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Abstract: The performance of on-orbit payloads is inevitably degraded. Field calibration is a primary
method of on-orbit radiometric calibration for some satellite payloads, and its accuracy mainly depends on
how accurate the surface reflectance is. This study introduces the working principle and system composi-
tion of the Automatic Observation System of Surface Reflectance, and unattended, automated, and contin-
uous spectral surface reflectance measurements were conducted at the Dunhuang Radiation Calibration
Field. The short- and long-term stabilities of the surface reflectance data acquired simultaneously were
compared and analyzed using the standard whiteboard and irradiance methods, respectively. The surface
reflectance is directly traceable to the reflectance of the standard whiteboard, and the data processing meth-
od reduces the calibration transfer link. The results are as follows. The mean deviation of short-term mea-

surement of the surface reflectance by the standard whiteboard method is 0. 130%. For the long-term mea-
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surement, the mean deviation of the 350-600 nm band is 4. 996% , and the mean deviation of the 600-
2 500 nm band is 2. 104%. The standard whiteboard method is reasonable and feasible for measuring the
surface reflectance, and the figure of reflectance is continuous and smooth, and it has less fluctuation. The
accuracy of reflectance can be improved by regularly cleaning the standard whiteboard. The short-term
measurement of the irradiance method is similar to that of the standard whiteboard method ; the mean devi-
ation of the 350-1 900 nm band is 0.236%, and the mean deviation of the 1 900-2 500 nm band is
0.443%. For the long-term measurement, the overall drift of the reflectance is small, with an average
drift of 0. 735%. However, there is a disadvantage of large local noise in the reflectance curve. The two
methods can be combined to obtain accurate surface reflectance data.

Key words: standard whiteboard method; irradiance method; surface reflectance; automatic observation

system; field calibration

1 7]

Uu\:

TE LIS AT B A 4 U0 52 K PR AR I 5 R
Tl AR AR A B R, AR AR B
SR ) e Az 2 A, JEPE BE S MO 7T 3k e 2
B [ F2 1) S 0ok, 7 2 308 o 00 s oA 9 /N
WG R A RRAR Y o X e R W e, e
PN LA T R A B R A E o R e L E
PR B G T Y l R A T LA A B R
AR RGeS i e A A5 0l vl A e A2t
AR TR R AR IS AT AR
REAR 6 I JC3m B AT R, 37 3 58 A TR 52
TRARG VOB, mCh C R s 17 7 A 4
KRR BB A MJC 2 b E AR T Be iy T2 #7231
AT ER EETFRZ "

SRR 5 R IE 37 2 B T R R 01 2 A A
EY, BA BR8P0 3R 2 —
PG A5 A5 R R 1) b RO B, 245 B0 B By
WAL 3 T AT UL T 21 A T S s 4 7 I 4 %) e A
bR ZAFER, SO T & —% (HI &
B FY 51 45 22 W % TR 8 AT Y 24 X e A
PR A S B I Y b 3R SR Ay i T 5 4
SE b T (IR S A A T AR e S TR T
A IF1 114 52 B3 b AR

A TE N AG ¥ 1 B 2 Bl Bh T % 37 Ml 5E s 58
6 B4l B9 AR RO I+ 22 4F B0 QU B TR) AL [ Y
SN A B TT R T T T ST, O B AR i
i, WA 19 | Sl ik 258 1D R
S b e A RNEE R H AR RIS A S oL

Gy Ml 5E bR B T O T M 3R B AR Y e
BARJE , H AR C AT B n S B A S (ERS
JEE AN R il Aol 55 e 7 R, R IR R M 3R RS R
14 75 AT 5 B B N A T AL
S AN U S i T E
PRI L2 O BE YD 0 B B, B 9k ) LR
FIE 2% B S AN 8] W7 A9 S 5 808, E2 AN g A2 H
gt Y mORE B VRS A Y i E B AR T
SR, 30 V) X R A S 0L I B A AR E FT
FE A9 I 4 T7 1

2 = e R WA U e S E I DR
AU, LA T B ARG E S, 16 3% 25 (19 B Sh 36
BT SEBTC TR A Sk | TG 1) 8T 4 2 M %
DT S A 248 5 SR AR v 11 Ak A e T RE 2k 7 o
7 1 AR O R S I R I b 7 1 R IR
2 S5 AR 3 B HEAT TR A A I AR E T
Xt He a3 BT 5 i i , 6 TR R 7 3 i RO A AR
W S ) RLEAT T o0 B, e T TR AR D P O
T Tk

2 WERIERFIHIMN AL

e R S E e PURIES S /Sl S B S 0] a1 Ay
SR SRR PURIE OB SN AR PYRIF QL
VAo NSEBLICAEST A 3 TAR, RS0 4 K B
ol B TR A SR R A R KU TR A R
EWS RS I L RG A 24 TAER
A PR R AL PR IR A 5045 | BE 8 AR dls



o516 1

N YT I YA W N RS RN e 2321

Wi 2 i Ash Uk TAERBIA . 78 KA B i ik
N g A X S B B A B b R DL T A1 A M SR O
S i NS I DU R N T NN 7R U P
KA, P14 BRI A DR B ik 48 . R, 3%
AT T 2% 3 TS B, S0 9 A A A Y R E
I AR S BT IR . A, EEEm A
2 25 P FE 10 25 A0 3 BR B R i Ol 1 I IR A 2
— AN UR ) P I, O B v T A BB A M, X i
B 1 O T 0 A A RS R R S AR A VA i R
AP ORI R R S R it AT IR AR DR IE D 4K
PR E .
2.1 ITiEIRIE
AR ST i R A b R R R S B SRy 3 b Y —
) ) 8 2% A F (Bidirectional Reflectance Factor,
BRF), How AR A48 BB E ST, 1)
1] B> J7 1] 0 1 B I 4 5 58 B L oy (0) 55 FRAR 72
L R (€I N o E i 0 O ol O I T 3
L gituser (O FE HCAE
Rirr (0)= Loye (0)/ Luitiuser (0). (1)
BRF Jf & A XF 8 55 0 58 ik b R e, I
BRF U AN AN P T 1 4 A 5 1) S 5 R4 i
Hift 55 54 ¢, B8 BRF If A2 —
RELAY F 38 b Py B S e 0 ) B AL L (H B T BRF %%
Ty S5 B S I S, FLE R 04 ) B P AR A rh g
] LA 5 ) 8t 43 70 pR L (Bidirectional Reflec-
tance Distribution Function, BRDF ) #H Bt &1,
e H R 5 b AR ik g w AT
b R S S A I 5t AT DR R o AR R
BCRR RRORE VR AT RN o A A AR R A
5 ML) 1) B S B 50 B L e (O) NI S S5 B3 AP 4
B 2 58 58 B 58 L (0) 3RAF , W3 (1) BRF
FE SCHT 7R o REORE 3k ) 2 2ok D e B E RN
H W1 B A 5 B L e (0) AT, 10 T 48 R
E RN SRAR 8 J 555 AR A 9 B A3 48 59 5 BE L i ()
R R : Ly (0)=E/m, ITLLA
Rie (0)= 7L e (0)/E. (2)
Hb 2 556 2 Bl 0 A RE A8 ) i A o T8
SFF AR Y S B R B M) bR Y IS AR e
3 3o 1 BRI B M R S S R A
18 ST A I ASCAS B 38 2o 0 e P 5 18 O
FEURE PR30 R I RRORE 3 o T 3 1 LU (B AR A 18 A

Fb 8 SR PR S A 0 B 45, D) AT DR ol B
B S S BRORE b R B b A S S e R A R
JEVE S I R R R R M i . BT LB R
&, 02k HH 2 B i & ) AR RO A R 26 1
W 525 B R R GPS 50 3R Bt 54 v B
[f] (Coodinated Universal Time, UTC) 3 ¥ #r &
Gristgh, AT LUPRIIE [F] 25 ik A& B TR R 2576 £ 1 s N
2.2 MREFEAHRUNRFEEE
2.2.1 HoEBSHE B S AL

b3 S 58 B UL AL F R S R 4 o
B B R AR 5 AL AT PR 538 N P B IR R AR
e GBI YR A SR 2 e SO AR A A

AT ) i 5 P AR P 32 ST B M 3R I
05, OGRS WO B H AR A S U/ B
1A T PIL A 45 20 B 5 B9 SR 2 5 A AR B 4 45
BTG OG5 B SR 4R Ah R PR T AR N AR BRI N
P R R I AR A 455 I 2 A e K B s TR 4 55
WAL KT  GPS BT R E LA H
M W R 0 A s R YR A A SE IR ML R G HL
PG AL R 55 W A 46 K FBH BE A L H Tt A A | R IR
HL R W/ b R RS 2l /W A R T AL RS
PRESH AL B 17

Rain sensor

Solar irradiance — @ = if AfiSometer
Temperature control
module o ;
Reflectance \ngftg?ﬁfd
measurement module k7 s Mt
. ounting
bracket

Standard
?aoqm’siﬁﬂ
and processing

Solar panel

whiteboard =

Whiteboard

switching/Cleaning — D |
0 01
module Imean \
Power .
management || Rainproof
electric box

UL 3 S 55 5 11 Sl WL S Ay 2L
Fig.1 Composition of the automatic surface reflectance

monitor

Mo 3% AR A SN A B R S R 1
PR .

b 2 B3 A8 A Sl WA A1 39 2 3 T U R
SIRCES (4 15 ) W 2 7 o A [ 42
SE, AT DUORTIE 2247 LI 24 O W) — DX DU A
FELRE LR 4, Bk AT O B S48 242 4, SCT DLk 4 3l



2322 P

K TR

31 %

x1 HMRERFXREHUNLHERSH
Tab.1 Specifications of the automatic surface reflectance

monitor

Spectral range 350~2 500 nm

4 nm@350~1 000 nm
10 nm@1 000~1 900 nm
7 nm@1 900~2 500 nm
Field of view 4°

Spectral resolution

Accuracy of reflectance .
0. 01 (Non-absorbing band)
measurement

Operating environment .
—20~60C
temperature

(a) BEAECRE A KFHEER)

(a) Overall (the solar panel is not included)

(b) RIER(HE ML T & LEEH)
(b) Partial (white plate is located in the measuring optical path)
K2 oS o8 B s AL Sh 7 2 2 S
Fig.2 Pictures of automatic surface reflectance monitor

installation
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Tab. 2 Specifications of automatic diffuse-to-global irradi-

ance ratios monitor

Spectral range 350~2 500 nm

4 nm@350~1 000 nm
10 nm@1 000~1 900 nm
7 nm@1 900~2 500 nm
Field of view 180°
0. 01 (Non-absorbing

ratios measurement band)

Spectral resolution

Accuracy of diffuse-to-global

Operating environment tem- i
—20~60C

perature




% 16 1]

SRS b R B R AN 0 A ST vk 2323

2 5 e B 3 I A Ah 3 e % SO0 R R
E(Zh25) , mE 4 FrR.

(a) BEARCEMHLIE)
(a) Overall (left side view)

(b) JRERCE ML)
(b) Partial (right side view)
R DN A = B PURIE TR R
Fig.4 Pictures of automatic diffuse-to-global irradiance

ratios monitor installation

2.3 MRRHRMNEFE

M 2 B S A AT LSRR B e A
JRE 3 BE AT I A PR 7 i P o 00 )y B
A BTN TE] T SR X I R 7 34 A I RO 2
Fr 3 He, SR R 3E 5 1 015 A 0L A 52
Jiike
2.3.1 Hpgamx

B 3 B 5 AR A gl LI A A B 5 R E bR &R
B Cp, WD AR v 1 AR I M 3R s B 0 6 20031

N DN e M1 DNeig, W B HE 3 AR 3 26 H AR 09 F6
SEHEN

L= Cr*DN,yie» Lias= C;*DNjey. (3)

BEBR E AR A ML R AR B RS R5 5

Rwhile iFn Rﬁeld ’ EE :T:t( 1)E[%l] H
R e Lﬁcld _ Lﬁcld _ DNficld . mee- (4)
Ldiffuser Lwhire DNwhiIe
R white

M (D) Rl LAE 58 52 B 2 b R AR C)
O TR I B b bl 2 2% 0 B O3 A 1 g i B
{2 AN T B A Bl o) 7 B K A 2 1 R S AN 5
M) 2 Gk 32 000 o bt e i S R DN o 4 R O
EAZ IR T RS E U B R R e, B T E AR
(NS

b 3R T2 B Sl I AS BT SR FH A B R
FL Rt 3 dy v [ R 2R A S B bR . O 4L
o] 2% 8 Jg 3 1L/ 18 5 (0/d) , B 45 9 63
SR E R R RO AN B 0. 44 %0 (k=
2) 53 2T A8 S AR o T AR, B R B
J£0.69% (b=2) ; (BOGH) 5 A AT WLIE £151 53
JCRE T HERG R S T, ST SR A 2 AN 8 5
FEoR , 3 R G5k 97, 2%, K 45 5 45 X R i
EENL. 0% (F=2),

Reflectance/%
o
S
€
|

350 650 950 1250 1550 1850 2150 2450

Wavelength/nm

S o B il 4k

Fig.5 Diagram of the standard whiteboard reflectance

2.3.2 HBEX
i S e Bl 0L I ARG B IR E bR R RO
Co, WL PP 85 5045 S IR 0903000 42 (O DN, D%

WM REE. A
E.,=C,+*DN,,. (5)
F 3 C2) TR, 6 A 9 1 A B B 238 R e T
C 'DNW ite
Rwhire - TCLwhile/Eirr: ﬂm' (6)

2 Ry =Ci/C,, WA :



2324 2 K% TR %31 %
R = DN/ DN e * TR . (7) Skt AR B S AR AT RSP AL IE |, 2 B Sk e
(] A 14, % i 26 B AR 19 S 38 R s A B B, AR SCIT SR FH B4 B A1 ¢ GF R Bt 4k an il 7
Ru— Loy /B, — g S DN B, AN T 8 B T 09 B I R HOR JH 4 (87 X
(/m 'D]\/virr . (8) 2H
53,
DN /w/ DN, » Ry,

U (8) 5 () M LB, nFF Ry, 1 0 4 IR
JE I B9 S 5 R E bn R KL

— R UL, I A b 2 S A A sl UL A
5 B2 SE b RO CoME B EE A slouLi X 5 &
MR SE b R BN C AR E ], SO R E AR R L
R, W YRR EM . P, i R BT A (7))
il i A [/ — S R A AR T MR RO R A B
0 ASCI B A v AR, O () I 98 R L A Sluli S
R B R O MR OR ARG o T SR R e % A
7w R, 8 I A 58I AR AT % BB R GE AR
FHR o

12X (7) X (8) WA, & i R HUL R, B AR
i 5 S RE AR AR CoMAR BRI SE B R C, ML
J S 0 00 A R R TR A 990 R T A o BRI
5 Rupieo

3 WMEARHEIGEIE»TE BT

Hb 2% S SR [ Bl W R B4 2 e S U
A GE R S U RE RS R A SN/ A U S D
53 B v T SR A RN AR B ] S 2021 4F 1 H &
11 H 3k F B ¥ o0 18 27 st 3 (it 5 B ) B SIE )
I, DAORUE A BH 8 S5 7 J7 657 7 1 B — Bk b 5
i) R 3%
3.1 WMRRHFHERNERE

SR PFA b 3% SR 1% DN A L O I )
(AR 3 K IE 5 I 43 (3 J7 i) B bl |, 943 591 %
B 1M 3 R A IRORE 9 1E AT T B b 3R AR
RGAE M BT [ 2t i D0 A o AR
SERE MR EAREE L A BE SR B R Yo i
SRR E 354 5 s, B I B AR IR R 2 min — K,
FEEzI it o R TS I B b A B, A0 T
BA 3B : Si, InGaAs AP & InGaAs
B BIEAT (35+1)°C, (—5+0. D CM(—10+
0. 1)°CrHYy it 42 DA IR I 2 A2 1 -

A2 3 B 2 ML OE A K BH A AR AR [
26, 1°~73.1°, & 6 Ir/x o T s o AR T
A AR Y RIS AT 18 B ), T AR I R BH S B A 1 AR

Summer solstice

Spring equinox Autumnal equinox

=20 Winter solstice

— e — o —

Data
Bl 6 O — A7 IR A7 R B e B A 2 A it £k
Fig. 6 Annual variation curve of noon solar elevation an-

gle in Dunhuang

1.00

0.95
'5 0.90
£0.85
5
30.80
b

0.75
E
—0.70

0.65
0 10 20 30 40 50 60 70 80 90

Solar elevation angle/(°)
B7 Tl B e B A A BB A I R 8L
Fig.7 ILambert correction coefficients at different solar el-

evation angles

P F AR S 1 K SR bR o AR 5K
b 2% 19 S 5 R i 8 Bir i , R H Y B K
PH =5 B2 A Az i K BH 7 60 ffy, JF o 2. 3.2 5 A
TR T 2 o A5 A0 S [ i L, R4S T A 9 s

250000 —— Whiteboard radiance(Day 1) 50
= T Sl ooy 1 |43
£200 000 = e 40
o 359\‘9
£ 150 000 i — — 303
g I\ ~ 255
100000 “‘\) 1208
S f 15%
S s00000 . 10%

i 3
0- - Nfoactirmnznes DY AVA e 0
350 650 950 1250 1550 1850 2150 2450

Wavelength/nm
B8 A i M vE 5 S RS R 2k (5B 1R E=
27.94°,A,=183.72°)
Fig.8 Measured reflectance of the field by whiteboard
method (Day 1, E=27.94°, A,=183.72%)



N YT I YA W N RS RN e 2325

1.6 ]

24 | A
h _ | d

il \ A, I N

B ‘Vv“"’w"“v ‘,“‘“,f“‘-" m—fﬂ,f.n‘\‘ i i P_:”’W"-W\v‘ T

1250 1550 1850 2150 2450
Wavelength/nm

B9 B R 9 i o B R R AL

Fig.9 Reflectance coefficient of irradiance method

350 650 950

F18 e T2 1 L S % 7 R R B
M (7) FT L R Ok R E bR R
FX AT o B e ik = 0h
Or, = Obn, T Obn,. T 0k, s (9)
Horcofy, Mopn,, 350 R Y6300 6 AERE A

hite

S MR AN W A EE A 5 JRE R A U RE ) AN
S R 38 2o SR FH Ol i 00 A B 3 2 0 A 10 AR e
FBR AR 52 B8 AT AR i 22 /P 248 09 J7 96 3145,
K107 o IR AT U H 4 K 22 BO6 1535
N (IR M WA BE ), AR AN B 5 B2 29<<0. 5%, 4@
B2 30 SIS 3R R s A8 TN B JEE AN 3 I

2.0%
1.5% 1 &
1.0%

0.5%

Relative uncertainty

———— A §

) t . z
A 0
350 550 750 950 1150 135015501 7501950 21502 350
Wavelength/nm

P10 i i ok A5 e By A0S AN il o 2

Fig. 10 Relative uncertainty of spectral measurement module

R3 BEREZRHEENRRBIAHEE

Tab. 3 Uncertainty of the coefficient of irradiance method

Relative uncertainty of reflectance of whiteboard 1.029%

Lambert correction of whiteboard <20. 005
Relative uncertainty of radiance measurement  <<0.5%
Relative uncertainty of irradiance measurement <<0.5%

Composite relative uncertainty <1.345%
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Fig. 15 Measured reflectance of field by whiteboard method
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