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BACKGROUND

Rapid urbanizat ion leads to an increase in vehicles and
reduction in open spaces

This causes an increase in a irbone part ic les such as
PM2.5,  PM10, CO2 among others  

Which leads an increase in a ir  pol lut ion causing ser ious
health r isks

Most ser ious part ic le is  PM2.5
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AIR POLLUTION

Air pol lut ion responsible for 19% of a l l  CVD deaths
Over 3.3 mi l l ion deaths exceeding smoking at  2.48 mi l l ion and elevated BMI at  2.85 mi l l ion
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PARTICULATE MATTER

Part iculate matter (PM) are smal l  dust part ic les in the air

2 s izes -  10 microns (PM10) and 2.5 microns (PM 2.5)

PM2.5 can enter bloodstream and lungs causing ser ious
compl icat ions
Chi ldren,  e lder ly people and people with exist ing health
problems most susceptible
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AIR POLLUTION

Exposure to PM 2.5 can reduce l i fe expectancy s ignif icantly
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PROBLEM

01
Current a ir  qual i ty

measurement devices are
sparsely located and only
update hourly ,  leading to

unrel iable readings for specif ic
locat ions.

02
There are no air  qual i ty

monitors at  HM, despite the
recent surge in PM2.5 levels

making them necessary.

Exist ing air  qual i ty monitors
are expensive 

( IQAir  costs 10,000 THB)
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OBJECTIVES AND SCOPE  

01 Accurately measure PM 2.5 levels  indoors and outdoors

Cal ibrate by test ing in control led environments such as rooms with air  purif iers

Compare with onl ine air  qual i ty data to ver ify accuracy.

02 Test in control led and outdoor environments

Deploy the device in var ious outdoor and indoor locat ions at  KMITL 

Test in areas of  around 10-20m^2

6



OBJECTIVES AND SCOPE  

Provide wireless data transmission 03
Transmit  the data wirelessly to a laptop or computer at  a  range of 100m

Transmit  results  from the sensor to monitor at  a  range of 300m

Power through solar  and rechargeable batter ies  04
Run the Air  Sensor 24/7 using solar  and rechargeable batter ies

Run the Air  Monitor 2-3 hours on rechargeable batter ies
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Size:  133 x 116 x 72mm

AIR MONITOR

LEDs to indicate PM 2.5 level

Display to show real  t ime information

Simple and Intuit ive display UI  

DESIGN
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https://autode.sk/4i4Y44l
https://autode.sk/4i4Y44l


AIR SENSOR

Louvers to help with venti lat ion and prevent

water and debris  from enter ing

Overhangs roof prevents ra in from direct ly

enter ing.

DESIGN
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Size:  206 x 206 x 115 mm

https://autode.sk/4i6e4Db
https://autode.sk/4i6e4Db


SOLAR BOX

Easi ly avai lable compared to a 5V 1A Panel

More rel iable as i f  one fai ls  the rest  can power

Can be placed at  different places to maximize power

Easier  to adjust  the power
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WHY USE PARALLEL PANELS

Size:  247 x 212 x 50 mm

https://autode.sk/4ceNINW
https://autode.sk/4ceNINW


EQUIPMENTS

x2 ESP32 x1 Laser Dust sensor x1 led str ip l ights

x3 Swi t ch x1 LCD x1 Co2 sensor DC Step Up Charger

x1 Temperature and
 humidity sensor

x2 Li-on Batteryx1 Solar  Charger x5 Solar  Panel  5v 200ma
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AIR MONITOR CIRCUIT
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AIR SENSOR CIRCUIT

13



BATTERY CALCULATIONS
AIR SENSOR CHARGE TIME

Solar  Panel  Output

5V 1A = 5W * 

Eff ic iency** = 73% --> 5 *  0.73 = 3.65W

Total  = 3.65W

Battery Capacity

3.7V 3.1A = 11.47Wh

Average Charging Time

11.47/ 3.65 = 3.14 hours

*  Under ideal  sunl ight
** Eff ic iency value from datasheet
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BATTERY CALCULATIONS
AIR SENSOR RUN TIME
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Power Drawn From Components :

ESP32 = 3.3V × 150mA = 0.495W PMS5003 = 5V ×100mA = 0.5W 

DHT22 = 3.3V × 2.5mA = 8.25mW MG811 = 5V × 250mA = 1.25W 

Total  = 2.25W

Power Drawn From Battery :
P  =  P    /  Effeciency* = 2.25W / 0.86 = 2.62W 

in out

I      =  P   /  Battery’s  Voltage  = 2.62W/3.7V = 0.708A draw in

Battery Current Draw :

Battery Run Time Calculat ion :

Run Time = Battery’s  Current /  I       = 3.1Ah / 0.708A = 4.37 Hours
draw

* Eff ic iency value from datasheet



BATTERY CALCULATIONS
AIR MONITOR CHARING TIME

16

USB Charging
3.7 -  5.5V at   1A = 3.7W to  5.5W*

Battery Capacity
3.7V 3.1A = 11.47Wh

Average Charging Time
11.47/3.7 to 11.47/5.5 = 3.1 to 2.1 hours

* Range of supported input voltage is  3.7 -  5.5V from datasheet



BATTERY CALCULATIONS
AIR MONITOR RUN TIME 

Power Drawn From Components :

ESP32 = 3.3V × 150mA = 0.495W 2.4" LCD Screen = 3.3V × 100mA = 0.33 W 

8 LEDs Str ip = 3.3V × 20 mA × 8 = 0.528W

Total  = 1.353W

Power Drawn From Battery :
P  =  P    /  Eff ic iency* = 1.353W / 0.85 = 1.591W 

in out

I      =  P   /  Battery’s  Voltage  = 2.62W/3.7V = 0.43A draw in

Battery Current Draw :

Battery Run Time Calculat ion :

Run Time = Battery’s  Current /  I       = 3.1Ah / 0.43A = 7.2 Hours
draw
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DEMONSTRATION

18 https://youtube.com/shorts/P0_oIdW7phA?feature=share

https://youtube.com/shorts/P0_oIdW7phA?feature=share
https://youtube.com/shorts/P0_oIdW7phA?feature=share


Current = 1.2A Voltage = 5.3V

RESULTS 
Without Load*
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Voltage = 4.3V

Under Load

* Without load,  the open circuit  volatge and short  c ircuit  current is  measured which is  a lways higher than actual  values



Time Voltage (V)

Start 3.2

30 min 3.6

1 hour 3.7

1:30 hour 3.9

2 hour 4

2.5 hour 4.1 (max)

RESULTS 

Total  charge t ime = 2.5 hours 
Charge voltage = 5V

Relat ive error:
2.5 -  2.294 / 2.294 = 8.98%

Charging Air  Monitor via USB
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Time Voltage

Start 4.1

30 min 3.9

1 hour 3.85

1:30 hour 3.85

2 hour 3.7

2.5 hour 3.6

3 hour 3.55

3.5 hour 3.5

4 hour 3.4

RESULTS 

Runtime of Air  Monitor
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Average rate of  discharge = 4.1 -  3.4 /  4 =
0.175 V/hr  

Remaning volatge* = 3.4 -  2.9 = 0.5V 
Extra t ime needed = 0.5 /  0.175 = 2.85 hr

Total  Runtime = 6.85 hours

Relat ive error:
6.85 -  7.2 /  7.2 = 4.86%

* Step up stops discharge at  2.9V



Time Voltage

Start 3.0

30 min 3.2

1 hour 3.3

1:30 hour 3.4

2 hour 3.5

2.5 hours 3.55

3 hours 3.6

RESULTS 
Charging Air  Sensor via Solar
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Average charge rate = 0.6/3 = 0.2V/hr
Remaining Voltage = 4.1 -  3.6 = 0.5V

0.5 / 0.2 = 2.5 hr  
Total  charge t ime = 5.5 hr

* Tested in c loudy weather 



Time Voltage

Start 4.1

30 min 3.8

1 hour 3.7

1:30 hour 3.6

2 hour 3.5

2.5 hour 3.4

3 hour 3.2

3.5 hour 3.1

4 hour 2.8 (lowest)

RESULTS 

Runtime of Air  Sensor
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Total  Runtime = 4 hours
Relat ive error:

4.37- 4 /  4.37 = 8.46%



RESULTS 
CO2 Variat ion in HM Lab (Cal ibrat ion)
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RESULTS 
PM2.5 Variat ion in HM Lab (Cal ibrat ion)
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Average of Sensor
Readings:  19.67 

Average of Purif ier  Data:
15.3 

Average offset = 19.67 -
15.3 = 4.37



RESULTS 
PM2.5 Variat ions
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Outside HM Lab

*  Taken at  different t imes of the day

KMITL Dorm



RESULTS 
PM2.5 Variat ions
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Outside HM Lab

*  Taken at  different t imes of the day
** The sensor was init ia l ly  placed in front of  a fan and then moved causing temperature to r ise

KMITL Dorm**



RESULTS 
CO2 Variat ion
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Outside HM Lab KMITL Dorm

*  Taken at  different t imes of the day



Over est imating the range of ESP’s  WiFi

LIMITATIONS
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Unstable and s l ight ly inaccurate readings

Design for Air  Sensor could be better

Cloudy weather:  unable to test  solar  properly



Too much interference from WiFi  usage

Not using external  antennas using the IPEX connector

Using different ESP versions

Not using the maximum transmission power sett ings

RANGE ISSUES
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Use a more stable CO2 and PM sensor

FUTURE WORK

Use External  Antennas on the ESP or Radio Modules to increase range
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IMPROVING RESULTS

Conduct more extensive test ing in control led environments

Use more eff ic ient step up and solar  charger



Make a touchscreen UI for  the air  monitor

FUTURE WORK

Enable solar  charging on both devices

Develop a Web UI and store the data in c loud al lowing it  to be viewed from anywhere

Integrate a l l  sensors and ESP32 into a s ingle PCB

Integrate the air  sensor on a drone al lowing to measure air  qual i ty at  remote places and
different a lt i tudes
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DEVELOPMENT PLANS



 Successful ly  implemented solar  charging

CONCLUSION
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Successful ly  read data from sensors and displayed on a screen along with control l ing and
LED based on it

Successful ly  transmitted data between 2 ESPs and a PC

Encountered problems in maximizing the transmission range,  test ing solar  due to c loudy
weather and gett ing stable data
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THANK YOU
Dust Busters




