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Quantitative extraction of fine contour parameters for
forest fire using satellite remote sensing
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Abstract: To fulfil quantitative monitoring of fire line contour (location, length and area) for forest fire prevention and
suppression, the algorithm for fire identification have been developed using dynamic thresholds of window combining the
images obtained in thermal band, short wave infrared band and near infrared band of Landsat TM/ETM +. In order to
get the quantitative result of fire line contour, the identified fire image has been processed by a series method such as the
connectivity identification, hole filling, little speckle elimination and edge smooth. An automatic fire line contour identi-
fication program has also been developed using Landsat TM/ETM + images in ENVI 4. 8 + IDL condition. The method
and program have been validated by selected typical forest fires which had taken place in northeast forest region of China
and Amypckas 66macrs of far east region of Russian. The validation results showed that the total accurate percent is
86.44% , the total false percent is 13.56% (the total omission is 1. 77% and the commission is 11.79% ). So, the
methodology can be satisfied the need to knowing the fire line contour parameters for forest fire prevention and suppres-
sion operation.
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WB WKWEE/pm  FEMRER/m FEAR £
1 0.45-~0.52 30 x30 X4+ RS
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Fig. 1 Flowchart of forest fire line con-
tour extraction
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Fig.2 The analysis results of typical types using Landsat
TM/ETM +images (a) The results of spectral analysis of
reflectance bands, (b) The mean of bright temperature of
band 6

3.3 BEREITIRA

Landsat TM/ETM + /0> 3 ~5 um H47 SM i BE,
ABEEE A & F AVHRR MODIS 4544 J& &% i1
LLAMFLRLLAMESS & B K SR BB . BB 2 AT L
%t Landsat TM/ETM + 8245 5 B k14 S 58 R 7 %
B 7 WA L e M AR s AR BB 5, K R



6 BSR4 KRB BB TR R BB 65

SR HE I ME A 23, RUTBBL 7 B
5 3% i TET PAIR 5 W B R TE B B 6 Y TR Y Al
1, K BSEIRE R UK HAR 6 FhREAR 19520
WE#ER . KK A 45 R KU, A A Landsat TM/
ETM + Hye B 4 B 6 B 7 S5 Bt AT &, vl
AROLFIRHRBEIX.

A mp SRy vk R P B A T I T 38 Ao R T K
IR UG 21 x 21 BOTXsoh & 0, T3
HAEEX GBS ERET(EH DR ERIT)
GETHELEAT FLER, HIWT R B 8T

SGTIER R A& (2) 7 i, Wz Bon gt
BEOAETEK .

{p74 =10 @)
Ty >297k
Hrp P AP B T S53B 4 BN ERIAE; T %K 6
BB SEIRE.

LA KR AR R (3) 7, B ot
AP BTT ;s IR B B OoThR IR 1, R B OThR R
H 0.

R, > R, + Max(38p,,0.05) , (3)
Ty > Ty, + 6T, — 4
Hrp Ry W TE K S TTHI BB T 5B 4 B
$tbﬁ;R74b%%§:1%ﬁ% R745|Zi@{§;6R74b ﬂg%‘f?\-{%
TG Ry, IBRHERE s Ry SAIETE K TR BB T BRI 35
Ry R RGO B T AT R IME ;6R, HE
FAGICTEBL B 7 Wb HETT 22 Ts N5 6 IRERHISE IR
{8 Te, AT RABOTIES 6 BB SRIRIIE ;6T N
FARTUR 6 BB RIR R .
3.4 EEMHE

i (3) 0 W7 it o 2 B K RO, AR
BUK LR, TR HIR B B T (EA R BB T T
T P AT SR P B R G AT KA T 1R
RIER 1 R AR beGon, B RE R 0 KRR
JC. X GG X I AR R 8 I B Bk, ]
PRiR AT .

H— LRI H & KR GITh BG4
AT A, SRR N E AR IR K
KBTS, MEARRE, WAFATIRRAL L. X TR
PR B KGRI, BRI B i & BT, A A
GG, WIR G815 10, W22, A BB
B 3 x 3 4R34 8 NI M BT A R % B
G, W AW 507 [ BT,

B AR IRE KRR 8 A7 T

{R74 > R,,, + Max(36R,,,,0.5)

BRI MG TThs 50 1, BB onlavs s
LIS RZ A A BB R BRI

B EERIFET BRI KA, WK%
J7 [ B AR N 5 ol s AR R AR 5 R BB
LR AR PO, R E 8 A J7 BRI E
TR K FABTT, WNRIET7 [ K BTt , WK HAR IR
MRS S , EB R 1 iR R K ST,
HArSin 1, EBOh 1 i EaE R, ERITA KR
BILHBHEITIRIR.
3.5 FREERE

i AR AL 15 B A B AR R A A L.
“ LI RE SCaE P XN B R 0T 5 X X 2= R
FERFR A X BIA TR, BN RN B — 8 T KH
Bk T 5 (IL28 p) TFAA, 1 358, IR JEA R
(H ) RARICA 0. 3 XEIH T 1% (4) M p IF
IR A B .

X, =(X,,®B) NA° k=1,23,-- ,(4)
AXF,BR3Ix3W T FREMTE; Y X, =
Xpoo ,WRRETEIRAH S b LA X, X, A B
FFEAL ST X I AR A B A2 57
3.6 IEEER

N T RKBRILE/INGE L, BB E— N 1 (3 x
3,5 x5, Gl A B E 1N EE, AN T BE
M GOTEEE D P BoT T R S R e T
e DX SR A AR B (AL B MR T B S A R PR B R A
LRGSR MEENKEEEE— G, xR
—MEEHT R AR

Xof g — LIRS FEAL B B 8 X3, G
BTG A A Bt AT ad U , i B P 3
i XS SE B B PR B R R, 15T Kb T BE K U
3.7 BEAE

NI K RD G BRI FE, R B —HE 5K F 1
R /INGE R R BRAC B R B B R TP IE AL HE.
HEWRR : B n + 1 ANERIA Py, Py, Py Fl—
AR U= {6, 0,1 ,j IR BHZRIMZHX
B A R e 3 K(S) T AT X

c(r) = gs,,,mpi . (5)

Hrrj AL, S, (1) 2 p IR B —HEAREEREL P, Xt
BEF— 1580 1, B B A, C (o) BT A5
3.8 NKRBEHBSEHE

KL ESHFBEAATEKL XA O AE K
RN R B K 2 X AR AR =S4



646 a5z KkWEER 3%

BT T EM R I K LR hiF 2150 A, 8
W R AR A o T ok 2R A B 4 b T K 3 B
DR RARIC. HOARAR (%0,0) HIFN(6) T

_ n-1 m-1

Xy =X =mnz in

o , (6)

n-1 m-1

Yo =¥ mnizé ;}yi
A, (v, ;) R G B K 0T R R A B A
Bi3i=0,1,,(n=-1);=0,1,(m~1).

KN FHIK B R SR X S ih AR T B
B I B METTI KR i Kk Lk B4 T AR5 1 St
AL AN (BaEFERF L) BB E R B E0k
braAMEoTERR, B (7) SR KR XIS A AR

A=NxS$ , (D

Hrp A R kR BTER N R IRGR T R EL S A
B,

4 HRE5HGH

4.1 HRE

FIF ENVI4.8 + IDL FRIES, %75 3.3 ~3.8
PR R g AR S B AR Ak, - A F Landsat TM/
ETM + X552 7 #4700, B fs i 40 ok £ A il
ZERANE 3 % 2 Fis.

(a)

R SR e e A 7S

(©)

K3 #i|f Landsat ETM + SRR UK £k 45
FAERE (a) FEEE, (b) BIIKL,
(o) K& E#BBS(BRETAB L,
2009 4£4 H 29 H)

Fig.3 The extracted results of fire line con-
tour using Landsat ETM + images (a) RGB
image, (b) extracted fire line, and (c) ex-
tracted fire line is combined with RGB image
( Xunke county, Heilongjiang province of
China; Apri. 29,2009)
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Table 2 The estimation results of fire line contour using
Landsat ETM + images

RS hs/c) oty S AT
Code Central longitude Central latitude . i
line contour line contour
1 128.388 48.604 3922.57 93600.0
2 128.354 48.603 2052.79 51300.0
3 128.496 48.598 16 855.65 421200.0
4 128.528 48.601 3935.88 98100.0
5 128.524 48.603 1692.79 40500.0
6 128.537 48.600 4918.97 117 900.0
7 128.357 48.602 459.41 11700.0
8 128.398 48.601 2547.35 63900.0
9 128.407 48.598 2307.35 56700.0
10 128.375 48.600 1084.26 29700.0
11 128.393 48.600 784.26 20700.0
12 128.410 48.598 1695.81 43200.0
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Table 3 Results of validation

SRF SR U ) R L TR RN A R R AR Sk R A
W77 2 ORE BEHEAT VRO, PN 5 R L3R 3.

HE BT - HlgtR
BERG BB HxHIEH False pixels Comect False percent/ (% )
. . orrect
Code of Image Total pixels Correct pixels RHG T WRHEGTTH RH=R R M
percent/ (% )

Omission pixels Commission pixels Omission percent Commission percent Total

F1 1771 1492 23 262 83.97 1.29 14.74 16.03

R 1718 1549 12 157 90.16 9.14 0.70 9.84

J3¢] 1329 1116 22 191 83.97 1.66 14.37 16.03

F4 1143 1045 2 76 91.43 1.92 6.65 8.57

F5 1200 993 48 159 82.75 4.00 13.25 16.25
ait

7167 6195 127 845 86.44 1.77 11.79 13.56
Total
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