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Introduction Synthetic aperture (SA) imaging Results: Iterative AC
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SA image LED illumination

e Synthetic aperture images [2-3] are acquired by

coherently adding individual images Output [
aberration. =

* Phase images of yeasts Pri nci ple

e Higher resolution uncovers detailed structures 1

Imaging thick targets with objectives Aberration: angle-dependent phase delay A image H “q “W EH
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aberration can be measured

Oil immersion &% 06 149 0.12mm e o | kb 0
l'_,!j E[([@}D EREE . Afterafew iterations, sharp images along with
A

o 0(Ak) |
CFI Plan 50XH L Targer ] e The aberration map converges to a spherical shape
Mag NA WD |||urr|1;:2tion @i (k") Imaging lens ¢, (k°)
50x 09 0.35mm e Pupil functions with aberration: Single correction function for aII Images

P (k') = P (k') exp[—idp; (k)]

e large aperture up to 1.49 NA, but limited WD > > L,
PR P (k) = P(R°) expl~idh (k°)]

An alternative: microscope condensers * Images with aberration:
Nikon D-CUO DIC Oil Condenser, 1.4 NA (ko kY) = P2(k! + Ak)O(Ak)PA(KY)
Magnification = 40 (depends on tube lens) * SA image:
NA 1.4 Esa(Bk) = z &, (k! + Ak) = 0(Ak) - Z PR (k) P2(K! + Ak)

Working distance 1.6 mm

*Scale bar, 10 um
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* High-NA, long working distance o N , , , ,
(k)R (k' + Ak)| < )P(k' + Ak) e Single output aberration correction function can

correct all individual images

e But, strong aberration degrades resolving power

e Can be useful if its aberration is corrected Correction process (1): forward direction ] . .
| Separating input Aberration
Imaging system ( 2% < @G)D 664 ﬁ
A v o o I I AN NCD A i B I I I O(AK)
° ° thoata 00 /
Holographic phase microscopy e ey —
H(n) (k ) Z £ (=R+4k)
* Add phase correction H( ) to each incident angles S
P (K=k'+Ak)= P *(k°=Kk'+Ak)P *(k°=k'+Ak)
such that maximizes total intensity of SA image T () | 0
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- O(A")Z Py (k )Es (k T Ak)e * Input correction function is noisy due to uncontrolled

phase drift of the system

* This partly compensates the input aberration

 To separate this from input aberration, one more set

o o Correction process (2): phase-conjugation of images of a test target at another image plane
e A Holographic phase microscope [1] _t Y R B
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e Detection and illumination NA: 1.4 NA (i (
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Imaging with microscope condensers &
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12 * Direction of propagation is reversed by PC Po . i + Po i = (¢l + $o) = ¢0
E . (1) e Input aberration successfully separated from the drift
;g * Add phase correction 6, to each output angles to .
g maximize total intensity of SA image COnCI usion
= pc(l) ~1 (1) i0SY (k°)
AR) = 01 (AR Zpa k0) PO (ko - ak) e . .
( ) ( ) ( ) ( ) * |nput/output aberration of an optical system are
v N . This partly compensates the output aberration separately measured to numerically correct them
e Due to aberration of the system, images are * |teratively compute Hi(") and H(E") to compensate the  High-resolution images are acquired by exploiting
distorted as introducing oblique illumination system aberration [4] microscope condensers as objectives
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