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Automatic directional radiometric testing system for
large aperture integrating spheres

XIE Ping, WU Hao-yu, ZHENG Xiao-bing, ZOU Peng

(Remote Sensing Laboratory , Anhui Institute of Optics and Fine Mechanics ,
Chinese Academy of Sciences, Hefei 230031, China)

Abstract: An automatic testing system is developed to test directional radiometric characteristics of
large aperture integrating spheres quickly and precisely. The testing system is made up of a scan unit,
a trap detector and a control unit. The control unit controls the scan unit fixed with the trap detector
to displace according to the set position, then controls the data collector to collect,display and save the
data. The system shows its scan ranges of plan uniformity and the directional characteristic are 1 mX
1 m and +60°,respectively. The system is used to test a large aperture integrating sphere with a di-
ameter of 2.5 m, which is automatic and characterized by high precision and efficiency. Obtained re-
sults indicate that the plan uniformity is 0.19% , and the maximum offset of Lambert characteristic is
1.03% at £45°. Currently, the system has been successfully applied to the test of large aperture in-
tegrating spheres for many times,and satisfied results are obtained.
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Fig. 1 Sketch of plan uniformity test
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Fig. 4 Device of plan uniformity test
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Fig. 5 Device of directional characteristic test
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Fig. 6 Sketch of manual test
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Fig. 7 Flowchart of plan uniformity test
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Fig. 8 Flowchart of directional characteristic test
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Fig. 10 Curves of vertical directional characteristic test
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Fig. 11  Curves of horizontal directional characteristic test

R2 HEHIEKRMNEIELELER (53D 540 2 F)

Tab.2 Results of plan uniformity test (540 points in the center)

W) A5 H e KMH e /ME
it 1 /57 4

Vi)V brifEfm2s  m¥AtE v v

7.1694  0.0135 0.19% 7.2003  7.1295

3 AEHERNSELELER
Tab. 3 Results of directional characteristic test
FIH FodH F3dH F4a4d
IR 5 18] 45 BEREE 0. 009 5 0.010 3 0.010 0 0. 009 7
T 7 16 45 EERHE 0. 006 7 0.006 5 0,006 8 0. 006 4
£ 45° I K B A m A% 0.0103

5 RHZEHH

BUO BRI 10 249 53 P4 A A 2 R P2 Dt B0 Bk
P AN 0 S J3E AR b T 9 5 P R A R R K
TrE AP 22 SO e B BR e i E
H—E ME BT B EE SE 3. B DL 4B B 5
Jie e G B4 (SRS BE X T 0 A 45 53 04 52 ) W] L 228 %
AT JEEE AN B AE TR IR N PRI g F AR S Y
I o Sk T B B AL MR 75 ) 2 W A DA AR A L
Z U S 0 P I e 2 R . TR 2K R S
(89 AN B E PR IR 2 284 LR JLAS 51

* R AR E 5

* YRR A I AN E T

* ZR RTINS A R

4TI R G R E B AR

x4 RETHEER

Tab. 4 Uncertainties of test system

ANy 5 R U A E R (X107%)
PRI 5528 0.006 8
B R 0.004 2
ZR TG Y 5 M 0.1
G A 2 BE 0.11
6 %

Bk 1 AR 23 BR 7 16 8 S5 R A O R 4 R
ARG LR A — KO BT T
N0 8 0 R R T S A R R S
OrRB T LRGN RS BRI AR . LA R Ty
SIPEIN R A AR e A AT L B R R SRR
AR A B I AR 73 B Ol 11 A% 8 A T Y R SE B
JUE BT s pesdt (3 s i & g2 1 el g
P A RERRPE DN B BR T LAAE T 3 I 5 1R Y B
BN DR 22 M R 22 R JL AT Bt 52 il 1 A
FEZAEILAS /NI 58 B I AT 55 . AT E 20
MM ZZRGEx 2 A BN R DR BRiEAT T H
W, IR TR A 4h



5591 P S R AR B BR TS [ B SRR B S R S8 1949
solute spectral responsivity standard detectors with
S &k ‘ e
uncertainty less than 0,035% [J]. Acta Optica Sin-
(1] #H#HA. 2R EEERE B AM] L5, ofEE 2 ica +2001,21(6) :749-752. (in Chinese)

[2]

[3]

[4]

(5]

EER N

H A AL 1991 :45-60.

XUN Y L. The Fundamental Experiment and Ap-
plication on Remote Sensing [ M. Science and
Technology of China Press, 1991: 45-60. (in Chi-
nese)

L AR BHELES EER LN F[M]
b5 AL 5T TR AF At 2006:163-166.

JIN W Q. HU W J. Radiation, Luminosity, Chro-
ma and their Measurements[ M. Beijing, Beijing In-
stitute of Technology Press, 2006:163-166. (in Chi-
nese)

LI H S,FOO S C.KENNETH E. Automated three-
axis gonioreflectometer for computer graphics appli-
cations [ J]. Optical Engineering, 2006, 45 (4):
043605-1-043605-11.

FIRFLREEFA R F. ORI BR A 5T O
WA SR e T TR 0. 2 F & F # 4R, 2001,
18(5) :424-428. (in Chinese)

ZHANG ] P, WU HY, ZHOU W, ez al.. Experi-
mental study of spectral radiance characteristics of
large aperture integrating sphere[ J]. Quantum Elec-
tronics, 2001,18(5) :424-428. (in Chinese)

Hob K, ZRET ERE.F.RHEEMRT 0.035%
) 248 o s i i 07 38 B o AR 2w [T . 6 5 52 4R, 2001,
21(6),749-752.

ZHENG X B, WU HY. ZHANG J P, etal.. Ab-

BOEAITID) L TR B 3
BT 51,2002 4F 2005 4EF 4B Tolk K
SO AR AR A L L, RN
TR BROT 1) 58 55 R 1 B R DN s 45 1 10
Kl T4/E ., E-mail; pxie@aiofm. ac. cn

(6]

7]

[8]

[9]

[10]

FOX N P. Trap detectors and their properties[]J].
Metrologia.1991,28.197-202.
oD, R EFERCEF SR OGRS E bR A
Pl 8 7 15 LT ], A+ 5 38 4R, 2000. 45 (16) : 1341~
1344.

ZHENG X B, WU H Y, ZHANG ] P, et al..
High accurate radiometric calibration and standard
transfer method[ J]. Chinese Science Bulletin ,2000,
45(16) :1341-1344. (in Chinese)

Z
ks o Aar R [D]. B RN B RO %
BT 52 i £ 2005.

L1 ZZ. Studiesof highly accurate radiometric cal-
ibration and application based on radiance stand-
ard detector[D]. Graduate Anhui Institute of Optics
and Fine Mechanics, 2005. (in Chinese)
BISHOP R H. LabVIEW7 5% A # A [ M]. Jb 3T . i
Tk H Rk 2005,
BISHOP R H. Learning with LabVIEWT7 Ex press,
Beijing[ M ]. Publishing House of Electronics In-
dustry, 2005. (in Chinese)
&S 4% , 5k 4% 8. LabVIEW 8. 20 #2 5 &% it AT
B 4B [ M. 3 AR AL, 2007,
CHEN X H. ZHANG Y H. Program Design
From Junior to Senor with LabVIEW 8. 20 M.

Tsinghua University Press, 2007. (in Chinese)

REFA963—), 5, R T, 1985
R F ARG R BN FLEE
SO B e i L TR R AR Y
TR R JEE S b R 2 B SRR AR Y I BF T

E-mail: hywu @aiofm. ac. cn



Pl

%18 &

FINE (1969 —) B, AN A, BF 5%
B A S 0, 1990 4E T T IL R &
b 27,1994 4F (1998 4F F o [ B
2 Bt LB 2 R B DL WUIE 5 0 43 AR
YT o e = 2R VAN S YN R R

8 WB1983—). 5 .S AL
WS 2005 4 T 8 olk R 2% 4K
g, EENFOCHRRM 5 F 54
A2 . E-mail: pzou@ aiofm.

B S IR AU L LR SRR
TR 1) RS B A O A RV VO
FETTE WS . E-mail: xbzheng @

aiofm. ac. cn

ac. cn

O THFWL
%QIEszFﬁﬁbmﬂiﬁﬁﬁﬁﬁﬂﬁizzf%ﬁé%%éﬁﬁ%iﬁ%%ﬁ?ﬁféﬁ

Aogr AL Bee EAR e BLIAR.E W
(LPEMFR KELFRENRTDEFAN CALFEXRERLRE, 4 K& 130033;
2. PEMFR FRER LR 1000493 FEEKARREERKE, F4H K& 130012)

/.

TEBLH A T DAL IE 19 B 38 D' R ST R rp . — 4> B 0 S B PR 30 R U D8 T
FEIE Pt BEHY R GEAT 58 AR TN 415 58 7 5K B9 1m) o i K 20 B0 A R BRE e A« 3 i S 6 I Y
AR D L I FL3d 5 BS99 Be i i S SO 22 AR D T BT A S N B A 3 R A
ARG B TE TR AT RS B L X 500 m K V- B B O I A KR SR PRGN AT T I
DAL IR TR 114 B[] B 4835 4 B2 L AT 0 T R A ST R I HLE IR B T SRR I B AR AL SEER
BB Pt i SEAE ML B AR AL ZENE L FEISE 10~ 15 Hz X (]38l 1 R AZA RN 2L, P 8l X E] 2y 20~90 Hz, fix
Jei 8 3 S A S SR e A T T A SRR N T RE D 70 s



