
Nov. 24-27, 2022

Nanj ing, China

Fourier ptychographic microscopy reconstruction with an untrained deep neural 

network

Li Li, Qijian Tang*  College of Physics and Optoelectronic Engineering, Shenzhen University

ytqjtang@163.com

Paper ID NJ142

• Introduction:

➢ Advantages of Fourier ptychographic microscopy: large space-

bandwidth-product, wide field of view, high-resolution, quantitative 

phase imaging and avoid return errors introduced by mechanical 

scanning.

➢ Disadvantages of Fourier ptychographic microscopy: long 

acquisition time, sacrificing temporal resolution

➢ The methods for solving the FPM problem using deep learning that 

require the construction of enormous datasets to train the network.

• Experiment
➢ In this section, we will show our simulations. In the training 

process, we set the size of the reconstructed image to 352×352 

and the size of the input image to 88×88. The hyperparameters in 

the DNN are set as follows: learning rate 0.0005, kernel size is 3, 

ADAM optimizer parameters b1= 0.9, b2 = 0.999, decay rate is 

0.997, epochs = 300. The system parameters in the simulation are 

set as follows: LED array size is 15×15, each led pitch is 4 mm, 

LED distance from sample height is LEDHeight = 99 mm, 

objective lens NA is 0.10, camera pixel size is 2.75μm, wavelength 

532 nm.

➢ By introducing the position error, we simulate the various 

measurement errors introduced in the actual experiment. We 

generate low-resolution data by the system parameters described 

above, and make certain modifications to the system parameters 

during the reconstruction process to simulate the real experimental 

situation. Here we only change the LED distance from the sample 

height so that it is equal to 95mm, 105mm.

• Conclusion

➢ We propose an untrained deep neural network based on the 

physical model for solving the FPM reconstruction problem.

➢ With the introduction of position errors, our method achieves

better reconstruction results than conventional methods, both in 

terms of amplitude and phase.

➢ We believe as the amount of data increases, this network can be 

trained online as an unsupervised network. Once the network 

parameters are determined, the high-resolution complex-amplitude 

can be retrieved in real.

Figure 1.   Setup of FPM

• Principle:

➢ Model of Fourier ptychographic microscopy: A typical system 

composition for FPM typically consists of a programmable LED 

array and a microscope. The illumination incident on the sample 

can be approximated as a plane wave, therefore, the Fourier 

spectrum captured by the nth led illumination can be expressed as

Figure 2. Principle of our network. The network mainly includes image fusion, 

DNN module, and FPM forward model.

• Network:

➢ The DNN in the network consists of three parts: downsampling

module;  residual module; upsampling module.

Figure 3. The structure of DNN.

Figure 4. Reconstruction results. (a)(e) are the amplitude and phase of the 

network output for LEDHeight = 95mm; (b)(f) are the amplitude and phase of 

the network output for LEDHeight = 105mm; (c)(g)(d)(f) are the amplitude 

and phase reconstructed by the conventional algorithm for LEDHeight = 

95mm, 105mm.

Figure 5. Reconstruction results without position error. (a) is the 

reconstruction amplitude; (b) is the reconstruction phase.
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