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Implementation of High-Speed Fresnelet Transform using Daubechies’s Filter
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ABSTRACT

Service of digital hologram that has been recognized as a visual system for next generation requires various signal
processing technologies. A transform is the most frequently used tool among signal processing techniques for
2-dimensional(D) and 3-D natural picture. A digital hologram has totally different property with a natural picture, so it
is rarely efficient to apply transform tools used in 2-D image processing to a digital hologram. To overcome this a
Fresnelet transform for a digital hologram has been proposed. We derive a Fresnelet transform by using the
Daubechie’s filter after applying an unitary Fresnel transform to a wavelet basis function. We also implement the
transform as types of device and kernel code to improve operational performance. In consideration of the average time
that is required for a pixel we can have observed the performance is improved up to 242 and 30 times for using the
(9,7) and (5,3) filters in case of using device code.
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Fig. 4 Subband images by Fresnelet transform (a)
amplitude, (b) real, (c) imaginary part

Zo =

GAel ASHHL Fotol 5E mae)
4] (203} o] Lherd 4 SIeH3]

e
=

(20)

@)+ Rz)(Fiw)

1A fe EAA HAbE B, R 7Ew)
= Ae™*, 12|3l ['= CCDof| =2E B 2LE]
ol T} fok 7129 BRI} G A 7H Ty ol
41‘011*1 Fol7 29| oYL Fuls: o]

A, Al Bl HEE ol

(el e] 2~
O]UE 021— T 9\)1{:_‘]3"1

824

=2X|(J. Korea Inst, Inf, Commun, Eng,) Vol 21, No, 4 : 820~828 Apr, 2017

12 00, 7= —wol, 12 A(f,)
w°ﬂ 1 YA 7}F ME Ak 7|29 RS T
2] (21)3+ 2,

e mr FA ) R

oluj RI Ho]El&= IOM e’ ol
2),
220, w, 2831 2w°ﬂ Az=ol 9
RIo| oAt = dlg] Hgke 014‘“‘&%
o Al e Bt BAlY fS &
ST

T

L~ﬂ 1:\:]9:]_ o]_Q_oH
% 5(a) 2] 3] hea) e
& e, ol sl
A7} 217 5(b)oltt. of 27
;(]E-] zilw o 1:]-/\] E_OJ?}‘_]—
gsto] gAE TR

o}. 72 5(a)ef o) %’ﬂ“‘
ad 5(0)7} Eei%% ghel

2

tsh) el
= Ae st

ZYdE]l Heke W Aabsks sk kARl
A zprgol7] wiiol olE 1&3tstr] fel GPGPU
(general purpose graphic processing unit)2 ©]-&35t t]
dlolA T2 ;M3 CPUS 7|80 2 3= AYd =z
Wo g FHstel 452 vlwstgick Cufo]s XLz

AL 91t 9loji= CUDAE AHg-atT[14], AY =&
238 93 o] C++& o] 8EYTE AY T2
o g JIAE F=

A

il

S
&, AY TR} fufo] A~ TR
S5, J8al gapols 2O §FR
2 Estch B3 242 ERA19 (9,7) 7
o]-g-sko] skt
;La A= 1 2004 ® 77HA YERTE 1,280%
1,280, 1,920x1,920, 2,048x2,048, 4,096x4,096 ] 47}7]
HIEE 2t tAE EROHS ger 2]
7 Hforward, FWD) 2 s EKinverse, INV)3}=d]
SR AR S E3 2} o (level, Lvi)



T

v
2L

N
O:

d

of mhE A=
=29k 7dH 7

efefol2: 2

£ 7] 9] thufo]

S

3t
!

th 329} 32 7d A=
31, 49} 5+= A FE9}
TR Adolrt. 3 637
*}%‘333‘45\_@94 71d 2
ojt}. ehds] Hurto] A A=
7] 2ol &5 #d

(<]

pil

lo
Y
i)

o

iyl

It

ro
%

[o 15

K
I
=)

il

et

rd F_?L’

bk g Ty o
4z fo
£
2o n m&
ol
e -

Table. 1 Experimental environment

# Item Specification

1 | Wave length A =632.9nm

2 | Distance from an object to CCD plane | z=20cm

3 | Size of pixel pitch on CCD plane Ar =12.395um
4 | Size of pixel on CCD plane 1,024 < 1,024

@
Fig. 5 Image example (a) digital hologram, (b) Fresnelet
result (Level 4), (c) reconstructed object

(b)

80l 3 2004 T 77 9] ATE FHH O
CpsAh S 2014 771419) Ak el Ao
o} W Wz AupgkEe] Ak Al7ko] 4R EE QX
ek Aol 7] tio] 7+ ATNE AFS Wl wslr] of gtk
FERSE R MR ES ERRECERE IS
o] g Btag 4 R E= A7HS 75 o] BE s
o3t WS kol % 8o A A HE A7t
o] gl [ns]o] i, 719 Z=o] w8 4ol B uj Z7}
P 2 et AY SEv) u] e o) cetel s 3
Bgal (9,7) e 2] Aol it 50u, (53)%
o] 9ol W 7.5u0] A 5THe 7Lk Tu)
ol AEnk ALSE (9, 7)J4EH 3% 15_ %4 242
u, (5,3)LE] o] S0l
£} s qa}ov =

_E

ofs

1o mlm r[

§3
o

2 n

nes £y
F 7397} 20 A ZGHH“P
shelE ik (5.3)
o] §17] w el Aol g
#o] ol

S
=

825

2

Table. 2 Calculation time of Fresnenet transform ((5,3)
filter, kernel code)

wi | oir. Time for Resolution [ms]
1,280 1,920 2,048 4,096
1 FWD | 531.62 | 797.43 14822.15 | 18061.59
INV | 44276 | 664.12 16672.83 | 23176.31
2 FWD | 572.28 | 858.41 16084.35 | 20876.46
INV | 501.04 | 751.57 18207.82 | 27418.32
3 FWD | 597.50 | 896.26 17418.61 | 23555.71
INV | 542.89 | 814.34 19840.13 | 31790.969
4 FWD | 625.36 | 938.04 | 18826.23 | 13634.47
INV | 587.59 | 881.39 | 21423.78 | 14902.69
5 FWD | 654.54 | 981.80 | 20045.23 | 25355.38
INV | 632,75 | 949.12 | 22915.37 | 34127.63
6 FWD | 679.96 | 1019.94 | 21905.90 | 28441.88
INV | 669.71 | 1004.57 | 25257.34 | 37205.18

Table. 3 Calculation time of Fresnenet transform ((9,7)
filter, kernel code)

i | Dir Time for Resolution [ms]
1,280 1,920 2,048 4,096
1 FWD 76.69 186.25 212.77 1011.29
INV 90.87 217.52 247.59 1305.59
2 FWD | 119.52 | 314.80 363.12 1801.26
INV | 165.25 | 407.39 467.93 2421.97
3 FWD | 134.24 | 377.22 459.89 2552.06
INV | 203.70 | 559.79 641.12 3422.40
4 FWD | 147.60 | 418.04 505.40 3195.36
INV | 22255 | 617.37 759.06 4353.65
5 FWD | 160.08 | 440.38 543.99 3635.53
INV | 238.30 | 653.88 828.81 5038.31
6 FWD | 168.11 | 468.02 583.08 3926.12
INV | 250.89 | 679.06 890.97 5433.06

Table. 4 Calculation time of Fresnenet transform ((5,3)
filter, kernel+device code)

wi | oir. Time for Resolution [ms]
1,280 1,920 2,048 4,096
1 FWD 76.69 186.25 212.77 1011.29
INV 90.87 217.52 247.59 1305.59
2 FWD | 119.52 | 314.80 363.12 1801.26
INV | 165.25 | 407.39 467.93 2421.97
3 FWD | 134.24 | 377.22 459.89 2552.06
INV | 203.70 | 559.79 641.12 3422.40
4 FWD | 147.60 | 418.04 505.40 3195.36
INV | 22255 | 617.37 759.06 4353.65
5 FWD | 160.08 | 440.38 543.99 3635.53
INV | 238.30 | 653.88 828.81 5038.31
6 FWD | 168.11 | 468.02 583.08 3926.12
INV | 250.89 | 679.06 890.97 5433.06




Table. 5 Calculation time of Fresnenet transform ((9,7)
filter, kernel+device code)

wi | oir. Time for Resolution [ms]
1,280 1,920 2,048 4,096
1 FWD 75.35 176.98 221.56 1045.34
INV 86.84 206.07 320.42 1576.77
2 FWD | 115.74 | 296.24 376.04 1851.15
INV | 14480 | 371.87 584.12 3049.02
3 FWD | 145.69 | 359.29 521.80 2569.22
INV | 186.89 | 459.64 827.93 4496.29
4 FWD | 174.07 | 421.65 611.99 3180.77
INV | 227.67 | 534.23 960.02 5635.46
5 FWD | 202.87 | 487.78 703.32 3747.76
INV | 265.06 | 610.29 | 1104.56 6610.4
6 FWD | 229.12 | 549.82 809.63 4120.97
INV | 298.30 | 669.31 | 1245.29 7152.18

Table. 6 Calculation time of Fresnenet transform ((9,7)
filter, device code)

wi | Dir. Time for Resolution [ms]

1,280 1,920 2,048 4,096

1 FWD | 22.65 50.33 68.34 141.58
INV 2152 46.99 63.61 137.59

’ FWD | 29.35 66.07 93.62 264.03
INV 271.74 61.68 88.56 254.25

3 FWD | 41.66 85.07 116.05 362.60
INV 40.10 81.17 110.60 350.15

4 FWD | 66.18 | 121.67 154.56 448.47
INV 64.91 | 117.83 150.64 429.51

5 FWD | 116.30 | 193.91 236.85 604.87
INV | 11549 | 190.77 235.88 588.30

6 FWD | 217.80 | 350.91 421.21 945.91
INV | 217.05 | 340.64 436.11 933.31

Table. 7 Calculation time of Fresnenet transform ((5,3)
filter, device code)
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Table. 8 Performance comparison

Ll Dir Time for Resolution [ms] Ll Filter Kernel Kernel+Device Device
) 1,280 1,920 2,048 4,096 Tap [ns] % | [ns] % [ns] %
1 FWD 22.33 53.12 69.62 142.85 1 (9,7) | 5479.07 | 1 | 61.05 | 89.75 | 12.68 | 432.03
INV 31.35 49.14 95.48 132.04 (5,3)| 700.32 | 1 | 57.46 | 12.19 | 1453 | 48.19
2 FWD 31.35 71.05 95.48 270.48 2 (9,7) | 6073.16 | 1 | 107.66 | 56.41 | 17.98 | 337.82
INV 30.76 68.15 90.81 265.44 (5,3) | 764.45 | 1 |102.45| 7.462 | 19.00 | 40.23
3 FWD 47.63 94.95 120.94 377.07 3 (9,7) | 6671.08 | 1 | 146.01 | 45.69 | 23.94 | 278.66
INV 47.32 90.90 116.56 365.99 (5,3) | 868.01 | 1 |134.88| 6.435 | 26.16 | 33.18
4 FWD 76.08 136.40 164.56 474.17 4 (9,7) | 6265.59 | 1 | 175.60 | 35.68 | 33.76 | 185.59
INV 75.79 131.37 160.25 458.47 (5,3) | 974.70 | 1 |157.28 | 6.20 37.30 | 26.14
5 FWD | 129.71 | 216.36 259.07 649.68 5 (9,7) | 7548.78 | 1 | 203.99 | 37.01 | 53.71 | 140.56
INV | 128.19 | 213.46 255.02 641.19 (5,3) | 109266 | 1 | 173.04| 6.32 | 59.19 | 18.46
6 FWD | 246.07 | 387.58 481.64 1032.42 6 (9,7)| 8265.21 | 1 | 226.81 | 36.44 | 96.18 | 85.94
INV | 243.90 | 382.90 476.85 1013.20 (5,3) | 1216.41 | 1 | 18453 | 6.59 | 107.31 | 11.34
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