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A Study on the Compression Efficiency of a Digital Hologram Video
using Domain Transforms and H.265/HEVC
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Abstract

Recently, many researches on digital holograms, which retain almost perfect 3 dimensional image information, have been
performed actively that it seems for them to be serviced soon. Accordingly, this paper proposes a data compression technique for a
digital hologram video for this service. It uses H.265/HEVC, the most recent international 2 dimensional video compression
standard, for which we consider various domain transform methods to increase the correlation among the pixels in a digital
hologram. Also we consider the various parameters on H.265/HEVC. The purpose of this paper is to find empirically the optimal
condition for the domain transform method, the size of transform unit, and the H.265/HEVC parameters. The proposed method
satisfying the optimal parameter set found is compared to the existing methods to prove that ours shows better performance.
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T3 1. X £2020] 2DDCT 29| of: # =4 HE; (a) %ol M7, (b) ZOl, LIXIE B2 EH; (c) & (d) 5= (e) 271, (f) A4, TA
EZ79| 2DDCT Z3 H; (g) A (h) A5 () TV, () /4, 1/4 FEE2T0| 2DDCT Zz BH; (k) A4 (1) &5 (m) 7], (n)2id
Fig. 1. Examples of 2DDCT results from a digital hologram: original object information; (a) light intensity, (b) depth, digital hologram planes;
(c) real, (d) imaginary, (e) magnitude, (f) phase, 2DDCT result planes from the whole hologram; (g) real, (h) imaginary, (i) magnitude, (j) phase,
2DDCT result planes from 1/4 partial holograms; (k) real, (1) imaginary, (m) magnitude, (n) phase
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Fig. 2. FT results from a DH in Fig. 1: FT result planes from the whole hologram; (a) real, (b) imaginary), (c) magnitude, (d) phase, FT result
planes from the 1/4 partial holograms; (e) real, (f) imaginary, (g) magnitude, (h) phase
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(a) (b) (©

T2 3. FLTS T &El; (a) 1-21E FLT, (b) 2-2# Mallat-tree FLT, (c) 2-2l|2 quad-tree FLT
Fig. 3. Two types of FLT: (a) 1-level FLT, (b) 2-level Mallat-tree FLT, (c) 2-level quad-tree FLT
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l, () #1&
Flg. 4. Quad-tree FLT results from DH in Fig. 1: 1-level FLT planes; (a) real, (b) imaginary, (c) magnitude, (d) phase, 2-level FLT planes; (e)
real, (f) imaginary, (g) magnitude, (h) phase
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LL (%) LH (%) HL (%) HH (%)

Real plane 23.4 257 24.9 26.1
Imaginary plane 23.6 241 24.9 27.6
Magnitude plane 63.0 15.2 151 7.0
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v v v

‘ Video sequence formation ‘

Intra perod

- - . Size,
‘ Compression by 2D video techniques GOP size,
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De-compression
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‘ De-Compression by 2D video techniques

Inverse Inverse Inverse
2D Discrete
. Fresnel Fresnelet &
Cosine
Transform Transform
Transform
‘ Digital hologram re-combination ‘
Evaluation
A
—b{ Digital hologram comparison ‘
—ﬂ Image reconstruction ‘

‘ Reconstructed image comparison ‘

2! 5. Motsk= DH HIC|2 HIojE %, =95t 3 &I I
Fig. 5. The proposed procedure to compress, decompress a DH video
data and the quality evaluation
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Fig. 6. Video sequencing: (a) when 2DDCT or FT is performed for the whole DH, (b) when 2DDCT or FT is performed for partial DHs, (c)

when FLT is performed
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Table 2. CGH generation parameters

Parameter Value
Wavelength 633 [nm]
Original data resolution 176x144
Hologram pixel pitch 10.4x10.4 [um]
Hologram resolution 1,024x1,024
Depth range 80 ~ 120 [cm]

CGHZ tH= € vt L S¥(clips2 & 391 ULl
o} WA B A pRo] AZFeE At F5 A|AHRIo
2 Y5 4719 Wt 22 ATk o] HEAAHS
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7he ket dolgtdl el Zhzt 1) AFEtE of %%E] Zlol7}
w2k} sl4E=7t 176x1440]014 RGB 373 B3t 2 o) 7}
g2 el g AREEith o 9 Wmdmlll[z”ﬂr
MPEG4 MVC(multiview video coding)e] HIAE AJ#A X

E 3. ALZgH |02 H|O|E
Table 3. Original video data used

Origin Name Number of frames
Sujin 1 200
Self- Sujin 2 200
captured [20] Huynjin 200
Yoonjin 200
[21] Windmill 200
MPEG4 MVC Ballet 200
test seq. [22] Breakdancers 200
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o} AJ’d¢k DH HIH| Q9] AR} e 747F 59 #9]
DH 230 = 7kste] Agstiet. o] W 1 s get
HEES F 49 YAt w4 el WA 2DDCT

(a) (b)

(e) (f)

(i) 1)
D2l 7. x| 04| (a)(e)(i) & HIOlE, (b )(,) 20012 =31 2
g4, (e)(f)(g)(h) DH A5, (i)()K)(1) DH &F)()(k)(I) imagi

2, (c)(g)(k) 500:12 A=st H

= 4 9% U Tl0fel

Table 4. Parameters related to compression

Process Parameter Value
Size of partial DH for 2DDCT 1024x1024
Transform and FT ~ 64x64
Level for FLT 1, 2, 3 level
Size of CTU 64x64 ~ 16x16
Intra period 16
HEVC Low-delay GOP 4, 8
Mode
Random access GOP 4, 8
Compression ratio QP, bit-rate

9} FTE 9 DH(1,024x1,024)5-E] 64x64 5

o 25671 €]
F= A (=AY

HEVC+ CTU Z71&

(k) o

£ (d)(h)() 1000:1% =3t 27

EDH(Z

[s1}
FEDHYH) 283t} APHAL, FLTE) 7
T 647lel el A,
64x64, 32x32, 16x16<] Ml A&

L (@)(b)(c)(d) Sst

Fig. 7. Examples of compression results: (a)(e)(i) original data, (b)(f)(j) 200:1 compressed result, (c)(g)(k) 500:1 compressed result, (d)(h)(l) 1000:1
compressed result; (a)(b)(c)(d) reconstructed images, (e)(f)(g)(h) real part of DH, (inary part of DH
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Table 5. PSNR values of the images in Fig. 6

(a) (b) (c) (d)
46.74 43.75 4047

(e) ® (9) (h)
30.17 25.36 23.13

(i) @) (k) 0]
29.39 26.32 23.58
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(a) (b) (©
(d) (€) (f)

(@) (h) @)
T2l 8. REDHe| 37| = Hisk|do| w2 AEAnk HEZRY; (a)(b)(c) 2DDCT, (d)(e)(f) FT, (g)(h)i) FLT, HIO[E{E; (a)(d)(g) SHA, (b)e)h)
DH M$E2, (c)(f)(i) DH 355
Fig. 8. Compressed results for the size of partial DH or transform level: for the kind of transform; (a)(b)(c) 2DDCT, (d)(e)(f) FT, (g)(h)(i) FLT,
for the kind of data; (a)(d)(g) reconstructed image, (b)(e)(h) real part of DH, (c)(f)(i) imaginary part of DH

(a) (b) (c)

121 9. HEVCE| CTU F7|of CHsh =zt S%4: (a) 2DDCT, (b) FT, () FLT
Fig. 9. Compressed results of the reconstruction image for the CTU size in HEVC: (a) 2DDCT, (b) FT, (c) FLT

2 HEVC ¢ #5EE9 GOP 719 WE F5E Slth YHREE JAHIEEYS ANARES A
&=, 1%1 109 2 AFE HolX t} o] I8 YA I9 o YYHIRES} AAARE BF GOP 49 GOP 82
99 TS o FE Bl st AFAHATHE HolT THEAh Al W3 B5F EREU GOP Z7]dl tis) 2
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(©

T2 10. HEVCY| §AZZE0t GOPY| mE =Znt S YA: (a) 2DDCT, (b) FT, (c), FLT
Fig. 10. Compressed results of reconstructed image for the mode and GOP size in HEVC: for the kind of transform; (a) 2DDCT, (b) FT, (c)

FLT

(a)

2011, 2 HEEO| 2 AFEZM0MO| YESE W, (a) SRLA,

(c)

(b) DH A4, (c) DH &%

Fig. 11. Comparison of compression efficiency in the optimal condition for each transform, (a) reconstructed image, (b) real part of DH, (c)

imaginary part of DH
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Table 6. The optimal compression condition for each transform

Parameter 2DDCT FT FLT
Size of partial DH&Level Unsplit Unsplit 1-level
Size of CTU 64x64 64x64 64x64
. Random- Random- Random-
Compression mode
access access access
Size of GOP 4 4 4
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E 7. 71E A7l 45 HI

Table 7. Comparing the performance evaluation with pervious works

50:1 100:1 200:1
Method
PSNR NC NRMS PSNR NC NRMS PSNR NC NRMS
Proposed 53.01 0.997 0.079 51.29 0.995 0.096 46.75 0.985 0.170
P (36.23) (0.990) (0.032) (34.62) (0.987) (0.0378) (30.75) (0.966) (0.059)
[12] - 0.96 - - -
[13] - 0.975 - 0.946 - - - -
[15) 18 ) ) 16.2 15.2 ) )
(27.95) (25.83) (24.87)
[16] - - 0.47 0.575 - - -
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Table 8. Comparing the results by applying our method to H.264/AVC and H.265/HEVC

AEE 100:1 AEE 200:1
a2 PSNR[dB] NC PSNR[dB] NC
H.264 H.265 H.264 H.265 H.264 H.265 H.264 H.265
AN 48.207 53.825 0.9625 0.9953 43.015 50.157 0.9423 0.9876
DH A% 29.935 34.529 0.9255 0.9864 25.505 31.011 0.8831 0.9709
DH 5|5% 29.415 33.829 0.9226 0.9839 25.819 31.310 0.8816 0.9684
upeba] ARk W o] A5 23 TR ¢F Ve 42 T S AR AEHY, 59 o] W2 23 9
AHEER Ol ETH B 5T S HolT YO, o 4 4F /1€S ASHEE AFFE T A2 Y
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