The Journal of Computational Science and Engineering (TJCSE)
ISSN 2583-9055 (Media Online)
Vol 3, No 11, Nov 2025

Digital Twin of Atmospheric Environment: Sensory Data Fusion for High-

Resolution PM2.5 Estimation and Action Policies Recommendation
Md Khaja Pasha?, Md Touseef Sumer?, . Sapna Gangrade®, Zainab Unnissa*
,} 234 Assistant professor,
Department of Electronics and Communication Engineering, Lords Institute of Engineering and

Technology, Hyderabad, Telangana.

T en HURgHIGEa0 B, Ge3ereS €3QN: ?g-@awg&s PM 2.5 esocsae

08050 SPTPgSEs e DK %50 DB Ber Hrgesd
Dot PeR P |, Dot EOH b 2, . B of& 3, B ey 4
;1T 234 9023085 FFRE,
dexetio 03069307“35‘3 L0850 E5057gIERS Ro23dB0h, ed N a(i)‘b&eoyges B, 9023980hH [0805»
Sy, 3rorerd, Beomres.

Do
&3 e9¢5gaHd0 2.5 Soged (PM2.5) Eoe3 5505 HOBrea0sS® esols Kea Hoego

$e) 08 es8%ig Dirrrey 5050008, 9 &sOBHeD B BEHT 0SS
S FeSyHDFon BGOEY  H0805» SeysaH Dozvoes Ddgesd weEBIRaw.
PoRTOD K)6§3§88 B’oCQSeﬁ)e) ABwE), @K)é)geﬁe)&’)o S080%) DB E532ED
ORHWOSTEEIS, FEHBed FEHGes0 By, Emed &3S (DT) edHA
BaH0God, O3PS dAYhH HBaH DBROT GErd BIWE FAISge §%0
3,)533@35 5oV ©H05eAN0H. PM2.5 Jrooen aSeedyNE 8 S0805»
3G0DH0dS 2Pl Sharsre SAYY &DBrAoD oS SaHterow, HE
PNEEeE30e8° 00 WoSTredy ¥JPow (RMSE 38.94, R? 0.728). @053 SRS
Denden seeny SPEsPO IEEFYEIS T éoh, Ro&D SPeNIrgR) NSt
ReETSS BOHEGS MO HEEDTE 0N HE stenly Fererds® e SEgodd

DENoSTErd8 HHE SMS 3refB8en Hotd seorgien darEyes SOoHEYow.
9ebg0e8  HerdN0sRS SPorgStEs AEETr HBoSEdd eNRANS D%y

ISSN: 2583-9055 https://jcse.cloud/



https://jcse.cloud/

The Journal of Computational Science and Engineering (TJCSE)
ISSN 2583-9055 (Media Online)
Vol 3, No 11, Nov 2025

BredroBorsediod. esSore, e¢igaHHiSo PM2.5 FroweHd 30052085 JSeseorerdd
HBBEFPAELT @905 3008, AN SPenNgo B HBEre bty Hararod
S00STI8  HrgSEeoy  @odr  HocgHddes  DEgSges 00 DBYSEES)
DEHDESE0S” Geserd e AogegAY HEV0R.

. DOsoHo

TPaSH SPenNge @esgoes BHIS HDocgHses DHS® 2883, ¥d HHosargHone
(5EadaHAS 387y HSrTrRD SBEaDEB. HdodS Bty Do (WHO) 5°o, aean
SPenNgo $Y T 4.2 WAAHY Ho8ETren HoafdRdT0M 805w 10 H0BS® 9 K10 WHO
Sgsgsee HOWEHOK o) MO HeNKNTND. NG SPenly s*EsPee?, PM2.5 - 2.5
DE WS oel DK Sea Do - &3DBBHOSE S FHENDHASR Jego SBea0T
Sooggomr HVTEEEISR, B Sod BHIS 8% [0805» )80 Dozvoes TgEen
SJeow. PM2.5 e:éQoKD &%%0 D2IPRN0BR0S DL @@&’)9)@ 20500 woe éoogpgo,
@9005)¢38 AroHTPasH &k D8g3ges RN ceer Ly S, PEIIVT 5805 E5828¢5°
HBAESOM €50e3700, IS FroePesS® I5P008° NTEEs SEFOLH ) HOJEY.

B35 _AYH BN TeedBes e IrcsdoheS® HBUieren PM2.5 eodoedH
97223980 HEgHarea @odyron. QDS HAHE 8328 (MLR), EYE-ID§
Ses6S (MEM), 32088 grSydsE Seéd (CTM) 8050 s3Brmrpsd SonsE 630S (GWR)
Hotl FrdozS Sorren DYydorr eJghosagron. B Ircd TN @JBAS dydso
esprSore :)g%‘:)_ 23e°e) HB05N 220erSesd) €00 Gotnod. &TrrEeed, MEM 83
@ee® 23 HABWod, CTM HHoes Jo0 0STRLD BT Gotnod S8 GWR FE
28ohed® oedinod), wand MLR 2O oS BT SR8, DIFEAHE
S5 BE S00H20DY B0 A IIGBoS Gy Byko IS PYessto SoBASH
DABGB 20e5¢60e5° §OEIBAT 8PS0l . o806 @fTresd 0Sog wergdo (ML)
8050 S°BS wargdo (DL) Deder esdopHo PM2.5 oS HEehe Had &5°8)od.
0008, e35BETERS 9SG0 S0 K8 SHarTrosy DY SEred™ déK)elo Sahso
Qos® K BT e93Nocs0csBh. Ge3tod B33y (DT) - AY AFeeqE Jheaes Loy’
DHoegdsETen Bue Srde G238 HBETen - @I NS Rogzesg DB B0 essdeard
oBod. MO Treages VoHogheaes®, DT OB Aaeden S8gen Hotd Dbdeardo SoB0Sw

ISSN: 2583-9055 https://jcse.cloud/



https://jcse.cloud/

The Journal of Computational Science and Engineering (TJCSE)
ISSN 2583-9055 (Media Online)
Vol 3, No 11, Nov 2025

HgaHomred APosren BESEI8 Irid wolsorady eH@BrAHE NN, T Segedo
e‘zsé&é‘besg, PM2.5 d8gs5eea &§%50 DT © e955en% H02)06H0 §§§3‘6 DEen BB &INOW,
52 Botfod® 25DigeH HOFLSS SoB0DH wDHBS Srto oo B08.
1. drdresgo Sabg:

s QesSen o“oovgédsa 6556630, e9OTBS  Iecsdoh K)cgéoen 083N Adred)
Jro8BEeSD DY) egaHoresy KO oo, 58 S8k Besten (2013) BEseOE
TeOSn SPenly wardeso 805 SPRP-BIE EETOH T H5o220weR)) éfboééméo,
2397 0805 DEBHERS B se8gsor Heyarerds® ST B8 3. el
B0 YesBEN (201 O) &ed a’)mvgt’o 3035°ge§o S08050 520D Dozl &°gE0e Ky S°EEs
02005 DB . ©0c5)5 58050 O (2017) I°¢éeS eosTrersy DHB0sEIE SHAPD
QIEDEPS, SO FdnegsSs® JEE Y wodoardd. Ay B LBy (2017) KoY
YD PVGSK oS JoHEAS SENHS PBEFRce0T 28 RS IR0 .
DHOASTIGD 08 Feshen (2021) 53(‘6:‘(\;) NAH0gEEID SBEDDESTEIS 268&’)&)"’02530?56
G230 €30 NGTPOR BT . B 6 B0y esthen (2020) K8 DEgoes
Sotthesee 800 Heyes HEPPES® GeerdS B30y G BDfowedd. ST SoBsH
¥esHen (2020) 2@dS°%oeS® COVID-19 erE@S 0500%08° mrd Treaged Sedyyersy
DFNOT), SPeNRg S8t ehoshen HHBAKH LN BBDHERK tHGomrh. DBHET, O
08050 yesten. (2021) @erd&SS® H5fod3, @gsﬁodi)g K805 9OE-DIBL He &’1)@
55020 B DOD @oSTe §%0 BoDES Hrgesd EPYRES HsBoNed. 8 DEGes
Dorgdtes HESIEEs, DRSS @5OEBEY BN VZaHo BHI PSE ST HEHAJ
NHDDN0D.

. Srerstes Horghteao GBug); &238)85 2308y;

ToEH6Es ToEHEE30S5° R Be3eodS €330 PM2.5 Jrogeser @905y SvdtHhdSst8
0805 SPORgEStEs AES DPENDD @oBoStEdE RoBOH G g HBA NEGED
BrcsDofiso D80 B0, 9B FBE TaSGEs S5HY Bk, FOWE SERDS HBEFY
B5°DR008, B3PS DAYhH H0A5H FTo&k-BR w28300S Eerd BaHS-B wndde §o
D&ergs 5o LensHehod. TPokad 3R Bosn JhaHod 2ol Kol

ISSN: 2583-9055 https://jcse.cloud/



https://jcse.cloud/

The Journal of Computational Science and Engineering (TJCSE)
ISSN 2583-9055 (Media Online)
Vol 3, No 11, Nov 2025

HTES DA BBYoh Ircided wRE-B2argds PM2.5 eolcre §%0 &DBrAFTS,
QEPBB08R0N eHENS gt HBoustdd eRHERS RISIRI IO g = éyg&sﬁe)eb's
S Goh, dond HBoh AcrgSen 05N WHE-sTeNRg B2 HHE FB1ERSen Hol
56gen GBIN0N. HoROH @Er, BODHS-BN HoLTES 00N ST Jotbithesereds
Bto weqoe, G5e3¢ €33 PO SEagesdy K)égSQoéwK)é 0805 DRSS, SPendy
Soz30Hes @56655 NdeTeedd éQoéw&)g DEe8) DO T 0BoSTEI8 2.8 2000
3685 KR308.

PVR.5 e90s5e8® o8 -

05T SHBAH ATES  ARE 8550 2.8 200305 &’)g&’)?g:éo E5°PoBosteedd 308
ooy eOBrAoltol. $EE36 DeDS® mgd dombed (MQ2, MQ7, MQ135 )
9:50005Nocs20ed Raspberry Pi Pico S0§%o@’eb 8050 @ [eeages rorabedreny
DENGocStedd PM2.5 65 %5 °98S b esomyow. OLED &y B80HS-80 Jersdsedd
D&ergE5 ©odX0B), 0B WIFi S:trgds Gt NS 80 3680 Ex05°g8005
©05B0B. BHE SR Frowe BoHoS” Aades wSKige 850 SMS FE3HBRSe Hoel
3eHBEDH HodwEdd GSM ésl’cf,?gegt‘()o ébgéaeﬁo BoHSSYY. 83 eégsscgé‘ T®  HI°EY)
Q0HoBoSEAS dowd ey Jeerd oBasn eeroren Sar e 0se 8o wesd K
BTNV, &8 TGS Hrgiehr FIFZEAS, DI ermren DA HHBASH JRySes 80
Arduino IDES® a0 doBRE C 805 0§ DHeRe® FTeohdo 0O esotran. 63
goons &30S B33 PJES® wSIERS BIWE SH8aAsn ;E-Gawgzﬁfs AT
edotheaom DS Ger Hrgad, B0HS-Bad RoLTES B STTrgSEE DB
Qoerzgsesto 3:‘_(330&.

V. §8rBosedod S55%
QBIOE G3eoS €3S (DT) esprdes PM25 $g580 s seenargl)) dsogSodone
DEZBZoSTrdS BN SAoSTEIE  eHTCSS o8BS B G @5235
Doty H8KHsso B30d. 9B DMy BETREL ErdroBosEE MO Treagd Sy
H00% 0P DEren HHdafH Fob ezBeN0S e Hoed 83 dAYhH Eerd DEBotSto

ISSN: 2583-9055 https://jcse.cloud/



https://jcse.cloud/

The Journal of Computational Science and Engineering (TJCSE)
ISSN 2583-9055 (Media Online)
Vol 3, No 11, Nov 2025

S08050 DDS0 BofHcsoed® 8025008, TeoEd oi)"a‘g) 08050 Jé&oHodd 20.5"?:\0)05 Soe3
DA BYoh JreciSen PM2.5 Froneid eosae S0Hmd8 GHRBeHotsecEarow, RS
QO BTy DHereen BoHTrN dEerrgs 5PN WTP SHDGScEe an. BEEs
oBS DT Ird eoRE-0merrgdd PM25 oo @oded 50805 sPenrgd)
Qerdeso B S0 380H20G)% DF0B. SPenNy SPESTOR BEEFYEEIS & ddoh,
9055 SPeRAPSR) 00T Dond HBoh NcsrgSen 805N WHE sTenl &0 H80D
Qo BOoHAEAHEAE SMS SI»ERSen Ho83 HeredH50es0S SPO°gessEs  DETEed
58058 BPBHLS HHSE), SHRPAoSEB0E.

ATEY) Z[0H2GS deore PR ENY X)gva_“«p, RN Ndoes cSaavseeSﬁ eosen K8
QDocss HBgSEes wego° &3 DgRY B0t FeHeddod. 2533&),35 e90tITren  SBASN
DIPENOD  EHHDIESEIE BAHS-Bd G B d&ergs erden DT Ieess:
SHEHDEIJP0N, 908 J5°eceS HABBK osTe S0HEE RMSE 08080 R2 Hoe3 S0e3§
o EMo SHHot HorergosSo By, 8 Gér HSGen HHOO5H eerdEey
BETIS B HaHeyen PSR B, PYHBZ0 SHBAS DEIOAADHER 0808 DocScéo
ogsom S’oemooéamg_an. &8 S deedo PM2.5 sve»ég éwg&’» 366&’12,60:565066 DT e33°g_e>£
e TEBE BKod HHBAH B esBrgRY) BGoSEd HBAH Frogrerds® mrd
T£age8:8) oBDHOBSTASE BIWE HOYY T ©90B0A.

. g8 Spedeho

I Power Supply I

~L_3

OLED

PMZ2.5 Sensor |:>

WIFI Module

MOQ2 Sensor |:>

Adr Valve Motor

MOQ7 Sensor I:>
MQ135 Sensor |=:>

—>|
—|
Raspberry Pi Pico || GSM Module
==
—]

Buzzer

237§ Bgrdgho BnY), TeEPHGEs HDoCgHGEa0 B, C28ede5 230€d

ISSN: 2583-9055 https://jcse.cloud/



https://jcse.cloud/

The Journal of Computational Science and Engineering (TJCSE)
ISSN 2583-9055 (Media Online)
Vol 3, No 11, Nov 2025

oRYN8 B E° Po§EoBE:

Raspberry Pi Pico e93& Raspberry Pi RP2040 50’06 D& esgrdormr Serofocseadssd
0§05 b 5%, Raspberry Pi $olrgead $S5°00meS, Raspberry Pi Pico 40 $35356° 65
D 376650 EON e50€108), e ab YT B Lorgead Srod ST DFa0estedd
DXRE 95050B03 §%8 Gaoh EIENK L0 es0tnod (Jepedeaor Raspberry Pies®™ GPIO
DAL I 83§ SaHiso wegoe). Raspberry Pi Pico e938 Raspberry Pi E8Pof0S 80a-
HS RP2040 0§40 DD 5oy ErRroocsercsd HOE%S, €8 H-¢56, 5°0) evebgoes
RAESH0BRS DA 5%, Raspberry Pi Pico - So§ore Pico’ - irgaH5-8% s088y-M0+
I (eaocSoast’eooeSG €5 evesgoes %%-K)éogéoé@:é @5& 36), 264kb SRAM, 2MB gﬂs
Q08E, B0 HB0SH TG HrgseHrs® USB 1.1 508050 Iy 363 FEGgS5os oS 1/0
NoNEDON EOH 508208,

T8 D DE° Buog), eETen :

. 21 o x 51 Qo JPE Lo

. UK &° O‘K)o)ebé D E0BoDS RP2040 Io§°50&’d DS

. c§5°§o&e5-§65 38 5285y -MO+ P06, 133 MHz 58 $5¢rog) B’(gérbane’i_ s*§

. 264KB es§-2& SRAM

. 2MB es3-5°6 QSPI

. 3 ederh ¥9BOS® 556 26 5DHoES GPIO Hdew

. 2 x UART , 2 x SPI §o;¢_5fe)(§o, 2x12C éo@se)g), 16 x PWM 5°3e5en

« 1xUSB 1.1 So&feb 5805 PHY , 75 $08a5 H858 Hresehes®

. E9a0 DBDES DG 80 8 x HFesioend 1/0 (PI0) HE Svaydo

. 0¢5eh> €539 AODE H56 1.8-5.5V DC

. 358306 esftfes -20°C 0O +85°C H8%H

. SRBBE  Sechrgd  5°g0aH0  SheH Ik DeBoh  BaHmdd
959808

. USB orgoe S50 832 e B0 &rh-e90&-58 QFeadiod

. B 48 o DY S8 Ageeadd Iren

. DSBS B8R-D HGASTEo

. g8 DD

. OS8ye88E rgroso 5805 P30h-ecnods Beyben -0

ISSN: 2583-9055 https://jcse.cloud/



https://jcse.cloud/

The Journal of Computational Science and Engineering (TJCSE)
ISSN 2583-9055 (Media Online)
Vol 3, No 11, Nov 2025

@90236- TP a@ D 8 DIHE

g dING

JPAN® &8 (i)goz'f) DB8Go , 9B Jeprdeaone Ee° 56555:966 2°tiom® €508008).
g8 885 Hd8oeen WSS HEL  HBoSIEIS B0 DoSoghes ég&ﬁc‘g)és 060
DAHEN8 eDABrHocsercieron, S$rrgoe H8AH IgaHomresorr esdEaHaiciedod. Mo
GEBED O 235HHER) FP0eboe5* DB eerdo SrrhHotstierd, SrPgTe 7 &3 JroePY
YAL) 33@ edsedo DD, &8 BESS HOEEo HwagRSH NotHE0E SedHen Soe
2305500 5063 28555020063 TS 2BNESPAS ) EDA03 9L AN ET)0N.

Do -1 TPy do

©FEaPeD
o LPG, 35re3 30508, B Mg £ 9 SoQ)esesso.
o Doddgo, AR gery Do)yeéedgo.
o StB50e8F05 HBIYES.
o %)6@;6 Valow M) 5g3°e) e3ebo0.
o AGes @y JETS.

ISSN: 2583-9055 https://jcse.cloud/



https://jcse.cloud/

The Journal of Computational Science and Engineering (TJCSE)
ISSN 2583-9055 (Media Online)
Vol 3, No 11, Nov 2025

OLED (R080% 5°0® é4rs Bee):
OLED (e35°08 8¢5 de30h 5Beh) 0938 208 oS B de3oh Bs2yeres, 98 Soch

EocssY Sesg SO oRoH DY DR GoStio TYTP oSty BaHaded. g
QY HABH0DBRYCE, HSPE50e8305 508 Sedciredrod. OLED en 2g§8E 05080
B AN GAZen 805 LCD &R Soel Sme 08050 Dsrgdodsorm eoeran (e38
Byt egEBE @5080). OLED &dGHen Sme 8050 d0gSodon eocsesd 52 - e
efgessl D¢ TPEagesiy @oBPon B TR HPARFEDS® JBETorr, ST,
éocﬁéa)%oﬁé)ﬁw So8asn %S Fahitie oBasH FHACHEON™ L B0 BoHSE)).
OLED ex GR3) Bsmered 2DNFEK KBIQJeow.

De¢bo: OLED Soecdregds

PM2.5 26 Soeedrmgd

PM25 D 88 d2)6 H5:meégd GP2Y1010AUNF @938 28 esEeS dand stgdel
dING, 28 ooy Eered Jarolstrdd Erarofodsod. ¥l DHBES e eerreS 0.8um
Eol3 g8 g0 EONS By Eearordd tHocStird. MOS™ red Bws), BBDoDoS 5208
HoSEAE Jente ¥I°BE &gl E®BPE 0o DESEPNNE K8 HBEGeS® DELYorr
oyt Gotron. DSBS FH Ho wrer Jrf Sered tHB0cScE0es® [d wrer
QerdSodbor  erotod  HBAH  AID  Aprdeo  dowd  RyrgdpoHd a’agé«ge)esﬁ
EBIBFOYE. DINE B, @Serh I8 wHEHSE P JroPeS® SEFormr eotnod.
DYy FeB DeSogd IEHTE ¢iedd YIS SeehregS NoBRE FGE 2oy D8 geSd
£ es08).

ISSN: 2583-9055 https://jcse.cloud/



https://jcse.cloud/

The Journal of Computational Science and Engineering (TJCSE)
ISSN 2583-9055 (Media Online)
Vol 3, No 11, Nov 2025

Do 4.20: PM2.5 d™E Soeciegds

V. & 5weE Sarddo

RL1
15
AR valve

ISSN: 2583-9055 https://jcse.cloud/



https://jcse.cloud/

The Journal of Computational Science and Engineering (TJCSE)
ISSN 2583-9055 (Media Online)
Vol 3, No 11, Nov 2025

PM2.5 e90c5e 8508050 5°0rgessen dpeare §%0 Ge3erds €39S 5K B,
D2BODHB0SFS DA & 808 5°¢38 ©r8BIoB:
1. 3°-B23e15°8030 PM2.5 H5g3ge:

&3 é&éé QARG (MQZ, MQ7, MQ135, &08a%» PM2.5 c§§ &ngéef 235335) EDA3°H00)
PM2.5 080350 ¢85 53°050 svenég 5e85PR0 PBorr (HBoNod. RS @&Qe:ée:é‘soé‘g md
Teages GBng) Ne3-00H éd§3§saéo FB0DoD0H.

2. 90Q0%H G H°gese:

CO, NO2 $:8a50 PM2.5 %083 seensg sedstern Sl Qe HEGes 8500 2250F DTN
fbgéaéo BB,

SPRNKG SEET P00 TGO e95reN PO DFPTCOK APBYY WOHTAS FoBAH Coe
g0 DN,

3. BBGSOSZoS B FFRVOE

sPeRg S0 oS SoHeedd TRNNE D HE° PEEo’b das $800H0eS” 0B
DS FFRIR BV,

@%35 (DoBB&E D, DE° DI, eego‘SG 0GR) e GE DEITEd DB P
Q00D X)g"@:_\’g.)o&.

4. BB SIZDE:

Wi-Fi 508050 GSM &gy §6 FErnoE oS £505°gEN0K  BGaroTow,
BIE 3AEBEsK FrBodoweowm.
5. 90&0°8S d&ergs SrseReso:

Bges  eodHFroHo §%o OLED &?ogm SRRy S Jrowven  SHHB050 DY %)éé&)
Slalé)lAlTA

830 52enRaH Frowe Ha$Hos” 22236 DABrTethHeOd HBreso BKod.

6. e AoDogies FETeen:

220 3G esmrdorr O PG NA$H0BoSEAS, MO TPeagesdy SoEHRESEIS
Dond TS5 Ioertddd e BB,

ISSN: 2583-9055 https://jcse.cloud/



https://jcse.cloud/

The Journal of Computational Science and Engineering (TJCSE)
ISSN 2583-9055 (Media Online)
Vol 3, No 11, Nov 2025

SEARSEVIT I éssvgex'n QB3 BIET esen BaHiie AprTres DK BafHiso.
7. oDOE 50050 JYea Hogrdges:

& HgB0 Brdgend B Srendy sPEsted Xodg3§o::5€5°§)§ S el Ie TN
]
D5805TAS %8 DTG 0805w é5°c§5°§e§e>‘63 5% 058 $0¢5eh> Yok,
8. 48 31’8’33630:
= @
eﬁébb.é’o g)cﬁageg AARB o’ X)dogbo::saocéoeﬁoo&, :‘Géogé’ooéébc‘é g)ci)geg S8Hoe dr%s'e)‘bséséo
& DB*Ho0HEI0EN0D.

9. DS A Sogedy:

AL ErHEGS esrore esgedes S'°O'°§t56€8 NETDEN o0 0c5s0e5® DGFE0HNEETI
Y G&wgcﬁs STPO5 5PN HeETren 58051 JFNEI BP0,

NESS DK ogFrge (SDG en) e05rdE

SDG 3: $5009 es8%igo 500050 FaHdyy

1. srendg SEINBO8 HBoswdd by 8y HDHrTros Bhosdd PM2.5
Frooidd ¢§ BB,

2. 8%y S0 oo SoHEN8 805w Aes HoBEEady JBNHOBLTEASE Gery
& HBPOR0B.

3. D088ERS 23r8otf seEgEerre 87500 K230 SRS 0tiHekod

SDG 11: 83> Stforen 580 Sosren

1. 7O Jeeages ey eDBrrNod) HDOgHGEs hEre DY PBFTOD ErdroBostiods®
NTFEODNCA08.

2. ¢28 08050 BFE &8 doHoghes &%%0 @oe:éga;.’opoéo e908008).

3. sPenRg Do2rofesd edgHHE é@%}eﬁooé‘o Nlele} K)O&Qé:‘&) 0t

SDG 13: &ree58ens <S6g

1. 570050 805 SPHYS GTPTreR 8HotstIS e ErrdERNSL HKied FJod.

2. 7 Teeages e9odsB e esgrone 88 DG Aoy Sr°gdZFo B300d.

3. D%y seeng AoHoghes 80 DFPSPTR) Hes)arod.

ISSN: 2583-9055 https://jcse.cloud/



https://jcse.cloud/

The Journal of Computational Science and Engineering (TJCSE)
ISSN 2583-9055 (Media Online)
Vol 3, No 11, Nov 2025

VI, 2525g¢6 £66 :

1. 9GOIPES @ 30e33AND
2. Al-esgedes DERese

3. JN DorgdHBes SHBaee.
4. F8EBoNS Ssegen

5. 398 e 9oBFRS

PN TN

[ 1] WhO &8 Dowb s230e8 Srdestseen: L8, SE°S dasrg &, Send ¢asrg s 5805 se)S
5?@?_‘55. DEGes BA: DD 15, 2022.

[2] 8. SR8, @b.a. §HIS, @b HBS, d. derky D. 4%, D. wrI8S , HoaH B.é. TS,
"(5g5°é)§ TP SPendg 2drgeso KoBaky svgo?xw—avséés% SodEzren: 28 SN, Ao, 330G,
mwgSo. 12, So. 1, D28, 43, &do206. 2013.

[3] RD 238, S . orasfiares, CA %, JR 2§, A . a5em)$6, AV G&5-T8)y, F . S5%wond, ¥ . %6, R .
V. b , MA o&emS, A . &by, D . AIHDE, SC (S, L . RS, Lo8asn 1D TS,
" RUOIBE 5375808 Jowd FrgdS @ok SPBEETINYLE GRS, SngBRS, Srergy. 121, So.
21, SeBen. 2331-2378, 2010.

[4] S-S, a0fi LoBOSH . 5, "BIS® S8 §°oooe')”6 Qg oo Soego (PM2.5 )" DR DAY,
Srarg. 5, So. 1, Hel. 14884, e0§%b. 2015.

[5] 8. 0, . O, &Y. O, BE. A, IR, v, . e, B&. IS, V&Y. B, IO , Vo. BN, V. HA,
. B35S, BE. 22, B3 I°D. 28aseoh, eI NS e:a?gée? agg €0035°H0) g5eady PM2.5
e oS SaHedon DY, SeErdSEso, Srarg. 7, So. 10, . 129, eaeéfaos. 2016.
[e398S]. eotsrezenes® esod: ht t ps://www.mdpi .comf2073-4433/7/10/129

[6] M %P3, €. 5o, X . D, B . 226, 5008050 S . SSHINocsored , OSSN ek, XG 2R
S0805» éog?ﬁf&b B3, dAh &er eHBrAod) S°BS wergdo egrdor PM2.5 oSS,
oS EE0, mwgSs. 10, So. 7, He8. 373, 23mB. 2019.

[7] 8. &, 8. oo, 3. g, 8. o, DB 3. &, "PM25 @oSTS® XG 2§ BAS B HG8
B, @HIAS: Arozn By 8O H&," VBAS dand 53O BR., TPy, 20, So. 1, Helew. 128-
138, 2020.

[8] . Soxrd LobBasw 8. @SB, "'AS BG)oh Jerre esgrdom 98 gedy dorgo (PM2.5 ) e9ocSaetd
2.8 5505, . Loy . D)., ey, 167, Helew. 2101-2110, 23558 2020.

[9] MO oSeg, Z . Heoh, K . GHrERS , B . 28, E . oS, H . eodod, A . dAS=HRS , K .
SPEENOHA)) , HoBasw J . ‘t’n&Sézs' "Ge08 @0 Jroesoes® Ry Ses SR (PM2.5 ) evoeSe Saeso:
AH0¢8 92350 DO BDBHOD 28 B Ao, 8IS dY)., Fcerga. 12, So. 6, . 914,
2020.

[10] 8. &, do. Hva®, HoBSw H&Y. &, "'Ses DTG oS S8 28 D& CNN-LSTM  IecéS
(PM2.5)," IEEE o83y, aremgSo. 8, DeSen. 26933-26940, 2020.

ISSN: 2583-9055 https://jcse.cloud/



https://jcse.cloud/

The Journal of Computational Science and Engineering (TJCSE)
ISSN 2583-9055 (Media Online)

Vol 3, No 11, Nov 2025

PP 136-145

‘q,'

»
.
e,

0 o
o, <
Y pugLicK

Digital Twin of Atmospheric Environment: Sensory Data Fusion for
High-Resolution PM2.5 Estimation and Action Policies

Recommendation
Md Khaja Pasha', Md Touseef Sumer?, . Sapna Gangrade®, Zainab Unnissa*
,! 234 Assistant professor,
Department of Electronics and Communication Engineering, Lords Institute of Engineering and
Technology, Hyderabad, Telangana.

Abstract

This study addresses the health risks posed by particulate matter smaller than 2.5 microns
(PM2.5), which can penetrate deep into the lungs and bloodstream, leading to respiratory and
cardiovascular issues. To overcome the inefficiencies and limited coverage of traditional
monitoring methods, a digital twin (DT) of the atmospheric environment is developed,
integrating remote sensing and observational data with feedback mechanisms for dynamic
representation. PM2.5 levels are estimated using an ensemble of Random Forest and Gradient
Boosting models, yielding robust predictions with high accuracy (RMSE of 38.94, R? of 0.728
within a 95% confidence interval). The predicted values inform actionable recommendations
such as cloud seeding to disperse pollutants, scheduled air filtering to reduce indoor pollution,
and public SMS alerts to encourage preventive measures during high pollution days. An
optimization problem is formulated to identify the most impactful action policies. Additionally,
the study quantitatively assesses variable contributions to PM2.5 levels, demonstrating the
potential of digital twins in enhancing environmental monitoring and management while offering
strategies to mitigate the adverse health effects of air pollution.

L. Introduction

Air pollution is one of the most pressing environmental challenges, causing significant
health risks worldwide. According to the World Health Organization (WHO), air pollution
results in 4.2 million deaths annually, and 9 out of 10 people breathe air that exceeds WHO
guideline limits. Among the various pollutants, PM2.5—particulate matter smaller than 2.5
micrometers—is particularly hazardous due to its ability to penetrate deep into the lungs, causing
severe respiratory and cardiovascular diseases. Developing effective policies for PM2.5
mitigation is vital, yet traditional ground monitoring systems are sparse, costly, and limited in
coverage, making them inadequate for timely preventive measures in many regions.

Advances in remote sensing and meteorological data modeling provide promising
alternatives for PM2.5 forecasting. Early models, such as Multiple Linear Regression (MLR),
Mixed-Effect Model (MEM), Chemical Transport Model (CTM), and Geographically Weighted
Regression (GWR), have been explored extensively. Each model has specific strengths and
weaknesses based on its application scenario. For example, MEM performs well with scarce
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data, CTM is better for global-scale predictions, and GWR excels in local settings, while MLR
has shown the weakest predictive capabilities. Incorporating auxiliary meteorological variables
and land-use data has been found crucial in enhancing model accuracy and performance.The
emergence of more sophisticated machine learning (ML) and deep learning (DL) techniques has
shifted the focus of PM2.5 estimation methods. However, practical applications and integration
of these models into broader frameworks remain underexplored. The concept of Digital Twins
(DT)—digital replicas of environments or objects with bidirectional information exchange—has
gained traction as a potential solution. In air quality control, a DT pipeline can utilize model
predictions to make informed and automated decisions, such as preventive actions. Despite its
promise, critical questions remain open regarding the implementation of DTs for PM2.5
management, paving the way for future research and development in this field

II. Literature Review:
These references encompass diverse studies in environmental health, advanced modeling

techniques, and innovative technologies. Hoek et al. (2013) reviewed long-term air pollution
exposure and its link to cardio-respiratory mortality, highlighting the variability in effects due to
population and methodological differences. Brook et al. (2010) examined the causal relationship
between particulate matter exposure and cardiovascular diseases. Lundberg and Lee (2017)
introduced SHAP for interpreting model predictions, offering consistency in feature importance.
Grieves and Vickers (2017) explored Digital Twins as virtual replicas for predicting complex
system behavior. Pylianidis et al. (2021) discussed Digital Twin applications in agriculture to
enhance system control. Ketzler et al. (2020) reviewed the role of Digital Twins in urban
planning for city management improvements. Tobias et al. (2020) analyzed air quality changes
during the COVID-19 lockdown in Barcelona, noting pollutant reductions and ozone increases.
Lastly, Lim et al. (2021) presented the Temporal Fusion Transformer for interpretable and
high-performing multi-horizon time series forecasting, applicable across datasets. This collection
reflects advancements in environmental monitoring, predictive analytics, and decision-making
frameworks.

III.  Digital Twin of the Atmospheric Environment:

A Digital Twin of the Atmospheric Environment integrates sensory data fusion and
predictive modeling to enhance the estimation of PM2.5 concentrations and provide actionable
policy recommendations. It represents a dynamic virtual replica of the physical atmospheric
system, combining remote sensing and ground-based observational data with feedback
mechanisms for real-time updates. Advanced machine learning models, such as Random Forest
and Gradient Boosting, are employed for high-resolution PM2.5 predictions, with optimization
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frameworks to identify impactful mitigation strategies. These strategies include measures like
cloud seeding, air filtering schedules, and public notifications for high-pollution days. By
incorporating sensory data, real-time interaction, and iterative improvements, the Digital Twin
creates a robust platform for monitoring and managing air quality, offering innovative solutions
to reduce pollution-related health risks

Raspberry Pi in Estimation of PM2.5:

The A Digital Twin of the Atmospheric Environment can leverage the following
components to create a robust system for PM2.5 estimation and policy recommendation. The
hardware setup includes a Raspberry Pi Pico Microcontroller connected to gas sensors (MQ2,
MQ7, MQ135) and a PM2.5 Dust Smoke Particle Sensor to monitor air quality parameters. An
OLED display provides real-time visual feedback, while a WiFi module enables wireless
communication for data transmission. A GSM module can be integrated to send alerts, such as
SMS notifications, for preventive measures during high pollution levels. The system also
includes an air valve motor for controlling air flow, and a buzzer for alarms or warnings. To
support these functionalities, the software components include programming in Embedded C and
Micro Python, alongside the Arduino IDE for development and deployment. This combination
facilitates sensory data fusion, real-time interaction, and actionable recommendations, aligning
with the dynamic and high-resolution capabilities required in the Digital Twin framework.

Iv. Proposed System
The proposed Digital Twin (DT)-based PM2.5 system integrates advanced technologies and data

fusion techniques to monitor and mitigate air pollution effectively. It begins with the collection
and fusion of remote sensing data, such as satellite imagery, and ground observational data from
air quality monitors to create a comprehensive dataset. Machine learning models like Random
Forest and Gradient Boosting are employed to estimate PM2.5 levels, enhanced by feedback
mechanisms for adjusting future input data. The trained DT model provides high-resolution
PM2.5 predictions and analyzes key variables influencing pollution. An optimization framework
is used to identify impactful action policies, such as cloud seeding to disperse pollutants, air
filtering schedules to minimize indoor pollution, and SMS notifications to inform the public
about high pollution days.

The system advances through implementation and continuous monitoring in real-world
scenarios, ensuring the effectiveness of the recommended policies. Real-time data and feedback
loops refine the DT model to improve future predictions and recommendations, while metrics
such as RMSE and R? are regularly evaluated to assess model performance. Efforts to
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incorporate new data sources and algorithms aim to enhance the system's accuracy and reliability
further. This holistic approach highlights the potential of DT technology in addressing PM2.5
pollution challenges and offers a dynamic solution for protecting human health and improving air
quality across regions.

V. Block Diagram

I Power Supply I

~L 3

PM2.5 Sensor OLED

WIFI Module

MOQ2 Sensor

MQ7 Sensor Adr Valve Motor

Buzzer

=
=]

Raspberry Pi pico | Gont viodwie
=]
=]

R

MQ135 Sensor

Block diagram of Digital Twin of Atmospheric Environment

Raspberry Pi Pico Microcontroller:
The Raspberry Pi Pico is a microcontroller board based on the Raspberry Pi RP2040

microcontroller chip. Like Raspberry Pi computers, Raspberry Pi Pico features a pin header with
40 connections, along with a new debug connection enabling you to analyze your programs
directly from another computer (typically by connecting it directly to the GPIO pins on a
Raspberry Pi). Raspberry Pi Pico is a brand new, low-cost, yet highly flexible development board
designed around a custom-built RP2040 microcontroller chip designed by Raspberry Pi.
Raspberry Pi Pico — ‘Pico’ for short — features a dual-core Cortex-MO+ processor (the most
energy-efficient Arm processor available), 264kb of SRAM, 2MB of flash storage, USB 1.1 with
device and host support, and a wide range of flexible I/O options.

Features of Raspberry Pi Pico:

. 21 mm x 51 mm form factor
. RP2040 microcontroller chip designed by Raspberry Pi in the UK
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. Dual-core Arm Cortex-MO0+ processor, flexible clock running up to 133 MHz
. 264KB on-chip SRAM
. 2MB on-board QSPI Flash
. 26 multifunction GPIO pins, including 3 analog inputs
. 2 x UART, 2 x SPI controllers, 2 x I12C controllers, 16 x PWM channels
. 1 x USB 1.1 controller and PHY, with host and device support
. 8 x Programmable 1/O (PIO) state machines for custom peripheral support
. Supported input power 1.8-5.5V DC
. Operating temperature -20°C to +85°C
. Castellated module allows soldering direct to carrier boards
. Drag-and-drop programming using mass storage over USB
. Low-power sleep and dormant modes
. Accurate on-chip clock
. Temperature sensor
. Accelerated integer and floating-point libraries on-chip

Raspberry Pi Pico Pin Description:
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NESE EESEIRES

ssssss

v + =¥ = [UarTo moc |
EESES= ST ] ] X [EEEETre ISERES

Fig- Raspberry Pi Pico Pinout

GAS SENSOR

A gas detector is a device which detects the presence of various gases within an area,
usually as part of a safety system. This type of equipment is used to detect a gas leak and
interface with a control system so a process can be automatically shut down. A gas detector can
also sound an alarm to operators in the area where the leak is occurring, giving them the
opportunity to leave the area. This type of device is important because there are many gases that
can be harmful to organic life, such as humans or animals.
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Fig -: Gas Sensor

FEATURES
e High sensitivity to LPG, natural gas, town gas.
e Small sensitivity to alcohol, smoke.
e Fast response.
e Stable and long life.
e Simple drive circuit.
OLED (Organic Light Emitting Diodes):

OLED (Organic Light Emitting Diodes) is a flat light emitting technology, made by
placing a series of organic thin films between two conductors. When electrical current is applied,
a bright light is emitted. OLEDs are emissive displays that do not require a backlight and so are
thinner and more efficient than LCD displays (which do require a white backlight). OLED
displays are not just thin and efficient - they provide the best image quality ever and they can
also be made transparent, flexible, foldable and even rollable and stretchable in the future.
OLEDs represent the future of display technology

Fig: OLED Module

PM2.5 Sensor Module

PM2.5 Dust Smoke Sensor Module GP2Y1010AUOF is an optical air quality sensor,
designed to sense dust particles. It is capable of detecting fine particle larger than 0.8um in
diameter, even like the cigarette smoke. An infrared emitting diode and a phototransistor are
diagonally arranged into this device, to allow it to detect the reflected light of dust in air. It is
especially effective in detecting very fine particles like cigarette smoke, and is commonly used in
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air purifier systems. Analog voltage output of the sensor is linear with dust density. The module
has embedded voltage boost circuit to support wide range of power supply.

Fig 4.20: PM2.5 Sensor Module

V. Schematic Diagram

VI Result

TR1

Hardware Kit When in ON condition

The successful development of the Digital Twin system for PM2.5 estimation and
action policies resulted in the following:
1. High-Resolution PM2.5 Monitoring:
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The system accurately detected PM2.5 and other air pollutants using sensors (MQ2, MQ7,
MQ135, and PM2.5 Dust Particle Sensor). Enabled real-time monitoring of air quality with high
precision.

2. Sensory Data Fusion:

Integrated multiple sensors for comprehensive data collection on pollutants like CO, NO2, and
PM2.5.

Used sensory data fusion to recommend actionable policies based on pollutant levels.

3. Efficient Data Processing:

The Raspberry Pi Pico microcontroller processed sensory inputs in real time to estimate pollution
trends.

Software (Embedded C, Micro Python, Arduino IDE) ensured seamless data handling and
system control.

4. Stable Connectivity:

The Wi-Fi and GSM modules maintained robust communication with cloud platforms, enabling
dynamic updates.
5. Interactive Feedback Mechanism:

The OLED display showcased pollutant levels and system status for immediate feedback.
The buzzer alerted users during critical pollution levels.
6. Adaptive Control Features:

Implemented an air valve motor to regulate airflow based on sensor inputs, improving air quality.
Recommended actionable policies dynamically, ensuring effective interventions.
7. Scalability and Expansion Potential:

The system design supports the addition of new sensors and modules to monitor more pollutants
or expand functionalities.

8. Energy Efficiency:

Operated with low power consumption, leveraging an efficient power supply design.

9. Policy Decision Support:

Generated high-resolution air pollution maps and analytics to assist policymakers in creating
evidence-based action plans.

Alignment of Sustainable Development Goals (SDG’s)

SDG 3: Good Health and Well-being

1. Tracks PM2.5 levels to identify pollution hotspots and reduce health risks.
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2. Uses data to predict health trends and improve preventive care.
3. Raises public awareness for safer outdoor activities
SDG 11: Sustainable Cities and Communities

1. Helps design eco-friendly urban spaces using air quality data.
2. Provides insights for traffic and industrial emission control.
3. Enhances city readiness for pollution-related emergencies
SDG 13: Climate Action

1. Supports policy-making to cut pollution and carbon emissions.
2. Guides clean energy shifts based on air quality insights.

3. Promotes collaboration for integrated pollution control.

VIII. Future Scope:

1. Advanced Data Integration

2. Al-Powered Analytics

3. Comprehensive Environmental Modeling .
4. Localized Interventions

5. Smart Cities Integration
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