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i E Hira B DA% (Digital Holographic Microscopy, DHM ) A] DA AR ¥R AS 1) & 4% % B
BATHUE A, (R IR AT AAAE — UM AL B AR R S 18 22 (815 UG R A AE — 8 BIAR AL
B2, RSB T —FE TR EMEMZ (Radial Basis Function, RBF)  [1IAH 7 B 45 kM
Bk, A RBF W 4544 2t 28 1 pR B0 e 6453 2k R 50 IV SR AS S AR () SEBR AR A7, B
TR SR RS T AE L A T A RBF 2% % o 7647 3 DUSUSE RS g Btk 1 53042 =) 1)
¥)HR%, RBF Frf345 4 0.0374, 43 Hriki(Principal Component Analysis, PCA)A
0.0470, #0232 (Spectrum Centroid Method, SCM)A4 0.3303. 236 ¥ it H1#5 DHM R4t
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Phase compensation algorithm of off-axis digital holography based on
radial basis function neural network
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Sciences, Changchun, Jilin 130033, China;,
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Abstract  Digital holographic microscope allows the numerically reconstruct of the
complex wavefront of biological samples, but the wavefront of the object has quadratic phase
distortion and high-order aberration, which makes the imaging object have certain phase
aberration. In this paper, a phase distortion compensation algorithm based on RBF neural
network is proposed. The RBF network is used as the interpolation function to estimate the
actual phase of the object by minimizing the loss function. The loss function takes into
account the output of the holographic surface and RBF network. In the simulation, the global
mean square error is calculated based on the original model. The result of RBF is 0.0374, the
principal component analysis is 0.0470, and the spectrum centroid method is 0.3303. We set
up a DHM system to observe the imaging amplitude and phase contrast of HL60 cells. The
results show that the RBF method can better eliminate carrier frequency and phase distortion.
The proposed method has the advantages of no need to know the optical parameters, and can
adjust the number of sampling points to control the calculation time and interpolation
BELWH: HEARRIEIESH FHH (No.61974143)  HRIBEH (44 R H (No. 2020223) il

FE B2 B b B AR FE e 7 WAL BB I BATH - (ZK TD 202003)
EfE{E#: "E-mail: zhouvc@ciomp.ac.cn



accuracy. It has potential application prospects in the three-dimensional shape measurement

of weak scattering objects or micro-nano structures.

Key words Digital holography microscopy; Phase aberration compensation; Wavefront

error; Radial basis function neural network
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Fig. 1 Wavefront relationship in CCD recording process
2.1 MEfREER
BT AL AR R ZE AR, A B R AR
[=(R+0)(R+0) =R[+|0[+O'R+RO=
(4)

24> +2A4° cos [qo(x,y)— (kxx+kyy )— (l)cx2 +1y* )— ®, (x,y )]
Horbko® +k,y° NIBB T ZIRMAAIEAS, o, (x.y) NRGKEN G2, Uk

LA 4 BT R +|OF + O'R+ RO 4R =AM, 40 BIRRE T i =/ E 24 it
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Fig. 2 Topology of RBF network in phase recovery
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Fig. 3 Flow chart of RBF phase recovery algorithm
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3.1 HEER

X} peaks(200) 58 £ T AL Rl 4 FoR, (B E KA 632.8nm, 5
B A4, AZFRRE N 5.2pumx5.2um, XN 5 T SCEE P ANLIE R RS, JEIMA T B
FURERRER T RS =FriR 2. B4 80 BRI R, HPE 4 () REFe -, 0
F RO AT LAE B B A 4 R AT 3508 1 2R 40, 3K 10 FH 52 B8 1 3008 A% K /N e % 1
IESZAE 2, B4 (b) Rl B, 2065 HE N D SEAR N B+ 1724 s 4 (o)
9 FTM B3RS BIAEAL, T BRIAEOAR 2 AFEAE, FTM BRI b O R M E AL, FTfs
(1) 5E ARG BIAAAEAR R B AR &, 11 BRI ERT AR AR 22, 0T KIS0 g R R i 2
e B 4 (d) N RBF #2228 305 R AMEARAL, ] B s R I 2 5 N\ 0 I 2R B 2508
W AMEARA L 5T 5 5 AR AR TR SRAT I 4 (e WHiH R T AL ES AR FARD 0 A, il
G AR , ARSRAEYI R S FLDY & )75 5 KRG SO ARG, R 40 & 1) 22 3
SEI AR e B AR S0 Mt o 1% 5 1EFE— & CPU DN i7-9750HQ, W7 8G I L1147
THFE T[] 2 2.2s, A0 SRS FHTHEPERE SR K GPU T HATIZE, 207 ERITHE R [A]
W] DR MG KT . O T IRTS E R LR, A T B4 (o) BBt gab 2 Mk
T A, AR aE 4 (O Frs. tHE 4R BoRixil it RBF 77i& PR 24 0.1786,
PCA 24 0.2184, SCM & 11.5237, MH A LLE H SCM B AR 5 i — M Al A8 R0 s B 4 22
®ZEHEUK, RBF 5 PCA WIERAS T AHARIRG FE, 171 RBF 148U B2, 24 R 2 RE A il X ST
RBF $ 15 KR Bk 2B B4t m . B S Al T IIZRid A2 rh 402k o B s AR FE R A8 4k, 723
%5 90 I Bk RS TR E AR A AL, SRR R LN 6x107. DUFEAERA
FEWETHE =R O A R U7 1R 2, RBF T3 45 15 0.0374, PCA 759 0.0470, SCM 4 0.3303.
X bR G AR EIEEA 75 AT A 54 B 2640 AUR FH SR 25 il 4 7 4 B B St e 2 v o
U KE HYEMEALE B .



K4 g @ HrafE: o) MRHHE: (o FIM VREEEMA:  (d) RBF 4MEHAL LI
MRS (o) REIEAAfZ: (D) fEAk. SCM. PCA Jz RBF J5VATE [ 4% i Ak i) e
Fig. 4 simulation results: (a) Digital hologram; (b) Fourier spectrum; (c) FTM initial reconstruction phase; (d) RBF
compensation phase and selected training scatters; (¢) corrected phase; (f) the simulated object, SCM, PCA and

RBF data at the white line section

NIREENEE CibeSawve ik 3id

Fig. 5 The change of loss function with the number of iterations
3.2 SERLERSH

RIS UE BT tH EVEAE SR B AR R SOR, $E TR AT SRS RGN HL60 4t M AT ik
%, LK RGWE 6 Fin, BERG TN He-Ne Wota (K 632.8nm) o ASFEH 4>
WE (BS) /- AMH, —RBNAFEFIREHEAE B EHAYE Mo (20 ¥ RECAYIS,
BT 4f R4 E3R18 5 CCD MNUHEILEL LB R, B $H48E M AT BS R4 %] CCD. 5 —
RIENSHE NS H M A, Fidwss (5x) FBS, HRY EHE CCD MUTHLHI Y
BERSE, AR5 DX T /N EE R BIAENL |, QU E i T %R .



K6 RGunEE. He-Ne: Hot# (A=6328nm) , S: WFAFEG, Mo: WHEMH, L1, L2, L3: &
B, BS: 50: 50 /)i, M1, M2: U8, CMOS: HfgAaL.
Fig. 6 System diagram. He-Ne: laser (A = 632.8nm), S: sample sample, Mo: microscope objective, L1, L2, L3:
lens, BS: 50:50 beam splitter, M1, M2: reflector, CCD: digital camera.

K7 sciess R (a) By e8E; (b)) PCA HEMAL;  (¢) SCM HEMAL;  (d) RBF BEEAMAL;  (e)
DEM EZEMAL; (D B (a) AL kb Hds
Fig. 7 Experimental results (a) Digital hologram; (b) PCA reconstruction phase; (c) SCM reconstruction phase ; (d)
RBF reconstruction phase; (¢) DEM reconstruction phase; (f) the white line section data in(a)
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bR 7R OB, H2 T2 T OO AL AR M R 2 S EURZBUR, PCA
LA E AR A UL AR, (E R R ZE A IRAEAE, T RBF KA AR 2 —
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7, AT LA M AR SR T ASE IS S AR L R B R, 70 9 v 55 = S0 A 1 Ak T AE AR
%FF DEM HIbRHEZE, PCA FTfhait 24 0.440, SCM FrfthrifE 2 1.071, 1fi RBF {3z
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ZEWAFAE, SCM M PCA ) HiE3R-1G = = ML, 1M RBF 3578 75 DEM ML 45 % .
X 8 (b) FIE 8 (o) FELERAEZE, H2EIKE 9 Fonttahi 2 E K, MEH 1% RBF 114
GARBORBARE ZE, EEM XIS DEM ki, KA Ess 8. ki
NGBV FAZFVEARR T DEM I3 1R 24 0.0041, WEREN 0.22. SEEGULIH A S 4%
BENE SLHLESE ML R R E R .

K8 stipai R () Hrya LB (o) PRPNZGEER IR (o) SCM E/MA;  (d) PCA HEEAMLL;
(e) DEM E#AHfL; (f) RBF B
Fig. 8 Experimental results (a) Digital hologram; (b) the mask for obtaining training data; (¢) SCM reconstruction

phase; (d) PCA reconstruction phase; (¢) DEM reconstruction phase; (f) RBF reconstruction phase

¥l 9 DEM A RBF Si% AR 28
Fig. 9 The phase difference value between DEM and RBF algorithm
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