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Introduction

e seismic data: HUGE (~ 100 Tbyte)
e datasets: large dynamic range, geometric features: important
e seismic data: highly oscillatory

e Wavelet compression of seismic data [

, ]

e But: rapid variations of intensity — many fine scale coefficients

e very diffuse representations in a standard wavelet basis
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Marine shot gathers
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Error, range —[—106,106].
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Common depth gathers

Error, range =[—10, 10].
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Performance comparison

compression | wavelet | LCT
ratio (SNR) | (SNR)
10 94 63
20 48 48
30 33 37
40 26 29
50 22 25

Common depth gathers

SNR =

compression | wavelet | LCT
ratio (SNR) | (SNR)
10 48 55
20 36 43
30 31 37
40 27 33
50 25 30

Marine shot gathers
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Local cosine outperform wavelets for seismic datasets !

IPAM, MGA 2004

Seismic Compression

(1)



Adaptive smooth local cosine transforms
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e biorthogonal bases

o R =J'=%an, apia|

n=—0oo

e neighborhood around each point a,: [a, — ay, a, + B
an + Bn < Apy1 — Qpy1- (2)

e b, : bell function lives over the interval [a, — &y, a,,11 + Brial-
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2a, — x) if x € [ay— apn, an + Bl

1
£ B
bn (x) 1 X E [an + ‘Bn, an+1 “7’[4—1]
nel—X) if X € [ay1 —ayi1,an1 + P
0 otherwise
(3)
1
4)

n-1(2a, — x) + by (2a, — x) by, _1(x)
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SES

SRR /)X (5)
+1 — an Apn41 — 4n
Wpk = bn(x) Cn,k(x) (6)
Wn g = En (x) Cn,k(x) (7)
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SES

Riesz biorthogonal bases:

(%) Wy (x) dx = 5j,k(5n,m

(x) with x,; = /x(x)wn,]-(x)dx

(x) with %, ;= /x(x)wn,]-(x)dx
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re freedom to select the bells b,

— [Matviyenko, 1996]

e constants [Jawerth and Sweldens, 1995],
, 1999]
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s(wk + @)

efficients x,, ; to reconstruct x up to an error ¢

(x) <

(x) <(\/2 +1)/ (b

<b
< b(
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gn sin(n+1/2)m
=]

)ign cos(n+1/2)m )
0

d numerically
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if xe[-1/2,1/2]

if xell1/2:3/2]

otherwise
(12)

13



Z2Z2ZZ
[ 1L
W

-0.2 0 02 04 06 08
mized bells. N =1,2,3,4

Seismic Compression




I 1 T T T T
N=1
N=2 ------
N=3 -------
N=4 -
B |
~o \\\
5 ~_
S
S
~~el
......... i.?.:,:_-_._._.__:_»_
%
3
7
/0
4 08 |
70
//,‘
/4
s
/o
)
/
/
3 —
/
/
/
/
/
/
/
/
/
/
| 1 1 1 | |

A4 -0.2 0 0.2 0.4

ized dual bells. N =1,2,3,4

Seismic Compression

0.6

0.8 1

15



Adaptive segmentation

e quadtree segmentation

e preserve the original aspect ratio of the data
® anisotropic segmentations [ ]
e depth first approach: minimize memory

e extension on the borders
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Choice of a cost function

e “entropy” [ ]
kX kX
h(x) = — I 13
(9 == |3 B e ()
e Rate distortion [ ]

m)?x {li,nelg,l { HO§GT Iqrélg { Dnode(q) + )\Rnode(q)}}} (14)
AeR

Q : set of all quantizers

7 : set of all bases T with quadtree structure

— very high computational complexity !

— first order entropy estimates only
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Choice of a cost function

e cost function: estimate of the actual rate achieved by each node
e mimics the actual scalar quantization, and entropy coding

e much faster to compute

e composed of two complementary terms:

— c1(x): cost of coding the sign and the magnitude of the non zero
output levels of the scalar quantizer,

— ¢2(x): cost of coding the locations of the non zero output levels
(significance map),
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Choice of a cost function

® c1(X) = Yk/0(x,)20 Mmax (log, [Q(xk)|,0)
e fast implementation: representation of floating numbers

® c3(x) = —N (plogy(p) + (1 - p)log,(1 - p))
e first order entropy of a Bernoulli process: each coefficient x; is signif-
icant with a probability p
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Fast DCT-IV

e DCT-IV : FFT of half length

e DCT-IV coefficients, %(j), j = 0,...,N —1 of the sequence
x(n), n=0,...,N—1

LS 2imjn
#())=Re (e 2N Y y(me N

=
YT Nya1 _2imyn ()
AN—-j—1)=-Im|e 2N ) vy(m)e N
n=0
with
Cin+1/4)n
y(n) = (x(2n)+ix(N—-2n—-1))e N (16)
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Scanning the coefficients

e scanning coefficients by increasing frequency
e each LCT block divided into a fixed number of frequency subsets

e gather from all the LCT blocks all the coefficients that are in the same
subset
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Laplacian based scalar quantization

e distribution of the cosine coefficients:

[ ]

e near optimal scalar quantizer [ ]

- [-A + 6, A — 6], the symmetric dead-zone ,
— A, the quantizer step size,
— 0, the reconstruction offset
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Laplacian based scalar quantization

IPAM,
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Entropy coding

e significance map: n¢ order arithmetic coder
e signs of the output levels: packed
e magnitude of the output levels: variable length encoded

e best basis geometry: adaptive arithmetic coder.
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orm (FLCT) coder and decoder
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cosines, 192 x 640
2 x 640
ize 32 x 64

Seismic Compression

32



- —

/////fé

33

///E



B

.-.. - - ; f .
i . - " K T : bl ! . H T : ' ; L F""'l- .
i

S -

[YE— “-n{. ~ e e B g " . .ty \ e oo T et i, 2t

e oo A e ANl o g i TR
Ly e T Pt - v e - -

o = .5 v s e T -

Pr——— - e " ; -,
- .. —
I ——— . p‘.“-d- c .-:-"u-- eyl - e . o : - - 'y, s e,

Seismic Compression



Synthetic data : optimal N for optimized bell
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Synthetic data :

optimal overlap for optimized bell

PSNR (dB)
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Synthetic data :

50

comparison of the bells
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Seismic data :
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Compression 50, Matviyenko (N = 3), PSNR =20.56 dB
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Compression 50, no bell, PSNR = 19.87 dB

I o s

; s __..--—-—l-l—-...___-_
e ——

P,

"'._‘-.-—-—l'-l:..- —
e

- "“"-_r."* I'flf-l.'p-u- v g -:_-"- "-i -

et
- __:'f' o f’ _— -—.-H.l_'l‘"!"'_—l- -
- p— r.!-":___,..,-—-l—-i- e T
- = ..?_'I-- *’-ﬂ“ '-l--._p.:l_._
i e

P a——

IPAM, MGA 2004 Seismic Compression




Conclusion

e compression of highly oscillatory signals: local cosine transforms
e optimal spatial tiling

e design of the window

e full 3-D compression: fast 3-D FFT

e The future: curvelets ?
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