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Abstract - Environmental sustainability has the direct impact 

to the quality and sustainability of human life. This issue has 

been discussed lately in many global forums. However, most 

people tend to neglect it because there are no reliable sources 

of information that is publicly available to build good 

environmental awareness. In fact, nearly all human activities 

will affect to some extend the quality of their environment. 

Unfortunately, deploying such environmental monitoring 

systems is still relatively very costly as only some specialized 

companies provide such specialized systems. This paper is a 

small step toward this global issue to help acquiring factual 

ambient environmental parameters. The solution is in the form 

of an Internet of Things (IoT) module that can be easily 

deployed in the desired geographical area. The results are 

plotted in graphs to ease the users monitor the trends both 

locally and remotely. As the measurement values are stored in 

the cloud, the graphs can also be accessed via web to facilitate 

people to get current ambient environmental information 

quickly. Indoor and outdoor deployments are possible, either 

static or mobile. The system has been tested around 

Tangerang. With the use of this IoT module, environmental 

quality awareness can be improved and so will sustainability 

and quality of human life.   

 
Index Terms—ambient environment quality, Internet of 

Thing, embedded system, monitoring, web cloud, sensors 

network. 

I. INTRODUCTION 

Environment plays a major effect in human life. A 

healthier environment makes a better living. However, 

creating a healthy environment is not easy. Industries’ 

wastes, transportations’ wastes, and irresponsible human 

activities are daily factors that make the environment 

damaged. As a result, the quality of air, water, and land is 

degraded. According to data from Jakarta Police’s Traffic 

Directorate, BPLHD Jakarta, the amount of carbon 

monoxide in Jakarta has increased from 0.94 µg/m
3 

in 2008 

to 1.6 µg/m
3
 in 2013 or has increased by 70% in 5 years [1]. 

Each person throws away approximately 4.6 pounds of 

garbage every day and globally 63,000 square miles of 

rainforests are being destroyed each year [2]. The 

consequences of unhealthy environment are increased 

human stress level, damaged body immune system, toxic for 

blood, and many more. 
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Monitoring the environment is important in order to 

assess the current condition of the environment. However, 

such critical information has been neglected by society. 

Actually, environmental condition can be used by people as 

self-defense, for example, what clothes should be worn, 

equipment to be brought, vitamins to be consumed and 

many more. The government also can use the data to set the 

health standard to protect the people and environment, and 

to mitigate or to avoid natural disaster that might come. 

Hence, the environment can be healed and it will increase 

the quality of human life. Recent climate change has shown 

how important a detailed understanding of environment and 

its evolution for sustainability of human being [3]. 

A large number of monitored areas are needed in order 

to produce accurate and reliable results. Many parameters, 

such as temperature, humidity, and air pollution should be 

considered to monitor the environment. In order to do that, 

organizing and managing the sensors are important to 

produce comprehensive results. To do this, a powerful and 

sophisticated embedded microcontroller is required. Low-

cost ATMEL AVR 8-bit microcontrollers can be adopted for 

sensor handling and data acquisition. The benefit of such 8-

bit microcontrollers and boards is that they are already 

commonly used by hobbyists who are interested in learning 

and creating various applications of microcontrollers. 

All previous projects have been designed for designated 

purpose. However in this paper, boards are customizable, 

where the sensors used to depend on user needs. It will give 

benefits because user can change the sensors and modify the 

code and will get a desired result. 

The result should be able to be displayed in internet, as 

there are more beneficial to have it. In Indonesia, there are 

88.1 million people accessing internet in 2014 and most 

people access internet from their mobile phone [4]. Internet 

is connecting more people at a faster rate than ever before. 

Therefore, giving information through internet will ease 

most people to get the newest information anytime and 

anywhere. Embedded sensors for monitoring environment 

that are integrated to network are part of Internet of Things 

(IoT). Research firm Gartner estimates that 26 million IoT-

ready products will be in service by 2020 [5]. Therefore, 

creating IoT application right now, especially in topic of 

environment monitoring is a part of preparing IoT service 

for the society in the future. 

II. PREVIOUS RELATED PROJECTS 

Over past few years, environmental and habitat 

monitoring projects have emerged and attracted the attention 

of many researchers. Many projects were conducted in past 

few years. New development is made by making sensors 

networked with each other, and further making them ready 

for wireless connection to create more nodes.  

Ambient Environmental Quality Monitoring 

Using IoT Sensor Network  

Arko Djajadi, Member, IEEE, Michael Wijanarko 



42  INTERNETWORKING INDONESIA JOURNAL DJAJADI & WIJANARKO 

Wireless sensor network (WSN) is an autonomous set 

of such nodes that perform simple computations and to send 

or to receive data [3]. Wireless sensor network has been 

applied in many applications. WSN for marine environment 

monitoring is considered as a solution for reducing the cost 

and getting real-time monitoring [6]. WSN also can be used 

to monitor living environment for people, which monitors 

the level of humidity, temperature and gas concentration 

embedded in RF transceiver board, because the parameter is 

not easy to be monitored and controlled [7]. It has been 

applied to Yangtze River to monitor water quality of Three 

Gorges Reservoir of Yangtze River [8]. It has distinguished 

advantages in greenhouse environment monitoring system 

with help from Zigbee technology [9].   

Internet of Things (IoT) helps to monitor online and 

can be done in 24 hours periodically. It solves the problem 

especially for environment monitoring which is 

complicated, needs a lot of investment and is difficult to 

perform in 24 hours every day periodically by having a 

model which combines WSN, GPS, WiFi, 3G 

communication, database, cloud storage, and many more 

[10][11]. 

Data collection is important because it will ease the 

analysis and keep the history. It was difficult before, due to 

space and price issues. However, nowadays data that can be 

stored is increasing dramatically due to growing storage 

capacity and lowering price [12,13]. 

In this paper, sensors are connected to Net Client via 

serial interfaces such as Modbus or I2C. Data collection is 

then sent to Fognet by TCP/IP. The Net Client itself can be 

odroid, raspberry, cubie-board, Arduino, or ARM Cortex. 

Net Server itself can be video-server, web-server and 

database-server for storage, analysis and mapping. One 

sample configuration is shown in Fig.1. 

 
Fig.1. Wireless Sensor Network Configuration 

III. AMBIENT ENVIRONMENTAL PARAMETERS SELECTION 

A. Carbon Monoxide 

Carbon monoxide is a colorless, odorless, and tasteless 

gas. Carbon monoxide is composed of a carbon atom and an 

oxygen atom. Carbon monoxide exists in atmosphere from 

fire, human, heat of ocean, automobile emission and 

industry which will contribute to greenhouse effect and 

global warming.  

It is barely acceptable when the human is getting exposed 

by carbon monoxide for less than one hour for 400 ppm, and 

deadly if it is more than 1000 ppm. However for long period 

of time, the acceptable gas concentration exposed to human 

body is down to 20 ppm, and deadly if it is more than 100 

ppm. Based on the standard regulation by Indonesian 

National Standard (SNI), the allowance of gas concentration 

for long periods of time is 23 ppm. The effects of carbon 

monoxide-exposed in human body are decreased oxygen 

uptake, significant decrease in work time, diminution of 

ability to learn and sensory-motor task.    

B. Carbon Dioxide 

Carbon dioxide (CO2) is a colorless, odorless gas. This 

chemical compound is composed of a carbon atom 

covalently double bonded to two oxygen atoms. Carbon 

dioxide is produced from respiration process, volcano, 

photosynthesis and fossil fuels. Average gas concentration 

in atmosphere is 387 ppm, depending on location and time. 

Indicator for indoor air quality is 300 ppm – 2500 ppm, 

although some people get headache at 2000 ppm. Regarding 

to Indonesian National Standard (SNI), threshold value for 

carbon dioxide in working environment is 9000 mg/m
3
 or 

equals to 4644 ppm. The effects of carbon dioxide exposed 

too much in human body are asthma, bronchitis, and 

pneumonia. In environment, carbon dioxide has a role in 

global warming. It damages ozone layer, causes two poles to 

melt faster, and as a result, it causes seawater surface level 

to go up. 

C. LPG 

Liquid Petroleum Gas (LPG) is flammable mixture of 

hydrocarbon gases used as fuel in cooking equipment, and 

vehicles. It is also referred to simply propane, butane, and 

ethanethiol. Propane is three carbon atoms alkane with 

formula C3H8. It is used as fuel for engines, oxy-gas torches, 

and residential central heating. In North America, LPG 

consists mostly from propane of around 90%. Butane is an 

organic compound with four carbon atoms with formula 

C4H10. Butane is flammable, colorless, and easily liquefied 

gases. Ethanethiol is an odorant material to ease gas leakage 

detection. The maximum value for LPG concentration in the 

air based on SNI is 1000 mg/m3 or equals to 1416 ppm. 

D. Alcohol 

Alcohol, or known as Ethanol, is a non-toxic, water 

soluble, quickly biodegradable, volatile, flammable, 

colorless liquid with a strong chemical odor. Ethanol has 

been used as an antiseptic, an antitussive, an antidote, a 

solvent, a fuel and as active fluid in post-mercury 

thermometer. The dangers of alcohol are loss of 

consciousness, headache, kidney problem, and lever 

problem.  

E. Illuminance 

Total luminous flux on a surface per unit area is called 

illuminance. It measures wavelength weighted to correlate 

with human brightness perception. Table I describes the 

intensity and source of illuminance. 
 

TABLE I 
SOURCE OF ILLUMINANCE 

Illuminance (Lux) Sources 

0.27-1 Full moon 

50 family living room 

80 office building hallway/ toilet 
320-500 office lighting 

400 sunrise/ sunset on a clear day 

1000 overcast day 
10000-25000 full daylight, not direct sun 

32000-100000 full daylight, direct sun 



Vol.8/No.1 (2016)                              INTERNETWORKING INDONESIA JOURNAL       43 

 

ISSN: 1942-9703 / © 2016 IIJ 

F. Air Temperature 

Air temperature is a measure of how hot the air is. 

Temperature describes the kinetic energy of the gases that 

make up air. Air temperature increases if gas molecules 

move quicker. 

Air temperature affects the growth and reproduction of 

plants and animals, the rate of evaporation, relative 

humidity, wind speed and its direction. Typically warmer 

temperatures stimulate more biological growth. Room 

temperature is considered 20
o
C-25

o
C. Normal temperature 

for tropical country, for example, Indonesia is 36
o
C – 37

o
C. 

G. Air Humidity 

Humidity is the amount of water vapor in the air. 

Humidity indicates the likelihood of precipitation, dew, or 

fog. Higher humidity reduces effectiveness of sweating in 

cooling the body by reducing the rate of evaporation of 

moisture from the skin. Relative humidity is the current 

absolute humidity relative to maximum for the temperature 

and is expressed in percent. It is an important metric used in 

weather forecast and reports. A rise in relative humidity 

increases the apparent temperature to humans, by hindering 

the evaporation of perspiration from the skin. 

H. Sound 

Sound noise is unwanted sound from activities in certain 

time that causes human health disorder and natural damages. 

The sources of noise come from heavy tools, transportation, 

and electronics. The unit for sound loudness is decibel (dB). 

Level of sound noise is described as follow: quiet (30dB-

50dB), noisy (60dB-70dB), very noisy (80dB-90dB), small 

deaf (100dB-120dB) and result in deaf (more than 120dB). 

IV. METHODOLOGY 

A. System Overview Section 

The overview of the system is described in  

Fig.2. All environmental sensors act as input and 

connected to Arduino ATMega 2560.  

 
Fig.2.  System Overview 

Board needs Wi-Fi module to connect to Wi-Fi router hence 

the result can be sent to web-server and online monitoring 

purpose is achieved. The output is data which sent to cloud 

with graphical view to see the trending of the components 

measured. Result can be accessed by electronic devices such 

as laptop or handphone as long as it is connected to internet. 

B. Electrical Section 

Electrical system consists of seven environmental sensors, a 

Wi-Fi module, a logic level shifter and a power bank as it 

is shown in  

Fig.3. All sensors are connected to microcontroller 

Arduino Mega 2560 with expansion board. By using 

expansion board, all sensors will get power identically. 

However, expansion board cut off power pin of Arduino 

except ground. Therefore, expansion board needs external 

power, such as power bank. Wi-Fi module and hardware 

serial connection of Arduino are connected with help from 

logic level shifter. 

 
Fig.3. Electrical System 

Sensors used are ambient light sensor, DHT 11 for 

temperature and humidity sensor, sound sensor, sensor 

MG811 for carbon dioxide, sensor MQ7 for carbon 

monoxide, sensor MQ6 for LPG, and sensor MQ3 for 

alcohol. All environmental sensors used are analog sensors. 

Hence, they can be connected to analog pin of Arduino as it 

is shown in Fig.4.  

 
Fig.4.  Connection between Sensors and Arduino 

 

All gas sensors are tested in reliability because there is 

no reference value to approve the output result of sensor. 

Sensitivity test for alcohol sensor is done by giving an 

alcohol near sensor. Grove-Temperature and Humidity 

sensor is using DHT 11 and the library is available on 

internet and ready to use.  

Calibration of analog ambient light sensor is done by 

making tests with several cases. Data taken from 

microcontroller and from reference are plotted in graph and 

derive linear equation. This equation is used for the code. 

However, the value is not valid for outdoor condition due to 

dynamic range of the sensor.  

Calibration of sound sensor is done by making a 

controlled environment. The calibration strategy is by 

making several conditions.The maximum value of sensor 

and reference are compared in order to get the linear 

equation. 

 Wifi module is used to connect the module to wifi-router 

hence it can send data to internet. Wi-Fi module type is 

ESP8266 and driven by 3.3V. It is not recommended to 

directly connect ESP8266 with Arduino because Arduino 

speaks in 5V and may result damaged in both sides. 

Therefore, voltage divider or logic level shifter can be used 

in order to decrease the power from Arduino, with logic 
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level shifter is highly recommended for safety issue. The 

connection between ESP8266 and logic level shifter and 

Arduino is shown in  

Fig.5.  

 
Fig.5.  Connection between ESP8266, logic level shifter and Arduino 

 

CH_PD is a boot mode, and must be set to high in order to 

enable Wi-Fi. Therefore, CH_PD must be connected to 

3.3V. RST is a reset pin, and it is optional whether it is 

connected to Arduino or not. GPIO0 and GPIO2 are not 

connected because it is only used for update the firmware. 

Communication of ESP8266 and Arduino is using hardware 

serial 1 with certain baud-rate. If baud-rate is different, 

ESP8266 will not response to any command from Arduino. 

C. Software Section 

There are two communications in this research, Serial0 

for communication between Arduino and PC, and Serial1 

for communication between Arduino and ESP8266. Serial0 

is used to view data via computer such as from Qt or serial 

monitor of Arduino. The flowchart of Arduino code is 

shown in  

Fig.6. ESP8266 talks in baud-rate 115200, thus the baud-

rate for Serial1 must be 115200. Serial0 can be set in any 

baud-rate. After baud-rate is set, the connection to Wi-Fi 

router must be set.  

This Wi-Fi connection allows for data transmission from 

the Arduino node directly to webservers using standard 

HTTP protocol. They can be local servers or global external 

servers, such as free IoT server in thing speaks.com in our 

case. The communication between Arduino and ESP8266 

can be conducted using AT command. When the module is 

ready and connected to Wi-Fi, it will read all sensors data 

from analog input of Arduino. Data collected in Arduino 

must be converted to string hence it can be used to update 

data value on the web.  

For sending data to Qt, data must be in integer or any 

number type and must be sent in format {Number of port 

ID|symbol | RGB value of graph|variable},forexample 

{P1|ambient|0,0,255|sensorValue}. Qt via flexiplot is used 

to show the result in graphical view in the computer, with 

flowchart is shown in Fig. 7. The data package from 

Arduino is translated by Qt and it separates data depends on 

the port ID. Data of each ID is plot in line graph by using 

Qwt. Data must be in package because the communication 

between Arduino and Qt is asynchronous communication, 

which means data is transferred without support from an 

external clock signal.  As a result, data can be translated in 

wrong order. 

D. Web-Based 

The website used is www.thingspeak.com. Account and 

channel must be created to get API key, which is important to 

update new values to the graph. Communication between 

board module and ThingSpeak is done by using AT 

command. To send data, API key of ThingSpeak is 

  
Fig.6. Flowchart for Arduino             Fig.7. Flowchart for Qt 

needed to connect to ThingSpeak by command 

AT+CIPSTART. Sensor value must be converted into 

string, hence data can be updated by using command 

AT+CIPSEND. After data is sent, connection must be 

closed by AT+CIPCLOSE. 

Apart from sending the data to a free IoT webserver such 

as thingspeak.com, the same data are also sent to local 

database and webserver within the Local Area Network. The 

major different is only on the IP address, while the process 

of data acquisition and http request packet construction are 

nearly the same. 

E. Data Taking 

Data taking is a mandatory to check the reliability of the 

module. Data taking can be conducted in two environments, 

indoor and outdoor, to know the sensitivity and reliability of 

the module. Selected indoor places for data taking are Swiss 

German University – Room FB 305, Chemistry Laboratory 

and bedroom. Selected outdoor places for data taking are 

Swiss German University – Roof, Football field, Anggrek 

Loka, BSD Park, and Karawaci. The board will be placed in 

selected area and it will collect data with interval 5 minutes 

for ten times or minimum test was conducted in fifty 

minutes. The result is directly plotted in website 

www.thingspeak.com. 

V. RESULTS AND DISCUSSION 

A. Light Sensor Calibration Result 

Test result of light sensor calibration is shown in Table II. 

The result is plotted in graph to determine the linear 

equation of the result as it is shown in Fig.8. 

TABLE II 

  SENSOR CALIBRATION RESULT 

Condition Reference Sensor 

All lamps OFF 0.8 00 
Lamp 3 ON 11.5 28.44 

Lamp 1 ON 20.8 39.66 

Lamp 1 and 3 ON 34.43 699 
Lamp 2 ON 139.7 247.44 
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Lamp 2 and 3 ON 163.3 217.22 

Lamp 1 and 2 ON 174.7 3422 
  0 

 

 
Fig.8. Linearity Check for Light Sensor 

B. Alcohol Sensor Response Result 

Alcohol sensor test was held in Swiss German 

University – Physics Lab. The condition was one person, 

nobody entered the room, and air conditioner was off. There 

was one tissue of alcohol to test the sensor. After alcohol is 

detected, change the material with water to see the effect. 

The experiment and the result are shown in Fig 8 and 9. 

 

Fig.9. Testing Response of Alcohol Sensor 

 

Fig.10. Quick Response of Alcohol Sensor  

C. Sound Sensor Response Result 

Sound sensor calibration was tested by having five 

students in the room, with one air conditioner was on. The 

result is plotted in the graph and derives the linear equation 

as it is shown in Fig.11. 

 

 
Fig.11. Sound Sensor Results 

 

Test was done by increasing the amount of people 

talked and by finding the maximum value both from 

reference and sensor value. The topic of conversation has 

been set and repeated for each session.  

D. Temperature Measurement Result 

The result of temperature measurement is shown in 

Fig.12.The temperature in parking area was high because 

there was no tree and nothing blocked the sun. On the other 

hand, temperature in BSD City Park is low because there 

were many trees and the sun’s light was blocked. 

 
Fig.12. Ambient Temperature Measurement Results 
 

E. Humidity Measurement Result 

The result of humidity measurement is shown in Fig.13. 

The humidity level in parking area was low because there 

was no trees or grass and therefore no evaporation. On the 

other hand, humidity in Football field and BSD City Park 

were high because there were plenty of trees and 

evaporation did happen. 

 

 
Fig.13. Ambient Humidity MeasurementResults 

 

F. Sound Measurement Result 

The result of sound level measurement is shown in 

Fig.14. 
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Fig.14. Sound Measurement Results 

 

The sound level in Anggrek Loka was high because 

there were many vehicles passed test area. On the other 

hand, sound level in UPH and room were low because 

nobody talked. 

G. Light Measurement Result 

The result of light measurement is shown in Fig.15 and 

Fig.16.The light intensity in chemistry laboratory was high 

because the curtain was open, therefore light intensity from 

the sun came to the laboratory.The measurement was not 

accurate because the dynamic range of sensor is lower than 

dynamic range of reference device. 

 
Fig.15. Ambient Indoor Light Measurement Results 

 

 
Fig.16. Ambient Outdoor Light Measurement Results 
 

H. Carbon Dioxide Measurement Result 

Carbon dioixde measurement is shown in Fig.17. 

Carbon dioxide in parking area, UPH, and BSD City park 

were high because the test was conducted near main street, 

in which many vehicles passed by.  

 
Fig.17. Ambient Carbon Dioxide Measurement Results 

I. Carbon Monoxide Measurement Result 

Carbon monoxide measurement is shown in Fig.18. Carbon 

monoxide in UPH, Anggrek Loka were high because the test 

were conducted in near main street where many vehicles 

passed by. On the other hand, in chemistry lab, it was low 

because carbon monoxide from parking area was too high 

with chemistry laboratory. 

 
Fig.18. Ambient Carbon monoxide Measurement Results 
 

J. LPG Measurement Result 

LPG measurement is shown in Fig.19.LPG result was still 

under questioned because there was no reference device 

measurement to prove the result. 
 

 
Fig.19. Ambient LPG Measurement Results 
 

K. Alcohol Measurement Result 

Alcohol measurement was shown in  Fig.20. Alcohol 

result was all right for all areas because there were low 

alcohol concentration in the air. 
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Fig.20. Ambient Alcohol Measurement Results 

L. Indoor Ambient Measurement Result 

Indoor test was conducted in FB 305 at noon when 

there were ten students and three air conditioners were on. 

The result was plotted in Flexiplot on local PC as shown in 

Fig.21 and was sent to cloud ThingSpeak.com just as it is 

shown in Fig.22.  

 

Fig.21. Ambient Alcohol Measurement Results Plotted Locally 

 

Fig.22. Ambient Alcohol Measurement Results Plotted In Web from Cloud 

 

To verify the measurement reliability, the standard 

deviations are calculated for each sensor outputs. For indoor 

measurement, in all three rooms, temperature, and humidity 

is very small (less than 1 unit), while sound and light show 

slightly higher standard deviation which most probably is 

caused by more dynamics of sound and light. For outdoor 

measurements, they show similar results but with slightly 

bigger variation.  

VI. CONCLUSION 

From the experiments, the module works well for both 

indoor and outdoor environment. Coverage area of sensors 

might be reason why sensors have bigger standard deviation. 

Temperature and humidity sensor and alcohol sensor give 

stable result both indoor and outdoor and the result is stable 

based on its standard deviation and systematic error. 

The all ambient data can be plotted locally and also be 

stored in cloud accessible through the web. The system has 

potential to be replicated and deployed in several locations 

to collect data and monitor their trends cost effectively as 

long as there is connection to internet. Environmental 

awareness can then be improved. 
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