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V.

Work of last six months

Modify Spinning Disk Image Scanning Microscopy (ISM) system

Solve the problem of artifact in ISM image using lower resolution camera
(still going on)

Develop software for image aquisition for Multi-plane SIM wide-field
Microscope

Develop SIM reconstruction algorithm



Theory of SIM (1)

SIM uses structured illimulation to obtain more frequency components of
image. Take cosine illumination for example, the illumination function can be
represented as A

I(r)=I1,+AcosQap-r+¢) (1)

where [ is constant illlumination, A is amplitude of pattern, r is ‘

space coodinate, and p, ¢ are frequency and phase of cosine function.
Then the image acquired by imaging system can be written as
D(r)=[I(r)-S(M]QH(r) + N(r) (2)

Where S(7) is object function, H(7) is point spread function (PSF), N(r) is
noise, and @ denote convolution.




Theory of SIM (2)

The Fourier tranform of D (r) can be derived as follow:

D(K) = [I()®S(K)] - H(k) + N(k)
= {Io + A3 [8(k — p)ei® + 8(k + p)e~|@S(K)} - H(K) + N ()]

= [[oS(k) + 5 Sk = p)e'® + 7Sk + pe™*] - H(k) + N(K)]

- S(KH(k)
=|lo Zei® Ze||stk—pHE)|+NK)  (3)
S(k+p)H(K).

where k denote coordinate in Fourier domain.



Theory of SIM (3)

In practical, more images, say D1, D2, D3with respect to diffrent phase ¢ =
o1, 2, 3 (introduced by shifting illimunation modulator) can be measured

- 14 ., 1A ]
Lape™ e
D, (k)] A 14 ] SUHE) ]
D,(k)|=1,|1 El—e“ﬁz El—e—lsz S(k — p)H (k)
D3 (k)| 4 14 |SG+p)HE),
1 Eael<153 Eae i3
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S(k +p)H(k) D3 (k)|

A :
wherey = T denotes the modulate depth of modulator and I, can be omitted.
0



SIM Reconstruction

The final super-resolution image in Fourier domain can be reconstructed by [1]

ZmH* (k + mp) ) Cm(k + mp)

— 6
S(k) w? + Y, H?(k + mp) (6)
C(k) S(k)H(k)
where|C(k —p)| = |S(k — p)H(k)|, w is regularization parameter of Viener Filter,
C(k + p) S(k+p)H(k)

which dependents on Signal to Noise Ratio(SNR) and m is index of rotation angle of

modulator.

[1]M. Miiller, etc., Nature Communications, doi: 10.1038/ncomms10980
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Summary of SIM Imaging

Measure structure-illuminated images D1, D2, D3, ...
Measure the PSF of imaging system

Determine frequency p and phases of illumination pattern ¢1, ¢2,
®3, ... and their corresponding rotated angles 61,02,03, ...

Calculate C(k), C(k — p), C(k + p), ... and shift them to the corrected
positions in k-space

Reconstruct final image in Fourier domain by (6) and inversely
Fourier transform it to real space



Simulatlion

Simulation results using Sinusoidal Siemens Star testing image:

Original
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Future Work

Apply SIM to our multi-plane wide-field microscope in X-Y
direction;

Apply ISM in Z-direction to realize 3D super resolution wide-field
microscopy.



Thank youl!



