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a b s t r a c t

This paper presents an electronic system for the automatic detection of hazardous gases. The proposed
system implements colorimetric sensing algorithms, thus providing a low-cost solution to the problem of
gas sensing. It is remotely operated and it performs the tasks of image capturing and processing, hence
obtaining colour measurements in RGB (Red–Green–Blue) space that are subsequently sent to a remote
operator via the internet. A prototype of the system has been built to test its performance. Specifically,
experiments have been carried out aimed at the detection of CO, CO2, NO, NO2, SO2 and formaldehyde at
diverse concentrations by using a chromogenic array composed by 13 active and 2 inert compounds.
Statistical analyses of the results reveal a good performance of the electronic system and the feasibility of
remote hazardous gas detection using colorimetric sensor arrays.

& 2015 ISA. Published by Elsevier Ltd. All rights reserved.

1. Introduction

The detection of hazardous gases is important for safety rea-
sons in a variety of industrial environments [1], ranging from the
aerospace sector [2] to the oil and gas industry [3]. The application
of remote gas detection in such environments has benefits related
not only with the reduction of risks for human operators, but also
with cost savings [4]. The facts that the presence of these gases is
dangerous even at low concentrations, and that some of them
cannot be perceived by the human smelling system, for instance
CO, make their detection an ongoing research issue [5–7]. Several
aspects have to be taken into account in the design of remote gas
detection systems, including selection of sensing and transmission
technologies, choice of system architecture and decision on the
degree of automation. In this paper, a system aimed at the remote
detection of hazardous gases is described. A prototype of it has
been built and results are presented from a laboratory experiment
carried out with the purpose of checking the feasibility of its
application to the detection of several gases.

Regarding sensing technology, a variety of sensor types have
been proposed for gas detection up to now [8], such as electrical/
electronic, acoustic, optical spectrographic, and so on. Each type
has its own advantages and disadvantages in terms of cost, energy
consumption, selectivity, sensitivity, etc. In recent years, colori-
metric sensor arrays have been introduced as a new sensing
technology for the detection of diverse compounds, both in gas
and liquid phases [9,10]. In the case of gases, applications reported
in the scientific literature are mainly related to biological pro-
cesses, such as the food degradation process [11–13] or metabolic
diseases [13]. The use of colorimetry for such applications provides
solutions at a lower cost when compared to other approaches [10],
since colour measurement can be accomplished by means of
widely used devices such as flatbed scanners [14] or digital cam-
eras [11], though specifically designed devices have also been
proposed [15]. The system presented here has the novelty of
extending the range of applications of colorimetric sensors to the
case of hazardous gases and it includes a digital camera (a web-
cam) as the image capturing device.

As for transmission technology, design options may be classified
into two broad classes: either wireless or wired. System archi-
tecture, for its part, will depend on a key decision regarding dis-
tance between sensing devices and controllers or actuators. For
instance, if sensors are separated from controllers or actuators,
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wireless connections are a cost-effective solution [16]. But low
energy consumption will be a strict requisite for sensors [8] in that
case. If sensors and controllers or actuators are not separated,
connections may be wired or even sensors be integrated with
controllers or actuators [3]. In this case, a communication system
that allows remote operation of such controllers or actuators should
be designed. With respect to other systems, the one described here
has the singularity of the sensing device being independent from
the data capturing device. Since the sensing device consists in an
array of materials whose colour changes in the presence of gases,
and the device that captures such changes is a camera, there is no
need for electronic communications between sensors and capturing
device. Only line of sight between them is required. The capturing
device is connected to the controller by wire and remote operation
of the controller is achieved via open standards.

Last, as far as automation is concerned, the design of image
capturing and processing systems for colorimetric sensing has to
face several issues. One of such issues is the need for constancy of
illumination. Some solutions based on the use of computer screens
as controllable lighting devices have been proposed to solve this
problem [17,18]. Another challenging issue is the identification of
sensors' positions within the captured image and the evaluation of
their colours, given that sensor surfaces may not be completely flat
and that the interaction between sensing material and surround-
ing gas may not be uniform across the whole surface. This has
been solved by some researchers through manual selection of an
area within the image from which a colour measurement is
obtained [19]. Both issues are solved in the herein presented sys-
tem by allowing the controller to manage illumination and to
automatically process captured images.

Specifically, the proposed system implements colorimetric
sensing algorithms on a general-purpose minicomputer [20], thus
providing a low-cost solution to the problem of gas sensing.
Additionally, the use of a general-purpose minicomputer makes it
possible for the same system to automatically perform the func-
tions of lighting control, image capturing, image processing and
result reporting. Furthermore, the minicomputer is equipped with
a network card that connects it to the internet. This allows it to be
remotely operated, therefore avoiding the need for a human
operator to be present in the area where gases are to be detected.
A detailed description of the proposed system is included in Sec-
tion 2 (subsection 2.1). A laboratory experiment was carried out in
order to provide a proof of concept for the system. The colori-
metric sensing array used in this paper is similar to the one
described in [11,12]. Further details on the array and the experi-
ments are provided in Sections 2.2 and 2.3. Detection results are
presented in Section 3.

2. Materials and methods

2.1. Image capturing and processing system

2.1.1. Hardware
The electronic system in charge of capturing images of the

chromogenic array and processing them so as to detect colour
changes in the sensing materials is basically composed by a low-
cost minicomputer (Raspberry Pi [20]), equipped with a webcam
(RaspiCam [20]) and connected to the internet. The overall system
architecture is depicted in Fig. 1 and pictures of the equipment are
shown in Fig. 2. Table 1 includes additional technical details of the
minicomputer and the camera, while the specific architecture of
the lighting system is illustrated by the block diagram in Fig. 3.

The minicomputer controls, via the GPIO (General Purpose
Input/Output) port, a LED (Light-Emitting Diode) lighting system.
The purpose of the lighting system is to illuminate the scene at the

time of image capturing. The lighting system requires a 24 V vol-
tage source and a current with intensity approximately equal to
1.5 A. However, the output port of the Raspberry Pi(center-left
block in Fig. 3) only provides 3.3 V and 20 mA. Thus, a power stage
had to be designed to serve as interface between the mini-
computer and the LED lighting system. The power stage includes
an amplifier based on the IRF640 transistor that is capable of
controlling currents up to 18 A (center-right block in Fig. 3). For
the amplifier to work properly, a gate-source voltage level of at
least 5 V is needed. Such voltage is provided by a logic level con-
verter (3.3–5 V) incorporated to the system (center block in Fig. 3).

2.1.2. Image processing
The image capturing and processing software was developed in

Python 2.7 [21] and it makes use of the Open CV library [22]. Both
capturing and processing routines are run on the mini-PC and
results are subsequently sent via e-mail (Simple Mail Transfer
Protocol [23]) to a remote server. The system can be remotely
operated by making use of the standard XDMCP (X Display Man-
ager Control Protocol) [24] and SSH (Secure SHell) [25] protocols.
Yet, the joint use of a general-purpose computer and high-level
programming languages makes it feasible to adapt the system to
any other standard communications protocol.

A detailed description of the image processing algorithms is
beyond the scope of this paper. Yet, a brief outline of the procedure
for locating the probes on the captured image is provided next:

(i) The colour image is first converted to a luminance matrix (see
[26] for further reference on colour models and conversions).

(ii) A thresholding operation is performed to yield a binary image.
(iii) After thresholding, noise reduction is achieved by a dilation

operation [26].
(iv) Image objects are detected by carrying out a contour detection

operation on the binary image, using the algorithm imple-
mented in Open CV.

(v) For the region limited by each contour, its area and centroid
coordinates are calculated.

(vi) Based on the area calculations, too large and too small regions
are discarded.

(vii) The darkest remaining region (carbon powder, as mentioned
below) is then located. This, together with the centroid posi-
tions, allows for the estimation of the rotation angle of the
probe matrix.

(viii) Information on the rotation angle is further used in conjunction
with centroid positions to locate the centre of all the probes.

Fig. 1. Overall architecture of the electronic image capturing and processing
system.
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