
Development of  Remote Waste Gas Monitor System 
 

Zhao Xiaoqiang , Zhang Zuhou 
Xi’an University of Posts and Telecommunications Xian, Shaanxi, 710021, China 

zxq7703@126.com 
 
 
Abstract –In order to effectively supervise factory chimney waste 
gas circumstance, a kind of remote waste gas monitor system is 
designed, with the ARM as its core controller, collects the 
chimney pollutant indexes consisting of exhaust particulate, 
sulfur oxides, carbon oxides as well as nitrogen oxides through 
different gas sensors, and takes advantage of Global Positioning 
System(GPS) to obtain the chimney position accurately, after 
that, the information it collects is transmitted to the center 
control computer via GSM or the complete public switched 
telephone network. Moreover,  in order to provide the 
environment protection departments convenience in supervising 
factories making little environmental pollution, the system also 
uses Global System for Mobile Communications wireless 
transmission way in which it alarms when the collected data 
exceeds the national standards. All the real-time data is not only 
transmitted by the public switched telephone network or GSM 
system to the core computer, but also stored into SD memory 
card through SPI interface. Practical run shows that the system 
is well realized the function of GPS positioning, remote data 
transmission, exceeding-standard-alarming, and data storage, 
and the precision of system is no higher than 2.5 percent. 
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I. INTRODUCTION 
Currently, people's health has been seriously hurt by the air 

pollution in our country. Research shows the major and 
determinant factor which causes the chronic respiratory 
disease obstacle is the atmospheric pollution unfortunately. 
The atmospheric pollution causes huge economic losses, and 
then restricts the economic development largely. According 
to the statistics, 1/3 of the atmospheric pollution is emitted 
from factory chimneys in our state, however, due to the 
factory chimneys have characteristics such as widespread 
distribution range and high altitude, the environment 
protection departments have some difficulties in monitoring 
the industry chimney, which causes that the large factory 
chimneys drain the polluted waste gas into the sky secretly 
and arbitrarily, and results in deterioration of the 
environment. 

Aimed at above circumstance, remote chimney waste gas 
monitor system is developed in this paper, pollution 
enterprise’s chimney is monitored by environmental 
protection department via using this system. 

This paper will be structured as follows. In Section II we 
will expose diagram of the system hardware and Sensor 
measurement circuit; In Section III we will describe the 

diagram of system control center software; In section IV we 
will show measurement results. 

II. HARDWARE DESIGN 

A. Diagram of the system hardware 
Diagram of the system hardware is illustrated in Figure.1, 

The hardware of remote waste gas monitor system includes 
MCU control module, sensor and signal processing module, 
GPS positioning module, GSM communication module, 
MODEM module, GSM warning module, SD data storage 
module, etc. The system automatically takes advantage of  

 
                    Figure.1. Diagram of the system hardware 
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Global Positioning System(GPS) to obtain the chimney 
position, then the information it collects is transmitted to the 
control computer through the GSM network by using AT  
command or via the public telephone net in the absence of 
GSM wireless signals. When compared with the national 
standards of waste gas, if one of parameters exceeds the 
standards, alarm messages including the latitude and 
longitude of the chimney will be sent to the appointed 
monitor mobile telephone, and all monitoring results are 
stored into the industry SD card as backup avoiding losing 
data because of communication interrupts. 

B. Design of sensor measurement circuit 
Sensor measurement circuit is core part in this system, and 

mainly consists of carbon dioxide measurement circuit and 
sulfur dioxide measurement circuit.  

1)   Carbon dioxide measurement circuit 
(1)Base Structure and Working Principle  
Sensor Structure(MG811) as shown in Figure.2, it is 

composed by Solid electrolyte layer(1),Gold 
electrodes(2),Platinum Lead (3), Heater(4), Porcelain 
Tube(5), Double-layer steeless net(6), Nickel and copper 
plated ring(7), Bakelite (8),Nickel and copper plated pin(9). 

 
Figure.2. Sensor Structure 

The Sensor adopts solid electrolyte cell principle, it is 
composed by the following solid cells: Air, 
Au|NASICON|Carbonate, CO2. When the sensor is exposed 
to CO2, the following electrodes reactions occur: 

Cathodic reaction: 2 2 2 3

1
2 2

2
Li CO O e Li CO+ −+ + + =  

Anodic reaction: 2 2

1
2 2

2
Na O e Na O+ −+ + =  

Overall chemical reaction:  

2 3 2 22 2Li CO Na Na O Li CO+ ++ = + +  
The Electromotive force(EMF) results from the above 

electrode reaction, the relationship between EMF and CO2 
concentration can be described by the following equation(1): 

EMF = Ec - (R x T) / (2F) ln (P(CO2))      (1) 
Where P(CO2)-CO2 partial Pressure,  Ec-Constant 

Volume, R-Gas Constant volume, T-Absolute 
Temperature(K), F-Faraday constant. 

Sensor heating voltage supplied from other circuit, when 
its surface temperature is high enough, the sensor equals to a 

cell, its two sides would output voltage signal, and its result 
accords with Nernst’s equation. 

(2) Temperature compensate and measurement circuit 
CO2 concentration and temperature are two factors 

impacting on MG811(carbon dioxide sensor) output. A kind 
of temperature compensation and measuring circuit is 
designed on purpose of reducing the temperature impacts on 
carbon dioxide output, and as illustrated in Figure.3, it is 
mainly composed by the filtering amplifying circuit and 
temperature compensation circuit with a negative temperature 
coefficient thermistor labeled RT. Under the condition of the 
carbon dioxide concentration remains unchanged, assume the 
temperature rises �T, as a result of that, the voltage ADC2 
and ADC3 output will rise �V1, �V2 respectively, if �V1 
equals �V2, it implies that temperature compensation will be 
realized automatically when the relationship between 
temperature and resistance of Thermistor RT accords with 
Figure.4. 

 
Figure.3. Temperature compensation and measuring circuit 

 
Figure.4. The relationship between temperature and RT resistance 

2)   Sulfur oxides measurement circuit 
 (1) Basic Structure and Working Principle 
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The system uses SO2-AF as its Sulfur dioxide sensor, and 
the sensor is composed by Working electrode WE and 
Corresponding electrode CE. When the two internal 
electrodes exposed to voltage, and SO2 enters the selection- 
permetion-membrane by diffusion, then the following 
REDOX reaction occurs: 

Working electrode: 2 2 2 42 2 2SO H O H SO H e+ −+ → + +  - 

Corresponding electrode: 2 2

1
2 2 2

2
O H e H O+ −+ + →  

At this time there is  current flows in electrolyzer, and the 
the current value is proportional to the Moore number of SO2, 
and then volume concentration as well as mass concentration 
of SO2 in waste gas can be calculated. 

(2)Temperature compensate and measurement circuit 

 
Figure.5. Temperature compensation circuit 

Because the variation in sensitivity of SO2 Sensor caused 
by changes in temperature which varies from 0 to 100�, so 
SO2 sensors need temperature compensation because voltage 
output from ADC will increase when temperature rises under 
the condition of that SO2 concentration is invariable. Figure.5 
shows the SO2 temperature compensation and measurement 
circuit which contains the temperature compensation circuit  
 

 
Figure.6. The variation in Thermistor caused by changes in temperature 

and the low-pass filter circuit. It is verified through 
theoretical calculation and experiment that, temperature 
compensation will be realized as long as the change trend of 
RT conforms to Figure.6. 

III.  SOFTWARE DESIGN 
The diagram of system control center software is 

illustrated in Figure.7, the software consists of some main 
modules such as the user authentication, MODEM detection 
module, real-time data reception and analysis module,  

 
Figure.7. Diagram of system control center software 

national standards update module, data storage and backup 
module, SD card data read and analysis module. The software 
firstly starts the real-time data reception and analysis module 
after the adoption of authentication. All real-time data from 
the GSM network or telephone network are stored in the 
database, and then automatically displayed in the software; At 
the same time, the real-time data will also be compared with 
the national standard and recorded if the real-time data 
exceeds the national standards; In addition, the software also 
can decodes the data which has been encoded and stored on 
SD memory-chip. 
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IV. RESULTS 
The system is calibrated with standard CO2 and SO2 gas, 

and whose concentration monitored by the monitoring center 
are listed in table 1 as well as table 2, from which it can be 
seen that maximum relative error of CO2 volume 
concentration is 2.36% while maximum relative error of SO2 
volume concentration is 2.5%, and it accords with national 
environmental protection department for quality inspection 
requirements. 

Table 1 Measurement results of CO2 Volume concentration (Unit:ppm) 

Standard 
concentration 

Measuring concentration Relative error 

CO2 SO2 CO2 SO2 

400 405 403 1.25% 0.75% 

600 597 590 -0.5% -1.7% 

800 809 788 1.13% -1.5% 

1000 1021 978 2.1% -2.2% 

1200 1223 1230 1.92% 2.5% 

1400 1433 1387 2.36% -0.93% 

1600 1615 1589 0.94% -0.69% 

1800 1834 1821 1.89% 1.17% 

V. CONCLUTIONS 
The remote waste gas monitor system based on GSM and 

GPS is out of the pollution enterprise’s control and it has three 
features. Firstly, all the data collected by the system will be 
directly transmitted to the environmental supervision and 
management department. Secondly, the system can 
automatically alarm and send the special information to the 
supervision staffs by the GSM network. Thirdly, all the data 
will be stored in the SD Card, this feature protects data from 
modifying by the pollution enterprise illegally. Three 
characteristics can effectively control the terrible 
phenomenon that the large factory chimneys drain the 
polluted waste gas into the sky secretly and arbitrarily, 
provide the factual basis for charging in future, and even play 
important role in implementing measures to minimize air 
pollution emissions. At the same time, with the advantages of 
small size, real-time communication, inexpensive and easy to 
maintain, the system also has tremendous superiorities when 
compared with the expensive monitor system used by the 
environmental supervision and management departments 
imported from foreign country. 
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