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Fig. 1. (color online) Schematic of incoherent ptychography in Fresnel domain with tri-wavelength illumination.
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Fig. 2. Flow chart diagram of the proposed wavelength mul-

tiplexing algorithm for ptychography.
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Fig. 3. (color online) (al) Samples of crosscut tissue of plant stem; (a2) a typical incoherent diffraction pattern; (a3) a

diffraction pattern of red channel; (ad) a diffraction pattern of green channel; (a5) a diffraction pattern of blue channel.
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Fig. 4. (color online) Reconstructions of experiments: (al)—(a3) Amplitudes of the reconstruction via red channel, green

channel and blue channel; (b1)—(b3) phases of the reconstruction via red channel, green channel and blue channel.
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Fig. 5. (color online) Recovered results of the probe

complex amplitude: (al)—(a3) Amplitudes of the re-
construction via red channel, green channel and blue
channel; (b1)—(b3) phase of the reconstruction via red

channel, green channel and blue channel.
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Fig. 6. (color online) The true color sample and spec-
tral response of each wavelength in the simulation:
(al), (b1) denote the amplitude and phase of true color
object, respectively; (a2)—(a4) amplitudes used for red
channel, green channel and blue channel; (b2)—(b4)
phases used for red channel, green channel and blue

channel.
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Table 1. The MSE of recovered results.
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Fig. 7. (color online) Recovered results: (al), (bl) denote the amplitude and phase of the recovered object,

respectively; (a2)—(a4) amplitudes of the reconstruction via red channel, green channel and blue channel;

(b2)—(b4) phases of the reconstruction via red channel, green channel and blue channel.
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2 KGRI A AR T 2

Table 2. The MSE of recovered results with various added noise.

TR0 S0 75 EL AR PRI ML PRI HfL PRI AL
1% 0.0270 0.0071 0.0111 0.0076 0.0063 0.0020
2% 0.0275 0.0091 0.0115 0.0127 0.0066 0.0022
3% 0.0277 0.0091 0.0117 0.0157 0.0069 0.0025
4% 0.0300 0.0093 0.0122 0.0200 0.0071 0.0030
5% 0.0305 0.0099 0.0124 0.0221 0.0073 0.0036
6% 0.0315 0.0143 0.0124 0.0244 0.0077 0.0039
7% 0.0323 0.0154 0.0126 0.0300 0.0079 0.0046
8% 0.0324 0.0166 0.0126 0.0399 0.0081 0.0056
9% 0.0326 0.0224 0.0130 0.0425 0.0085 0.0056
10% 0.0329 0.0295 0.0140 0.0537 0.0088 0.0077

K8 (MTIRM) B 10% s R K ES R (al
KxF REARIE; (b2)—(b4) 35 9B KX 7 AR L
Fig. 8. (color online) Recovered results by adding 10% random noise: (al), (b1) denote the amplitude and

), (b1) Zr AN FE R OIIRFHRIE AL (a2)—(ad) 7305150

phase of the recovered object, respectively; (a2)—(a4) amplitudes of the reconstruction via red channel, green

channel and blue channel; (b2)—(b4) phases of the reconstruction via red channel, green channel and blue

channel.
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(al) (a2) (a3)

(b1) (b2) (b3)

9 A E SR LGSR (al)—(a3) AMRIIRIG; (b1)—(b3) KA RIFIARAL
Fig. 9. The spectral response of samples used in the simulation: (al)—(a3) Denote the amplitudes; (b1l)—

(b3) denote the phases.

(al) (a2) (a3) (ad)
(b1) (b2) (b3) (b4)
(a5) (a6) (a7) (a8)

(b5) (b6) (b7) (b8)

10 5 x 5 HREH TREA5H 8 MEKIKE LR (al)—(a8) 7 BN & WX RHRIE; (b1)—(b8) 4735l K #ik

o 87 R AR o2
Fig. 10. Recovered results of 8 wavelengths under the 5 x 5 array of probes: (al)—(a3) amplitudes of the

reconstruction; (b1)—(b3) phases of the reconstruction.
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(al) (a2) (a3)

(b1) (b2) (b3)
(a7) (a8) (a9)
(b7) (b8) (b9)

(ad) (ab) (a6)

(b4) (b5) (b6)
(al10) (all) (al2)
(b10) (b11) (b12)

11 10 x 10 BREF FERZ 0 # 12 MR IMIRE AR (al)—(al2) 25 S B RIARIE; (b1)—(b12) 43 g 8 ik K5 R A L

Fig. 11. Recovered results of 12 wavelengths under the 10 x 10 array of probes: (al)—(al2) amplitudes of the reconstruction;

(b1)—(b12) phases of the reconstruction.

2t R MBZHIEAE 10 x 10 TREFFES T 5
Lo 12 M. SRS 300 RS RO 45
WE 11 R, B 11 (al)—E 11 (al2) 50508 % B
P IHRIEE B, B 11 (b1)—B& 11 (b12) & B
WERARRLEE. AT DU, A B ATIIR 2 AT DA
PO, FLREGOABMAE T, ZE4RE
L83 75 BIUAR B AR BB ER. a8
KB 10 5B 11 AEXT E, T RUE B AR 8 4 B
kKR 55 BIURER RN L. Fik, 248
RAFTE Z Uk B ki B, A AL IRET 454, 2
FHREHFEZIA B, TSR BIURE.

5 % %

AR SC I I S8 AT FLRAIE T 22 K (R I B
BT B R AT AR TT RO AT . W T %05
REAZWEEMZ I LS. R, BdEal
BT, RE SRR B R R ARG
JRE I 55, IX LR A% GE ) B SR AT BRAR AT AN %
[, LAk, IERTTT T AR A 2 B I SR I

PE, I8 A I RE LR S BEAT I, R TSR R
AARSERIERETE. BEIT VI EEAE 2 2 5 T
Z A HFRRIECR. 45 RO DR 2 7] 7 BB AL
BES5HERICRERDNA R, 15 x 5 FHRE 51
B 2 R 8 AN BBy T X N ) S T
FE£10 x 10 FHREFFESI R, e W R 12 3By
T KT INE B ' i e . AR — 2D R R 2 R,
i E TRET BRI HEAT AL, 4R THBE TU AR B KD,
AT AL RN B R AT R BORAE T Wk 7
P B X G 2 S U B T 5 2 1 AT REAE.
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Abstract

Single wavelength illumination is used in the traditional ptychography. Even though using multi-wavelength to
improve image quality, it takes the scheme of illuminating in turn due to the requirement of coherence. So far, the addition
of incoherent modes has been regarded as a nuisance in diffractive imaging. Here we propose a scheme of incoherent
ptychography and an algorithm of information multiplexing that uses the multi-wavelength illumination simultaneously,
which are demonstrated in experiment and simulation. Compared with the scheme of traditional ptychography, it can
recover not only the object well, but also the spectral response of the object, probes of complex value and spectral weight
of each wavelength respectively. This method obtains much information about the object and owns the multichannel
and multispectral merits. Meanwhile, by means of color image coding, this method can retrieve true color images and
enhance the image quality. The proposed algorithm has strong robustness. Besides, we also investigate how many modes
can be recovered by this method. The work may open up possibilities for information multiplexing in ptychography and

multispectral microscopy imaging over various applications.
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