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1.1 Context: resolution & precision Introduction

Numerical data sample (128x128x32) & visualisation using color scale
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Binary writing of 26.314125 at IEEE-754 floating-point standard, 32 bits per value
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1.1 Context: growing data in simulation sciences Introduction

Scientific workflow

Data acquisition
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ùñ Size multiplied by 40,000 in 16 years
(CMIP) Coupled Model Comparison database issued from simulation code:

(CESM-LE) Community earth system model Large Ens., dev by (NCAR) Kay et al. (2015).
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1.2 Input: geological Data
Section of sedimentary basin

Asked AGBP image better resolution

Introduction
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1.2 Input: geological volume meshes Introduction

Structure: Corner Point Grid format (CPG)
Pillar extremities Surface points (x,y,z) coordinates
Node altitudes 1D data

Cell activity 3D data (a boolean value per cell)
Properties 3D data (a floating-point value per cell)
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1.2 Input: geological volume meshes Introduction

Structure: Corner Point Grid format (CPG)
Pillar extremities Surface points (x,y,z) coordinates
Node altitudes 1D data

Fault integration
Cell activity 3D data (a boolean value per cell)
Properties 3D data (a floating-point value per cell)
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1.3 Problematic Introduction

• Resolution Ñ 240x295x197
• Binary quantity Ñ 580.94 MB

Dynamic data considerably increases data size

� Transmission & storage
� Visualization
� Simulation

Does a suitable method
exist to help all three?

72 hours to compute simulation on this model using scientific laptop
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1.4 State of the art Introduction

Scientific data
compression

Upscaling
in

geosciences
Volume mesh
compression

Us?

• Durlofsky and Chen (2012)
• Li and Beckner (2000)
• Qi and Zhang (2009)

• Cappello et al. (2019)
• Lindstrom (2014); Lindstrom
et al. (2016)
• Baker et al. (2019)

• Isenburg and Alliez (2003)
• Krivograd et al. (2008)
• Lindstrom and Isenburg (2008)
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1.4 State of the art Introduction

Scientific data
compression

• (1) Cappello et al. (2019)
• (2) Lindstrom (2014);
Lindstrom et al. (2016)
• Baker et al. (2019)

Preprocess Blocking Transformation Quantization Encoding

SZp1q float to int flatten array prediction uniform Huffman

ZFPp2q subblock 4d Fixed mantissa by subblock, ZerotreeDCT
Generate the data at refinable precision
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1.4 Our contributions Introduction

HexaShrink

• Test if HexaShrink is relevant for:
� Compression?
� Visualization?
� Simulation?

• Design complete compression/simulation workflow.

• Improve the workflow by using field knowledge.

• Develop suitable metrics at different stage of the workflow.
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1. Introduction
Context: Growing data in simulation sciences
Geological volume meshes & processing methods
Problematic
State of the art

2. Presentation of our workflow
Complete workflow
Description of the different stages

3. Experimentations
Coding
Simulation
Going further

4. Conclusion & perspectives

HexaShrink

Is our method relevant for:
� Compression
� Visualization
� Simulation

... ?
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2.1 Complete workflow Presentation of our workflow
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Decoding

Output {Output
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2.2 Decomposition step: HexaShrink (HS)
(Peyrot et al., 2019) Presentation of our workflow
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2.2 Decomposition step: HexaShrink (HS)
(Peyrot et al., 2019) Presentation of our workflow

Structure
Pillar extremities Surface points 2D morphological wavelet
Node altitudes 1D data Non linear 1D wavelet

Cell activity 3D data (boolean)
Properties 3D data 3D wavelet

Initial mesh

Initial data
Our motivations:

• Structure & Faults
preservation
• Properties coherency at lower
resolutions.
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2.2 Coding step Presentation of our workflow
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• Lossless coding
• Lossy/progressive coding:

Generates the data at refinable precision
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2.2 Lossless approach: principle Presentation of our workflow
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2.2 Lossless approach: principle Presentation of our workflow
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2.2 Coding step Presentation of our workflow
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2.2 Lossy/progressive approach Presentation of our workflow
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2.2 Transform Presentation of our workflow
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ΛnbitspP q �round
�

λpP q � λpminP q
λpmaxP q � λpminP q � p2nbits � 1q



,

with λpP q � log pP � 1q,

P̂ �

Λ

nbitspΛnbitspP qq �

λ

p
ΛnbitspP q
p2nbits � 1q � pλpmaxP q � λpminP qq � λpminP qq,

with

λ

pP q � exp pP q � 1.
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2.2 Evaluation criteria Presentation of our workflow
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3.1 Lossless approach Experimentations
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3.1 Our benchmark Experimentations

#1 #2 #3 #4

faults faults faults faults
93,600 cells 1,000,000 cells 36,816 cells 210,000 cells
4.62 MB 42.46 MB 1.46 MB 7.88 MB

#5 #6 #7 #8

faults faults faults faults
450,576 cells 524,288 cells 6,577,325 cells 13,947,600 cells
22.73 MB 64.27 MB 274.57 MB 580.94 MB
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3.1 Lossless approach: compression performance
(Bouard et al., 2018)

Experimentations

On mesh#6

Features Compression ratio
Faults File Size Level gzip (1992) bzip2 (1996) LZMA (1998)

Yes 64.27 MB
none 1.88 2.25 3.04

1 2.70 3.17 3.71
2–6 2.84–2.86 3.39–3.42 3.90–3.93

Observations:
• Lossless coders provide good performance

• HexaShrink improves further compression rate

• Less significant improvements above two levels
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3.1 Lossless approach: compression performance
(Bouard et al., 2018)

Experimentations

On all meshes Mesh Features Compression ratio
Faults File Size Level gzip (1992) bzip2 (1996) LZMA (1998)

1 No 4.62 MB
none 3.73 4.98 6.43
1 5.62 6.07 7.52

2–4 5.67 6.12–6.13 7.42–7.44
none 3.23 8.41 10.12
1 6.49 10.82 11.812 No 42.46 MB

2–6 7.48–7.58 12.75–13.03 13.35

3 Yes 1.46 MB
none 2.67 2.99 3.63
1 3.88 4.70 5.24

2–4 4.03–4.05 4.92–4.93 5.47–5.48
none 1.83 1.89 2.21
1 2.64 3.06 3.484 Yes 7.88 MB

2–4 2.76 3.22–3.23 3.64–3.65

5 Yes 22.73 MB
none 2.46 2.55 3.33
1 3.14 2.83 3.71

2–4 3.25–3.26 2.91–2.92 3.80–3.81

6 Yes 64.27 MB
none 1.88 2.25 3.04
1 2.70 3.17 3.71

2–6 2.84–2.86 3.39–3.42 3.90–3.93

7 Yes 274.57 MB
none 2.31 2.25 3.04
1 3.31 3.53 4.44

2–6 4.14–4.24 4.48–4.68 5.54–5.73

8 Yes 580.94 MB
none 3.20 5.98 12.52
1 5.42 7.07 8.90

2–7 5.80–6.72 7.63–10.12 9.05–10.23
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3.1 Lossless approach: compression performance
In-depth analysis for LZMA (Bouard et al., 2018)
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3.1 Lossless approach: compression performance
In-depth analysis for LZMA (Bouard et al., 2018)
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3.1 Lossy/progressive approach Experimentations
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3.1 Lossy/progressive approach on Lundi Experimentations

...on properties:
Four environnements,
inspired by SPE10 (Christie and Blunt, 2001)
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3.1 Lossy/progressive approach on Lundi Experimentations

...on properties:
Four environnements,
inspired by SPE10 (Christie and Blunt, 2001)



27 / 37 | © 2021 IFPEN Refinable resolution & precision for volume mesh compression & simulation in geosciences, BOUARD Lauriane

3.1 Lossy/progressive approach: visual results Experimentations

Res. 0
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SNR � 139.28 dB
Reference
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3.1 Lossy/progressive approach: visual results Experimentations
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3.1 Lossy/progressive approach: visual results Experimentations
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3.1 Lossy/progressive approach: visual results Experimentations
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3.1 Lossy/progressive approach: visual results Experimentations
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3.1 Lossy/progressive approach: visual results Experimentations
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3.1 Lossy/progressive approach: visual results Experimentations
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3.1 Lossy/progressive approach: visual results Experimentations
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3.1 Lossy/progressive approach: visual results Experimentations
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3.1 Lossy/progressive approach: visual results Experimentations
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3.1 Compandor effect: visual results Experimentations
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3.1 Compandor effect: visual results Experimentations
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3.2 Simulation: principle & outcomes Experimentations

B

Bt
pφρSwq �

3̧

i�1

B

Bxi

pK
Krw

µw
ρw

B

Bxi

pPw � ρwgZqq � ρwQw �0

B

Bt
pφρSoq �

3̧

i�1

B

Bxi

pK
Kro

µo
ρo

B

Bxi

pPo � ρogZqq � ρoQw �0

Partial differential equations resolution,

0 100 200 3000

0.5

1

wa
te
r
cu
t
sa
tu
ra
tio

n

days



30 / 37 | © 2021 IFPEN Refinable resolution & precision for volume mesh compression & simulation in geosciences, BOUARD Lauriane

3.2 Simulation: principle & outcomes Experimentations

B

Bt
pφρSwq �

3̧

i�1

B

Bxi

pK
Krw

µw
ρw

B

Bxi

pPw � ρwgZqq � ρwQw �0

B

Bt
pφρSoq �

3̧

i�1

B

Bxi

pK
Kro

µo
ρo

B

Bxi

pPo � ρogZqq � ρoQw �0

Partial differential equations resolution,

0 100 200 3000

0.5

1

wa
te
r
cu
t
sa
tu
ra
tio

n

days



30 / 37 | © 2021 IFPEN Refinable resolution & precision for volume mesh compression & simulation in geosciences, BOUARD Lauriane

3.2 Simulation: principle & outcomes Experimentations

B

Bt
pφρSwq �

3̧

i�1

B

Bxi

pK
Krw

µw
ρw

B

Bxi

pPw � ρwgZqq � ρwQw �0

B

Bt
pφρSoq �

3̧

i�1

B

Bxi

pK
Kro

µo
ρo

B

Bxi

pPo � ρogZqq � ρoQw �0

Partial differential equations resolution,

0 100 200 3000

0.5

1

wa
te
r
cu
t
sa
tu
ra
tio

n

days
Water cut curve



31 / 37 | © 2021 IFPEN Refinable resolution & precision for volume mesh compression & simulation in geosciences, BOUARD Lauriane

3.2 Simulation: fidelity wrt resolution level (HexaShrink) Experimentations
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3.2 Simulation: fidelity wrt resolution level (HexaShrink) Experimentations
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3.2 Simulation: fidelity wrt resolution level (HexaShrink) Experimentations
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3.2 Simulation: fidelity wrt resolution level (HexaShrink) Experimentations

Res. -0

Res. -1

Res. -2

� 72 hours

� 4 hours

� 20 minutes
0 100 200 300

0

0.25

0.5

0.75

1

ref
Res. -0
Res. -1
Res. -2w

at
er

cu
t
sa
tu
ra
tio

n

days



31 / 37 | © 2021 IFPEN Refinable resolution & precision for volume mesh compression & simulation in geosciences, BOUARD Lauriane

3.2 Simulation: subjective evaluation Experimentations
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3.2 Simulation: fidelity wrt refinable precision Experimentations
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3.2 Simulation: fidelity wrt refinable precision Experimentations
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3.2 Simulation: fidelity wrt refinable precision Experimentations
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3.2 Simulation: fidelity wrt refinable precision Experimentations
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3.2 Simulation: fidelity wrt refinable precision Experimentations
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3.2 Simulation: fidelity wrt refinable precision Experimentations
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3.2 Simulation: fidelity wrt refinable precision Experimentations
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3.2 Simulation: fidelity wrt refinable precision Experimentations
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3.2 Simulation: fidelity wrt refinable precision Experimentations
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3.2 Simulation: fidelity wrt refinable precision Experimentations
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3.2 Simulation: fidelity wrt refinable precision Experimentations

Res. 0

Res. -1

Res. -2

Identical Correct Acceptable Uncorrect Aberrant

Is SNR suitable for simulation?

51015
0

50

100

SN
R

bit budget



32 / 37 | © 2021 IFPEN Refinable resolution & precision for volume mesh compression & simulation in geosciences, BOUARD Lauriane

1. Introduction
Context: Growing data in simulation sciences
Geological volume meshes & processing methods
Problematic
State of the art

2. Presentation of our workflow
Complete workflow
Description of the different stages

3. Experimentations
Coding
Simulation
Going further

4. Conclusion & perspectives

HexaShrink

Is our method relevant for:
ï� Compression
ï� Visualization
� Simulation

... ?



33 / 37 | © 2021 IFPEN Refinable resolution & precision for volume mesh compression & simulation in geosciences, BOUARD Lauriane

3.3 Going further: is SNR suitable for simulation? Experimentations
SNR � 10log10
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3.3 Going further: is SNR suitable for simulation? Experimentations
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3.3 Going further: How to find the right precision? Experimentations
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3.3 Going further: How to find the right precision? Experimentations
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Symbols number:

nSig(1) = 3
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3.3 Going further: How to find the right precision? Experimentations

5 MSBZ
2 5 8 12 20 25 27 31
6 4 9 22 20 19 25 28
1 3 25 20 24 22 17 18
4 11 21 23 20 20 14 15
8 5 2 3 22 18 21 13
10 15 8 11 4 5 22 15
15 12 7 8 4 7 5 20
13 17 15 11 6 5 9 25

4 MSBZ
0 4 6 12 16 21 25 30
4 3 8 22 17 16 24 27
0 3 24 21 22 21 16 18
3 11 21 24 19 20 14 16
6 4 2 3 19 17 20 14
8 14 9 12 3 5 22 16
14 13 7 10 4 8 4 20
13 18 16 13 6 6 10 26

3 MSBZ
0 0 2 10 12 20 25 31
0 0 6 22 16 16 27 29
0 1 23 21 20 20 14 18
1 11 21 23 20 20 14 18
0 0 0 3 17 15 18 14
3 11 7 11 3 5 22 18
10 12 5 9 3 9 2 18
12 18 17 13 5 7 10 26

2 MSBZ
0 0 0 12 2 14 18 30
0 4 4 24 6 10 22 26
0 2 22 22 16 16 12 20
2 10 22 22 16 16 12 20
0 0 0 6 8 8 8 8
0 12 6 14 0 0 16 16
6 14 4 8 0 10 0 16
14 22 16 12 2 6 8 24

0 16 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 -16

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 16 0 0 0 0 0

0 0 0 0 0 0 0 0

0 Sig Ztr Ztr

0 Ztr Ztr 0

Ztr Ztr 0 0

Ztr 0 0 Sig

Sig 0

0 0

1 MSBZ
0 0 0 0 16 16 16 16
0 0 0 0 16 16 16 16
0 0 0 0 16 16 16 16
0 0 0 0 16 16 16 16
0 0 0 0 8 8 0 0
0 0 0 0 -8 -8 0 0
0 0 0 0 0 0 -8 8
0 0 0 0 0 0 -8 8

Symbols number:

nSig(1) = 3

nZtr(1) = 7
+ n0(1) = 10
= nZ(1) = 17
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3.3 Going further: How to find the right precision? Experimentations

5 MSBZ
2 5 8 12 20 25 27 31
6 4 9 22 20 19 25 28
1 3 25 20 24 22 17 18
4 11 21 23 20 20 14 15
8 5 2 3 22 18 21 13
10 15 8 11 4 5 22 15
15 12 7 8 4 7 5 20
13 17 15 11 6 5 9 25

4 MSBZ
0 4 6 12 16 21 25 30
4 3 8 22 17 16 24 27
0 3 24 21 22 21 16 18
3 11 21 24 19 20 14 16
6 4 2 3 19 17 20 14
8 14 9 12 3 5 22 16
14 13 7 10 4 8 4 20
13 18 16 13 6 6 10 26

3 MSBZ
0 0 2 10 12 20 25 31
0 0 6 22 16 16 27 29
0 1 23 21 20 20 14 18
1 11 21 23 20 20 14 18
0 0 0 3 17 15 18 14
3 11 7 11 3 5 22 18
10 12 5 9 3 9 2 18
12 18 17 13 5 7 10 26

8 16 -8 0 0 -8 0 0

8 8 0 0 0 0 0 0

0 0 8 -8 0 0 0 8

0 0 0 0 0 0 0 -16

0 0 0 0 0 8 0 0

0 0 0 0 0 0 0 0

0 0 16 0 8 0 0 0

0 0 0 0 0 0 0 0

2 MSBZ
0 0 0 12 2 14 18 30
0 4 4 24 6 10 22 26
0 2 22 22 16 16 12 20
2 10 22 22 16 16 12 20
0 0 0 6 8 8 8 8
0 12 6 14 0 0 16 16
6 14 4 8 0 10 0 16
14 22 16 12 2 6 8 24

Sig Sig Sig Ztr 0 Sig

Sig Sig Ztr 0 0 0

Ztr Ztr Sig Sig 0 Sig

Ztr 0 0 Ztr 0 Sig

0 Sig 0 0

0 0 0 0

Sig 0 0 0

0 0 0 0

1 MSBZ
0 0 0 0 16 16 16 16
0 0 0 0 16 16 16 16
0 0 0 0 16 16 16 16
0 0 0 0 16 16 16 16
0 0 0 0 8 8 0 0
0 0 0 0 -8 -8 0 0
0 0 0 0 0 0 -8 8
0 0 0 0 0 0 -8 8

Symbols number:

nSig(2) = 12

nZtr(2) = 6
+ n0(2) = 22
= nZ(2) = 28
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3.3 Going further: How to find the right precision? Experimentations

5 MSBZ
2 5 8 12 20 25 27 31
6 4 9 22 20 19 25 28
1 3 25 20 24 22 17 18
4 11 21 23 20 20 14 15
8 5 2 3 22 18 21 13
10 15 8 11 4 5 22 15
15 12 7 8 4 7 5 20
13 17 15 11 6 5 9 25

4 MSBZ
0 4 6 12 16 21 25 30
4 3 8 22 17 16 24 27
0 3 24 21 22 21 16 18
3 11 21 24 19 20 14 16
6 4 2 3 19 17 20 14
8 14 9 12 3 5 22 16
14 13 7 10 4 8 4 20
13 18 16 13 6 6 10 26

8 20 -12 0 0 -8 0 -4

8 12 4 -4 -4 0 0 0

-4 4 8 -12 0 0 0 8

-4 4 0 4 0 0 0 -16

0 -4 0 0 -4 8 -4 0

-4 0 0 0 4 4 0 0

-4 -4 16 0 8 0 4 0

0 -4 0 -4 4 -4 -4 0

3 MSBZ
0 0 2 10 12 20 25 31
0 0 6 22 16 16 27 29
0 1 23 21 20 20 14 18
1 11 21 23 20 20 14 18
0 0 0 3 17 15 18 14
3 11 7 11 3 5 22 18
10 12 5 9 3 9 2 18
12 18 17 13 5 7 10 26

Sig Sig Sig 0 0 Sig 0 Sig

Sig Sig Sig Sig Sig 0 0 0

Sig Sig Sig Sig 0 0 0 Sig

Sig Sig 0 Sig 0 0 0 Sig

0 Sig 0 0 Sig Sig Sig 0

Sig 0 0 0 Sig Sig 0 0

Sig Sig Sig 0 Sig 0 Sig 0

0 Sig 0 Sig Sig Sig Sig 0

2 MSBZ
0 0 0 12 2 14 18 30
0 4 4 24 6 10 22 26
0 2 22 22 16 16 12 20
2 10 22 22 16 16 12 20
0 0 0 6 8 8 8 8
0 12 6 14 0 0 16 16
6 14 4 8 0 10 0 16
14 22 16 12 2 6 8 24

1 MSBZ
0 0 0 0 16 16 16 16
0 0 0 0 16 16 16 16
0 0 0 0 16 16 16 16
0 0 0 0 16 16 16 16
0 0 0 0 8 8 0 0
0 0 0 0 -8 -8 0 0
0 0 0 0 0 0 -8 8
0 0 0 0 0 0 -8 8

Symbols number:

nSig(3) = 36

nZtr(3) = 0
+ n0(3) = 27
= nZ(3) = 27
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3.3 Going further: How to find the right precision? Experimentations

5 MSBZ
2 5 8 12 20 25 27 31
6 4 9 22 20 19 25 28
1 3 25 20 24 22 17 18
4 11 21 23 20 20 14 15
8 5 2 3 22 18 21 13
10 15 8 11 4 5 22 15
15 12 7 8 4 7 5 20
13 17 15 11 6 5 9 25

4 MSBZ
0 4 6 12 16 21 25 30
4 3 8 22 17 16 24 27
0 3 24 21 22 21 16 18
3 11 21 24 19 20 14 16
6 4 2 3 19 17 20 14
8 14 9 12 3 5 22 16
14 13 7 10 4 8 4 20
13 18 16 13 6 6 10 26

3 MSBZ
0 0 2 10 12 20 25 31
0 0 6 22 16 16 27 29
0 1 23 21 20 20 14 18
1 11 21 23 20 20 14 18
0 0 0 3 17 15 18 14
3 11 7 11 3 5 22 18
10 12 5 9 3 9 2 18
12 18 17 13 5 7 10 26

2 MSBZ
0 0 0 12 2 14 18 30
0 4 4 24 6 10 22 26
0 2 22 22 16 16 12 20
2 10 22 22 16 16 12 20
0 0 0 6 8 8 8 8
0 12 6 14 0 0 16 16
6 14 4 8 0 10 0 16
14 22 16 12 2 6 8 24

1 MSBZ
0 0 0 0 16 16 16 16
0 0 0 0 16 16 16 16
0 0 0 0 16 16 16 16
0 0 0 0 16 16 16 16
0 0 0 0 8 8 0 0
0 0 0 0 -8 -8 0 0
0 0 0 0 0 0 -8 8
0 0 0 0 0 0 -8 8

ZT activitypiq � nSpiq � nSpi� 1q � nZpiq � nZpi� 1q
C
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3.3 Going further: How to find the right precision? Experimentations
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3.3 Going further: How to find the right precision? Experimentations
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3.3 Going further: How to find the right precision? Experimentations
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3.3 Going further: How to find the right precision? Experimentations
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3.3 Going further: How to find the right precision? Experimentations
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3.3 Going further: How to find the right precision? Experimentations
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3.3 Going further: How to find the right precision? Experimentations
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3.3 Going further: How to find the right precision? Experimentations
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3.3 Going further: How to find the right precision? Experimentations
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3.3 Going further: How to find the right precision? Experimentations
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3.3 Going further: How to find the right precision? Experimentations
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3.3 Going further: How to find the right precision? Experimentations
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3.3 Going further: How to find the right precision? Experimentations
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3.3 Going further: How to find the right precision? Experimentations

Res. 0

Res. -1

Res. -2

5 10 15 20 25 30 35
0

0.1
0.2
0.3
0.4

ZT
ac
tiv

ity

MSBZ

5 10 15
0

50

100

Λ
-S

N
R

bit budget

24 MSBZ



35 / 37 | © 2021 IFPEN Refinable resolution & precision for volume mesh compression & simulation in geosciences, BOUARD Lauriane

3.3 Going further: How to find the right precision? Experimentations
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3.3 Going further: How to find the right precision? Experimentations
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3.3 Going further: How to find the right precision? Experimentations

Res. 0

Res. -1

Res. -2

5 10 15 20 25 30 35
0

0.1
0.2
0.3
0.4

ZT
ac
tiv

ity

MSBZ

Is it necessary to decompress LSBZ plans?

5 10 15
0

50

100

Λ
-S

N
R

bit budget



35 / 37 | © 2021 IFPEN Refinable resolution & precision for volume mesh compression & simulation in geosciences, BOUARD Lauriane

1. Introduction
Context: Growing data in simulation sciences
Geological volume meshes & processing methods
Problematic
State of the art

2. Presentation of our workflow
Complete workflow
Description of the different stages

3. Experimentations
Coding
Simulation
Going further

4. Conclusion & perspectives

HexaShrink

Is our method relevant for:
ï� Compression
ï� Visualization
ï� Simulation

... ?



36 / 37 | © 2021 IFPEN Refinable resolution & precision for volume mesh compression & simulation in geosciences, BOUARD Lauriane

Conclusion & perspectives Conclusion & perspectives

• Designed complete compression/simulation workflow
• Model shareable lundi mesh

generates & uses data at refinable resolution and precision
• Obtained nice results

ï� Compression
ï� Visualization
ï� Simulation

• Compandor/Expandor usage
Significantly improves results

• New metrics more suitable for simulation
Objective evaluation: Λ-SNR
Subjective evaluation

• Some ways to continue to explore
ZT activity
Anisotropy of geological data
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