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Abstract: [ Objective 1 Forest fires are endangering natural resources, economic development and human
security. Smoke is an early significant feature of forest fire, which can be used as an effective monitoring object of
forest fire. The purpose of this study is to promote the intelligent identification of forest fireworks, build a
comprehensive forest fire management platform, and achieve rapid and efficient early warning and monitoring.

[ Method 1 In this study, the identification characteristics in the early stage of forest fire were adopted, and the

pain demand of forest fireworks business was analyzed from multiple angles. The imaging ability test, monitoring
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range and positioning ability test, protective performance test and test, and intelligent identification ability test of
forest fireworks were carried out for forest fire monitoring equipment. Among them, the intelligent recognition
ability of forest fire video sensing equipment such as forest fire prevention professional Al camera and high-
precision table is tested, and the recognition ability of different cigarette lighting distances and ignition distances
and the off-line fire recognition ability are measured respectively; Through the mode of "infrared coordinate
mapping+visible light aided discrimination" and multi-spectral algorithm, a composite deployment structure is
established to build a comprehensive forest fire prevention management platform. [ Result ] In this study,
millions of pyrotechnic image samples and non-pyrotechnic sample data were accumulated, and the visible light
fire sample database and thermal imaging data sample database were constructed. By adopting advanced front-end
smoke identification algorithm and edge-end filtering algorithm, the missing rate of intelligent identification of
forest fire smoke is less than one thousandth, and the false alarm rate is less than two times per ten thousand hectares
per day. With the characteristics of intelligent identification and multi-terminal combination, the integrated
management platform of forest fire prevention can effectively achieve the monitoring and early warning of forest
fires and guide the fire brigade to rescue the fire in time. [ Conclusion 1 Under the guidance of dual-spectrum
technology, the rationalization and efficient application of forest fireworks detection equipment in early warning
and monitoring practice can reduce the rate of missing report and false report of forest fires and meet the pain point
demand of forest fireworks business.

Key words: Smart forestry; Forest fire; Smoke recognition; Bispectrum; Early warning monitoring.
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AMAE N DAT D HAR TR, REZENMMAESRSG, 7 “HBRZM” 1362 Naderpour et al.,
2021). EERARMK KPR KIS HAEITLEFE IO R, MRCE B B E R0 B (E2h5, 2022) o #x#k
KR RRMAES RGA T B R, AR S5 A1 38 52 31 2.2 520 (Kyungil et al., 2023; Ramalho
et al., 2024). FRIRKHKE) “FRRMEDR KRG AIESTEAR, IR R” SE4FE, ST M E PR S
VSR F A 2 R BE R (R ICAESE, 2024). BEAN, BRAR R 27 KR R = SRR ERTREY), AT S 2
4 BRARNE( Kandasamy et al., 2023). (KM, FRMKRAEALDS. U NFAEHEETTHM R 1 7208 1Pk
( Sarkar et al., 2024),

NI KRR PR KES), S R AR K R b 2 #( Wei et al., 2024). I
IR KRR RN TR TR ARRE M TE AN, 205NN 2555 (Noureddine et
al., 2023; Adisorn et al., 2023; Momeni et al., 2024; Giannakidou et al., 2024). &4t )FRMK K o Wil 75
%, AEEEAE S ARG, YA/ R IR 5 R IR 1 (Sahoo et al., 2021). TEAK KT &, 4R
FRN TR RESRBLKC R IR SN HOR @A #( R M et al,, 2023). THEAL. R, BOGKN. Hi&
THAE AN TR UG S5 S B BOR S a1 I DU K R BE /) (Alkhatib et al., 2021). AR IR 73y K Jekar il
HUHZ AT, Horbr, RS R ARAR K R IR, BE 75 AEA DROd AR U BRI O TRk B 2 2
REZM( LI R et al., 2024). B SIBERLERA K RINZE 5 JHEFRAER SR KR 54K R BUR 1) 7
K KRTHERER PR T RS0 HKIEH (EWES, 2023) .

R KCTRMH F B0 B AR IN T7 25 oA K DT 7 ) = A 40 (- Sheng et al., 2023). AT R 22
FIAE KR EUG R AR 57 SR L R K RIEMR SRR FEM L K GBI R RN Sk S, BT IR
22 ST KR AMH AR T WF S AT # (Wang et al., 2023; K. A .,2023; Zheng et al., 2024 ). [Epr L, %Fxf
AR BUG R BT FERR, fE8CE BRI R 0 BT 35 (B 58, 2023) o BR3E [ RAEX
— AR FEECIRN, 5N EOR BAT BN B IR (Ts. et al., 2024;  Shamta and Demi
r, 2024). HA1, Joseph ZE4E Hi 1 Yolo FRFIEVEAEARM K G Il A i S H B A2 BB & L ( Nguyen
et al., 2022). Saydirasulovich % (2023) #2&H 7 —MEXT AN (UAV) EURIEE E il 1935 58278 YOLOv
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8 ALY, DAFE Ik B2 o 1 b B AR 2 Ut e A A, (R R K S R e T A R (B —
N9&E 2023; EIESE, 2023; fil Jh#E%F, 2023). Chen %% (2023) & GS-YOLOVS $#2H 7— M4z &4t
R K IR Z IR T8, DL Super-SPPF Z5 4 FEAIK 1 iRIREAITF B B, Liang & (2023) & —
PR T8 73 HR 2 E A VIIRS MR I ARAR K 9 I Z BRI 732, REE AT Rt 43 IS 43 1% 22 18 IR U P R 5
B3 . Han %5 (2024) 5| N7 —Fl N FH 2 AN ER 23 8] 1 E G ROIMBCRFAE k& (038 S0 817753847 K 9 i
ZR

FH 00 55 A SRR R IR 5 55, B AR K T 55 TR 7 VA8 TR0 7 T PR 8 2 R AE i 2R A R4
o LLAMCHTH AR A AR KGR s b g AT R U ) B T R (fh 5 15, 2017; Haeri et al.,, 202
4), ZICHEHE AR TR IR K X385 B T EORTTR (RS, 2024) o AR “4L
HPAL BRI +R] WOGEEB RN 7 R, S5A ROGIS SRR AR R R /N 2%, 385 22 2 HI T FRAI 1 00 KGR
AR AR, FFTER T TR KR A& B & — MR .

2 MRS TR

2.1 KB SRS KA

AR A BRI ARELE 5, 08 KA AR KT BUR IR, LE KR R BURZE 5 9 RS
(Zhan et al.,2022). F:TFRM KGR K AER KIG S B SFHE (Pang et al.,2023), S wERicks il
55 RSB S 55 R AR X3, X6 i A AR AR K e LB [) L Rl ARAR K R IR () B RR B N B 2 (]
Do TERMME KGN A, KAF VLA ] BRI RE A R R At 5 0 A2 A ] Bl p) 2 A
FRMMH KA B2 8 AT W JGR AN T, 26 W R B4, WS RBRMIE KA S, fE
TN ARMRE RS RERTH, Sk FE AT o8 IR B AR KR

Bl 1 HRMARFAIESE  BOFHE

Fig.1 Characteristics of flame and smoke in forest fires

2.1.1 KR 3] 6 e

ARMKIBETER LG 30 2080 N, AR ARBE AN KETCVE T INK, HEeS L ARbot. vk Iasbeh
W5 K AR LR TEvE AR, B R K B R R B K1 (Azlan et al.,2024). {HihZR KM S
PR, XELLRE, WS IR T B AR, R E R IR EEFE (Sun et al.,2023). KETR
BUARAR KR, BENE SRR 5 FE F AR KO AR A4S R G ) LR RBAR, e/ Vi 7 AR P& B (Lucas-Borj
a et al.,2018),

21.2 KI5iR A 3B

AMARDTEREI 2, HoE T RGPS 75 200 2 12 3km. 10km $£ 2 15km A2 TETR 2 &0t
(AM et al.,2021). ZR1T, #RAZ b T PE 20 3k 3 J5 P R ) PR S 2 el e J, A PR 11 1) el 2 5 3
RARNER R0,  EAPRE BRI 2 (Barmpoutis et al.,2020). ZL4MEME 50 W% 1 R 517
78 PF B AR I MR RN PR AR R OR R E ZL/E A (Shang et al.,2024), E1H3C5E (2022) 5K
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T maPeR AN WG EE, BERE TSGR EG R, HEshR] oG G E g —
Wo ZE L, WTOEIR T B KR R BT
2.1.3 KAFIR 3] A5 B

FERRMR K G IR W M A0k, SIEIARAR K R 1) ks BE RT3 4R 2 — AN BRI HMERE. (Qian et al.,2023)
R CGRARBT JA 45 R EAR TG LY/T 2581—2016) FK, KIERIFIREAKT 1%: FHAWH
RIREBA KT 3. BmWFFEar s, ol WOe i JORBIN ZAE B R0LIEE . . F. = B, ek, WL
SRANER R G RR (Ciprian-Sanchez et al.,2021). ZLAMEA KRB A FOTIERE IR KA TR
PEERAIRR (S. M et al.,2023).

2.2 MR BREEE

HHT, TR A 1) R R i ] 22 R AE AR AR (LA G 4% 3R 4 © oA DA RS 7 v 1 63 B AR
BA AT, #E 58, BRCEm %R 5 (Huang et al.,2023). HINLSHEEE . TLANIEBCAH S8
E S I AR bR K R M 55 B —2 (Zhang et al.,2020; Ye et al.,2022). 5455 F 1E 6 (1) WA % T HL 7 fi i
SRAFIE AT WL % BIE (Zhan et al.,2022) AR A T #RMEBT KTk AT SAEHLA S RE FEBR & (B 2D,
PASCREAR KA1 R EL o

310

500

A

B2 HENLE A KEES
Fig.2 High precision bi-spectral Al spherical turntable
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BORIAR USRI H I, L T T R AMR KN A A Bt e 5t [l ), SR IE SRR AS R )l
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Tab. 1 Difference between pan-tilt monitoring and turntable monitoring
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HEEES . 3D AL AEIbR T EARR . K A ZR AT RE, BAARE R R, R thlr. R
TR IR A, HOSORL AT, BB A SCRAIERIA, BAREMIEARE (R 2). BREIEICT Tolkgk
CMOS 1&I&es, MG LA, ToiRs, W 7R, BRI shas /N BRSO
T, H 400 o MR BRI IS B B BUAR RE T SCRFALAMELLAR £, AR IE .

R 2 300 RIFERESH

Tab.2 Equipment parameters of 300 series turntable

ey i B
Project Parameter
B85 2% Htr: IP6T/EA:: 1P66
ki % IR 3538
NN ®310(mm) X 500(mm)
B <20kg
S EAE| 360° LT
IR KPR E: 0.01° /s -60° /s, HEE
KFTEEE: 60° /s
TEE M +90~-90°
T TFEBEEEE: 0.01° /s -40° /s, HEFH
T TEHEE: 40° /s
HE BRI 0.033°
iR e 2048
Al W KEG R 1920 1080
PG KGR 768X 576
EIRW s =I5 LUiES 50Hz: 25fps (1920 1080)

60Hz: 30fps (1920>1080)
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Fig.3 Test content of forest fire video monitoring equipment

BT FERRAR K IR TSI 5 R0, Rl B i K Rk FUE I AE I 2, 2 A A iR A BORMERE (Hu e
t al.,2022) 0 AIMAE R AR RGEREA MK A SR RIRE Sy, I HE & AT el K A iR 5 52
HEAT 24 h AR REMBEAROIIES . $H. T o B, R WECSRENER R I RIS T
.

Titk: A Z IR AR AT BB B 8. ERIREK S, RIS IT AR (], ERE I 18] Y 78 B X
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FHFRABIGIE, R
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Tab.3 Fire and smoke identification ability test
Frs T A 25 RUKEEIR ﬁz%& o PR T A R IR
1 RUWPEES 3km 5km Bk VB —4 6 MR SRR 20 43k
2 it VB —4 6 MR SRR 20 434l
3 Bk VB —4 6 MR SRR 20 434l
4 A VB —4 6 MR 2R 20 434l
5 B 25 5 —4H 6 MUFIS RUR 20 434
6 mEEEES Sk 8km R JHZ — 4 8 MFIS fIR 20 435
7 Pt iy 55 5 — 20 8 MUAIT mikA 20 43
8 B JHZ —4H 8 MUFIS fIR 20 435
9 % VB —4 8 MR SR 20 43k
10 i VB — 41 8 MR SR 20 434k
11 AUKHER 3km 5km i 1 At KRR 2m® 3m? 20 434
12 L Pt At KRR 2m® 3m? 20 434k
13 H=R ARAF KA 2m? ™ 3m? 20 43
14 I AHt KA 2m? "~ 3m? 20 434k
15 PRIk ARAF KA 2m? ™ 3m? 20 43
16 AUKHER Skm"8km R KAt KR 3m? ™ 4m? 20 435
17 B AHt KT 3w 42 20 434
18 B=H AHt KT 3w 42 20 43
19 EAU S AHt KT 3me 42 20 434
20 AR AHt KT 3w 42 20 434
21 A Hk ] —4H 8 MRS fIR 20 435
A€ /313 5km”8km
22 -t o3 ] —4H 8 MRS fIR 20 435
23 W= ] —4H 8 MRS fIR 20 435
24 EliE i —4H 8 MRS miR 20 434
25 Hhk TR 5 —4H 8 MRS miR 20 434
B2 AR
26 Bt Sl Gl B AH KR 3w~ 4n? 20 43
27 ol At KIHAR 3m? ™ 4m? 20 434
28 E o i At KIHAR 3m? ™ 4m? 20 434
29 EAU S AHt KT 3w ™42 20 43k
30 B At KIHAR 3m? ™ 4m? 20 434

e AR TR R B K BT AR R R .

3 ARMPIK LA EH B
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Fig.4 Overall platform architecture
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Fig.5 Platform deployment mode
FHLIm AR KER G E B RS App, BLFEARMBT KBS &5 . BRE 20| KR E AL AL B 45
EHI TS RS R, BA RIFH 5 FITERI AT SEE . App & T Android 5.0 & UL ERRA R4
BFHL, IR R HPTAREG & EE RS, RE S 25 0 RIER G I AR, Bk & 24T 1 £E
BAE. BEITR, PR EEERIE. LA, App BEWSSERER S E. KIEHIA. KA EMEFTIRE (B 6).
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o IR RENER G
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Fig.6 The interface of mobile phone and the interface of computer.

L0 i FR) R PR B K S5 5 8 PR R G LA R e 20 W i Tl e, JLAR A T 100 ARMR I o5 4, SCHE 5 K E))
BRI I HSCR AR 0 TP R ), PRI BRSNS
REENL S RS E BT ERIBIEERELRRE, M5BT EEFRIANZ IRIE, Sl KIEELE,
KR E B HENFRFE AN BOF R gkt (& D).

© BRI GESIRIBEFRL 000000 o B i
=

man s

B 7 RExEEERESHLE
Fig.7 Processing of new alarm information by the system.

RGN “ LA+ ] LG BRI B, XS oEIE L A RS 4T B AU P R AT

PACAEEE, JEFHURMTRE S HR, RE i ERIRNE 3T £ % S HUEEsE . JEHBOR. frfiiik
REEZTMUACTE, S AR KR R TR L

3.3 MARAEEME

R M S5 UG BAATAR HMEAE SR 2 rh 58 Uaii# (Li et all,2022). FRMEG Tz, Wif. 5%
FIIH SRR 2R, Bl AR P DG 2 38 A 2 2 M M JCRFAE SR BURIR ), AT 51 R IR (Mira et all,
2020; Huang et al., 2023).

331 HAE

AT e i 4 A T LEER AN E R 52, SRAREE 400 T3 K BEMBFEA S 4000 73 AR JCRE
K, R T IR R OREAS T, R B0 T T WO KRR PEAN A BB BE FEA T (B 8), FEA
B 2 [l SR SR AR A AL
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Fig.8 Visible light data samples and thermal imaging data samples

332 EFTE

FOLER. Shgdia, RAESEEINNESE S RMER, FRHZ s ARE, DU S A
L PR AR B R AR G54, SR 5 (AR R0 A2y

SRR S0k B SRR A SRR L RSP E MRS IR s i, A RO T S BA AR AL Rl P 4 A
FasE . ML S DR 3R T P AR MR KR AR, BT 2 MUBERIR L 2 T BOR, R IZRpR s RSt K
FEALEARHE R, AR CRHRE UM T2,

RYESET S R R KU A IR R R IR R 4, 33 2 G0 H /> %4 . BA] YOLOv
8 RIS REAT HH IR, BEXT KAV RE AL . SCHRAIE . BEENHFIEEEAT B As i AR I 2%, REIE
W%, . = BT BUKROE. 8. REFSEEIN R TG R IRIR . DOESL I+ GE A B R,
BET A IR () JE SRS 45 R ABEAT FIWr, IS T LR RE -t A R, M F AT IS0 B HIWT, AT
RETAFEIERDEH, BE DR BEAh, SR SR AR, R 6 e B i LA AT Py ]
BN, TN R BEAT HE— 2D 70 HAG I, eI W 5 O IR, FRCO > 1R 4

LIRS (B9 BTSN, URash . Psifg s 2 il HoR S & m] WG K R EAR
GRANAT LG K SREAE I By leter . BRI IO R s, SR KR IR, #1098 21 Bl
EFINGERE, FFREAT SRR T o

GRS BT ISEIRAY PUS i AT

B9 MEAERAER
Fig.9 Graphical representation of multispectral algorithm
v PEARE . SR SE RGO AR AL DAL, 0 Al S R R H B R R AT kO . I X R
S o AR A P R AR W AN B A By, T il IR B RE A RO BRI S, I IR AR A E] 95%.
R E AT SRR SR T E A TR I R BRI B S,
BATIRNSZIA T o BRI FIHERA PRI, SR RGN R IR RE AT o
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4 BHiR

X FARAR TR IR RS RGP EOR UL, WA R AR AR K o T BERBkEE (£ 555, 2
023). MHZAEM K F I EA T G RAHE, 5 Sl AR K (Li et al.,2023; Ding et al.,202
4)o JBTUERAHBARIET KM TS, ANCE R T R K g AN F R, i L AT DA K BIRBE Hgak 2D A= i F A 7=
#12% (Qian et al.,2023).

TETFENA SR AR PR B, B TR S5 A 73 MR RAS « R 5 BRI A
SEARBIEE AT T CRIFE S, 2022). WFEFECEIEN, YOLO RAITE H AR B A 7
(ITERE, FFAEMR KIS AT 7 KBS (Xiao et al.,2023). AP YOLOVS il g, AEhs
A R i AR TR Z5 AR ARG P

DAAE IR AR R MM R G A A R TIFER. 4E R MU (MRER%E, 2024). BEETHHMLE:
AR RE, FT N THRESE IR G K R S SR ETF IR B . H 22 e 70 B 2R 6 11 e 42 SR IR IR Ak
KRN ENE, S8 5 F B P EUREH R PRIRAF (Qian et al.,2023). FETEAF AR € 7% T TH
TRRMK KR LLANEUR, N n] WG 2 g R sR it 7oBn& s (Miguel et al.,2021). #ELAMENL. £
JEREAHNL AT WAL A —E R AR R, T2 G T A R RS IRE R B 5 (B
FREE, 2024) . ARWFFCRA “ ML RRIU - rT WG B MR, 4G 2 i B A SR T G B
W2, E 2 AW RO D T IR IR FR R .

I R 52 % 5 TBUE AR AR AR AR PRI R K R 38 SR dE— 204 i T B IR R FE RTED B 14 (Wang et al.,202
4)o AHEFRIRKYT KEGEEEFT-6, KRGk KB TANL. BReENl. Bees. &aek
KA VP SRR AR B, SCRESEI AR . BRI B S 2 FAb B, w0
I8 I PR AR Sk RE 8 AR ReRe T

HT BRI E ARG R 24, FETTH BN FIAR SRR I 7 & TG A 2 B AR 3R e 1)
SOERPEA BREPRR, AR IR PR S BUE PTREAFAE GBI I S5 RRAEAS B B 1k 2o A 72 n] WA
2t AR BAR RSB E R, VIR S R iR, A IFES G NIRRT 9.

5 4k
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