»OoE O#E K
1% Famy REMOTE SENSING OF ENVIRONMENT Vol.11, No.4
199 4 11 A CHINA Nov., 1996

Rz DTM BUE KRR B RRRI IR SR
TRR KHER

(THEMERERHMERR AL 71004)

B E BREERYEEM, BHETHHADIMHE R RK KREEE, HFL K
FARLIE TM 5 6 BB ROTH, WHERMIE W, R bR Z ARSI BRI RRRE, K
KTBRAK AN RR S BN S, S0P B T 5 8 AT E S B0 X X it
X, B TR HECR.

X HEAK, DTM. KMES, siSkE#, KXI#H.

1 KX

FEHIETHWREARIB IO —-RFIIMERE, (1) BT RKENEREE.
BEREBERA 24, S2EREFLEHFREN 20%., (2) HEXKABRBER B K
B# Co, MRAEAFESM., W: SO, HS. S. CO, BRTER, EikTH H,
WETALNMEE COMETE2RMBERN. ) B THENES, —
By HEEET. (4) BEABRBE KENMRGE BETHY K RO 8E S
fit., ERLSMABEER L, BREXKAEZLRELAAERENERE. TS5EEBRX K
MRS RO RFEREX D, AEREFTETHAE.

AT HEBHAR RN AR BRRTEE, ARAXIEREMRER, Xt ARES S K,
AL T 0 T Hr e AR A B A B Ak 4 K X BT & 5 B 52, i A DTM 1BR K R 48 &
%} Landsat’ TM #ETAME B R M, DUE E ER IR R E 5K,

2 HARIH:

HH DTM HBHRMAZE BRTTIED 3 AR (1) 48 DTM THE & S8 K i
MR, (2) RS RER R A RAEIIREE. (3) AAREHRERKRE TM$

- ANBEEAER, REARSIERRRE,

2.1 HeRAIEH
T™ BAFEBRAZRCHBR TR MBI RE, E2RAEE, kiR RbE
RS Z AR RBEME RO R, ERERRNER, ¥—RBE TN
FHEEERE L2 (wmsrpm ™) Al SRR E:
LB=C, [{# (5 T=1)} (D

*AXRERHEMRKIEGEEEGHRTHR BN —F 2. ERRLBHYEETH 2L ITC 2518 L B 58 4 Craig
Cassells i1 F W - A5 BOM
WA 195 28 26H; WIESHEOY: 19433 150



Ham FRKE: A DTM 02 BRI R0 s MR 249

X B C,=2nhc’=3.7415 x 10" (wmm ™), C,=hc [k=1.43879 x 10* (umk).
SR RTR TR SR % 0.3 (H. Mannstein), X% K4 R #0200 F 5 K4
FNT 0.2, FrARMIAEBOA R KK, ERTMESRE L9 A FRER:

LE=tir- LY o)
K ¢ HHPIH K F 3.
Rl st T2 A% a1 32 B b e i SR S0 L, ) B A LA 41
Li=t,- L7+t vy, - L,+L, (3)

A L, AR THBSRE, 5 M RARE R, L, WK EHRERE, 8
KRAWEFEN, HEdE,
AR -HXWAN -y, L+L,=CH—FE, BAmMAR (3 TH:
L=1 - LGA? +C, 4)
TM BN BB R A HRAER AR A HE, B KMHAERH FRaE. BIREMARIN AR
4T, HIRMHRRYHE. AR, HRKEE. K, R, R 8 R 5
M, TM BREZITN N HH R Y Z AR, X BRI 28X SR, T
WEE—-SE, AAMENEZRERSAH T, REARHE, HBEAR T, B
T EmAKHENMARLEEERANSGR. BR T>T, AHARX (4 sTLHTBEHEES
BT RA BB S R
AL;=t, L& —7,- L% &)
AR AEEREAE, F—SRITBBES SN L2, ZHREREwm, F—
W2, FHHAEX KM, KEREZHAMEE, ARSI, HKISM KBS
4, BEMBE & SER—NZARRELRFEER. R DTM o] LA 5 A 355
H R PSR AT REE AR K/, FHE R LS,
22 F A DTM faitibm& < Rk a0 KBRSt gk
J. V. Dave #MigdliE 02 K i mE S WERER Z AT LB (S
M), KETOAMKTANRE. BEKHESSEAREBER L, t&S5HE
H TR R A R0, BRATEFIBAHTE FKREREN L8
Lis=L,s- cosf (6)

B 0=90"Bf, HEBABEKMBE. B L=0. B DM, 2= (6) 1 cosd o] Fi
TRItHE:

cosff=sind, - sinp - cos (a,—a,) +cosf, - cosp (7)
0, RAKMHBI KA, WRKHOEEMN«, BAXBARN:
0,=90° —a (®

o, ARFETTOIH, o o W7 FITE; p HE @ CHER, o HHEEH TERY
fifa, p o, ¥IR]FH DTM 8 3k,
23 {HEABMELA . NEER o



250 oo & RN

B

mE AT AL AER B A (AL NET) BT, ] o MIEEARSGE (dt
HBR), ARRE (MEHRBEB FFRAAITE), DRABILX (WTHA—HER).

a=sin"' {sind - sinp+cosd - cosp * cosH} 9
a,=cos ' {(sind —sing * sina) /cosg * cosa} (10)

X 6 KRR, T TFRIEMER:
d=sin"'{0.3987sin [0.986 x (D—80)]} (11

H KRR, Bt E A
H=151—180+A+E (12)
A EARMEFRAE SEIE (MRHSrd 8PN HAE) (R E H 2% RE,
AR
E=2.47sin {1.97 (D—80) —1.92sin {0.986 (D—3)} (13)
ERBEXBTRT EZS, FIANAREBENE, (10 XFH o KRR =HARK
EHER, WRMIRE, NER A HRFHERS.
24 TEMRESHEEANEGA
HITE R I A P A A o, BURT 5 s MEREN 8 METHREME (F D).
A5 TM RGUEEILE, & HITH R NME T TM B R MR8
Koo HE, B ORI d MRS o MEEA PATH TR
a | a2 | a HE:

d4 d oS 3 NX 2 N“ 2 (1 4)
w- (5 )+(%)
ab a7 a3 - -

tgr,=(N,_ / N,) /N, | N) (15)

M1 mEE—Ecdk  XEK
FARSRAY L N, | N={ld, +d,+d)-[d,+d,+d]} /2R (16)
Fig.1  Pisel and its N, | N={ld, +d,+d]~[d+d+d]} /2R an

surround pixels
KX d, 4. 4. d, d, d,, d,, d, HHETT dK 8 MESFEITAY
R, RATHE,
25 IRGERHAKIEEHAERE, M TM BXNEER LIREARE
SR, HRBZHREENR 10— 20%, FEECUBIAK & S5 KBEERHSM
W, T AT LAGE AR 4D ) b T PR A K B S RE R R
L7=K - Lj (18)

K, AR, E22WBEREE, g B X, ROZEENER,
fE— X NE R FRARE S AN LR ENSEOEATTRERY, EWX B K, fEh—14-
R BT TM EANKBRMEEELE 0— 255 2 /), XH K, B4 255. SR, il
B4 LA EAH iR, REWM M, ERUE &R By 1 I Ak i S SRR



a4 FRKSE: N DTM g E B R B2 S50 251

FXRAD, 5 TM S 6 BBRERAFRE EMXE. EREAEREWKIE T X
g,

ETMBOHRBEM LY. REHHAX(5) WA - EHEXHREE, &
ZEZR L, goudR, BRERFEES. JF RRTEEN B

3 dlmAR

31 RBEAE
’ HE e A B SRR TA K DO ™ &, BE AKX, HARE A 43° 407 —43 ° 487,
A H87°06' —87°14, EEH800m. EIRIE2 HHEMIXE, HEARSHT
SHHERFRE, LEETEY, RMARE HEAMEEETILE, B F1 X
BEORENBRX, F2 0EAK., FRIE3 AR KN DTM, B8, i,
KATMEZBEL T 199449 H 140, BENKKHEESEADR°30, FHHERN
127°25,

32 #FH DIM #&EHIKFRESER B
FASBEEAAR (7) HEEESK cosd, # cosd HI{H, WHIZEANMNTHE
H, L WEGERAE, AR (6) kR
I ={L;S- cos® 2 cosf>0
* 0 % cos0<0

A (18), BIBRKMENERAR. XHENREELE N 0— 255 FiHEs
BRBRENHELE, RRUANWEREAVL. EM1H 4 HHE& S0 Lo HER
HIE%Z, BI&SEKRESREENEE.

33 48

M IE S kX TM 5 6 B WESR, BELFIUMERIE., KR4 T KEME
KK, BERIES 5E 4488, B3 —mhERREI>HE (ARIEG. ERIKI
Bo6 b, MARESR, KHEHMERESRME. ERIR 7 MZXAMEHIMHEER,
BAET 19924 7430 B, ZERAL EMEXRIEAR, ZEEGL BEES. 58
MIE 7ML, ERIE6 EARTRXMRESERIE 7MW AXBEAAY, XFR
KT R.

(19)

4 1

SERIE 7ML, FRIB6 A EREHEEMNIEARRTH, X 5HELS
FEMMWE, THHERIEREMNRER.
4.1 KPARBETRTIEAIRZIE

RIEDIM T8, XXX REFEHERAY (KUE S HM A L), WHHFF
36 (9 A4 By M EHES 5 C50) ) RIS B S O e TR B T (i B R BT



3
A
R
B
528

B NE

10 9 8 7 8 9

8 A b 6 B 8 30

6 5 4 5 6 7

6 8 10 12 14 16 18

(a) (b)
B8 MAMmIC A R B KA e SRR By HARHE6:00—18:00EEFLE
Fig.8 Two pixels and their surrounding Fig.9 Temperature curves (6:00—18:00)
pixets’ elevation of the main seams in the coal field

4830 A FCEE, BHMBRARN (10 217 H) A SEZHEEHT 47h
B, BaAR 2/, MRBRESKHEREERNER (H9). B9H6:00% 18:00
MIMERBZEFEAMNEESHE, BoFxH, HEITEOHMXBERER, 2l
ZAMEHEREAY, BERE LABEHR, KEBRHHBBK, hRREESY HE
PIRMHES e B RS, FEOBMEAER, WERSEMERH., SPRHEPRE
BN HEZ .
42 DIM KIS

REIEHE DIMBEE RS, BEEAZ I LERAERE. £2FBEEMEF L
B, BRAIRE, XUEKT DTM MEE. FTIREEFR 8 shib ik &g 8
DTM %,
43 RHEER

S. M. Sighs BB R AL, P FOKERFERK 11 pm — 12 pm Z [8) 5 & 528 R
MM, H. Maunnstein BBFF0IESEY, (XK shEE, 185 X 6 208 H 2004 5 K
BX. 2%EENHRGRXITR . 4546 DTM SRR X AR e mE. o
B RF A XA SHEERITEEHRBANA.
44 HPRRRIERALR

WY PBEIRE T ERNRSFIUE, HRK fLBK. RBEK A28 & B iR i K &
R, SEEIRE, 900 LUSHIFM KRS AAT, BighRI T RROERIK.
45 HhRBEEEAKRE

FE25VHRBRIRTHEAME L&A KRR RYSK, Z8 TEEMEm, &
FHERPRNELEAL, EBFPRSHEEANER, BEUARANEZR. HRAKXHGT,
GEEE, RESE. BRIESH EAEEASESF ARSI RIar s, Nk
HeR FR B EHEERN TS, XEAR DIM E0EE A ROBER. Bar, RIMEEMA
ZILEA MM LIPS SIS TR SRR, DARKEEREMRR.

5 & ®

A DTM BHUKFBERE, HiMA TM % 6 IKBRR EHEUEEZ BRK, 5&
AL A ARG S8 Yo kR G5 R BUERBY L ek KR AR BRI SR s c VR TR I AR



Fam FRKE: FLR DTM 482 B R R AT SME T 253

i EOKBRRATRIE, R, SRR HIRE RIBRRE SRR W, £5
REZR FERABBREBEZ ARES.

5 % X M\

[1] J V. Dave, Ralph Bernstein. Effect of terrain orientation and solar position on satellite —level luminance
observation. Remote Sension of Environment. 1982, 12, 331 —348.

(2] % 9% EREROEFESHE WAL, 1988,

[3] W. G. Rees. Physical principles of remote sensing. Cambridge University Press. ISBNO 52135213 4. 1990.

[4] S@E. HREEWVA. Acta Geologica Sinica. 1989, 2(3): 254 —269.

[5] S. M. Singh. Effect of surface wind speed and sensor view zenith angle dependence of emissivity on SST
retrieval from thermal infrared data: ATSR. International Journal of Remote Sensing. 1994. 15(13): 2615—2625.

[6] H. Mannstein. Land surface energy budget. NATO ASl Series. 124, 367 —391.

£ & @ N

Ha&k, B, 19636 A, 1985 ERWFILET AR, HNFKEMF S SRR,
SelG AR EAIOSN E MERSEI A, 2R ME 2 NEREY, EER, BRERE SE.

Using DTM to Improve the Accuracy of Detecting Coal
Fires with Thermal Infrared Images

Wan Yuqing  Zhang Xiangmin
(Aerophotogrammetry and Remote Sensing of China Coal Xian 710054)

Abstract Coal fire is a commonly existed disaster in coal fields of northen China, it
burnt huge amount of coal resource. Firefighting is a long—term and tough job.
Thermal infrared images of TM band 6 show us temperature information, which de-
pends on solar radiance and ground heat. Based on remote sensing principle, this
paper focuses on using DTM to improve the accuracy of detecting coal fires with
thermal infrared images. On the resultant image thermal anomaly caused by coal fire
is much clear, this is helpful for firefighting and dynamic monitoring. Junnan coal
field was selected as a test area. Several pictures were displayed for the result.

Key words Coal spontaneous combustion. DTM, Solar radiation, Dynamic moni-
toring, Fire—extinguishing
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