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Measurement of Radiance Factor of Ground Target Using Triple-Band
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Abstract In order to measure radiance factor of ground targets, a triple-band optical imaging system which contains
bands of ultraviolet, visible and near infrared is developed. Radiance response characteristic of the triple-band optical
imaging system is calibrated using an integrating sphere. The fitted equations between radiance and gray level of
image, and between radiance and integration time of detector are got. A method of measurement of radiance factor of
ground targets using two diffuser plates with different radiance factors as references to estoblish radiance equations is
put forward, by which there would not be any atmospheric parameter in the expression of radiance factor of ground
targets. An outdoor measurement of radiance factor of green grass using the triple-band optical imaging system is
made. During the measurement, four diffuser plates with the radiance factors of 0.99, 0.50, 0.20 and 0. 10 are
used. From the measurement, the radiance factors of green grass in the bands of ultraviolet, visible and near infrared
are got. which are 0.07. 0.184 and 0.429 respectively.

Key words imaging systems; radiance factor; triple-band; band of ultraviolet; band of near infrared; radial
brightness calibration; diffuser plate

OCIS codes 120.4820; 260.7190; 260.3060; 230.1980

1 5 = JCHRI . B i B R BT RN Z W B R GE

=]

W 2 6 L AR AR bk & R b B ARy 2 KCBORGUREREIRAT H AR AT R 09 2 BB

KRB 2013-12-12; WEMEM R B . 2014-01-17

EETE: SME BT R BRI H (20125092) v [ R} 25 58 B 47 100 H (2011CJ T0004)

PEE B A SBHME(1983—), 55 B FRBFSE 51 W LR Ak EE NS BOL I & R 7wy oF 5%
E-mail: gbhyxl@163. com

SURE A fh BA972 D B B W, FENFREEOCR IR R LANUR R G E T E AT
E-mail: sungiang_sklao@ yahoo. com. cnGE{Z B & )

0612003-1



2 i

8 SR A AT 42 5 E A BRI ABE 4R DR TG A S [l
3 SR AT AR AR B vz Y

Ot R AR G e 0 R A D T e e B AR AR
FUUATRRAE R PR3 B AR BT L 0 &R 58
7 0S5 T bR A R S R AR R S R
E 2 QYIS ITPNG W 2 1 RIS i NS WU ) 4R Y
FB IR A GO DI B R ST RS S RO B0 5% )
BE T H AR BOL I E S E RRCT Y HRh R ST
Z2 BN T5 3 I HRORS 2 5 RO S B RS JEE A
JIT A P ) R A% i A5 2 A E A BE AT AR R OG &R . T
HL RS HOE N T4 A 56 58 B AR B0 AR
R XEJEE

Sy S I G S B N A% e 1Y A T R B
IR AT CHE B T — A T W A LA
=W B AR R G T I T H AR Y R e
AR, AR R AN R A e AR R
18 S D 2 B L e R i 58 BE A R0 R 45
T RS RO AR T I e

2 ST R AR B e P

2.1 RREXRSHPEH
AR R0 T VR BOR T & %

RL 3 G AE A AR I 3 26 R AU ORE X DG I 1Y

PE IR A3 Sy = Fb 0 VIRBCRITESCR O , BRR

RARCP A FEW . 7B R IR 6 B Y =0 D't i8¢

FSCHE LAy s) 1 A ot

dLss) =— kQAs9)p() [ LA, — J. (A9 Jds,
@)

A A PR s FC B BRI B . R (Aus) AT

R () MM RE T (Aas) Sy BRI e 5. %)

(D X 15 s = RARDEBIRE L

R

LQR) = L@.0exp(— [pds )+

0

U.k{o] Lexp (Jkpds)ds}exp <— J.k{ods> , (2)
X LQL0) Sy s = 0 BFAOGIR 7 B I s R K
o R BHIK B

T(R Xy s 5 s T3 s Ty v X5) = exp<* jkpd.\') , (3)

Ao BRI 20 HRTA s KA
JE saen RIS o5 Oy X L JX 88 PR 3R B2 I DG AE R
PRGBS R 2 AR R S 2RO R G
Ak 9 G B B e LA B T IR (R

Ty s ZssXss25) THME N (Ryx:),
WK E A RS ENL, (AR, M.
R s

L.(.R) = [jkp]uexp<Jkpds>ds}-

0 0
R

exp(* Jkpds) , (4)

W AE KT B2 AR T LA Sy KA R BB
S RBOMASAE T Z B0 B AR ISR E T, A BEREFE s
Al B (R, x,) = exp(— koR) , AJ 7
LQ,R) =LQA,0r(R,x;) +
L,(A,00)[1—7(R,x) ], (5)
X L, (X00) Ry R = oofif (HESESE . ARy R

pede B Py gp
TEEHREE,

2.2 BRERBNE
HR5E R BUE SN TEM DG AT, 1E46 €
1 75 1) AR E B SEAR AR w VAN 2 i T 0 I )
AR B 1) 5 B 5 5 4 18 LSS SRS A i 5 B 22 L
PLY QO Fm SRR R LQL0) 6D A S 8914 3k
T B AR RS 2 05 Gl iR K R R
% B 62 I B R GE AR AR 52 BE N LR
LQ,R) =LQA,0)r(R,x2)Y ) +
L,(As00)[1—7z(R,z,)]. (6)
24 ) A A RS e B B Y AR T R R
I e 2T S4B A 25 R 2 W A A 2% 5 BEYE HL N Y
PR AR ST R R N E TR (6O X FTE Dy
L=LcY+L,(1—20), 7
(DA 4 A7 AU —He 18 K8, Jo i il i
B AR RS R R, BRI R R
XF G Y T B AR o i T R AS [ B i AR R 8
S AROR I H AR 60 8 5 B R B, S LT Oy R
A .
JLOM =LozY; + L, (1—1)
Li=LY\+L,(1—2 , (8)
L, =LycY,+L,(1—17)
P Loy 205 2 G I 45 2 /9 i D0 H b 4 2 B
Yo I H bR A9 5E 52 B R B Ly ot RGN &
PR IE SO AR 1 RYRRSERE . Y, A8 AR 1 AR
SEPRE BB L, Ot RGN AR B R 8 K Sk 2 1Y
FRSCREY, 18 SR 2 4R 58 B R R SR AR (8
EA
Ly — L,
L, —L,
A BRI AR RRY A8 S AR 2 1
B 50 BE ARBY, W] G S0 AR E A5 B L AR [RGB %

Yobj -

&, =Y, +Y,, €D

0612003-2



SRS

BT = BOG R R ST W) 56 0 AR B

PEN R 20 8 AR SE B R G i I RS
BFIHPRA SRS EE Loy & AR 1 4R S2E L 78
B AR 2 SR SE RE Lo o fy (9) 2RI RETHSE 4 H
b i 2 B R B 0 H (OO A& RGBS & « A
KA FSEBE L NG AR BI04 7 3% AN T
RASH WA & bWy H br i 5 B R4

3 BRI RN B RS
3.1 ZEEAERGRES
Wl T —& 25 CUV) (Al WL (VIS) R 21 4k
(NIR) =P Bt 2 g & 48, 1 T bWy B br i) =%
Bohm s B R RO i SN2k 1 R
#1 EEHARIER

Table 1 Main specifications

Field of view 7.6°
Effective focallength 60 mm
F/# 3

UV 300~380 nm
VIS: 380~760 nm
NIR: 760~1000 nm
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Fig. 1 Structure of optical system
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Fig. 2 Experimental facility of radiance calibration
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in the band of ultraviolet
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Fig. 4 Measurement of radiance factor of green grass

in the band of visible
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Fig.5 Measurement of radiance factor of green grass

in the band of near infrared
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Table 2 Results of radiance factor of green grass

in three bands

Radiance factor
Bands

No. 1 No. 2 No.3 Average
Ultraviolet 0.068  0.073 0.069  0.070
Visible 0.186 0.172 0.193 0.184
Near Infrared 0.441 0.418 0.427 0.429
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