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Abstract:

The problem of the environmental pollution is more and more serious in our country. The
importance of air pollution has long been known. Air pollution control is the key to the
atmospheric environment monitoring and analysis, which is the analysis of pollution source and
atmospheric diffusion conditions. The difficulty of today's environmental protection department
of forensics work lies in the law enforcement process. This paper puts forward a kind of PM2.5
real-time monitoring system based on multiple rotor unmanned aircraft. The system consists of
four shaft aircraft carrying PM2.5 particles optical monitoring sensors, whose routes are
according to certain measuring path for data acquisition. It also support real-time data on the
radio. The average sample points estimate the space of a particular plane pollution situation.

With image processing technology, the computer can draw 3D models to facilitate subsequent



analysis. It is very convenient that the department use this system for pollution evidence
collection. The UAV like quadrotor can accurately fly to the target in specific height. According
to various atmospheric conditions combined with the local weather conditions, the results can
analyze the pollutant diffusion conditions. According to the shape of the pollution area, the
results can analyze the pollutant’s spread direction. According to the situation of gradual change
color, the results can analyze its spread time. This system can provides a rich source of data. At
the same time, through the understanding of the distribution of the pollutant, planning urban
roads and buildings can be more scientific.

Key words: Quadrotor, PM2.5 monitoring, Pollution source, Atmospheric pollution model



B i
2N 1o v o =T v i
T R 1
R by 5 3
2. R 3
2.2 M A . 5
2.3 B TR . 8
2.3 B R . 8

2.3.2 E A R . 9

233 BUBEM T . 11

T 13
B R . 15



AEEFUEHUR AR~ Tm “BIb” 242 ARBHEAE ST 2 S T

PRBEIS G Ia B IR AT S A2 X5 S 0 I 7 M AR, T BN IR B ORI BE SR S i
FIERF ARG L 2015 XIS (BT ) (B 1-1), 7 A SEEH R ) 8 2 ]
AU “ F 5 MIIRELOR ? 7o A XA AN IR, S AT 3R R LR N S AR AL i
—ZXNEAE (& 1-2) FRA TR, TAENREA T A 2 KEEEHTA . KL, &
FUERE, BEHA AR RS TS R

1-1

A 1-2



AEEFUEHUR AR~ Tm “BIb” 242 ARBHEAE ST 2 S T

SR, BUA I 5 Tk B BRI T RS G AR DL, % Hdi 1K
ERBONH—, HAZJhAIE MR € KT Sl A2 N, RN LA B
A AT Z R I T SR RO RiE 3. RIS, TR RE RN EHEE
FRISAR AT Bl R 5, (H S PR M 175 D0 TE ik 2t R S LK S5 B 73 J2 RO o B4, 3
A A OR = R 4 [ v 3 5 TE AWUEEAT 2 5 Tl 052 3 [ e 3 KL EEI PR AT REA
RAHF BRI Z]

FEIA OIS I L A b, HHES A H EBOE 2 — MR EZE AT . fELE
I (B R sk, BRI AETS Gedblh R R B HGIE ot i 2252 21 1 5 Fp 1%
WA TP AR R A SO iR 1 55 58 Ml 2 8, A N B AE SRS Al AN R0 TG
GO0 T BEAT IR S, ANDUME T ERHAMER, RN EREE, Ao mPlRE N 2
FIE . HE AV AERT RN AN GRS 5 P TS Gl &5 i L



AEEFUEHUR AR~ Tm “BIb” 242 ARBHEAE ST 2 S T

= MEFEEGE
2.1 REG5H

I B3R ARA R T ANLEEAT V5 B i S ], DRI RATT /5 25X AT R
LT H S T 2-1 Bros i R GHER

Himass

EFEEE
1440mmz

X i
BEEEEs
LB SEPixHawk &S
433MHz B S ST
A5
HEFUEELFH
HIEREANS &
=y

HErD

EFMissionPlanner.
HTA /7215

W, BETHTFE
E=giEEa

A 2-1
AP A& ¥) PM2.5 SR I 28 48 32 2 el DU S0 ARG, H A UGS 73 32 ZON HTRA E
FREER VYR ATE-F 6 o 26 R X PR RAT A, LAy 650mm, R4z
i 1440mm, RUEECKITI T, S1718853 R T PEIE 4ov RALAC & 47 20a L. 4=
LA R YRS R L OREE | RGTIRRE L. REGHLZEHR 7> I 2-2.



AEEFUEHUR AR~ Tm “BIb” 242 ARBHEAE ST 2 S T

& 2-2

HLE R 23 B T TR PixHawk WARFEATRE B ANkl 2-3), XHAEAN TET
AT R RN UFEFT o PixHawk $HER 22T Nuttx IR ERAE R 4,
i uORB MMM HEAT BHE AT H, SEVFISAT BRIZE T RIS =77 APP. EZ fEM AR RIS,
SR T BEUR AR S5HINS =05 APP B R VAT RS, AR T M
%, BORESF HAE TR 5B, FEMEREGKH 72 GP2Y1051AU0F, H T{FJ5H!

AL FLAR P PR ZL A M DN s LR 2= JORE 0008 £ A/ R 5 1 0 R U e P25
FORL & B, FRZBUEIE T AD AR TR R O, B RES N LEMEXS S
SME I 2-4.



’ 2-3

(Ta=25%C, Vcec=5V

H Evsmel | i /Condition | MIN P NAX w_ﬁ
/Unit
R D (%1,2) 0.03 2.5 = ™
v/
H i K (%1,2) 0.20 0.35 0.50
(0. 1ng/m)
FELETH L E AvVo (3%1,2) 0 — - v
/Vee=5.0V | 4.6 - v v
HH o |EiF/ee =
{€HF/Vee=5.0V | 0.3 - 0.8 v
HLHE Iee Vee=5. 0V - 17 20 mA

KU LREREA T HFHAEMN CRRCZEBRITL ()) ® P-5L2) ,
TR U 2 0 A1 55 A TR BE M
+ KR EEKRE K T8 A R EEO. Img/m' 25 (L 8 s th ol FE 28 L AT AR 49,

2-4
2.2 b

KRG 5L T MissionPlanner JFIEHBIEAT BOFT W 6, BB RS, =
AERRBALERE, & 2-5 R 1z it AR T RE, R AR AR IR, MR A o
e K% A MPUB050 — Al sk B2 T SN [l 4% (0 et o 2 o e i, AR



AEEFUEHTR AR~ Tm B 242 ARBHEAE T3S TR

=]z

M

L2 Ros 2 HT GPS St i, BT RENAES . K 2-6 o) il i i il i
R4 B AT E TR Th REE S -

& 2-6
AR, A% T AR A 70 R 2 ) B S R4 JE AL BR AR 23, AR S B
AILTAEIN T — D2 E D, sl e R R =B A T, i 2-7. EH ok
DU E A 2 = e AR 2RI (BRERTD, AR E T A AT S HOE T, #e 7 ik +
ANF AR e X-Y IR, Y-Z P, X-Z P HARik R AN [F o 77 2. P,
LI, KA. RORUA 2-8,2-9 k.



AEEFUEHTR AR~ Tm B 242 ARBHEAE T3S TR

M
s

=5 %
o ————
x V—

A 2-9



AEEFUEHUR AR~ Tm “BIb” 242 ARBHEAE ST 2 S T

2.3 HiAER
2.3.1 EEWIE

ARSTHE ) DU At B3 58 AT BRI B A BRI PR AN 2 SR B R B iE . /T SC
CLARUR T ESNIE . IR R I 2 6 A Rl T S FR B AR TArp i B, (AR
AR A 1% TT AT B # SR AE, R D5 AT 280647 330l &2 F @B — 7k 2
LR, FH TR

TRYE LI 7rHr,  WRNE I (IR BN 2 A% J 25 o BBl A S B — e AR ST I s . Gl i 25
AN T SCER B RE, 2B T ARR T DY ARATL B ~F 11 ) 0 AT 1 Ol K B
2-10 ffR. B4R, A0 RTENURIFLAE hO 5 G IR B, 2 EBH RS A P AT BT
7 R PR A o S PR R & A iR S R (B SRS O, &RE
x5 55 5 AL AR AT B AENUATAT B2 7 ) i e i B oK, il 2-2 o

II ?‘ELE

& 2-10

0%, ACH PRS- R BeE RO BAR RS R i DX, N T E BT
VUi 2 a AT X 55 58 P AR BT, 7R BB I SES, B DI EAE B KRB AT SR ZE T L -

SR, RO SR B R EER R RGP XS, REE. B, A T AR
S5

SEIA: FERTER 20 K, RN 2 48, ITATHE 40% Gt AT FESE A 258D .
I 100 ZHEHE . & 2-10 AL EHUS .

SPHRA: TER—A7 &, HbmmilaE 100 G B 2-11 i .

vy

K&

H'ﬂﬁ-H

T

_L.-'ll

ﬂ .




AEEFUEHUR AR~ Tm “BIb” 242 ARBHEAE ST 2 S T

4] Figure 1 - 0
MR REE =BV BAD IEM =AED s00)  EEiH) ¥
Ddde | | ANODE«- |0 | el

200

180 |
160 7
140 |
120}
100 _-+l-.-.'-.-|..-‘.., fatea
B0 |
60 |
40}

20

0

0 10 20 30 40 50 60 70 80 90 100

& 2-11
VSRR A, MRS S A IEE — i MO0, A R TR AR
A SEBE A, RO NE T Bt E kiR . L 2 ORI AT,
UHIRZE E Tt R0 R GIRZE, AN BT TR BENLIR S . it o P55
B, KBHE T RARIREIAAD, ROLLT R B R oo T B AT A2 1
L = PM2.5 BUE + BURIE) (RE%E) + AT (HbLiRE)

2.3.2 SHILR AR

MR, FERWELE GPS &4 =M PM2.5 18, WK 2-12 fix. B4 GPS &
PR B BT XY ARER R, BT P PM2.5 45040 0] DI S50 A1, TSR R B
B, R AR 1) st R At A MR A A T AR ) it R



AEEFUEHTR AR~ Tm B 242 ARBHEAE T3S TR

N
g

BE EE e PNZ. 5iFRE
20, 03922 39, 0789 116. 3395 162. 4362
20, 0BS5S 39, 9789 116. 3395 161, 785
20. 01712 39. 97889 116. 3394 167. 4755

20, OTOR 39. 9TBER 116. 3393 174. 3962
20. 00318 39. 97888 116. 3393 165. 1058
20. 02TAY 39. 978ES 116. 3393 168. 779
20, 00462 39, 9TEES 116. 3393 163. 3572
20. 00971 39. 97888 116. 3393 171. 269
20, 08235 30. 9TEES 116. 3393 163. 8264
20, 06948 39, 0789 116. 3393 167. 58094
20. 03171 39. 9789 116. 3393 170. 4862
20, 09502 39, 9789 116. 3393 173. 3635
20. 00344 39. 97891 116. 3393 174. 3894

& 2-12
AL bR A GPS AARE I R T AR R 7 VAN L BR 2 T AL AR CRRER T D 46 1)~ 1 _E,

BTV AL S RTS8 I BOH AR IR h P AR N B H K
JEARRNIRIE R N BRI AT, Whie BB B k720 5 JRiE 58 RO BEE A
JA R, TR AR AR x BT, FRIE BRGNS y Bl A R T T B T
HEAAPR R mil-ve S AE KA ERRAR N, hREL LR, JHhRs
LI AT NS, RIVIEEHIN, ZIWEK AR W N ARER . % E& %/
M BRAF R TRl 7 Jle o 4R BT, 3 s R R b BR K B AR TR K e AR Vs FEAR R G
&% 3 B, RIFrE=E MR, PR JG I —HEHE, 1E Matlab H DAHUAE
NUTE 2-13.

4] Figure 1 = &=
R REE ZFEV) BEA) IEM =ED) #O0W  EEH) B
ODdde RGO RA- 2 08H ad

700
600
500
400
300
200

100

=

B EATERXY AT

0 101 200 300 400 500 600 700

A 2-13

10



AEEFUEHUR AR~ Tm “BIb” 242 ARBHEAE ST 2 S T

2.3.3 EMIHE

FRATT I B A MV AR 23 Ay S RSB PR, JE SRRV Je st $ods #E47 R 5, 1
JeE AT R AL BEAIRE R 22 ], SERF ARV A2 PRSI [RIN 5E i, (HZ IR TIA TR E.,
FCLI ARV PR A T AR (RTE IR AR TR T 20, B A 38 1) A TR AR AT )

FEARSEI B, B, X SRR B T A B 2 AT =4 h 2 S, RINEEE 7 A K
BRSO KW X IHEAT T o B, RN R B 2-14 FoR, AN X HR
KAE RHAR AT T HEE T, RIS A R BEUIR M G A A . FARE AR XA R
FE RS B ANEEE AN, AU P B0 R A XA oty P ad e 40 A T
IR FASUAR P PR A7 B RT3 (B R B 7 T AN DX B PR B A A, @ R 2 1P 18

v
— =) wor ram
e L y - g = Zas
v & TREe = P TN )
25 =1 & ma & wesam Grair s
; e
3

Q

=
. = T
% P & EERTRE
apeegan o o
) REROME = RATE fmrsoam &
S 2L o & 7P~ 7 Y Pl
! R S % ' AN
— 4 N ) ° - 0% ~ c
& & &y Aokm
i iy S MR & @ B—
1 i
r:!—uh'n‘. F1a ST a0 G I

2-14

I A B A, AT B R X B o A, X XS X &
7 RS, IATRA T 2 sl frididad 2 S AUE F 0 2 8] AL B R BRI A
MR, AP B T SEPE . 0 T XCHRORTG s DX sk, JRATTA A A A A ) v 37 7 s
KRIHAZ A TE, RS ESE . A ARE AR E, B RIXIEAN KRR E#HE
E S BATE] 7RSI R EL PM2.5 AT R, ST XY T AR A5 R a0 K
2-15 fizn . I i SRAE X 3k PM2.5 iR EE A .

R AN B ECR A R ST T D7 VA RN B b S DB (B, AT DAFR R 8 1518
P75 . PR BIHCR TR AT i — NI AR, AT AT B ) B B T
77 Al . T7 RS HEE R AR BT A 2 T — AR X 45 R 2 RGN S . X1

11



AEEFUEHUR AR~ Tm “BIb” 242 ARBHEAE ST 2 S T

—MNBERITT IR, BOL IR R € — N EGR REARETL XF— MU R, L
H R Sy Fo4s 45 Bl

TR R 4l R 25 F — ANRe € 2l = BB S 18 R 7 KR S s B0 A ) 1%
2 AR T B S BB e TS MR S R, B BRI B, BT
HPEBMET 1.0 H PRS- MEMLE R EEN, 20N RgEs TSk
1.0 FIRLE, Fraleiilsgdss 7 — LN 0.0 MRE. #52, 4 mgdia

S 434.7

2-15

12



AEEFUEHUR AR~ Tm “BIb” 242 ARBHEAE ST 2 S T

ZHie

I 3-1 2 PURIAE LT 20 K 2 SIS RTRALA, AR J5/INE A 9 S A& [l
AR ER G . Wi 3-2 Froa udbiiiRky 20 KRR % E 2 koL, AL SITEpT#H
Y B B oy WIS GRS SR RS

& 3-2
IR, AEWURAZASE XA AT SR, AT DO 12 o )7 5 B AT (R
Vs o i, &M T IRER T IR E A R A B BGIE, IR TR, 7RI B ARSI

13



AEEFUEHUR AR~ Tm “BIb” 242 ARBHEAE ST 2 S T

SIS FTR, Nl 3-3 fras, B bREE AT WAL GRS G RO, AT s T RAXS
15 GLURBEAT AR R 2 L AT, RIS 45 & 3t R O, o] RIS el i Dk A7 04
RIS AR, AT LA B L B 7 s RGBT AR (5 DL, w] LA Hed ik
IR IR] o RGBS 15 BB T /S o0 A s AN Al oy, DRI RO R Y DU i 9 2 s 0 e 2
SRR A ORI TS & BRI (RIS , S5 W A i DL 1 A
AE SE IR AR T 8 B S, RIS AR TS A B S, R T i i
PRI RSB AT T RS 27 R S s e i B 3K AROR B Sl iy (K E 2 e Tl 22—
ARG RIS 3-4 oo

BFent 0%

e S ol

- S N
St =
. ";\.\Co\‘\\_ O W

14

o



AEEFUEHUR AR~ Tm “BIb” 242 ARBHEAE ST 2 S T

S 3Rk

[1] WH%/R (Nagel.C) CHEIZgmfR[3E]. bR IS ik, 2008 4F.
[2] BT WEERAR H e 1) W s I I B AR, RHb I & S5 Bk 3)) 7727, 2010 4F,2 #

15



