B35 B3 B R
JOURNAL OF REMOTE SENSING

1994 8 A

F IR

Vol. 3, No. 3
Aug., 1999

PAALSME B X S AT SRS ) — FAIE
SR '

REE

R

(EFEAF¥BRGHBABRRAEFRF 4F  100871)

i E ERNERT, KT AEMRULRMEL R, R R MR R R4 R . Ei
BREOLHEIERIENT 2 MEERR T ETEMA T E: —RERRRR N B EESE, — AR
TATRMELREAARER . WIERE T —RIE R0 B AR KK T B NS 1 AL — & i
FEMHRSTAREMRNA T % ELREENRR: (1) FRANFETUERS 2 MER IR
T EM G ISR S T AT SR B M0, B 2 BRI T I S R 20,
53%; (2) BT EBTHRMRER RSB GEBRBU A BB R, P, 85 4 WA IREEE S
K, A—EEFHR 5 WHEXRERKA, BRATHMARERD 8%, HBEHM A HBATRAD; 3) kK
TARMBOLT L SRR EEZ WAITE + 300 A EE A — AR 4%,

XER MOBE KKTTEHNE

oy}

1 3

BERES SRR, TR RS8R
SRR B 18 ph 3 WA R, B |
Li(0) =z,(8)e,(8)B,(T,) + L} (0) +

, fi(a)fﬂ £(0',9',6,0)LY (68" )cosf’d0(1)

Hef: 0, 0 hRTUA; o, o IHfLA; L(0):
AN 0 BHBBRAFTRIANE | PR MR INE 5
RE;B(T,): % i BB R Y BIRE N T,(Bpi R
KR &R RABHRE; (0): WA o8t
WEHRLEHE; ,(0): MARN 0 i FBAM
ERE AR KB L) (6): WAN 00
WBERS LATES; LY (6'): RIRAN 6' 1 JeB:
RETA78E; 700, ¢, 0, ¢): HEWNRE S

WEY | BB REERBY; d0’: et

LA
TERDFE-TRBRAEHERRHBE
BEBRFERNNBRAZE, E-FHNKRIEHE
HREE BT H KK TTEN SRR G ER
KAHIBBRAPBRBBERNEN R, hThE

*ERNABEHUIRAL (FHHS: 95-7-38).
WA B 38 1998-04-27; MR EMETOR H 39 1998-10-08

JERAA R R R B R, BT B 4 4 K Btk
HBEENT 2 MER AR TR T B,
—RBEE N EER S E Y R REAK
TATRSE R R A RESES, TR
H:

L(6) =7,(0)e(8)BAT,) + L} (0) +

()1 - (LY (8'=0) (2)

RRRRNIEE L 08P 8 LR BB SRy
BHUBR, BAX 2 MEESEHEA%, BAKS
TEMF LR 2 MBI T, F AR AL FTE
FERIE, RREEEANE SR U LR
TS, B AVHRR 55 4 545 5 B e
BRI RN,

2 FRES5FE
2.1 ASTFIHEHNMTH

BREARRSTHEHSAETMCATE, BERIR
TRA 0 BRRE, XA KRR — M, U R 4 %
G370 BB BT 3235 N P E S BRI E 2 A,

f(6',9",0,0) = £(6,0) + A6 ,0',0,¢)

MOKXBRE=HTRER.



166 B B ¥ #

F3%

L{(6) = 7(6)f(6,9) -JOL,” (6")cost’d2’

+ fi(e)jnAfw' o', 6,0) - L¥(6")cost d2'(3)

TR (3) A T I IR T, R4 [
HREE RS KRIRETE N, R THEHKR
BRI (3) A L —TUE R

2.2 WHERSHRSHFRBOTE

RYELIR—I7T R R E XL,

N [ dL(8,0)

SR B B R4 A R g X8, AL, )
=f(8', ¢', 6,0)cos8’dL(6', go'),ﬁA_l:it,#
REREEERAE:

o(2—>0,0) =L[(0',go' 6, 0)cosf' dQ’

dQ’

=f(8, go)L)cosﬁ’de'

=f(6,9) * (4)
. ERBHPELRET REFHERERER
FREETFEER, FRA—ERRIFE 0(0, p—>02)NL
WRIT HRE:
0(6,0—>0) =1-¢(8,9) (5)
BRELHEE, 0(0,0>0)=p(0>0,¢),T
. 7(60,9) = L=tl820),

BT R, R E BRI LS
RHF AL o T2,
7(g) = L=2(0) 6)

i
WRRH, RIS RIBH BT FHE 2n 2
AT AZARER, REWRRRUBTEH R,
£(0",0)7E 2m 23 B B P 3900 5E Pl A 3K (6) BTl iR
BREZ, EWEEEE—HH () RE.

2.3 MIRILENRNRETL
BRI RSB E N W L

FIREL ST B BB LU SR BT R AR 0.9—1 Z [ — M

ERREE BN REAE 0 WELIE 1R,
ROTEIE 1 P H) 2 i RAE N SEGEAT SUER
MEEEHREE, REE N LA LB RE
43512 0.9 1 0.98,

2.4 MBREFREEZKMA
T B NOAA-AVHRR, MODIS, if £ HL# # &

H:

AR R A0, ¢’ ,6, p)cost A = 0 BT A

AERBR, AN MARABESRRE, BRTE
+ 55° R B L BR i B KR T 4758 5T 30N B9 B i b
MFPLUEZR, & NOAA-AVHRR & T E #11H 856 km
BEELNE2RBRT 6, M 0 ZHBRXRA, MR 1
FIMT 6,71 6 ZEBMMRR. NBEZEHR
R, s ER il BRI T R IR B iR,

1.04
0.8

0.6

0.4F

EACTES

02l

0

0 2IO 4I0 6‘0 80
mAIC)
B 1 T WA R R A B L

Fig. 1 The dependence of two kinds of
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Fig. 2 The relationship between the scanning
angle and the reflective angle of atmospheric
downward radiance on the ground
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Table 1 The data of scannmg angle and the reflective angle of atmospheric downward radiance on the ground

8/(°) 0 5 10 15 20 25

/¢) 0 5.57 11.36 17.07 22.83 28.65

34.55

AL} (9) = ri(ﬁ)jaAf(H',gv',H,go) « AL} (8")eosf’d02’

(8)

ST B RSHER, o, (0)F1 ALY (0))#B 2
B, TR 2 ALY () BB T AF(6,
o', 8,0)7E 2n é‘l‘ﬁJEPB@EX{EﬁﬂaO HEINICI
9, 0,0)=f(0, ¢, 0,0) - f£(8), T4
fo .9, 0,0)% 27r lﬂ*é@ﬂi{ﬁﬂﬁﬂtﬁiﬁlﬁl
BRI, B E (0", ¢, 0,0) MBUER I E
THI B FRE M, T & 250 A SGR

BERE

REBMERNE X, RATES R EETE 2n =
EREE (0,0 ,0,0) = f, 3T LAHERT e 72 21 23
E B EE, £(6', 9,0, )T 2rn 2 M BUE E M2
A ABE 3(a) &R,

g PEEL =N

EX AL REEIMBEAE, BRLHE
f0" 0" 0, ) EERANNRESLEAERENKTY
7 on B E R FGE NS, -T2, £(0',¢,0,
) ENRENEATEN, UEFHEEA 2n [
FERFEIRERER ., SRR SYERERE
Hke B AT BUAZE 2 S E N B A RN, B
HRAECHAEER. MEH AL S AAREF
BUER FRAE TS MY HRE, HH p, 5 p 48R
RIBERTRET F WERME, BB A Af =
Afi#0,py=p1=0.5,f WBUER BT HE 3(b)FE
o BT A0, 0", 0,0) 7 2n 25 1A BEHLEE,, B
BLAF(O",9",0,0)BUES AL} (6" BUER T X,

R®)RTRER AL (0) = (6)] 28,90,

0)d0’ °JOAL§'(6’)cos6’d0, EE:FL)Af(ﬁ',qv’,
6,0)d0" = 0, BT ALY (6) =0, b ALE ()R
RIEVBAMAEN RS TR HNIRESR,
2RERNE
REEERS R, BE RS £(6,
@' ,0,0) BN
f(el,?',e,qo) = 1_:;—#28(0’,0)

Bhib & RERE M TR

35 40 45 50 55 60
40.59 46.81 53.33 60.34 68.31 79.23
{a(o',m =1, 40 = QA
8(02',0) =0, "W 0 < QR

Q'REKG,¢9"), D RFE(6,0), it f HE 2
s =SB g0, mipe m i
fF, c(6) =0, BT AR 1 2 RATS R £ FLT K

g B0 BEAR(S), 0(0,5—>0) =1, WA

e(Q—>06,9) = jaf(ﬁ’,go',ﬁ,go)cos@'d()’ =1

(9
B—HERE 0(Q', Q) MHER“1" 2 2n 2
PIALA IR 17,

L £8',9",0,0)c0os0'd2’ =2x  (10)
AR(10) 5 (VT , BOLAHF FH(10)3
WIBE K, ST 5(0', 0) BEUVR Lo 0
RE 2 ZHBRENV REZ, 7(6,9¢',0,0)
SUBTE(0, 9) 77 1 A S A i B Ay e L

HETHEAO", b (0,0 ,0,0)TE 2n ZHH I
E5E & R0 E WK (MM E N, 8
ALY (OB BT RER

AL}(0) = 20) 55 =5

—f(ﬁ)]f ALY (6" )cosf’ dO2'

et (0" ,9',6, go)zzznilﬁjmwa"ﬁf(e)m%
AU HE 3(0)ER.

—MAEREEE

BRA TR BT 5 2 RS 2 1 A
HE FEIME A BE I, K 76, 9,0, o) MBK
S5aAT RN =S 500, g o e
I‘ETJ':PH‘J:F‘@ Af(ey qD',@, ¢)ﬂ%ﬁj§: Afm(ela
0,0, @) = [puf:+ prrArTh, BiRSRE dARM
%%Eﬁﬁ%@%ﬁ&@ﬁﬂwﬁ%mﬁmm%g

2[-L 7)) , A IR E F2(6),

cosf

Eilin) pl'{%EEEigﬁ 1 -ﬂ,"ﬁﬁ Ph %EHEMEZT,



168 ‘ 2 B

¥ # F3%

pa<plo BET Af ) BHEKT py KIERE, HT U
por OF L UM B 0" E - [ B OI:T
AFa(8', 0" 10, 0) RSB PR AR — A B
RN — AT S, B A6, 9,6,

P)EART BN &R FEE KX RE Af,,. (0,
o', 0, ¢):

B89 18.9) =] (1~ 5) 7(6)

1
17 1 - 212
+§;a@-fw”}
W £, 9" ,0,p)7EZS B ¥ BUE J7 XI5 B FEAL
R AL B 3, B A — AR A E W S, f A

RESERIER X G&A AR, ENZEs

WAx LR ETFEASELRFOAE, £(0,
o' 0, ) BMES F(0) %A B 3() %R B

f0e)

i

(@ (b)

FAEMT £ BYBEHLEE BRI 6 ALY (6) 1HB/D, BT LA
Mt R AT HIEBIATERY ALY (0)ATRB N«

ALY (9) = ()| L - 1=£L0)

cosd

- @] AL (8 )eost a0’ (1)

3 BERIELER

BHHBEREMERARG)AABE—TUEN
KAR(DADHZTEEL, HEMT 2 4 HE: —
RENREZVEALZR? _EBRITHBEANMNE
BREETHEEZKRLA? BRXIERIURN H
FRECHR ST R B R/ M 3R Y R AR AR B T
ARFERER, HARKRIUEXT Ry EER

CEEBR L, AU KRS HE T RRSERE £ 10

KA ETRAEBRRRE(E2).
oy -0
cos ¢
re 1o
0 B (]

() ' (d

B3 BEREf0 .0 ,0,0) BERESE F(OMRR
Fig. 3  The relationship between the ranges of f(6',¢’,6,¢) and £(8)
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Table 2 The range of LST in the numerical simulation
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Fig. 4 The relative error of this method for five atmospheric models
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Table 4  The accuracy improvement of this method compared with the traditional method
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An Approximate Numeration and Error Estimation on Atmospheric Downward
Radiance Effect in Thermal-infrared Remote Sensing

CHEN Liang-Fu

XU Xi-Ru

(Institute of Remote Sensing & GIS, Peking University, Bejing 100871. )

Abstract In the field of thermal infrared remote sensing, it is very difficult to calculate the surface-reflected atmospheric
downward radiance effect because the precise bi-directional reflection distribution function can not be easily described.

\ . .
The simplicity is therefore, often used as a only way to deal with that problem under two assumptions: one is the Lamber-

tian reflection of the surface, another is the isotropic downward thermal radiance of atmosphere. This paper puts forward

a new method to calculate the effect under the general conditions which are non-Lambertian surface and anisotropic atmo-

spheric downward thermal radiance. Simulations show: (1) The method described in this paper can provide more precise

calculation of this effect, and the accuracy improved at least 20.53% ; (2) The relative error from this method is depen-

dent on the atmospheric model, the scanning angle and channel. The relative errors in the channel 4 are higher than

those in channel 5, and they decreases with the increase of scanning angle. The maximum relative error is less than 8% ;

(3) The amount of surface-reflected atmospheric downward radiance effect is 4% less than the total value of radiance re-
ceived by sensor at 30 degree of scanning angle.
Key words Thermal infrared remote sensing, The effect of atmospheric downward thermal radiance



