sensors. Model-based approaches and model-free approaches 
both can be used for this purpose. The former one assume a 
priori form for spatial distribution whereas the latter one do 
not consider any underlying models rather map statistical 
representations of the dispersed gas. 

1.5. Gas Source Localization - According to paper [8], gas 
source localization is defined as the methodology applied in 
determining the exact location of a source in the environment. 
Many gas source localization algorithms have been developed 
by following the biological pattern used by insects and many 
lower order animals to follow a set of chemical cues. 

2. VARIOUS SENSOR TECHNOLOGIES 

The device that transforms the chemical information into an 
analytically useful signal is termed as gas sensor. They form 
the crucial parts of safety and security monitoring devices by 
identifying and quantifying hazardous target compounds. 
These sensing technologies are classified mainly as remote 
sensing technology and in-situ technology based on the 
physical principles of transduction process [9]. 

2.1. In-situ sensors 

They are characterized by direct exposure of sensor sensitive 
to the target odour plumes. This gives us the measured values 
corresponding to the concentration level within the vicinity of 
the sensor itself. Measured values can be represented in any of 
the electrical quantities such as voltage, current, frequency, 
thermal changes and many others few of these sensors are 
described below. 
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Conductometric sensor forms an important class of in-situ 
sensors. Chemosorption and redox reactions are two main 
indicators of analyte presence [3]. Metal oxide sensors, 
electrochemical cells, and chemical field effect transistors are 
mainly used. In Photo Ionization Detector (PIDs) high energy 
UV range photons break gas molecules into charged ions 
which initiate the flow of current which is taken as the sensor 
output. This output is linearly proportional to the chemical 
concentration to be measured. Chromatography based sensors 
separate complex gas mixtures into its constituent elements 
[10] by transporting the sample to a set of detectors by carrier 
gas after being injected into the column where the sample gets 
dissolved and the different constituents reach the end of the 
column at different time. The concentration of individual 
constituents is measured, eluted from the column. 
Spectroscopic sensors constitute Ion Mobility Spectroscopy 
sensors work by measuring the Time of Flight (ToF) of ions 
produced from breaking of gas molecules. Optical 
spectroscopy can also be used. 

2.2. Remote sensors 

It is basically applied in measuring parameters which are 
present at a distant through propagated signals such as 
acoustics, microwaves and optics [11]. Few principles are 
defined below. Differential Optical Absorption Spectroscopy 
(DOAS) works by measuring the amount of UV radiation 
being absorbed by chemical compounds. They are suitable for 
the compounds having broad absorption spectrum. Image 
Multi-Spectral technique involves processing of spectral 
signatures of target analyte and determining its chemical 
composition. They utilize the various bands in electromagnetic 
spectrum for data collection. They can also capture 
interferometry information in each pixel of acquired image. 
Thus, it not only detects multiple gases but also capture their 
spatial distribution. They have low accuracy. Fourier 
Transform Infra-Red (FTIR) devices utilize the principles of 
interferometry and spectral analysis for detecting multiple 
compounds. It mainly consists of a receiver and a 
transreceiver. The emitter creates an interference pattern using 
infrared sources, which are then transmitted to a receiver 
placed at some minimum distance [12] after this Fourier 
transform acquires its frequency pattern which is then 
compared with the stored frequency finger prints of different 
known compounds at the receiver end. Thus it can be used for 
multiple gas detection. The only disadvantage is that they 
cannot quantify different molecular species. They are highly 
sensitive to carbon monoxide which interferes with the sensor 
measurement values. Cameras based on Thermal Infra-Red 
radiation utilize IR radiation to capture images in a manner 
similar to photographic camera. They are highly useful to 
detect the leaks that are imperceptible to humans and also 
outline the trail of the chemical leaks and bring to light the 
source. The only disadvantage is that it cannot quantify the 
detected odour cues.  

3. VARIED ROBOTIC PLATFORMS FOR GAS 
DETECTION 

. 

Fig. 3.1: Generalized interfacing diagram of a  
gas leakage detection robot. 

The fundamental system representation of a gas leakage 
detection robot is well described by the diagram. It mainly 
consists of a gas sensor array, temperature sensors for 
temperature compensation, an infrared sensor for obstacle 
detection, actuator unit comprising of the motor driver circuit, 
two-way communication module, signal conditioning unit for 
amplification and analog to digital conversion and a 
microcontroller. The research related to mobile robotics 
olfaction and robotized leak detection dates back to 1990s 
which led to the evolution of a number of algorithms. Most of 
the systems used in-situ gas sensors that have very long 
recovery time. Transient-Response based control algorithm 
[13] was implemented in 2002 on GaPTR-II robot which was 
operated with semiconductor gas sensor using 8 MHz 
Motorola MC68h11 processor and speed control is achieved 
by open loop pulse width modulation technique. This mainly 
focused on quick switchover between upwind tracking and 
local search based on the immediate changes in sensor output 
which in turn led to the significant improvements in plume 
tracking speed. Thus, the influence of small baseline drifts and 
sensitivity mismatch was reduced considerably. A detailed 
statistical analysis of two reactive strategies permanent love 
and exploring love given by Braitenberg [14,15] for 
localization of static odour source using direct sensor–motor 
coupling was derived by testing a Koala robot arrayed with tin 
oxide sensors( Mark III mobile nose). The former is associated 
with uncrossed connections which reduce the average path 
length in comparison to random search to be moved towards 
the source. The exploring love strategy requires more time but 
can recognize the odour source without additional sensor 
requirement. A vision –based positioning system comprising 
PCVC 740K web –cameras were also used. A stereo 
electronic [16] mobile nose was developed which can act as an 
electronic watchman performing detection, localization and 
identification of odours resulting from leaking solvents, 
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hazardous gases etc. It mainly consists of six metal oxide gas 
sensors of type TGS2600, TGS2610 and TGS2620 placed in 
two groups of three each  separated by a septum like nasal 
cavity inside tubes  which reduces interference between the 
opposing airflows along with Papst Fans. Experimental results 
showed that the response time is independent of the presence 
of fans whereas the recovery time of sensors is lowered 
considerably in the presence of fans. In paper [17] a control 
algorithm based on fuzzy and swarm technique is described 
for coordinating a network of distributed nodes termed as 
robots equipped with sensors congregated together to maintain 
an intelligent, stable , ad-hoc, dynamic wireless 
communication system in order to collect information related 
to robot’s locations and concentration reading to locate 
hazardous contaminants in a large area. This information is 
used to generate robot’s optimal trajectory and next 
observable location. The three properties of swarm behaviour: 
separation, cohesion, and alignment are utilized to ensure wide 
coverage and stable connectivity whereas FLC induces 
decision-making capability in uncertain conditions distribution 
of plume has a spherical shape. The development of a 
biosensor using cell culturing of neuron cell and bulb cell 
integrated with the light sensitive potentiometer which is 
based on the electrophysiological process of the neuronal 
network is described in the paper [18].The data acquisition 
and processing is done using LABVIEW software which 
successfully tested the sensitivity to the glutamic acid used as 
a stimulant. Fast Fourier transform technique is applied to 
recover and measure the pattern of sensor output frequency. 
Thus, the neurochip developed can serve as an effective bionic 
nose. Remote sensing technology is used in the paper [19] 
which uses infrared spectroscopy for gas detection and a 
comparison of search based maximization and  triangulation 
based localization strategies is done. The concentration 
mapping is done in 3D and simulated in CFD software. 
Spectral absorption effects are exploited which render safe and 
rapid scans and are applicable to a source located at any 
height. The results of simulation demonstrate that 
triangulation method is much faster due to less number of 
iterations. An ecofriendly chemical detection solar operated 
robotic system [20] was developed in 2011 constituting an 
autonomous light sensitive motor operated tilting mechanism 
to move in the direction of maximum intensity along with 
propane and smoke sensors , Arduino controller and ZigBee 
module for two-way  communication. The system is both 
teleoperated and autonomous which works with chemical 
sensors detecting the target gas and generating an analog 
output which is fed to the controller which is then transmitted 
to the remote receiver using ZigBee. The remote unit controls 
motor speed and robot trajectory direction by transmitting 
signal to Arduino board. The percentage display value reduces 
as the concentration drops. It successfully detected 95% and 
63% propane in multiple tests conducted. A low-cost android 
based gas sensing robot is proposed in paper [21] which offers 
an easiest and safe way to monitor factories and storage 
depots. A java based application is developed on Eclipse 

software which continuously receives gas data from controller 
along with the vision information and transmits it to the 
mobile application which communicates with the Beagle 
Board and controls the robot’s motion. The setup comprises of 
Atmega2560 controller equipped with Carbon Monoxide and 
LPG gas sensors which continuously monitors the 
concentration in the environment and transmit analog signal to 
the controller, if the value exceeds the set safety limit an alert 
signal is generated and transmitted to Smartphone through Wi-
Fi via SBC similarly motor speed can be controlled by user by 
using display buttons in mobile application which 
communicates with controller through SBC. 

4. ADVANCES IN GAS SOURCE LOCALIZATION 
ALGORITHMS 

A comparative study of robotic source tracing strategies and 
moth tracing behaviour was conducted by Kuwana et-al [22] 
in a laboratory setup for experimental validation. The gas 
sensors taken were the living antennae of moth embedded on 
the robotic system to achieve the highest degree of accuracy in 
comparison [23]. Russell and co-workers [24] implemented 
the Bombyxmori algorithm which imitates the biological 
behavioural pattern of a moth on a robotic platform similar to 
a Logo Turtle, comprising of two polymer based gas sensors, 
wind speed measurement setup consisting of rotating paddle 
and optical encoder and fan. The algorithm works by initially 
moving the robot in wind’s direction and upon encountering 
the plume a forward step and zigzag motion is carried out 
when concentration patch is redetected  the local search is 
restarted. In absence of any stimulation robot switches back to 
initial phase. In a similar manner Russell and coworkers [24] 
tested the Geotrupes stercorarius (Dung Beetle) algorithm on a 
table tennis setup. This algorithm was simulated as discrete 
stepwise, zigzag movement across the plume and when the 
lower threshold is exceeded it turns around. Another algorithm 
which is independent of wind related information was 
proposed in paper [24]. It is characterized by straight runs and 
randomizing directional tumbles. The robot follows the 
trajectory of a systematic motion of straight steps and then 
rotates by 360 degrees or more in order to search the lost 
plume. The Iterative Chemo-Tropotaxis algorithm is described 
in paper [25] which was validated with multiple sensors and 
works independent of airflow direction. The basis of this 
control algorithm is iterative reactive gradient which was 
implemented by executing two steps repeatedly. A forward 
motion is followed till a short distance and then rotating 
trajectory is followed in proportion to the concentration 
gradient. A binary search based algorithm named Spiral Surge 
was tested by Hayes and co-workers [26]  in which the robots 
moves a certain distance in upwind direction on encountering 
an odour patch and redefines the surge distance if another 
odour hit is detected. It follows an outward spiral trajectory to 
perform local search for next higher concentration plume. The 
implementation was done on a set of circular robots, equipped 
with anemometer used to detect the wind direction and a 
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polymer sensor which has fast response time that enabled fast 
searching in comparison to the search performed by slow 
traditional environment scanning. Testing of three different 
Spiral Surge algorithms was performed with the hot water gas 
plume spread. The results revealed that SS2 algorithm 
performed better than random search algorithm whereas the 
SS1 gave the shortest tracing path which enabled the 
researchers to find the source in an overcrowded area. 
Multiphase tracing algorithm was implemented by Ishida and 
coworkers to incorporate the non-uniformity in wind direction 
in tracking strategies. 

5. CONCLUSION 

The study conducted, reveals that the operation of algorithms 
devised for gas sensing in turbulent environments 
characterized by large value of Reynolds constant is quite 
complex. The dynamics of turbulent environment results into 
noise which distorts the sensor output. Further, the collection 
of representative datasets becomes difficult as gas dispersion 
is influenced by numerous variables which further limit the 
experimental validation in exhaustive environment and 
topography. Repeatability becomes a critical issue as the 
slightest variation in testing environment can vary the 
outcome of a given experimental trial. However, by removing 
simplifying assumptions and adopting a well engineered, 
statistically driven perspective a considerable success can be 
achieved. The improvements in present sensing techniques 
along with the wide perception has developed  various 
prototypes which have been successfully engaged in tasks 
such as continuous environment monitoring, industrial 
inspection, harmful chemical leak detection in present 
scenarios. Thus, the research in this field is making 
commendable progress and has a lot more potential to be 
further addressed. 
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