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Abstract:

In this paper, a method to evaluate the in-flight MTF (Modulate Transfer Function) of the WFI (Wide Field Imager)

on CBERS-02B is presented and the WFI images are restored. The CCD is another payload on CBERS-02B with high spatial
resolution. Using the CCD images as high resolution images, the two-image comparison approach is applied to determine the
MTF of the WFI with a pair of images acquired over Beijing on Nov. 10, 2007. As the results, MTF values in three directions are
derived. The MTF values at Nyquist frequency in cross-track, in-track and 45° directions were respectively about 0.43, 0.52 and
0.35 for red band and 0.30, 0.46 and 0.36 for near-infrared band. Image-derived MTF values are applied to calculate the half
bandwidths of the WFL The results indicate that the instant fields of view of the WFI in the cross-track, in-track and 45°-track
directions were respectively 1.188 pixels, 1.165 pixels and 1.281 pixels for red band, and respectively 1.258 pixels, 1.195 pixels
and 1.326 pixels for near-infrared band. Weiner filter model is used to perform the MTF compensation for WFI images. The re-
sults show that the restored image seemed clearer and contained more detailed information.
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1 INTRODUCTION

The MTF is a fundamental imaging system design specifica-
tion and system quality metric often used in remote sensing.
The MTF is acquired by performing FFT (fast fourier transform)
on PSF (point spread function) and normalizing its modulation.
It results from the cumulative effects of the instrumental optics
(diffraction, aberrations, focusing error), integration on a
photosensitive surface, charge diffusion along the array and
image motion induced by the movement of the satellite during
imaging (Leger et al., 2003). The MTF can be tested accurately
in the lab, but it will change due to the refocus of the sensor and
the MTF of the atmosphere. Thus, in-flight MTF determining
and compensation is a vital step for the comprehensive applica-
tions of WFI images. ’

Many approaches have been proposed to perform in-flight
MTF measurement. The impulse method was often used in lab
to measure the PSF (Du &Voss, 2004). The MTF of HRG on
SPOT 5 was obtained by directing a lamp to satellite (Leger et
al., 2003). The most common method was to use line-feature or
edge-feature images. Edge-feature method required that the
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edge had a high fidelity representation of the ESF (edge spread
function), which had been successfully applied to many sensors
(Forster & Best 1994; Kohm, 2004; Taeyoung, 2002). Different
techniques were presented according to the width of lines.
Schowengerdt et al. (1985) took a linear bridge as an ideal
pulse to determine the MTF for Landsat 5-TM, since the width
of the bridge was less than one pixel, which was the LSF (line
spread function) itself. For lines having several pixels width,
left and right LSF could be determined by two edge method
(Forster & Best 1994). When monitoring the MTF for IKONOS
by imaging linear designed tarps, Taeyoung(2002) applied the
pulse method. In general, these measurement techniques
required that the targets had a particular size and orientation.
The method of two-image comparison was proposed by
Schowengerdt and had been used widely (Schowengerdt et al.,
1985; Bretschneider et al., 2001; Viallefont-Robinet & Henry,
2000). This approach has no special requirements for the scenes
except that they should contain a variety of features, so it is
suitable for low ground spatial resolution sensors.

Some studies have been done focusing on the sensors of
CBERS series satellites. Liu er al. (2004) used line-feature
image to calculate the PSF of the CCD on CBERS-01. Gu et al.
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[20050and Li (20060 proposed a new technique to perform
in-right MTF meaSJrement fG the CCD on CBERS-02. Li Ff
[Z (2009 0compared two techniques of two-mage comparison
approaCh. ThiSSUdy iSbased on the result & Li Pf O Sre®arch
[2009Mand it uses the sane technique to perform the MTF
meaSUement for WFI on CBERS-82B and méekes the MTF
Qnpensation fOr WFI imageSUSng the image-derived MTF.

2 TWO4+MAGECOMPARISON APPROACH

This approach suggested that the obserVed images were the
con\olution between the real scene and the point spread func.
tion [PSFO of the imaging system( a shown in Equ.[10
[Schowengerdt Pf (. [11985[]

fy G- D) yOOp Dy M g
where i MOy is the obserVed imagedDIly Ois the real sceneld
p XOyOis the PSF of imaging systemOx and y ae the spaial
cQrdinateS Of the image. When transfOrmed tO frequenGy do-
main[the formulachangstobe Equ. 20

MM F DO NCK OO M 20

where [T OvIID[ OvOand F [ OvOare the FFT of fI0y[MDLICY O
and pXOyOrespectively* and v are the frequency coordinates
of the J andy . Comparing with low spatial resolution imagel]
[Bhe high spatial resolution image can be regarded as the real
aeinEqu. (L]

There are two dilJerent techniques for the two-inmage com.
parison approach. 0 ne technique used by Viallefont.Robinet
and Henry [20000 performed the FFT on the low and high
ground spatial resolution images and picked out the common
frequencies. T hen the ratio of their modulations was determined.
The other technique was proposed by Schowengerdt Pf df.
M9850T his technique w as required to magnify the low spatid
resolution image and made the accurate geometrical registration

of the magnified image and high resolution image. Then(the
AnmOh researCh area was seleCed tO aChieve the ratiO Of the
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FF 1l of thetwo images. The research of Li [f [(¥.C2009 Oshowed
that results of twO technigUeSwere SOmeWhat dilJerentthCugh
they should be consistent theoretically. T his diUerence could be
due tOthe CompliCated preprOCessing in the teChnique used by
Schowengerdt. ThereforeOthis study applied the technique used
by Vidlefont-RObinetand Henry tOderive he MTF OF WFI.

3 IMAGE SELECTION AND PREPROCESSING

The Spatial resdUion of WFI On CBERS[D2B is 258m0
whilethe CCD is 19.5m. They are about 13 times diCerent. The
CCD and WFI view the scene at the same time. ThusOthe
change of the atmosphere condition can be neglected. The
CCD's band 3 and 4 correpond to WFI's red band and
near-Afraed band respectively. Currentlydthe spectral band
response functionsof WFlI on CBERS[D2B are unavailable. The
W FI sensor caried on CBERS.02B is similar with that on
CBERSID2. Therefore the speQral band respOnse funQion of
the WFI on CBERSI[D2 were used to compare with the response
functions of CCD on CBERS[D2B. The spectral band response

functionsof two corresponding spectral bandsof CCD and W FI
were similarOwhich were shown in Fig.1 and Table |. The
ranges of their waVe bands were consistentOwith 15nm dif er’
ence of the centre waVelength of red band and 11nm dilJerence
d the res-idrared band.

The information of the image pair used to determine the
in-Aight MTF of WFI was listed in Table 2.

The sub-imageswere extracted from this pair of images. The
size of the sub—-+mage of WFI image scene was aout 231 x231
pixelsOand tha of CCD image scene was about 3001 %300 |
pixels. The selected area was Bejjing city and the outskirt(
which mainly coVered riVerOsealTitiesdand highway sletc. The
selected site was near nadir Viewed and had little relief to di.
minish the elect of the landform and its shadow. The sudy
area Of red band Of CCD and WFI waSShOWnh in Fig. 2.
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Tablel Thered and near.infrared bands of CCD and WFI
CCD bands CCDhm Centre wavelengthmm Spatia resolution [fn WFI bands WFI hm Centre wavelength mm Spatial resolution [
3 &30—690 671% 195 1 @30—690 657.74 58
4 770—80 8431 195 2 770—80 8198 58
Table2 TheinfameatiGh @ SWjed imageS® CCD and WFI
Aaqustintime PathRow Cente coordirete ViewinggearetriesT0 [
WH 2007-11-D 03B3F.000 B3 | 17228838 4703188/N (115.107908 (170067 44
aD 2007.1. D 03(D.A00 185 4049425 1167 BAO3N a10.067744
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4 RESULTSOFMTF MEASUREMENT FORWFI

The images used in this study were level | productsdwhich
means that they had not been geometrically corrected. And no
processing was applied to these images. Based on the technique
used by Viallefont-Robinet and Henry 20000and Li PO“0O
[2008[Mthe sub-tmage pair of the selected study area w as used
to determine the in-Aright MTF of WFI. Before performing FF I—
a hanning window was applied to bolh of CCD and w FI
sub-Hmages to diminish the aliasing at high frequencies. ThenO
the FFI' could be applied to the windowed CCD and W H
sub—-+mages and shiftthe o frequency to the center. The modula—
tions of the FFIl of CCD and W FI sub-+mages were normalized.
The Fig.3 [@0and Fig. 3 (bOwere respectively the logarithm of
modul ations for CCD and W FI sub-+mages.

The modulations of common frequencies of the WFI and
CCD sub-images were extracted [ILi[20060and the ratio of the
modulations was calculaed to get a ratio matrix. Then the f01J
IOwing processes were applied to theratio matrix to achieve the
smooth MTF curves. FirstOa median filtering was applied to
smooth the noise of the ratio matrix. SecondUa threshold | 5
was used to delete the values which were larger+than the
threshold in the smoothed ratio matrix. Thirddin the marixO

values belonging to the same ring and to the range of 5.0
+15.0were averaged as the cross+#rack M T FDOvalues belonging
to [375. O+ 105. Owere taken as intrack MTFOwhile those bel
longing to [330. 0+60. Owere regarded as the 45.axis . More
detailscould be found in references [(Bchowengerdt Pf“ (1119850
Viallefont-Robinet & Henryd20000 ForthOthe interpolating
prQess was needed to avoid the aliasing at high frequendes.
FinallyOa fourterm polynomial was applied to get a smooth
MTF curve. The MTF curves of red and near-nfrared band of
WFI in three directions were shown in Fig. 4 and Fig 5. Only
the MTF Values from the frequency o t0 0.5 were calculatedd
since those frOm the frequency [0 5 t0 O could be determined
according to the symmetry of the modul ations.

On Fig.4 and Fig.50the MTF Values at Nyquist frequency of

.ed band for WFl were 04300.52 and 0.35 in crosstreckd
inratk and 450dirediOns reQpeCivelyland 0.3[1046 and 0.36
for nearinfrared band in three directions respectiVely. MTF
Values of both bands at different frequencies in three directions
were listed in Table 3. For both bandsOthe MTF Values in
intrack direction were higher than those in crosstack and 45.
directions and the attenuation rate of MTF Values from low to
high frequency showed slower in inrack direction. For red
bandOfrom 0. 1t0 0.2000.2 t0 0.300.3 t0 0.4 and 0-4 t0 0.5 fre—
quenciesOthe attenuation raes of MTF Values were 10.84c¢0
13.71016.0 1% and 768% respectiVely in in+rack direction
14.596608 96 ¢l 014.9 10¢ and J6.08ef respecadVely in cross—+track
direction and 29.29% [018.620d04 .9 and 6.90f respectiVely in
45. direction. T he attenuation rates of M T F Va ues at frequency
of about 0.2 would affect the bandwidth directly. The compari—
son among the three directions was similar for nearinfrared
band.

The LSF could be calculated by reVersing three directional
MTFs. The half bandw idthsOthat w as the effectiVe instant neld
Of View[tould bedetemined from LSF. Results were shown in
Fig.6. T he half bandwidths of red band of WFI were 1. 188 pix—
elsd 1165 pixels and 1.281 pixels in crosstrack Jin—tack and
45. directionsOwhich were 306.5m300.5m and 330.5m. For
nea'[nf'88d bandOth8y w88 1.258 pix8B11.195 pil8B 8“d
1.326 pixelsOwhich were 324 5m[J308.3m and 342.1m.

5 MTF COMPENSATION FORWFIIMAGES

The image-derived MTF in this study was applied to per—
form the MTF compensation for W Fl images. The MTF vdues
determined were one-dimension. To restore images based On
MTF compensationOthe two-dimenson MTF was required.
Two-dimension MTF model used in the references [Gu POOOO
20050 Li020060was adopted in this study and weiner filter
model was chosen to perform the MTF compensation for WFI
images.

Weiner nlter model was widely used in restoring images
[Fonseca PO“ f.019930Li02006 0L iu PO*0O020040 It could be
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6 CONCLUSIONAND DISCUSSION

Based on the high spatial resolution images of the CCD Cthis
study used the two-Hmage comparison approach to determine
the MTF of the WFI. The image-derived M TF curves and half
bandwidths in three directions were achieved. The half band.
widths in cross+rack Oin—track 045. directions were 1.188 pixelsO
1.165 pixels and 1.28 1 pixels respeCtively for red bandOand
1.258 pixelsO 1.195 pixels and |.326 pixels respectively for
near-infrared band. ThenOthe image-derived M TF curves were
applied tO perfOrm M TF compensation fOr WFI images. The
researCh results demOnstrated that the two-t#mage cQm parison
app'oach is suitable fo' low 5patial resolution sensor 8llike w FIJ
and that the MTF GOmpensation will bring more rich and de—
tailed information than the original i mages.

HoweVer further researches should be undertaken. The
two-+Hmage comparisdh gprcaCh has some uncertainties lbe—
cause the MTF measurement results were directly relative to

the quality of the high spatial resOlution imagesCOwhich is diffi—
culttoquantify. And MTF measurement results will be different
using dif erent image pair &' scenes. In this studyOonly One
image paire of scene was used to eValuate the MTF of WFI.
Further sudy should be carried out to Validae and analyze the
innuence. On the other handOthe compensated WFI images
SONed mQe nOise in the high frequenCieS beCause the MTF
Qmpen&tion prOESing is pGsSble tO magnify nQse. There—

fore(dthe further research On the MTF QOmpensaion model
should focus on reducing noise when perf@ming MTF GOm—
penSati On.

A CknOWedgementS1The CCD and WFI
were kindly oOered by China Centre for Resource Satel—
lite Data & AppliCatiOn.
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CBERS-02B I E WFI B 7c4 MTF {4 &
EE & MTF #h &

FNED, BALY, &

#12 B R i,

BmER", FXEY, Hrig'’

1 BRAZAREALRE, PEMEE BBRNAFRE. ErHExE, b=
2. BEMRBD MABBLIEF L, LK

100101;
100101

B E: ETROAPEEAGWIE, FIAR-TEYE L5 ESHE 19.5m # CCD HULE & % CBERS-02B
BELZREEE SN 258m i WFI AR F 85317 78 8L MTF(modulate transfer function)® &, 3X78 WFI(wide
field image)MHLATEL BEHLS 45° [ M MTF f £k, B8 3N sy B s ¥ LSF(line spread function),
K/ I NHTRHABEER., SREWH WFLHVLEEER . BH5 45T RNESEFR, AR
%, 43514 1.188, 1.165 5 1.281 ™MRIT, L SME BN 1.258, 1.195 5 1.326 MRIT. EFHBH MTF, A
HFAIRBIIEXT WL RBUETTRME, BKE T WF BBRIBETEL.

X@iA: CBERS-02B, CCD, MTF, B4R EREXT ik

FES¥S: TPT02 XwkiRiRE: A

1 51 &

BERBIEH TR 7 £ 7B AR,

Xt 7= A2 R B 3B 2 R S V8 i A 18 R X (modulate
transfer function, MTF), & ¥ 856 $(point spread
function, PSP M # 5, XHEEH#ITH—L R
MTF, MTF B BRRGHERRBFHEZ—, L
B EFEREATS . BOE. BRESR) . BAR
HRBRS . HEEIWBRTENURBEN TER
16 ShE AR IR 3h %45 & B R & BB (Leger 58, 2003),
RHTHT, R0 MTF EXRZEHHNE, BT X
HRARPHRS BN PHEARSHELSMHEE
BRBEFHRE, SIZKK MTF KWEW, FEH
MTF R4 TR . MTF H7ZE 510 & U K& B MTF #h
BERREEBRERERHEER,

HAl, BB ERS, ¥AN MTF EHNE
FEE: BOBRREGS ., SEE. L%t
VEREUEBYNEDL, SHEER—HHENE
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PSF M7, ERLEBZENHE AN EDu & Voss,
2004), AATERAN SRR ERITBEREN
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£ A/ LSF(Forster & Best, 1994) , Taeyoung X}
IKONOS #17 MTF ¥##ret, AMUH A& AR
YRR T AR, K E R 15 30 89 BLAE R Bk
R R A Y, REEEARK FEE R IT Sine KrPHEIA,
WEE5W AMWLE N RELER LSF (Taeyoung,
2002), MY EXNBBEHRAEERIMER
(Forster & Best, 1994), B BE R EGQ LR 1978 £/
Schowengerdt &4 #), Schowengerdt F| AR K
WALZS A, WM& Landsat5 TM B 7E ¥ MTF
(Schowengerdt %, 1985), SPOT &% 10m H4
18, Ik Bt 3k M B & i Bt B MTF(Bretschneider %,
2001), YAKRA HRVIR BIEGE MR HEER,
# 1T VEGETATION f£ /&% 2% MTF M ES W &
(Viallefont-Robinet and Henry, 2000), X fh 5 BB R
IR RRNERESHL, FEXE—;
AHERE . BABEFHMEBRBNERTER—
B, BEBHERFESREREN.

£ %f CBERS D EMZRIBITR T HELHFR X
IEEZQ0HF LRt H CBERS-01 T E
CCD AT BB H . Gu Z(2005)F12=/hFE(2006)5
%} CBERS ] CCD f&/B2% 48 i Bl L L AR 7 1%,
HESIAENEF T X CCD #4TEH MTF ¥4,
Li%(2009) ZEHHT LR R 2 PR E R LR H
H#eli, ¥ CBERS-02 TR/ WFI BB TER
MTF W& 53Mg. 23CEF 308 Li %2009)8 447
2R, AR HRESRX HEXT CBERS-02B T &
B WFI AP ATZE 8L MTF 8 & 3¢ 2 T K18 8 MTF
#4T WFI Bl MTF #p%,

2 RBOPRBEX T ENA

ERBHRBRWERREELLRY SHEBRBRE
R BRHEMER, B3 FERSESBRRER &
FEBHRERT AN RELRY, W3R
PR AR5 2 8] o 3 R AT AR e, W
PAESR BRI 3 8 1 R G MTF, AR (DFR:
i(x, y) = o(x, y)*PSF(x, y) M
A, ilx,y) HESPRER; o(x,y) WEZER;
PSF(x, y) & B8 B S Y BB PSF, #5723 [ i
BB R B, EXER:
I(u,v) = O(u,v)xTF(u,v) 2)
AH, Iwv), Ow,v) X TFuv) 4 % & i(x,y) ,
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