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a b s t r a c t 

This manuscript presents a paired dataset with experimen- 

tal holograms and their corresponding reconstructed phase 

maps of human red blood cells (RBCs). The holographic im- 

ages were recorded using an off-axis telecentric Digital Holo- 

graphic Microscope (DHM). The imaging system consists of 

a 40 × /0.65NA infinity-corrected microscope objective (MO) 

lens and a tube lens (TL) with a focal distance of 200 

mm, recording diffraction-limited holograms. A CMOS cam- 

era with dimensions of 1920 × 1200 pixels and a pixel pitch 

of 5.86 μm was located at the back focal plane of the TL 

lens, capturing image-plane holograms. The off-axis, telecen- 

tric, and diffraction-limited DHM system guarantees accu- 

rate quantitative phase maps. Initially comprising 300 holo- 

grams, the dataset was augmented to 36,864 instances, en- 

abling the investigation (i.e., training and testing) of learning- 

based models to reconstruct aberration-free phase images 

from raw holograms. This dataset facilitates the training and 

testing of end-to-end models for quantitative phase imag- 

ing using DHM systems operating at the telecentric regime 

and non-telecentric DHM systems where the spherical wave- 

front has been compensated physically. In other words, this 

dataset holds promise for advancing investigations in digital 

holographic microscopy and computational imaging. 
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pecifications Table 

Subject Optics 

Specific subject area Digital holographic microscopy (DHM) 

DHM is a cutting-edge imaging method that merges holography and 

microscopy to reconstruct high-resolution 3D images of samples in life and 

material sciences. 

Data format Raw, Reconstructed, Filtered. 

Type of data Recorded digital holograms, PNG format. 

Reconstructed phase images, PNG format. 

Data collection Data collection was performed using an off-axis Mach-Zehnder interferometer 

whose light source was a diode laser with a central wavelength equal to 532 

nm. The imaging system in the DHM setup was composed of a 40 × /0.65NA 

infinity-corrected microscope objective lens and a tube lens with a focal length 

of 200 mm. The holograms were captured by a CMOS camera, featuring 

1920 × 1200 square pixels with a side length of 5.86 μm. The off-axis 

configuration enables the reconstruction of both amplitude and phase images 

using a single hologram. Quantitative phase images were computationally 

obtained by applying an automatic method that finds the best-reconstructed 

phase images, which corresponds to the one with the minimum phase 

distortions [1] . 

Data source location Institution: University of Memphis 

City/Town/Regions: Memphis, TN. 

Country: USA 

Data accessibility Repository name: The Open Science Framework (OSF) 

Data identification number: doi: 10.17605/OSF.IO/8P7BA 

Direct URL to data: 

https://osf.io/8p7ba/?view_only=e8d752fda65e456f896b72a91aa8db51 

Related research article [1] R. Castaneda, C. Trujillo, and A. Doblas, “Video-rate quantitative phase 

imaging using a digital holographic microscope and a generative adversarial 

network,’’ Sensors 21, 1–16 (2021). 

. Value of the Data 

• This dataset benefits researchers in the field of digital holographic microscopy (DHM),

offering a rich experimental dataset for developing, training, validating, and testing new

learning-based models. The availability of such a dataset is particularly advantageous for

developing end-to-end deep-learning research models, providing a robust foundation to

advance learning-based models for real-time quantitative phase imaging from raw holo-

grams with the need for pre- or post-numerical procedures. 

• The proposed dataset is the sole available dataset in the literature for training end-to-

end deep learning models in quantitative phase imaging using an off-axis DHM system

operating at the telecentric regime and a non-telecentric regime with a physical compen-

sation approach to remove the spherical wavefront generated by the optical configuration

between the microscope objective lens and the tube lens. 

• Transfer learning methods can be applied to pre-trained deep learning models that recon-

struct quantitative phase images of red blood cells from this dataset to generate quantita-

tive phase images of different specimens. 

• The dataset, which consists of pairs of holograms and reconstructed phase images, pro-

motes the reproducibility of any research study by offering a freely available dataset for

training various models, guaranteeing the replicability of experiments and outcomes. 

• This dataset holds potential for future integration with existing databases to aid in dis-

cerning between healthy and unhealthy erythrocytes, potentially enhancing diagnostic ca-

pabilities for blood-related disorders in clinical settings. 

https://doi.org/10.17605/OSF.IO/8P7BA
https://osf.io/8p7ba/?view_only=e8d752fda65e456f896b72a91aa8db51
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• Future research directions could be focused on (1) expanding the database of holograms

for training deep learning models on quantitative phase imaging; (2) exploring advanced

techniques for data augmentation in DHM to enhance the diversity and richness of the

dataset, facilitating more robust model training; (3) investigating different deep learning

architectures tailored specifically for DHM, which may lead to improved accuracy in phase

reconstructions; and (4) physical integration of real-time holographic data acquisition and

model deployment, enabling applications in dynamic environments. 

2. Background 

Digital holographic microscopy (DHM) allows us to capture and reconstruct the full complex

field information of microscopic samples, turning DHM into a phase retrieval instrument for

quantitative phase imaging (QPI) [2–7] . Over the last few years, significant advances in Deep

Learning strategies have unleashed the synergy of these models to improve the potential of

DHM applications by providing real-time reconstructed amplitude and phase images from raw

holograms [8–14] . In 2021, we proposed a conditional generative adversarial network (cGAN) to

reconstruct quantitative free-of-aberration phase images from biological samples using a trans-

mission off-axis DHM [1] . The cGAN model outperforms the conventional computational DHM

reconstruction method [15] , generating quantitative phase images with stable background levels

and minimum phase distortions regardless of the number of cells in the imaged area and the

experimental conditions. 

None of the reported learning-based models in digital holography [ 1 , 8-14 ] provide their

dataset without restriction. This lack of open-access experimental datasets challenges the

progress of learning-based models in holographic systems, requiring the generation of datasets

before investigating any learning-based model. This work provides the first experimental open-

access DHM dataset. 

3. Data Description 

The dataset contains 36,864 pairs of holograms and their respective reconstructed phase im-

ages, meaning a total of 73,728 images. The available dataset (holograms and phase images)

is stockpiled in a .zip file available for free download from DOI 10.17605/OSF.IO/8P7BA. The

database is organized in two main folders: ’Holograms’ and ’Phase’. Each folder contains two

subfolders containing the respective images for ’Training’ and ’Testing’, allocating 80% for train-

ing and the remaining 20% for testing. This means the “Training” subfolder has 29,491 images

and the “Testing” one has 7,373 images, ensuring a balanced distribution for robust model de-

velopment. Users are encouraged to adjust the distribution within each subfolder based on their

model training design. Fig. 1 illustrates the dataset’s structure and examples of the images,

showcasing holograms, and their corresponding phase maps. 

4. Experimental Design, Materials and Methods 

The dataset was generated through a two-stage process. The first stage involved recording

off-axis holograms using an experimental Mach-Zehnder interferometer operating in transmis-

sion mode, as illustrated in Fig. 2 . This instrument represents the fundamental implementation

of DHM, a technique with diverse applications across various fields [2–7] . Within this configu-

ration, a 532-nm laser serves as the illumination source. The collimated emerging beam from

the laser is expanded by an afocal 4f system. The expanded illuminating wavefront is divided

into two wavefronts (i.e., reference and object wavefronts) using a cube beam splitter (BS1). The
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Fig. 1. Dataset structure. 

Fig. 2. Mach-Zehnder-based digital holographic microscopy setup. 
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bject wavefront illuminates the sample, and the light scattered by it passes through an imag-

ng system comprising a 40 × /0.65NA infinity-corrected microscope objective (MO) lens and

 tube lens (TL) with a focal distance of 200 mm. The sample and detector planes are conju-

ated, providing an image-plane configuration (i.e., in-focus images are recorded). To guarantee

econstructed phase images free of spherical aberration related to the optical configuration be-

ween the MO and TL lenses in the DHM system, the imaging system between the MO and TL

enses operates in the telecentric regime (i.e., the back focal plane of the MO lens coincides with

he front focal plane of the TL lens) [16–17] . Telecentric DHM systems are linear shift-invariant

16] , meaning that the system’s response is independent of the sample position as opposed to
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Fig. 3. (a) Computational framework of the Trujillo’s method [15] . (b) Proposed framework to generate our augmented 

dataset from 300 paired images of 1920 × 1200-px2 to 8,400 paired images of 256 × 256 px2 . (c) Illustration of the five 

image transformations applied to the data augmentation procedure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

non-telecentric DHM systems. In other words, accurate quantitative phase maps are intrinsically

achieved if the DHM system operates in the telecentric regime. The advantage of telecentric ver-

sus non-telecentric DHM systems in quantitative phase imaging of biological samples was shown

in Ref. [17] , demonstrating that telecentric DHM systems provide quantitative phase maps with

a larger field of view and a smaller number of computational operations. In addition, the tele-

centric DHM system operates at the diffraction limit (i.e., no overlapping between the differ-

ent diffraction terms in the hologram’s spectrum), ensuring that the resolution capability of the

DHM system coincides with the diffraction limit [18] . 

On the other hand, the reference wavefront propagates without perturbation to a second

beam splitter (BS2) that recombines both the object and reference wavefronts. The superposition

of both wavefronts generates an interference pattern, called the hologram, which is recorded us-

ing a digital sensor. The sensor was a CMOS camera of 1920 × 1200 pixels and 5.86-μm pixel

pitch for our experiment. The DHM system operates in an off-axis architecture, providing re-

constructed phase images from a single hologram. The off-axis architecture can be achieved by

tilting the BS2 and the mirror (M2) in the DHM setup. To attain diffraction-limited resolution

and image quality, a precise inclination of these elements is set to meet the diffraction-limited

regime [18] . 

We have adopted the computational method proposed by Trujillo et al. [15] to reconstruct

the phase images from the recorded holograms. This method automatically finds the best recon-

structed phase image for off-axis holograms operating in the telecentric regime. Fig. 3(a) shows

the schematic of Trujillo’s computational method. The inputs for the method are the holograms,

the wavelength of the illuminating laser source ( λ), and the pixel pitch of the digital sensor

( �xy ). In summary, Trujillo’s method follows four key steps: 
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(i) The hologram undergoes Fourier transformation and subsequent spatial filtering to select

the + 1 diffraction term, eliminating both the DC and -1 terms. 

(ii) The method identifies the spatial frequency positions (i.e., umax , vmax ) of the maximum

peak in the spatially-filtered + 1 diffraction term of step i). 

(iii) The method initiates a square grid search to assess proper phase reconstruction, deter-

mining the optimal pair of values for (u’max , v’max ) through a summation and thresholding

metric applied to the phase maps reconstructed at every spatial frequency pair within the

grid. 

(iv) Finally, the method outputs the best phase images based on the maximum value of the

summation and thresholding metric. The complete details and full Python implementation

of the numerical processing to properly reconstruct off-axis holograms are found in Ref.

[19] . The pyDHM library also provides two new methods to reconstruct automatic phase

images free of aberrations. 

In summary, the key features of the experimental holograms are: (1) the holograms have

een acquired in an off-axis configuration, meaning that the different terms in the hologram’s

pectrum do not overlap and, therefore, quantitative phase maps can be reconstructed using a

ingle hologram [20] as opposed to in-line or slightly off-axis DHM systems which required at

east 3 or 2 holograms, respectively; (2) the DHM system operates in telecentric regime, provid-

ng intrinsically the same system’s response regardless of the sample position within the field

f view (i.e., a linear shift-invariant system) [16] . As a consequence of the telecentric configu-

ation, the reconstruction framework in telecentric DHM system is simplified, not requiring the

ompensation of any additional spherical wavefront related to the optical configuration, and the

ologram does not have to exhibit an area free of specimen to retrieve the parameters of any

esidual spherical wavefront [17] ; and (3) the DHM system operates at diffraction limit, achiev-

ng the same resolution capability as the native coherent microscope [18] . 

Initially, 300 holograms were recorded using the previously described DHM system and then

econstructed using Trujillo’s method [15] to obtain their quantitative phase images without or

inimum phase distortions, see Fig. 3(a) . The 1920 × 1200 px2 paired images (hologram and

econstructed phase images) were systematically cropped into patches of 256 × 256 px2 size,

esulting in an expanded dataset of 8,400 sub-images (sub-holograms and phase images). Bor-

ers were removed from the images in each dimension to enhance diversity and robustness

fter the cropping process, as illustrated in Fig. 3(b) . Additionally, data augmentation was imple-

ented, involving random geometric transformations such as 90 or 180-degree image rotations

nd horizontal or vertical flipping, as illustrated in Fig. 3(b) . Since five data augmentation trans-

ormations were applied to the image pairs, an initial count of 42,0 0 0 pairs of hologram-phase

mages was expected. However, a subsequent refinement process was required to remove im-

ges that did not contain any red blood cells or images with inadequate phase compensation,

esulting in 36,864 pairs of hologram-phase images. The augmentation solely alters the direction

f the holograms, without affecting their shape or the distribution of information within them.

herefore, the fidelity of data in the augmented holograms remains intact, ensuring the reliable

erformance of the models trained on the proposed dataset. 

The hallmark of DHM versus traditional microscopy is that DHM allows us to reconstruct the

hree-dimensional topography of unstained samples from a single recorded hologram. In other

ords, the reconstructed phase image provides information on the specimen’s morphology, to-

ography, and chemical composition via the refractive index. The phase information ( ϕ) is re-

ated to the axial topography (t) and the refractive index of the sample (ns ) via ϕ = 2 π (ns –

im 

) t / λ where λ is the wavelength of the illuminating DHM source and nim 

is the refractive

ndex of sample surrounding media. Such information is not accessible to traditional bright-field

icroscopy. 

In 2021, we used this dataset for training and testing a learning-based model based on a

onditional Generative Adversarial Networks (cGAN) architecture [1] . That work demonstrated a

GAN model as a video-rate quantitative phase imaging tool to reconstruct quantitative phase

mages from raw holograms. The reconstructed phase images generated by the trained cGAN
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model have stable background levels and minimum phase distortions without needing pre- or

post-numerical procedures. In that work, the trained model using the augmented dataset was

validated on a second dataset with 7,005 paired hologram/phase images. Although this second

dataset was also recorded using an off-axis DHM system operating in the telecentric regime,

the experimental conditions (i.e., interference angle and intensity in the object and reference

beams) differed from the training dataset. Our results in Ref. [1] show the effectiveness of the

trained cGAN model for off-axis telecentric holograms at different experimental conditions, con-

firming that the original dataset is not biased through data augmentation. Furthermore, in that

work, we demonstrate that (1) the cGAN model provides quantitative phase images regarding

the number of cells in the imaged area) and (2) the cGAN model outperforms the conventional

DHM reconstruction framework. 

Limitations 

The limitations of this dataset are primarily related to constraints encountered during the ac-

quisition process. For example, the cell density within the dataset was restricted to 9 cells within

the field of view, potentially limiting the diversity of cellular configurations present in the im-

aged area. The applicability of the dataset to other holographic setups is restricted since our

dataset was focused on off-axis DHM systems operating in the telecentric regime. Robust main-

tenance of sample conditions posed challenges experimentally, introducing undesired variability

into the dataset. For example, temporal fluctuations of the DHM system may generate distorted

phase images. Furthermore, while the dataset’s size is substantial, it may not encompass the full

range of possible variations due to constraints in sample preparation and holographic record-

ing conditions. Finally, despite meticulous curation, subtle biases within the dataset arising from

variations in sample characteristics cannot be entirely ruled out. These limitations highlight the

inherent complexities in capturing holographic data of biological specimens, underscoring the

ongoing need for advancements in data collection techniques to address these challenges effec-

tively. 
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