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ABSTRACT. Many industries are established, large-scale waste combustion and increasing of 

motor vehicles. They are effecting in increasing air pollution. It is required an effort to control 

the air pollution which is increasing day to day. To control the air pollution cannot be done 

without an existing of accurate data. The data measurement can be used by a stakeholder in 

order to get quick decisions. There are several tools to take measurements of  gas. The tools 

are generally placed at a certain point that requires a good infrastructure when it would like to 

take measurements in different locations requires a process which is not simple. Sometimes 

data is not ready to be accessed because still be kept in the sensor device need to take the data 

manually. It is required to measure the gas which can be moved in other location easily and 

easy to be accessed. Therefore this research is conducted: how to measure gas which has high 

mobility, compact, accessible and near real time. The sensor is placed in the certain area, 

observational data and the location data of the sensor will be sent to the server as fast as 

possible. From the data obtained can be accessed from the website, make it easy to be accessed 

in anywhere at anytime. The system that has been made showed: measurement of gas can be 

done easily, the device to sensor the gas is relatively small and compact, it can be moved easily 

and the data is accessible via the website. 
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1. Introduction 
Many air pollution measurement systems are available in the market, but most of them are not 

designed in a small size. It is because they would like to cover a requirement user as many as possible 

so that many components are placed in the measurement system. Such user has not even used some 

features which are available on some devices. Therefore to make it movable is not easily. It is not 

being designed to be placed in such location where limitations in term of size, weight and power 

consumption are there. Another issue is about difficulting in accessing the data, the data sometimes is 

not up to date because the device is not designed to upload to the server automatically. 

Many types of research and speaking about Air Pollution Measurement System in the term 

theoretically have been done. Such as in [1] talks the overview about Air Pollution Measurement 

System. In specifically also has been talked about measuring of the Particulate Pollution [2] and [3]. 

Comparability of Air Pollution Measurements is also has been done in the research [4]. A city-wide 

mobile monitoring campaign was combined with passive samplers [5].  

Unlike mentioned research early, this research is developing to the measurement system to 

achieve in the acquition data from sensors and serve to the user via web browser. All are done 

automatically, the data is ready in front of a computer that can be accessed from anywhere at anytime. 
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It is required to develop the measurement system which is lighter, movable, compact, near real time, 

can be placed in a certain location easily, accessible and less power consumption. Therefore to 

overcome above issues this research is conducted.  

 

2. Method  
The method to achieve the objective is: 

1. Understanding about the air pollution. 

2. Finding small and light sensors for gas pollution such as CO. 

3. Finding the devices that will be used to gather the data from the sensor. 

4. Finding the communication way which can support the communication between the sensor 

system and server.s 

5. Design and Implement: Design the hardware and software, then doing software development 

for the measurement system. 

6. Testing  

 

3. System design  
System design of the measurement system is shown in Figure 1. It shows the flow of the data from 

sensor until the browser. Gas Sensors are CO, Temperature, Humidity, and Pressure. The data will be 

sent to the Onboard Computer (OBC) to be processed. After the data is processed and packaged and 

ready to be sent, the OBC will send the data to Android Device. After that, the Android Device will 

send the data via the internet to the server. The OBC will handle how to package all data from the 

sensor and send to Android Device. Web server is Windows based. The web server receives the data 

from Android Device via the internet and will be saved to the database. GPS data and Gas Sensor Data 

will be processed and ready to be requested by the browser. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. System Design 

 

3.1. Gas Sensor 

In the initial development the CO sensor, Temperature Sensor, Humidity Sensor, Air Pressure are 

included, another gas sensor will be done for the next development. There are many CO Sensor in the 

Market, such as MQ7, ZE07-CO, DT-Sense carbon monoxide sensor etc. 

The MQ7 component is Carbon Monoxide Sensor component that very small and light which 

requires 5 V DC.  As shown in Figure 2, how small it is compared to the finger. The component needs 

2 power sources, one is for the component and the other one is for the heater of the sensor. The heater 

of the sensor can be supplied power in one cycle or two cycles, to get more sensitive sensor two cycles 
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is recommended. The two cycles are by supplying a power to the heater at 5 V for 60 seconds and then 

1.4Volt for 90 seconds. The component schema can be seen in Figure 3.  

There is a board that already available in the market that can generate the data from the sensor 

via RS 232 output. The name is DT-SENSE Carbon Monoxide Sensor. It makes the jobs is more 

simple because the output can be directly connected to the PC or Onboard computer via RS 232 port. 

Figure 3 shows the DT-Sense Carbon Monoxide Sensor module, it contains the MQ7 co sensor, the 

AT Mega Microcontroller, and resistor conditioner. But with this module we need to convert it to 

PPM, there is other Jobs need to do with this kind of module, like calibration, as the different 

temperature is having an influence on this measurement. 

To make it development fast, ZE07-CO is used. This module is more expensive compared to the two 

devices above but it gives slightly simple to get the value of the Carbon Monoxide. It outputs the 

UART as a digital and needs to convert to PPM with the formula that is given. Figure 4 is the ZE07-

CO sensor. 

For the Humidity and Temperature Sensor DHT 11 component is used, whereas for the pressure 

sensor, BMP180 is used. Figure 5 is the DHT11 and Figure 6 is a BMP180 sensor . There is Arduino 

library that can use directly to calculate the Temperature and Humidity [7] and to calculate the 

pressure [8]. 

 

 
Figure 2. Carbon Monoxide 

Sensor. 

  
Figure 3. DT-Sense Carbon 

Monoxide Sensor [6] 

 

 

 

 
Figure 4. the ZE07-CO 

sensor 

 

 
Figure 5. the DHT 11 sensor 

 

 
Figure 6. the BMP180 

sensor 

 

3.2. On Board Computer (OBC) 

Many OBCs are available in the market, it needs to select properly according to the requirement. The 

requirement of the system should be less power consumption and as light as possible.  

Raspberry can handle the communication via Internet easily as Operating System can be installed on 

the board. Raspberry also has serial communication that can be used and program easily. Figure 7 is 

the Raspberry that is selected. The type of Raspberry that is selected is Raspberry Pi 2 Model B, it is 

because can be installed the Windows IOT, it is expected can more easy in the programming of the 

device. Raspberry Pi 2 Model B contains 900MHz quad-core ARM Cortex-A7 CPU with 1GB RAM. 

Like the (Pi 1) Model B+, it also has  4 USB ports, 40 GPIO pins, Full HDMI port, Ethernet port, 

Micro SD card slot etc. 

 

The other small factor of onboard computer is Arduino Pro Mini. It is using ATMega328 

microcontroller. Table 2 is the detail specification of the Arduino Pro Mini and Figure 8 is the board 

of Arduino. 
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Table 2. Arduino Pro Mini specification [12] 

 
 

Another option for the On Board Computer is Arduino Mega 2560, figure 9. This board is more 

expensive than Arduino Pro Mini but has many features. The most important for this scenario is 

having 4 UARTS that very important in this scenario because it needs to handle many sensors to get 

the data. Table 3 is the detail specification of the Arduino Mega 2560 and Figure 10 is the board of 

Arduino Mega 2560. 

 

Table 3 Specification of the Arduino Mega 2560 

 
 

In order to achieve the scenario of this system, Arduino Mega 2560 is selected. It will work together 

with the Android Handphone to send the data to the Web Server. Android Headphone will be used to 

send the data to Server as in the Android Handphone is available 3G connection. Beside that the Data 

will be displayed in the Device so that using Handphone will be easy to display.  

 

3.4. Android Device 

Android Device is used to send the data to the server via the internet. Android LG 20 Handphone as it 

is small, light and cheaper. It is selected to make an essay in sending the data to the server because it 

has the 3G device. Besides, it has GPS inside the device. Using this device can show the data to the 

display, so that when monitoring to the location point is easy. Figure 10 is the Android Handphone 

that is used. 
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3.5. Bluetooth HC06 

In order to send the data from Arduino board to Android device, Bluetooth HC06 is used. It is showed 

in figure 11.  It is relatively small. HC 06 has Tx, Rx pin that can be connected to the Microcontroller 

to send or receive data. 

 

 
 

Figure 7. Raspberry Pi 2 

Model B [9]. 

 

 

 

 
Figure 8. Arduino Pro Mini 

 

 
Figure 9. Arduino Mega 

2560 

 
Figure 10. Android 

Handphone LG 20 

 

 
 

Figure 11. Bluetooth HC06 

 

4. Implementation 
The devices need to be programmed is divided into three categories they are: 

1. OBC: Arduino Mega 2560 

2. Android Device 

3. Web API and Web Application 

The tool to program above devices is using Visual Studio 2015. implementation in detail will be 

talked separately in other paper. 

 

4.1. Programming the Arduino Mega 2560 

Arduino is based on Atmel microcontroller, it can be programmed using Atmel studio, Arduino 

software, or Visual Studio 2015. Visual Studio 2015 is selected because the writer has experience with 

this tool and easy to use. Visual Studio opens quickly and provides high-speed intellisense [12].  

It works together with Arduino IDE for Visual Studio. Arduino IDE for Visual Studio is freeware, 

fully compatible (unless to break the rules) Arduino development environment with optional 

debugger/pro pack [13]. In Figure 12  shows the interface configuration to send the compiled program 

to Arduino successfully. It needs to select the Arduino board that is used, at here is Atmega2560 and 

COM6 are the port that is used to connect to the Arduino. It can be checked in device manager in 

windows in order to know the port being used. The structure code in Visual Studio 2015 is exactly 

when programming in Arduino IDE.   

 

 
Figure 12. The interface configuration tool to connect  

the Arduino Mega 2560 using Visual Studio 2015 
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4.2. Programming the Android Handphone  
There are many ways to program the Handphone Android. Most popular language is Java or C#. The 

IDE tool can use Eclipse, Android Studio or Visual Studio. Eclipse and Android Studio IDE use Java 

to program the android, whereas Visual Studio using C#. For the .Net programmer, it is easier to 

program using Visual Studio. The tools and language have advantage and disadvantage. Visual Studio 

works together with Xamarin in order to program the Android Handphone. Using Visual studio and 

Xamarin programming with C# and XAML can be implemented. As many people like programming 

this two tools because many features can be offered. C# and XAML offered binding with MVVM 

pattern. With this such tool, programming can be faster and enjoy. Therefore Visual Studio is selected. 

 

4.3. Programming the Web API andWeb Application 

In order to broadcast or share the data to the global easily, Web Application is created. There is two 

part of implementing this system, first, is creating the web service and second web application. Web 

API will handle in receiving the data from android via internet and Web Application will serve to the 

user in giving the information. The tool that is used Visual Studio 2015 with latest technology ASP 

MVC and web API services. When creating the project ASP.NET Web Application is selected. It is to 

create the web API services and Web application using ASP MVC framework. Figure 13 is the first 

interface to create the Web application using ASP MVC framework.  

 

 
Figure 13. First interface to create the Web application using 

ASP MVC framework in Visual Studio 2015. 

5. Testing and analysis 
The scenario to test the system is list below: 

1. Testing collecting data from sensor in OBC: CO sensor, Temperature, humidity, and Pressure 

2. Testing communication data between OBC and Android Handphone. 

3. Testing in sending data from Android to the Database Server 

4. Showing the data in the browser 

The emphasis at here is testing the whole system whether work as expected or not. About calibration 

is not talked here. The calibration will be planned in the next research. This research is to concentrate 

on the creation of the whole system so that when the data is available from the gas sensor can be read 

easily. 

 

5.1. Testing collecting data from a sensor in OBC. 

There four sensors which have been acquired, they are CO sensor, Temperature, humidity, and 

Pressure. This has not done any calibration yet because of limitation of the devices. In the future to be 

expected to have a lab that supports in doing the calibration. What has been done is by comparing the 

data to the existing simple device. For example for CO sensor has been compared to the Portable CO 

detection. The result that has been gotten is relatively same. The whole result is shown in the Serial 

window communication in Figure 14. 

 

5.2. Testing communication data between OBC and Handphone Android. 
The format data is shown below: 
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It is separated by “|” delimiter, first is data CO, second is humidity, third is temperature, the fourth is 

pressure. The data from OBC is sent via Bluetooth and received by android handphone. The data will 

be extracted by the android handphone and showing to the android display. Figure 15 is the result of 

communication between OBC and android handphone.  As it is shown the data row is displayed in the 

very above, and followed by the extracted data (CO, Humidity, Temperature, and Pressure).  The data 

is handled in the class and ready to be sent to the Server. 

 

 
Figure 14. Data sensor CO, Humidity, 

Temperature and Pressure 

 
Figure 15. Communication results between 

OBC and android handphone 

 

 

5.3. Testing in sending data from Android to the Database Server. 

In this test scenario would like to know whether the data can be sent to the server via Web Service and 

can be saved to the database or not. The row data have been sent to the server for more than 1000 

times, and the data is continuously saved to database successfully. Figure 16. is the data rows that 

have been save to the database. The web service also detects automatically the district based on the 

longitude and latitude which has been received, hence the row can be certificated based on the district. 

From the data that have been received can be analyzed that the fastest data that can be saved to the 

server from Sensor device is about 3 seconds. The most delay occurs when reading location data and 

when sending the data to the server. 

 

5.4. Showing the data in the browser 

Finally, the test is to know whether the data can be shown to the browser or not. As figure 17. Showed 

the data being displayed in the browser. It just read the data from the database and shows it in the 

browser. The code using technology ASP MVC has done successfully. 
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Figure 16. Data rows that have been save to the database 

 

 
Figure 17. Displaying data in the web browser 

 

 

6.  Conclusion and future work 
The conclusion that can be obtained is the system has been made successfully. The data from Sensor 

is packaged by OBC and send to Server successfully, all data is accessible, it can be accessed at any 

time and anywhere. The measurement gas can be done near real time, movable and the sensor gas is 

relatively small and compact. Future work would be adding the other important gas sensor and 

package in to one PCB to make it as small as possible. 
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