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DNA Microarray Image Compression

Miguel Hernández Cabronero
June 19, 2015

Supervisor: Committee:
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Contribution 1: Histogram Swap Transform

JPEG2000 compression results (bpp)

Corpus Without HST With HST Difference

ApoA1 10.999 10.786 1.97% -
ISREC 10.888 10.624 2.48%
Arizona 9.064 8.795 3.06%

MicroZip 9.467 9.157 3.39%
Stanford 7.969 7.685 3.70%
Omnibus 7.549 7.103 6.28%

IBB 9.182 8.392 9.41%
Yeast 6.829 5.911 15.53% +

Improvements for all datasets (2%-15%)

Can improve further?
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Contribution 1: Histogram Swap Transform
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Contribution 2: Multicomponent compression

Biological samples

Tumoral tissue

Healthy tissue

Questions:

Similar images?

Compress together?
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Contribution 2: Multicomponent compression

Correlation (Reg/green pairs only)
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Contribution 2: Multicomponent transform

JPEG2000 compression results (bpp)

Corpus No transform 5/3 DWT RKLT DPCM RHaar

Yeast 6.829 6.786 9.279 6.439 6.790
ApoA1 11.524 11.217 10.956 11.289 11.218
ISREC 10.888 11.451 11.468 11.203 11.452
Arizona 9.548 9.649 9.439 9.386 9.649

IBB 9.182 9.948 10.269 9.602 9.948

Results:

Some improvements

No “golden” transform
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Lossless compression conclusions

Compression results (bpp)

Corpus JPEG-LS JPEG2000 HST Neves

Yeast 8.580 6.829 5.911 5.521
ApoA1 10.608 10.999 10.786 10.223
ISREC 11.145 10.888 10.624 10.199
Stanford 7.571 7.969 7.685 7.335
MicroZip 9.441 9.467 9.157 8.667
Omnibus 6.952 8.121 7.103 7.743
Arizona 8.646 9.064 8.795 8.275
IBB 9.904 9.064 8.392 8.039

Average 9.106 9.001 8.557 8.250

JPEG2000: Best overall standard

HST+MCT or HST+DWT: Worse performance
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State of the art
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Jörnsten

Avanaki
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2011

Lossless compression

Perfect fidelity

Small compression ratios

Lossy compression?

Arbitrary compression ratios

but image distortion

⇒ analysis distortion

Our contributions:

Analysis distortion assessment

Analysis-driven compression

29/65



Introduction: DNA Microarrays Lossless compression Lossy compression Conclusions

State of the art

2000

2015

Peters

Hua
Lonardi

Jörnsten

Avanaki

2007

2004

2000

2011

Lossless compression

Perfect fidelity

Small compression ratios

Lossy compression?

Arbitrary compression ratios

but image distortion

⇒ analysis distortion

Our contributions:

Analysis distortion assessment

Analysis-driven compression

29/65



Introduction: DNA Microarrays Lossless compression Lossy compression Conclusions

State of the art

2000

2015

Peters

Hua
Lonardi

Jörnsten

Avanaki

2007

2004

2000

2011

Lossless compression

Perfect fidelity

Small compression ratios

Lossy compression?

Arbitrary compression ratios

but image distortion

⇒ analysis distortion

Our contributions:

Analysis distortion assessment

Analysis-driven compression

29/65



Introduction: DNA Microarrays Lossless compression Lossy compression Conclusions

State of the art

2000

2015

Peters

Hua
Lonardi

Jörnsten

Avanaki

2007

2004

2000

2011

Lossless compression

Perfect fidelity

Small compression ratios

Lossy compression?

Arbitrary compression ratios

but image distortion

⇒ analysis distortion

Our contributions:

Analysis distortion assessment

Analysis-driven compression

29/65



Introduction: DNA Microarrays Lossless compression Lossy compression Conclusions

State of the art

2000

2015

Peters

Hua
Lonardi

Jörnsten

Avanaki

2007

2004

2000

2011

Lossless compression

Perfect fidelity

Small compression ratios

Lossy compression?

Arbitrary compression ratios

but image distortion

⇒ analysis distortion

Our contributions:

Analysis distortion assessment

Analysis-driven compression

29/65



Introduction: DNA Microarrays Lossless compression Lossy compression Conclusions

State of the art

2000

2015

Peters

Hua
Lonardi

Jörnsten

Avanaki

2007

2004

2000

2011

Lossless compression

Perfect fidelity

Small compression ratios

Lossy compression?

Arbitrary compression ratios

but image distortion

⇒ analysis distortion

Our contributions:

Analysis distortion assessment

Analysis-driven compression
29/65



Introduction: DNA Microarrays Lossless compression Lossy compression Conclusions

Analysis of DNA Microarray Images

Analysis process

30/65



Introduction: DNA Microarrays Lossless compression Lossy compression Conclusions

Analysis of DNA Microarray Images

Analysis process

Gene
Expression intensity

Intensity ratio
Sample 1 Sample 2

µ1 µ2 µ1/µ2

Gene 1 245 249 0.98
Gene 2 54 13 4.15
Gene 3 200 1530 0.13

...
...

...
...

Gene N 100 103 0.97

How are they obtained?
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Analysis of DNA Microarray Images

Spot Information
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Analysis of DNA Microarray Images

Spot detection
How to obtain the genetic data:

1 Detect the spots

2 Segment

Spot
Local background
Background

3 Calculate the
Corrected Ratio of Means (CRM):

CRM =
µgreenspot

− µgreenlocalBG

µredspot

− µredlocalBG

µ: average intensity

4 normalize
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Contribution 3: Microarray Distortion Metric
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Contribution 3: Microarray Distortion Metric

How to assess loss importance:

PSNR, MSE ⇒ not enough

Compare analysis results (slow but accurate)

2003 Jörnsten
2004 Hua
2009 Xu

Assess loss without analyzing?
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Contribution 3: Microarray Distortion Metric

Calculation

MDM = 10 log10
max val2

ME

ME ∼ max valp, p ∈ [1, 2]

p = logistic(feat. distortion)

ME: Microarray Error

p: sensitive error exponent

0.00 0.50 1.00 1.50 2.00 2.50 3.00

Key feature distortion
1.00

1.20

1.40

1.60

1.80

2.00

p
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Contribution 3: Microarray Distortion Metric

Results (spots)
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Contribution 3: Microarray Distortion Metric

Results (local background)
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Contribution 3: Microarray Distortion Metric

Results (Gaussian white noise)
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Contribution 4: Relative Quantization

2000

2015

Peters

Hua
Lonardi

Jörnsten

Avanaki

MDM

RQ

MCT
HST

2007

2004

2000

2011

2012

2013

2014

“Analysis-driven lossy compression
of DNA microarray images”

Miguel Hernández-Cabronero
Ian Blanes, Armando J. Pinho
Michael W. Marcellin, Joan Serra-Sagristà
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Contribution 4: Relative Quantization

Relative error: important for

Segmentation

(contrast)

CRM calculation

CRM =
µgreenspot − µgreenlocalBG

µredspot − µredlocalBG

(error calculation)

Our approach:

Control pixel relative error⇒
{

Preserve edge detection
Limit CRM relative error

37/65



Introduction: DNA Microarrays Lossless compression Lossy compression Conclusions

Contribution 4: Relative Quantization

Relative error: important for

Segmentation

(contrast)

CRM calculation

CRM =
µgreenspot − µgreenlocalBG

µredspot − µredlocalBG

(error calculation)

Our approach:

Control pixel relative error⇒
{

Preserve edge detection
Limit CRM relative error

37/65



Introduction: DNA Microarrays Lossless compression Lossy compression Conclusions

Contribution 4: Relative Quantization

Relative error: important for

Segmentation

(contrast)

CRM calculation

CRM =
µgreenspot − µgreenlocalBG

µredspot − µredlocalBG

(error calculation)

Our approach:

Control pixel relative error⇒
{

Preserve edge detection
Limit CRM relative error

37/65



Introduction: DNA Microarrays Lossless compression Lossy compression Conclusions

Contribution 4: Relative Quantization

Keep only k bits from each pixel
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Contribution 4: Relative Quantization
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Contribution 4: Relative Quantization

Why call it Relative Quantization?

Same value after discarding ⇒ same quantization index
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Contribution 4: Relative Quantization

Quantization Interval (5 bitplanes)

k = 1

k = 2

k = 3

k = 4

k = 5

Effect: ↓number of symbols ⇒ ↓compressed size

Parameterizable: k ∈ {1, 2, 3, 4, 5, 6, . . . , 16}
(↓ k ⇒ more aggressive)

Can use any (lossless) coder
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Contribution 4: Relative Quantization

Relative Quantization Coder:

1 Quantize images

2 Compress quantization indices

Compression results (bpp, avg. all sets)

Coder
Relative Quantization k

1 2 3 4 5 6 7 Original

JPEG2000 2.01 2.75 3.60 4.53 5.51 6.48 7.39 9.76
JPEG-LS 1.87 2.65 3.54 4.47 5.38 6.28 7.13 9.35

Neves 1.51 2.22 3.07 4.01 4.96 5.86 6.60 8.32

Good compression performance (e.g., 1.5 bpp vs 8.3 bpp)

Acceptable analysis distortion?
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Contribution 4: Relative Quantization

CRM distortion

CRM =
µgreenspot − µgreenlocalBG

µredspot − µredlocalBG

CRM Average Relative Error:

ARECRM =
1

n

n∑
i=1

|CRMi − ĈRMi |
δ + |CRMi |

Analysis-based
distortion metrics:

ARECRM

FWDOC

Fraction of spots
Wrongly Detected Or Classified (FWDOC)

43/65



Introduction: DNA Microarrays Lossless compression Lossy compression Conclusions

Contribution 4: Relative Quantization

CRM distortion

CRM =
µgreenspot − µgreenlocalBG

µredspot − µredlocalBG

CRM Average Relative Error:

ARECRM =
1

n

n∑
i=1

|CRMi − ĈRMi |
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How to ruin an spot:

Wrong detection

Wrong classification

A CRM < 0.5

B 0.5 ≤ CRM ≤ 2

C CRM > 2

(should not
alter classification)

Analysis-based
distortion metrics:
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Contribution 4: Relative Quantization

Impact on the image analysis

CRM error Detect.+Class. error

k = 1 0.562 0.148
k = 2 0.124 0.100
k = 3 0.121 0.064
k = 4 0.078 0.044
k = 5 0.064 0.030
k = 6 0.039 0.019
k = 7 0.028 0.014

Replicated 0.254 0.212
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Contribution 4: Relative Quantization

RQ vs Others (CRM)
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Contribution 4: Relative Quantization

RQ vs Others (detect. or class.)
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Contribution 4: Relative Quantization
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Hua
Lonardi

Jörnsten
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MDM
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Relative Quantization Coder:

N decompression qualities
⇒ N compressed versions (bad!)
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Contribution 5: Progressive RQ
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(Last contribution)

“Progressive Lossy-to-lossless compression
of DNA Microarray Images”

Miguel Hernández-Cabronero
Ian Blanes, Armando J. Pinho
Michael W. Marcellin, Joan Serra-Sagristà

IEEE Signal Processing Letters, 2015
(submitted)
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Introduction: DNA Microarrays Lossless compression Lossy compression Conclusions

Contribution 5: Progressive Relative Quantization

Progressivity (5 bitplanes)

k = 1

k = 2

k = 3

k = 4

k = 5

Obs 1: Can refine RQ(k = 1) into RQ(k = 2)

Progressive RQ (PRQ) representation

PRQ = RQ(k = 1),∆1→2, . . . ,∆15→16

Obs 2: Can reconstruct as RQ(1), RQ(2), ... or RQ(16) = lossless
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Contribution 5: Progressive Relative Quantization

Quantization Indices (4 bitplanes)

0 1 2 3 4
k = 1

k = 2

k = 3

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
k = 4

(Here, k = 4 ⇒ quantization index = pixel intensity)

Ex 1 PRQ(15) = 4, right, right, right

Ex 2 PRQ(9) = 4, left, left, right
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Contribution 5: Progressive Relative Quantization

How to code the PRQ representation?

DNA Microarray Image

PRQ
All image:

1 RQ(k = 1)

2 ∆1→2

3 · · ·
4 ∆15→16

PRQ-ROI
First ROI:

1 RQ(k = 1)

2 ∆1→2

3 · · ·
4 ∆15→16

Then BG:

1 RQ(k = 1)

2 ∆1→2

3 · · ·
4 ∆15→16
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Contribution 5: Progressive Relative Quantizer

Rate-Distortion (Detection+Classification)
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X PRQ-ROI
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X ARECRM and
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Problems and Goals

2000

MDM
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PRQ

MCT
HST
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2013

2014

2015

Problems

Lossless

X: Perfect data fidelity

×: Small compression
ratios

×: Not standard

Lossy

X: Arbitrary
compression ratios

×: Analysis result
distortion

Main goals

⇒ Improve
standards

⇒ Assess distortion

⇒ Lossy coder with
acceptable distortion
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HST definition
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MDM definition

MDM = 10 log10
(max val)2

ME

ME = (max val)p −max val + min(max val,MSEimage).

p = 2/(1 + exp(−α(rspot + rlocalBG + rglobal − 3))),

rspot = max(max spot ratio, 1/min spot ratio),

rlocalBG = max(max localBG ratio, 1/min localBG ratio),

rglobal = max(global intensity ratio, 1/global intensity ratio).



RQ Definition

2k intervals of size 1

2k−1 intervals of size 2

2k−1 intervals of size 22

· · ·

2k−1 intervals of size 2B−k



Image Analysis References
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Li, 2014
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El-Gawady, 2014
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using Marker-Controlled Watershed Technique



Image Compression References
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RQ vs PRQ vs PRQ-ROI

Compression results (IBB, bpp)

Algorithm k = 1 k = 2 k = 3 k = 4 k = 5 k = 6 k = 7 Original

RQ 2.653 3.363 4.105 4.844 5.556 6.214 6.800 8.039
PRQ 2.652 3.375 4.119 4.857 5.566 6.230 6.815 8.001
PRQ-ROI 2.380 3.032 3.703 4.365 5.004 5.600 6.128 6.878

Analysis results (IBB, ARECRM)

Algorithm k = 1 k = 2 k = 3 k = 4 k = 5 k = 6 k = 7 Original

RQ 0.526 0.136 0.123 0.073 0.076 0.041 0.029 0
PRQ-ROI 1.356 0.146 0.135 0.076 0.080 0.044 0.032 0
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