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In this paper we describe digital restoration of light-microscopic images. Since we consider
thick microscopic objects, 3-D image processing is required instead of usual 2-D techniques.
Our restoration procedure consists of two steps. The first step uses a 3-D inverse filtering
within the spatial-frequency band. The second step aims at recovering the missing high-
frequency components of Fourier spectrum by a 3-D superresolution algorithm. These methods
enable a significant improvement in spatial resolution both perpendicular and parallel to the

optical axis.
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We present some experimental results and discussions.
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Fig. 1 3-D imaging by a telecentric system.
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(a) Calculation of the 3-D OTF for

Fig. 2
a given pupil function p(u), (b) a sectional plot
of the region of support of the 3-D OTF.

Ry, BIAD 2R b, BEU 3RTONFENEER
¥ (3-D OTF) 2&b L, (4, 7) i3 (x,2) KHIET HE
M E B ERT.

BTG ZOME % M 5 12, HEEFENIC 3-D
PSF, 540 3-D OTF %ko 5. %O MEKE pn)
LT 2L E, HBROBENHR = HA~O X O Lz
ZRLTRATEZI 6N 5.

ha(z,2)={"_plu) exo L2miaticr—w72)

Xexp (2mwipsx)d?n (3)
3-D OTF (% 3-D PSF @ 3kt 7 — ) =%#: & LTR
RTHEZ 5N 3.

oI o))

X O(n+ Apep')d2y! (4)
MO oEA&® 3-D OTF ofFEs% Fig. 2(a) i
Y. (OHROEESEHOF 1, F2HE, 2K:T

OTF %3k 5 & xOEEKOESHBLRLTH 5.
FIWD 0 BHRBOEY S ZHMIKCEE L —EOD
WADHIET L, TOMMTH > TOMBESHMED, P
s piAlp| OMETO 3-D OTF OfE%RT. 0
#8 3.D OTF o0&« 2#iMiL, Fig. 2(b) Oz
WA p WoEby BRI ERICRONS.

W, PEEOoEEREZRRO L HIKBL (o=
[a]).
1, p<1/22A

0, otherwise

p(p)=[ (5)

2T A REERD fEERT. (H)RERAVBEEH
BN ® 3-D OTF @A LHiKBEoN 5.
Hi(p, n)=(1/#pA)Re [{1
—(ApA+2|9|Alp¥}72]  (6)



KFFRMBRO 3 DIWBEE (AT - I - HHE -

(a) (b)
Fig. 3 Two-dimensional sections of (a) the 3-D OTF and (b) the 3-D PSF
for a circular pupil, (c) perspective plot of (a) on a logarithmic scale.
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Fig. 4 Schematic diagram of Gerchberg-Papoulis algorithm.
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Fig. 5 Images of mechano sensory interneurons (6D2) of an American crayfish
(Procanbarus clarkii) perpendicular to the optical axis. (a) Observed slices,
(b) restored slices by the first step and (c) restored slices by the second step.
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Fig. 6 Images of nucleus in an oocyte of a South African clawed frog (Xenopus
laevis) perpendicular to the optical axis. (a) Observed slices, (b) restored
slices by the first step and (c) restored slices by the second step.
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Fig. 7 Images of mechano sensory interneurons (6 D2) of an American crayfish (Procanbarus
clarkii) parallel to the optical axis. (a) An observed slice, (b) a restored slice by the first

step and (c) a restored slice by the second step.
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(a) (b)
Fig. 8 Images of nucleus in an oocyte of a South African clawed frog (Xenopus laevis)
parallel to the optical axis. (a) An observed slice, (b) a restored slice by the first step
and (c) a restored slice by the second step.
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Table 1 Squared errors in the simulated exam-
ples; no-noise case and a 30-dB signal-to-noise
ratio case.

Degraded
image At 1st step|At 2nd step
No-noise 1. 00 0.42 0.09
30-dB SNR 1. 00 0. 64 0.51
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