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Gaaostationary: 30 mins hMulti-functional Transpart Satellite 2

Polar-orbiting: 1 - 5 days (geostationary): 250m - 4km _ satellite: ~USD290 million
' Repair: ~USD15 million a year

Satellite Systems

Less efective in tracking
air quality changes over

et - . : ,
shortas bimaioalas Less variations in local air quality detected,

Extensive coverage but diminished spatial detail.® Launch: ~USD10 million {#
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limits installation Hexiblh’c',r. Higl‘l cost limifs units Requira reguh:lr maintenance, calibration
deployed, pr-::-ducln? regional-scale part replacement, costly due to skilled
measurements and local data gaps personnel needad.

Cannot capture high spatial variability of PM 2.5 | Regulatery-grade PM monitors: >USD10,000
Traditional Haurly Station: costs ~5GD121000 - 5GD242000
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T S, connection, On AdafruitlO feed, the cloud platform graphs

"k e Raspherry PI 3 Modsl 3.5cript loops every 4s and displays the PM2.5 data in real time.
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Test Results Flight Review - PID
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Elight Tests | e il

1 » Drone takes off upon
throttle-in input

Low sensitivity of yaw,
pi{ch, roll contrals
Slow response to input Yaw, pitch, and roll rate graphs check for flight stability and
Good Vigmﬂm of frame | if the PID algorithm is tuned well.

« Estimated line is relatively consistent with setpaint line.
» Some overthooting and slow response time
« Tracking is not consistent
o Can be enhanced by‘ further tuning the rate
centreller using QGroundControl FID Tuning setup.
o uze naw LiFo |::-|:|H9r":.r, efficient matars and prope lers

Drone takes off upcn
throttle-in input
Better response to input

Battery Endurance

Graph: of battery lite over time in flight were plotted from data in the @ Batoylowl 1 @ Ballarylewl2 0 BuderyLewl 3 @ BallaryLows 4
Fixd -::Lu’mpih:n’c lDE to abtain maximum HiEH time approximations,

Sharp decrease in battery level within first & seconds as lift-otf
expended significant power.

At takeof, average rate of |::-::1H'E|r:,.' level decrease [0-4:) is 9.58 uni’csfz.
In flight, the average rate of decrease is 0.534 units /s,
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Project Process

Electronic Schematic + Blueprint of Drone
Planned

.,
Model hnldersf

adaptors for electronics l"ﬁ"i“mbjlﬂf 5E§“fﬂ‘
Solidwerks 2021) electronics to drone
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v 2,
Write F"fthun
Connect Drone script to read

Raspberry Pi | calibration
to Fll?wl sensor | (QGround- mmélnpzfﬁtﬂluai

and battery Control) (AdafruitlO)

Test electrical units, software, mechanics

; Collect PM readings
Test flights (around Eingnpﬂreg]

Process and analyse data

1.50D5011 PM Sensor

2.5500 Drone Frame

3. FPV 45A 3-45 32Bit ESC

4.Brushless Motor FBO Pro KV1200

5.Gemfan Hulkie 50555-3 Propeller

é.Tattu Lipo Battery Pack 45 5200mAh

7.5ik Telemetry Radio W3 (Ground, Air)

8.Pixhawk Mini 4 Flight Contraller Set
¢ PMO& Power Distribution Board
o GPS antenna

9.Raspberry Pi Model 3B+

10.RC controller (FUTABA T145G)

11.RC Receiver Futaba R70085B

Data Processing

Comparison of Quadcopter PM Readings to Existing Stations »25 readings of

Electronic Schematics

e,
~

SiK Telemetry

Radio V3
1
s Throttle ™)
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Lt A y|52Bit Electronic 65 KV1900
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Circuit
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There are 4 sets of ESCs and Motors on the quudcc-p{'er

QGroundControl
- ground control station software using MaVLink
protocol to communicate with drones
« provides senser data real time from Pixhawk
le.g. coordinates, altitude)
« anables mission planning/ semi-autonomous
flight via telemetry
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Hg/m ing/ pg/m eading/ pg/m and hovering.

North _ This tests both the

(Khatik MRT) ? et i reading accuracy
and the effect of
altered airflow by

South propellers on the
(Mount Faber & 7.9 - composition of PM

Park] around the drone.

Central
: 5 6.7 -
(Bishan Park| : As shown, the PM sensor on the
"j'l': quud copter has similar rEndings
: | to the official NEA reference,

Eql 15 15.2 i proving that the low-cost sensor

(Pasir Ris Park} provides aceurate, localised
readings reflective of the air
quality at a specitic location.
West
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“'Unable ta hover dron

Range

o in these areas
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Mean flight time

{Eﬂl:l:ar',' Life l:l:t!-:u!-::’cic-n]
1 min 25s

[ﬁ.ueraging of 4 runs in the FX Autopilot LDE}
Z mins 2s

2

Maxim

um Speed Value X Maximum Flight Time =
Range {in vertical /horizental diruntiuns}

Horizontal Range — 7.2 km/h x2.0340h = 0.244 km =244 m
Vertical Range = 1.9km/h x2.0240 h = 0.0643 km =64.3 m

Drones are FEASIBLE...

« Ease: accassibil

ity of aquipment, ease of us.s&ml:rhr, maintenance

« Accuracy: accurate PM readings

« Costs: low material, manpowsr, maintenance costs

« Additional Perks: specific GPS locatians, flight routes, avtanomy
» Future Long Term Impacts: map high-PM concentration areas

o identify sources of P
= initiate meaningful pelicy changes in
resource-limited regians

Assessment

Trﬂr:;king inconsistencias pn55i|::||1,-' due to:
+ low centre of gravity, attached PM Senzor and RRi Module below
« high inertia due to drone's mass
« external factors like strong winds
+ inefficient motors/propellers, poor power to weight ratio to generate aptimal
thrust

LiPa battery was also slightly bloated after flight tests, possibly degrading flight

e I"FEI'TITI ance.

Range is not ideal, as ideal Hight time is 30 mins, and a range =Tk,

However, Hight time can be -::-p{'imised with |-nrg=r mutnrsfprnpell&r: to generate
mare litt /thrust, and a new LiPe battery source. These maasuras ensure the drane is
powered optimally to cover an extensive area.

1.Optimising Range & Battery Life

= Larger mators, propellers to generate etficient thrust
2 Flight Endurance [Weather Conditions]

¢ Waterproofing: improve deployment flexibility

- Optimising PID algorithm: flight stability in high winds
3.Air Monitering Abilities

= Incorporate a greater variety of sensors
4. Autonomy

= Use GPS for autanomaous navigation via waypoints

= Help drenes gutenomeushy conduct rounds via preset commands.

= Pathfinding algorithms to improve operational efficiency in dense areas

IMPROVES THE TOTAL DISTANCE COVERED AND I
*PROVIDES A MORE COMPREHENSIVE VIEW OF LOCAL AIR QUALITY.
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