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Abstract: The accurate flat-field calibration of large-diameter space survey telescopes is an important pre-
requisite for achieving some established scientific goals. At present, it is common practice to provide a uni-
form flat-field reference through a flat-field screen or a large-diameter integrating sphere, which is used to
check the consistency of an image’s plane response. To address issues with the uniformity of flat-field screen

illumination and the difficulty of preparing large-size integrating spheres, a flat-field calibration method
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based on sub-aperture scanning is proposed in this paper, which improves the uniformity of the flat-field ref-
erence and the uncertain calibration caused by stray light. First, we complete a sub-aperture flat-field calibra-
tion theory analysis, establish a sub-aperture flat-field calibration mathematical model, plan the sub-aperture
scanning route and scan aperture size, and perform the initial design of the parameters of the collimation sys-
tem for calibration. Secondly, we complete the image surface illumination simulation verification experiment.
Finally, we set up an experiment to scan the planned sub-apertures, build full-aperture illuminance data, and
verify the feasibility of the above-mentioned large-aperture space survey telescope sub-aperture stitching flat-
field calibration scheme. The experimental results show that the full-aperture illuminance information can be
restored using the full-aperture stitching method to scan the image surface energy of the system and by using
the sub-aperture stitching method to compare and contrast the full-aperture image surface illuminance. The
superimposed gray value in our experiment was 233.350 and the error was 1%. It is therefore verified that the

sub-aperture stitching method can be used for flat-field calibration of large-diameter sky survey telescopes,

and has practical value in real-world applications.

Key words: large diameter; flat-field calibration; survey telescope; sub-aperture stitching

1 351 &

H AT, RICF5 RCES IS T H R,
T SR i A ) A BE R S TR A AR O RE T,
PR EE gt T — RN TR ORI
KA, WA T 541125 R B BE (JWST) . K7
IR E4E (LSST)M, 30 A EIL (TMT) , I,
R EIEHE (WFIRST) 4, & FE R SGR Rl B
SRR, (TR A T BlaCL e, SRrhicee
I O 58 AR — B Bras 1y, A st 900 J7 453K
RATERHED, 2 [ Z IR s it 2
SRS AR B B, H A OO 5ok AR A 4T
{C1E RS B R BB, SR SR S Y B
T U R SRR AR OB Z R

KOV T B e 5w S 2oty { Ui O G 0 R s
WFH], B FF AT —30, A T 3R A
WERf:, — BB AT AR G T e AR e, Hoh sz
KIERE - bn, H R gmme i i 4E 1y
AP RGN AR AT A B W H AR
S S e N ORGSR L Bk
LRGBS, S BRSBTS,

Bl PR 32 3 A0 R T A8 R S B -39 RE bk 7
T 159 Shy 3 o P - 37 R o A G R, P

AR 2O R G R MR S PN B, I
)2 R PG RE R BRI . (B 57
P R B AE R SR R s A 5
I3 2 201, HL s A SR B ORIt H 45 i 5k
GG AR, e B A IR N TR E
V5 ko il O IR RS g R R, XS
S PRI IE TS AT, H 25 BN EOLE,
AT B T 3N 5 B, TGk 38 B E b A 2
RO A, R HAR R 43Rk 1 32 B BRE ARG TR
PRARPER | RO BRI BERI A TR 2 0RHS Qe A I
RSN, JCIEIE T B A BUUMERE . BeAh, TR
AR R Bk IR T A 1 3R T e iR, ELA A IR
DR, PR S P LR AR E S SRR
Fe e A4, AN IS A e AR L 2 A 2 AR

BEX L IR, A SCHR T — M T LR
P AR D AR R BRI iV 7 e AR T 15, 2L
TG RO AR 5] AR HOE S BN AT
SEJE, LR R BRI . TALARDHEL R T R/
BERA AL, sl 24T LR PHE, TRIF I SIRE
fa et AR o i DI e
O BOEIREA /N AR B, FERR IR ER Y 115
THI ST 18 RO, e 2o 15 3 BRI K
HARE ARG, AT LA S e dB ER I &%
W, G300 AT 5~ LA, 4 D A IR



1096 [ D & %13 %

P LA AR o R, -l AL — el gE . SRES AL AR BOLTRh A
ARG ARG AE R T BN S, MEHM 4 OB LED. BBk, kIR . B 1 85 hs
ARG IR H T L. 2RI EIE  RGUEIE, /] B LED 1B R VB0, 78
TARHME IR E 2O RMREER, (EHT BB DRSS B8 R A, FRArER
LR PHEE AT R DR R BE G bR B JF AL RCE 73, 352018 RO L2 7 e 1l

SRR M. BOGTR, 2R I 1 R G Yl AR
RIS RG0S o A LR R B
2 FILEBET Y AR AR A, i R RSN 25 52 et W AR BR T 11
VB S 3 o L R RS LED G, B ARt
21 FHAEIREBAR VELE T AL AR 04 FE 0 P LA R R R R B, DAk

FHRT G bR BB BOCI . BN SRR TR,
B RSN B RS, 2RERALE ORI

Ir_-————_-—___—_——_——-—_—_'] Optical system

| A
I .
| White LED The collimation system :
: Target sources # 4 B
| Integrating § :
: sphere light | Detector
" source >l
I Silicon vy v :
| detector "
| Two dimensional |
'l scanning mechanism | L ]

K1 Ve bn R g A
Fig. 1 Schematic diagram of flat field calibration system
L/Z*‘ L 37 = el nlTL dn ’ 4
22 FILEHEFIAERERE E,=K=—= 7] cos'e (3)

e, SR TARRES S 0 R
WGBS e 2 YR RS e ese g OB, A TALEROLIRM EAR N d, i T LR

W F R AR Jods, B R e L, TR

A0S S B RGO A W, HLE R S PRUES PR S P DR AY TRV AR, WA
T 7 2 R R K, I L AMG A ' R AR S,=8,=8,+8,---+S8,;
By 3 A% % 69 VU U7 T A, UM% T6dS | 95 18 R=rl+r ++rk
Eﬂ‘j: E:d_12+d_22+...+d;’2-
4 4 4 4°
aTL({D\ D'=d’+d’+---+d,; (4)
= —(—) -cos*w, D
4 Koh, A OREBINS,, 2 HR, A TR
A, DI RGN AR, PO RGN, RS, N,
KR 2R T B, o T WA 4 TR IR 5 A TALAR IS I R,
S TR I N IR S R, ATHE S 4 DR S FiA n T4
] R EIREE E, 6956 2 4
E —Kﬂ 2 -cos*w @))
q — 4 f .

n n TL d 2
Eq:ZE‘: KTET(?) -cos‘w, (5)
n AT LRI G RE R A = =1



55

SRV, 25 K R LG e T FL BB T i bk 1097

KPP TALRN EAR N,

FH AT, A5 3 A AL EIREE S, 2 il X)
JI A TR, SRAT ARG 4 1 A R B
23 FEFHEBREERERMEEXERMAX

R (5) B FFLARPHEF- 3 0 b S AT A
DGR 5 LA HAR Ry e oG &R, LR
PHEE A T hnmt, X7 AR T, v LA
Py A AR IR, BRI, LR a4 DR s
ZRIEF LA PHE AR T2 DR,

& DR A Fr A B4 FLAS 13 4 T FRUAH
4, m(4) T 15

D’ =nd". (6)

AL RIS R LA K TR ] S B RE bRl
REGELANE, i TR o4, &1 D =
2 000 mm, FfL% d =250 mm.

25 TR BLO AR AR, fRIE T LIRS
RS T R, FAREHE RN ZE
Bl 2 s

K2 P R R B

Fig.2 Schematic diagram of subaperture scanning route

planning

24 REREERZGSHILIT

TETFALE - b e v, 37 3 i 4 5 U
(X5 511 B A bR AN A B . ZEDRIEFRR S 3K
TSI, Wit WS RGAE TR PHE
e bRk T B R

Fe2F T RAS AR 1 R, W& RS
SERANIE 3 B, MRS AT & 4 B, s
& s s M S &, S50 E Ry
FRAEAR S 0.002 pum, i 2 T O2E R G/ NYREEEN)

x1 EERZHRITSH

Tab.1 Design parameters of collimation system
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Fig. 3 Schematic diagram of collimation system
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