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Overview of the presentation
• Introduction
• Objectives of this study
• Subjective Evaluation
• Objective Evaluation 
• Conclusions
• Future Work
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Introduction
u Digital Holography is one of the plenoptic modalities and provides a volumetric representation
u Used in digital holographic microscopy (DHM), particle analysis, deformation 

measurements…
u Can be obtained from rendering other Plenoptic representations:

Point clouds, Light fields
u Can be used to store/represent other formats
u Its importance is recognized on JPEG Pleno standardization activity
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Objectives of this study
Quality Assessment of compressed holograms
• Subjective evaluation 

• Holograms compressed by state of the art codecs 
• Holograms represented on the object plane
• Compression of Real and Imaginary components
• Visualization of the Amplitude

• Validation of Objective Metrics
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Subjective evaluation
Subjective evaluation of state of the art codecs
• Compression on the object plane

Previous work revealed the better efficiency of current codecs in the object plane 
(when compared with the hologram plane)
. Compression of real + imaginary represented in the object plane
. Amplitude provides a direct 2D visualization

• Tested codecs:
- JPEG 2000
- HEVC (Intra)
- AV1 (Intra)

• Test data
- 3 holograms of emergimg database (optically generated hologram)
- 3 holograms of interfere database (computer generated holograms)
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Test Data
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Optically generated holograms (OGH) EmergIMG holograms database
http://emergimg.di.ubi.pt/downloads.html

Computer generated holograms (CGH)  Interfere-I database
http://www.erc-interfere.eu/downloads.html

used for 
training
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Subjective evaluation
• EIZO CG318 4K

• Reference and Distorted images side by side

• 4 bit-rates were tested for each codec

• 5 quality levels 
1 - very annoying, 
2 - annoying, 
3 - slightly annoying, 
4 - perceptible, but not annoying, 
5 - imperceptible 

• Subjects had a training step with two holograms on levels 1,3 and 5
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Test Data
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JPEG 2000 lower bit rate
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Test Data
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HEVC lower bit rate
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Test Data

25-28 October 2020 ICIP 2020

AV1 lower bit rate



11

Test Data
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JPEG 2000 lower bit rate

• Generated from Point Clouds  
• Real resolution allow visualization of its point made nature
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Test Data
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HEVC lower bit rate

• Generated from Point Clouds  
• Real resolution allow visualization of its point made nature
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Test Data
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AV1 lower bit rate

• Generated from Point Clouds  
• Real resolution allow visualization of its point made nature
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Optically generated holograms (OGH) EmergIMG holograms database

Computer generated holograms (CGH)  Interfere-I database

0 0.1 0.2 0.3 0.4
bpp

1

2

3

4

5

M
O
S

jpeg2000
HEVC
AV1

0.1 0.2 0.3 0.4 0.5
bpp

1

2

3

4

5

M
O
S

jpeg2000
HEVC
AV1

0.2 0.3 0.4 0.5 0.6 0.7
bpp

1

2

3

4

5

M
O
S

jpeg2000
HEVC
AV1

0 0.01 0.02 0.03 0.04
bpp

1

2

3

4

5

M
O
S

jpeg2000
HEVC
AV1

0 0.02 0.04 0.06 0.08 0.1
bpp

1

2

3

4

5

M
O
S

jpeg2000
HEVC
AV1



15

Correlation of Objective metrics with Subjective results

OGH – Optically Generated Holograms
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test took no longer than 15 minutes.
A total of 17 individuals, 9 males and 8 females with an

average age of 24 years old, participated in the test. Prior
to the experiments, an informed consent form was handed to
the participants to sign. Oral instructions were provided to
explain the evaluation task. All subjects were examined for
corrected visual acuity using a Snellen acuity chart.

4. RESULTS

The average MOS scores and the corresponding 95% con-
fidence intervals from the experiment are shown in Fig. 3,
for both CGH and OGH data sets. According to the ITU-R
BT.500 recommendation, no outliers were found.

Comparing the CGHs with the OGHs, it can be observed
that the different encoders reveal a more similar and mono-
tonic behavior. Furthermore, JPEG2000 presents lower per-
formance for the OGHs, while it shows competitive perfor-
mance with HEVC and AV1 for the CGHs. Note that in some
cases the MOS value for jpeg2000 is decreased as the bit rate
increases. This is due to the compromise in subjective ap-
pearance that occurs at lower bitrates between speckle noise
smoothing and detail preservation. As the bit rate increases,
the details are perceived better, but at a certain point, speckle
noise becomes more annoying.

To evaluate the performance of objective metrics in es-
timating the perceived quality, the MOS values are taken
as ground truth and compared to each objective metric re-
sults [12]. To assess the accuracy of each objective metric,
first, a logistic function is used to provide a non-linear map-
ping between the objective and subjective scores according
to the ITU-R BT.500-13 [11] recommendation. Thereafter,
Pearson Linear Correlation Coefficient (PLCC) and Root-
Mean-Squared-Error (RMSE) are used to measure the accu-
racy of the objective metrics. Spearman rank order correlation
(SROCC) is used to measure the monotonicity and the outlier
ratio (OR) is used to estimate the consistency of the objective
metrics.

Tables 2 and 3 show the performance of five selected
metrics for the EmergImg-HoloGrail and Interfere data sets,
respectively. Table 4 refers to the complete data set. The
five selected metrics were PSNR, SSIM [13], MSSSIM [14],
FSIM [15], and VIFP [16]. The former two were used in sim-
ilar studies [6], while the latter presents a good performance
in several quality studies [17]. Other metrics were tested but
they revealed low performance and their results are not re-
ported. OGH and CGH are by their nature completely differ-
ent types of content. In fact, the CGHs are composed of points
as they were generated from point clouds. When viewed in
true resolution, as in this study, the points granularity is vis-
ible, and that strongly influences both the subjective evalua-
tion and the objective metrics. Nevertheless, the VIFP shows
a higher correlation with the MOS values for both OGH and
CGH databases. The PSNR also reveals a good representa-

Table 2: Statistical analysis of objective metrics for the se-
lected EmergImg database holograms

PCC SRCC RMSE OR
PSNR 0.9276 0.9349 0.37749 0.19444
SSIM 0.72117 0.74222 0.70655 0.5
MS-SIM 0.73327 0.72999 0.69072 0.47222
FSIM 0.60892 0.49451 0.80767 0.66667
VIFP 0.93448 0.93039 0.36124 0.19444

Table 3: Statistical analysis of objective metrics for selected
Interfere database holograms

PCC SRCC RMSE OR
PSNR 0.65555 0.5639 0.93539 0.52778
SSIM 0.81498 0.72514 0.72201 0.33333
MS-SIM 0.86648 0.77502 0.62309 0.25
FSIM 0.7861 0.75569 0.76666 0.41667
VIFP 0.97635 0.92866 0.2715 0.083333

Table 4: Statistical analysis of objective metrics for all testing
holograms

PCC SRCC RMSE OR
PSNR 0.66511 0.64712 0.8539 0.5
SSIM 0.54524 0.31798 0.95715 0.73611
MS-SIM 0.57951 0.32537 0.93088 0.79167
FSIM 0.51222 0.38364 0.97709 0.84722
VIFP 0.71726 0.74283 0.7894 0.59722

tion for the CGHs. However, it shows a bad representation
for the OGHs, that can be explained by the predominance of
speckle noise on the reconstructed images. No metric reveals
a good perceptual quality representation when both types of
holograms are considered, as their specific properties strongly
influence the perceived and objective quality. Plots of MOS
scores vs various objective metrics are shown in Fig. 4.

5. CONCLUSIONS

A subjective quality assessment of numerically reconstructed
holograms compressed on object plane was presented. The
HEVC, AV1, and JPEG2000 codecs were used to compress
the complex field of the holograms in the object plane, at
similar bitrates, for both CGHs and OGHs. The subjective
test methodology revealed to be effective and suggests that
the VIFP metric is more appropriate for DH quality studies
than the commonly used PSNR and SSIM. Furthermore, the
different nature of CGHs and OGHs results in the need of
separate quality studies. That is easily expected because of
the completely different nature of the holograms. While the
CGHs reveal their point composition nature when viewed at
their true resolution, the OGHs visualization is strongly in-
fluenced by the speckle noise. As future work, the models
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Objective Evaluation
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Correlation of Objective metrics with Subjective results

CGH – Computer Generated Holograms
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test took no longer than 15 minutes.
A total of 17 individuals, 9 males and 8 females with an

average age of 24 years old, participated in the test. Prior
to the experiments, an informed consent form was handed to
the participants to sign. Oral instructions were provided to
explain the evaluation task. All subjects were examined for
corrected visual acuity using a Snellen acuity chart.

4. RESULTS

The average MOS scores and the corresponding 95% con-
fidence intervals from the experiment are shown in Fig. 3,
for both CGH and OGH data sets. According to the ITU-R
BT.500 recommendation, no outliers were found.

Comparing the CGHs with the OGHs, it can be observed
that the different encoders reveal a more similar and mono-
tonic behavior. Furthermore, JPEG2000 presents lower per-
formance for the OGHs, while it shows competitive perfor-
mance with HEVC and AV1 for the CGHs. Note that in some
cases the MOS value for jpeg2000 is decreased as the bit rate
increases. This is due to the compromise in subjective ap-
pearance that occurs at lower bitrates between speckle noise
smoothing and detail preservation. As the bit rate increases,
the details are perceived better, but at a certain point, speckle
noise becomes more annoying.

To evaluate the performance of objective metrics in es-
timating the perceived quality, the MOS values are taken
as ground truth and compared to each objective metric re-
sults [12]. To assess the accuracy of each objective metric,
first, a logistic function is used to provide a non-linear map-
ping between the objective and subjective scores according
to the ITU-R BT.500-13 [11] recommendation. Thereafter,
Pearson Linear Correlation Coefficient (PLCC) and Root-
Mean-Squared-Error (RMSE) are used to measure the accu-
racy of the objective metrics. Spearman rank order correlation
(SROCC) is used to measure the monotonicity and the outlier
ratio (OR) is used to estimate the consistency of the objective
metrics.

Tables 2 and 3 show the performance of five selected
metrics for the EmergImg-HoloGrail and Interfere data sets,
respectively. Table 4 refers to the complete data set. The
five selected metrics were PSNR, SSIM [13], MSSSIM [14],
FSIM [15], and VIFP [16]. The former two were used in sim-
ilar studies [6], while the latter presents a good performance
in several quality studies [17]. Other metrics were tested but
they revealed low performance and their results are not re-
ported. OGH and CGH are by their nature completely differ-
ent types of content. In fact, the CGHs are composed of points
as they were generated from point clouds. When viewed in
true resolution, as in this study, the points granularity is vis-
ible, and that strongly influences both the subjective evalua-
tion and the objective metrics. Nevertheless, the VIFP shows
a higher correlation with the MOS values for both OGH and
CGH databases. The PSNR also reveals a good representa-

Table 2: Statistical analysis of objective metrics for the se-
lected EmergImg database holograms

PCC SRCC RMSE OR
PSNR 0.9276 0.9349 0.37749 0.19444
SSIM 0.72117 0.74222 0.70655 0.5
MS-SIM 0.73327 0.72999 0.69072 0.47222
FSIM 0.60892 0.49451 0.80767 0.66667
VIFP 0.93448 0.93039 0.36124 0.19444

Table 3: Statistical analysis of objective metrics for selected
Interfere database holograms

PCC SRCC RMSE OR
PSNR 0.65555 0.5639 0.93539 0.52778
SSIM 0.81498 0.72514 0.72201 0.33333
MS-SIM 0.86648 0.77502 0.62309 0.25
FSIM 0.7861 0.75569 0.76666 0.41667
VIFP 0.97635 0.92866 0.2715 0.083333

Table 4: Statistical analysis of objective metrics for all testing
holograms

PCC SRCC RMSE OR
PSNR 0.66511 0.64712 0.8539 0.5
SSIM 0.54524 0.31798 0.95715 0.73611
MS-SIM 0.57951 0.32537 0.93088 0.79167
FSIM 0.51222 0.38364 0.97709 0.84722
VIFP 0.71726 0.74283 0.7894 0.59722

tion for the CGHs. However, it shows a bad representation
for the OGHs, that can be explained by the predominance of
speckle noise on the reconstructed images. No metric reveals
a good perceptual quality representation when both types of
holograms are considered, as their specific properties strongly
influence the perceived and objective quality. Plots of MOS
scores vs various objective metrics are shown in Fig. 4.

5. CONCLUSIONS

A subjective quality assessment of numerically reconstructed
holograms compressed on object plane was presented. The
HEVC, AV1, and JPEG2000 codecs were used to compress
the complex field of the holograms in the object plane, at
similar bitrates, for both CGHs and OGHs. The subjective
test methodology revealed to be effective and suggests that
the VIFP metric is more appropriate for DH quality studies
than the commonly used PSNR and SSIM. Furthermore, the
different nature of CGHs and OGHs results in the need of
separate quality studies. That is easily expected because of
the completely different nature of the holograms. While the
CGHs reveal their point composition nature when viewed at
their true resolution, the OGHs visualization is strongly in-
fluenced by the speckle noise. As future work, the models
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Objective Evaluation
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Correlation of Objective metrics with Subjective results

All tested Holograms
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test took no longer than 15 minutes.
A total of 17 individuals, 9 males and 8 females with an

average age of 24 years old, participated in the test. Prior
to the experiments, an informed consent form was handed to
the participants to sign. Oral instructions were provided to
explain the evaluation task. All subjects were examined for
corrected visual acuity using a Snellen acuity chart.

4. RESULTS

The average MOS scores and the corresponding 95% con-
fidence intervals from the experiment are shown in Fig. 3,
for both CGH and OGH data sets. According to the ITU-R
BT.500 recommendation, no outliers were found.

Comparing the CGHs with the OGHs, it can be observed
that the different encoders reveal a more similar and mono-
tonic behavior. Furthermore, JPEG2000 presents lower per-
formance for the OGHs, while it shows competitive perfor-
mance with HEVC and AV1 for the CGHs. Note that in some
cases the MOS value for jpeg2000 is decreased as the bit rate
increases. This is due to the compromise in subjective ap-
pearance that occurs at lower bitrates between speckle noise
smoothing and detail preservation. As the bit rate increases,
the details are perceived better, but at a certain point, speckle
noise becomes more annoying.

To evaluate the performance of objective metrics in es-
timating the perceived quality, the MOS values are taken
as ground truth and compared to each objective metric re-
sults [12]. To assess the accuracy of each objective metric,
first, a logistic function is used to provide a non-linear map-
ping between the objective and subjective scores according
to the ITU-R BT.500-13 [11] recommendation. Thereafter,
Pearson Linear Correlation Coefficient (PLCC) and Root-
Mean-Squared-Error (RMSE) are used to measure the accu-
racy of the objective metrics. Spearman rank order correlation
(SROCC) is used to measure the monotonicity and the outlier
ratio (OR) is used to estimate the consistency of the objective
metrics.

Tables 2 and 3 show the performance of five selected
metrics for the EmergImg-HoloGrail and Interfere data sets,
respectively. Table 4 refers to the complete data set. The
five selected metrics were PSNR, SSIM [13], MSSSIM [14],
FSIM [15], and VIFP [16]. The former two were used in sim-
ilar studies [6], while the latter presents a good performance
in several quality studies [17]. Other metrics were tested but
they revealed low performance and their results are not re-
ported. OGH and CGH are by their nature completely differ-
ent types of content. In fact, the CGHs are composed of points
as they were generated from point clouds. When viewed in
true resolution, as in this study, the points granularity is vis-
ible, and that strongly influences both the subjective evalua-
tion and the objective metrics. Nevertheless, the VIFP shows
a higher correlation with the MOS values for both OGH and
CGH databases. The PSNR also reveals a good representa-

Table 2: Statistical analysis of objective metrics for the se-
lected EmergImg database holograms

PCC SRCC RMSE OR
PSNR 0.9276 0.9349 0.37749 0.19444
SSIM 0.72117 0.74222 0.70655 0.5
MS-SIM 0.73327 0.72999 0.69072 0.47222
FSIM 0.60892 0.49451 0.80767 0.66667
VIFP 0.93448 0.93039 0.36124 0.19444

Table 3: Statistical analysis of objective metrics for selected
Interfere database holograms

PCC SRCC RMSE OR
PSNR 0.65555 0.5639 0.93539 0.52778
SSIM 0.81498 0.72514 0.72201 0.33333
MS-SIM 0.86648 0.77502 0.62309 0.25
FSIM 0.7861 0.75569 0.76666 0.41667
VIFP 0.97635 0.92866 0.2715 0.083333

Table 4: Statistical analysis of objective metrics for all testing
holograms

PCC SRCC RMSE OR
PSNR 0.66511 0.64712 0.8539 0.5
SSIM 0.54524 0.31798 0.95715 0.73611
MS-SIM 0.57951 0.32537 0.93088 0.79167
FSIM 0.51222 0.38364 0.97709 0.84722
VIFP 0.71726 0.74283 0.7894 0.59722

tion for the CGHs. However, it shows a bad representation
for the OGHs, that can be explained by the predominance of
speckle noise on the reconstructed images. No metric reveals
a good perceptual quality representation when both types of
holograms are considered, as their specific properties strongly
influence the perceived and objective quality. Plots of MOS
scores vs various objective metrics are shown in Fig. 4.

5. CONCLUSIONS

A subjective quality assessment of numerically reconstructed
holograms compressed on object plane was presented. The
HEVC, AV1, and JPEG2000 codecs were used to compress
the complex field of the holograms in the object plane, at
similar bitrates, for both CGHs and OGHs. The subjective
test methodology revealed to be effective and suggests that
the VIFP metric is more appropriate for DH quality studies
than the commonly used PSNR and SSIM. Furthermore, the
different nature of CGHs and OGHs results in the need of
separate quality studies. That is easily expected because of
the completely different nature of the holograms. While the
CGHs reveal their point composition nature when viewed at
their true resolution, the OGHs visualization is strongly in-
fluenced by the speckle noise. As future work, the models
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Conclusions

• Different data nature require different quality models

• Unnatural appearance of the Data creates problems on 
subjective evaluation 
• after appropriate training subjects manage to deal with the 

subjective test

• VIFP is the best performing metrics (from the studied ones)
• However, the metric behaves differently, depending of the source 

of data.

• Further studies are needed to evaluate the volumetric nature of 
the holograms.
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Future work

Video sequences with frames representing reconstructions with 
different viewing angle. 

• Allows to evaluate the quality of the 3D information 
(namely out of focus parts of the image during the reconstruction).
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