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Today’s Topics

Towards Standardization
Color Aspects

Types of Color Issues in WSI
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MASSACHUSETTS : ‘
GENERAL HOSPITAL HARVARD i

e MEDICAL SCHOOL &Y




Today’s Topics

Towards Standardization
Color Aspects

Types of Color Issues in WSI
Color Standardization

MASSACHUSETTS : ‘
GENERAL HOSPITAL HARVARD i

e MEDICAL SCHOOL &Y




Towards Standardization
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Standardization in Digital Microscopy

Standardization of the image quality and the color
displayed are important aspects of digital pathology
implementation. While the most common reason for
the variations of color and image quality is the
variance in the protocols and practices in the histology
lab, the image displayed can also be affected by
variation in capture parameters, image processing and
display factors in the digital systems themselves. It is
difficult to identify which exactly causes the problem.
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Steps: Towards Color and Image Quality
Standardization

1. To Notice

To realize the image quality and color issues are often
present in the images we use

2. To ldentify

To identify the causes of issues in WSI

3. To Solve

To develop the methodologies to improve the color and
image quality of WS images

4. To Promote
To introduce the methods solutions to the public

Today, we focus on
l_ _ “color” in
Standardization Whole Slide
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Color Aspects
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Color Aspects in Digital Pathology

Thickness of Specimen
Staining

Scanner or Scanning process
Viewer Software

Display
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Color Aspects in Digital Pathology

Thickness of Specimen
Staining
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Thickness of Specimen & Staining

Thicker sections are stained more by the automated staining machine
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Thickness of Specimen & Staining
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More details can be seen on slides of thinner sections
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Thickness of Specimen & Staining

The appearance of stained slide varies between laboratories
or institutions

Examples of H&E stained variations caused by variations in
staining protocols
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Staining Issues In serial sections of WSI based
3D Imaging
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Effect of Staining Issues In serial sections of
WSI based 3D Imaging

Darker
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Staining Issues in serial sections of WSI based
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Thickness of Specimen & Staining issues in serial sections of WSI
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Thickness of Specimen & Staining issues in serial sections of WSI
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Color Aspects in Digital Pathology

Scanner or Scanning process
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Scanner or Scanning Process

Same slide, different scanners
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Scanner or Scanning Process
Same slide, different scanners

. . . - s e s ~
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Scanner or Scanning Process

" s

| Scanner A | . Ss%aes| Scanner B |£°
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Scanner or Scanning Process

E—

.Scanner B ' IHC

.?5‘;

H&E
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Color Aspects in Digital Pathology

Viewer Software
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Viewer Software

Same scanner, same slide, two different viewers
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Color Aspects in Digital Pathology

Display
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Same images in same PC were viewed by 2
€ different displays

rairnuvial



Same image in same PC was viewed by 3 different
displays
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Example Experiment: Color of Display
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Macbeth Color Chart

In color-related fields, a color
chart is a physical arrangement
of standardized color samples,
used for color comparisons and
measurements such as in
checking the color reproduction
of an imaging system. Color
charts are used to calibrate and
to profile graphic devices, such
as digital cameras and scanners.
Therefore standardized IT8
targets are made by several
companies.
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Display
Experiment with Macbeth Color Chart at the
Department of Pathology in MGH

The standard displays of our Department are of 2 different
models. We randomly selected 23 standard displays from
one of the two models for this experiment.

All driver software and display settings were exactly the

same for all the 23 displays.
We measured the each color

on each display by Display
Analyzer.
If the data Is too offset, we
calibrated using Monitor
Calibration tool
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Macbeth Color Chart RGB Value
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Red Value 23 Displays
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Green Value 23 Displays
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Blue Value 23 Displays
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Example of Color differences: before calibration and

after calibration
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Results: Experiment with Macbeth Color Chart at
Dept of Pathology, MGH

Pathologists were looking at same image
without noticing the differences in color. After
the calibration, the color differences were

clearer.
[T [0 8 8 [

Probably, it iIs not good to use the WSI ??
User should be able to notice the color
shift of his own display
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Until we showed the resuilt,
no one noticed how bad
our displays were
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Why is it problem?
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IS It problem?

_ Staining Display
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IS It problem?

Yes
Staining Display

Pathologist looks at an actual
slide under the microscope
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&N MASSACHUSETTS
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Is It problem?

Yes

When a pathologist
looks at the image on
the monitor without a
glass slide, it is difficult
to know if the color of
the image Is accurate
or not.

It may cause
diagnostic error; or
pathologists may be
uncomfortable to make
a diagnosis.
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IS It problem?
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IS It problem? Ye
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Is It problem? vYes

*\When we use it for Computer Aided Diagnhostic
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Color Standardization in WSI

*To prevent diagnostic errors

*To use WSI for Computer Aided Diagnostic
System

MASSACHUSETTS =
GENERAL HOSPITAL HARVARD I _
PATHOLOGY MEDICAL SCHOOL




Color Standardization in WSI

From Staining to Display

Scanning

| MASSACHUSETTS I
Noy GENERAL HOSPITAL HARVARD CEE
PATHOLOGY MEDICAL SCHOOL




Color Standardization in WSI: From Staining to Display

W Staining

Multispectral
Imaging
application

Today’s topics

Scanning
Wy =
Eg i

Display

-
N-f-
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How can we identify the cause of the
difference in color and standardize?
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To identify the causes of issues in
WSI

We have developed a slide set at MGH

Calibration Slides for Scanner

Image Quality & color

Color

Calibration Slides for Pathologist (Display)

Color
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Color Calibration Slide

(Overview of telepathology, virtual microscopy, and whole
slide imaging: prospects for the future, Ronald Weinstein et al. In Human Pathology, 2009)

9 color filters were selected
for Histology Stained Slides,
which especially works best
with H&E stained slides.
The filter selection was
based on spectral
Information of each color.
Previously, a research study
was conducted.

Original Slide for Microscope
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Image Quality Slide

15-day old or older mouse embryo paraffin block is sectioned by
automated sectioning machine with 3um/section. (100 slides at a time)

Cerebellum

Mesencephalom

Vetricle

Telencephalom

' Eye
FEPFSCOCT apecran Olfactory bulb
£t a o2 &5 @ 3 gz:':"’:l-‘gg
3 g s % -3 o g o < - %m B
©»52= § 3 Z3zg “°:= Whisker
@ SHoa= o
s 3233 2
= (1] a
S
=5
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Image Quality Slide

*H&E stain is performed with an automated staining
machine at the same time.

All Slides are scanned with one of the scanner Iin
the lab and scanned images are posted on the web
site.
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Display for the Viewer

Go to Calibration slide web of PICT
Center, MGH

Compare the color of
calibration slide vs calibration
slide on the display. If it is too
far, contact HELP DESK

This Slide is hand made in the lab. The
costis very closeto 0. It can be given
to all pathologists
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Scanner

Scanning Review Display
The Imaging web site has the
colors of the Calibration slide.

Compare the
displayed

____ colors of the

' calibration
slide to their
actual colors to
understand the
difference

The Imaging web site has

Calibration slide.

HARVARD
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Results: Scanner 1

Almost all
colors are
wrong
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Better than
Scanner 1.
Especially
Pink and Blue
are wrong
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Results: Scanner 2
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Results 20x vs 40x of the scanner 1

.. R=146  R=253
Original i85  6-=160
B=214  B=143

20x

| MASSACHI
gy GENERAL .. _....._ VARD

- PATHOLOGY




Results

We have tested 5 different scanners
with the calibration slides. No
scanner produced exactly same
color with the original even after the
adjustment of the error of each
Display
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Image Quality Evaluation
& Color Standardization
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Color Standardization
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Color patches

O Colors are not
accurate enough

 Standardize using
the original and
reference color
patches

Original - Produced by
a whole slide scanner

Reference - Produced by
using spectral R
information of the v
patches

Original  Reference
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Polynomial transformation

R Color of the
R A1 R - AR patches as
= = s AP I Bm G produced by a
B , m, B particular scanner
a1, - AmR
l \ Y J
Reference Color transformation

color of the matrix will be stored for
color patches used in color
standardization

Each scanner will have its own Color
transformation matrix
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Whole slide scanners and Color Imaging

Whole slide
scanher 1
(WSI 1)
Use the mouse
embryo slide to
confirm the color
: transformation
Whole slide atrix
scanner 2
(WSI 2)
: -'i gﬁl\sliﬁli%%iglggrAL HARVARD
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Results in Liver
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Thumbnail images of the original whole slide images

Scanner A Scanner B

There is color variation....
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Thumbnail images of the standardized whole slide images

Scanner A Scanner B

Application of color correction minimizes the
color differences.....
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Scanner A Scanner B

- Without color correction...
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Scanner A Scanner B

@ s Result of color correction...
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RGB color distribution
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RGB color distribution
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RGB color distribution

Cytoplasm(orig)
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RGB color distribution

Cytoplasm(Corrected) &g
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Original
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Results in Lymphoma
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Thumbnail images of the original whole slide images

Scanner A Scanner B

Lymphoma

There i1s color variation....
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Thumbnail images of the standardized whole slide images

Scanner A Scanner B

Lymphoma

Application of color correction minimizes the color
differences.....
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Scanner A Scanner B
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RGB color distribution
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RGB color distribution
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RGB color distribution
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RGB color distribution
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RGB color distribution
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Results In Intestine
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Image Quality Evaluation
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Image Quality Evaluation
Algorithm

Image Quality Multiple regression analysis
Definitive evaluation index q. is calculated by 9 = & + /S +m

a,$,7  are derived from training data.
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Image Quality Evaluation Method for Whole Slide Scanning
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Introduction RENIS
What is whole slide imaging(WSTj? 1. Evatuation of the algorithm s .
- WST means to transform a corsentional glass tissue slide into a digital image | In the reult of smiltiple regression analysis, the ¢ G
correlation coefficient was 0.5685. 5. L
50 ugers cat acc ess the irnage ramotely on a computer mumtor as if they are using a microscope This confizms the evahation indices are highly 2 L AL
Tszues with Wil correlated to the shjective scores. Inthis cass, 3 : v
- W51 has to provide consistent high-quality images we defined 3.5 a5 the fhreshold for the good- F !
- The itmages need good color represettation quality image. Y C 4 s
- Image data needs a standard format for storage 2. Application to WEI Subjective score

A high irnage quality is fiundamental to perform an accurate image analysis and to provide a correct diagnosis.
Alzo an improved image quality can help to improve the efficiency of a W3l scanner.
The purpose of this study

1. To develop an image gquality evaluation algorithm for whole slide scamning

2 To determine the appropriate image quality parameter values

We scanned the mouse embryo slide in atomatic foowsing mode and applied the
proposed image quality evabiation method.

3. To itrvestigate how to itnplerment the algorithen in whole slide scanners : o YT -'.\,‘ 7] \
NS pE ‘1 o) . S
Evaluation Algorit Experiments &Y Ny
Evaluation method is based on sharpness (focus) and noise | | Evaluation of the algorithm 11 p iy onbm sl f s vl e s (e pone o o gl
1. Sharpness evaluation 50 images were captured from the various types of slides scanned by Some regions of the evahiating result indicated the low image quality. We specified 2
. . . . MNanoZoomer 2.0HT (HAMAMATSUY, and trinmmed into 4002400 pixels. forus point on such region mamally and the mouse erbryo slide was re-scanned. Then,
a. The edges in the itnage are detected using the Carmy algorithm ’ N . the image muality evahiation method was applied to the re-scammed image.
b, Pheel-widihs of the detected ed deterrmined and th We conducted a swvey to get the subjective scores of pathologists,
al = md stfl £ Gelec de %S Are Gelernme € average technicians, and image specialists. The images were rated on a scale of one SO %\‘_\
ue is used as the sha:pnass o, to five, i.e, 5 was the best quality and 1 was the worst. The average scores S oL
ST A of each image were used for mmltiple regression analysis, in which we e e ‘,f \i i i oEl s 2 <
= T . investigated the comrelation between the computed results using owr S k ,'i . il
| " algorithen and the subjective scores. From the regression analysis results, we T a5 1 ,r]r T AT 3 Povg
E determnined the appropriate image quality pararneter walue, e, threshold BN 13 \‘\\:’-g"' e
! value between good and bad quality image. o o = g
- Tl dun p quality s mbnons sl of s z-smaed bk bl tuage wles il 16000l B gn we
| ey — e — {Lderm gos s low b qmdit ) s gkl 21 o oTighalisn

The image qualities of the regions, which had low-quality indices in the original image,
were improved. By btegrating improved regions of the re-scammed image into the
original image, the Inage quality of the entire image impioves.

Edge detection

—!
Wiltefedp
Piael

2. MNoise evaluation
a. A unsharp masking technigque is used to detect the edges and noises in

theimage. S _ ; ik Discussion
b. The cender pixel (3x3-pizel window) is replaced with the minimum - _ - o We performed a sinmlation o the application of image quality evshation in whele
difference between its surounding pieels in order to leave only the — — slide scamming. In the sinmlation a slide was first scarmed in atomatic fomsing mode.
noisa; The mean-souare of replaced pixel values is used as the moise Then, the image quality of the scarmed image (WSI) was evabiated using our proposed
i , . . . The screenshots of the survey method. The slide was re-scanned wherein a fomus point was specified on regions in the
-", 2. Apphcatmnto Wal whale slide image which exhibited low image quality wvahies. These regions were
s e . . . . replaced with thelr oounterparts fiom the rescarmed image. In the actnal
8 i o We apph_ed the p[’DpDSEd UnAge _quahty _Evalmnon method to the Wil of an implemert ation howevey, the scanner’s protooo]l aoild be configured such that only the
38 H&E ﬁ‘a_me_d mogse EmhIYU Its itnage size “’_as 36,000:224,000 pizels. . regions with low image quality vahes will be re-scanned. The results preserted shove
¥ C e tho e o The entire image was divided to 400:00-pixel blocks, and the evaluation shavr the effectiveness of the present Inaze quality evabation method in identifymg the
Unsharp masking 00 ;ﬁ pﬁm " d::f::) algorithm was applied to all blocks. The equation derived by multiple quality of the image.
(Edge and noise detection) regression analysis was used to evaluate the image quality of each black The current seanner that we used in our exp 1 inplements line scanming. So that,
I : . the shaded strips present inthe whole slide images correspond to edges of the line. It is
. . . n this experiment, the block, whose . - . .
Mu]tlple regressiomn a_nalys1s evaliation ind ecter than th Originals part of our fature work fo investigate the performance of the presert image quality
- L . UAL0N NGEE Was gredler £ g evahiation on other scammers with different scaming method.
Drefinitive evaluation index g, is caloulated by threshold walue based on the results

_ of the subjective emperiment, was
visualized with the original color i % COnClU.SiOn

&, 8,y are derived from training data. Otherwise, each block was shaded WLy
The imaze quality evahation alzorthm is extremmely immpeostant for WEL Remlts of cur

We can choose the arbitrary indes for multiple regression depending on depending on the evaluation indes . i ! i ! - -

q the requirement of user’s application If we use the subjective evaluation The blocks, which had more white ; B8O j;‘;m*;so;mﬁﬁ“@mﬁm;;‘;gﬁﬁ mage ﬁ’; Zﬁ:ﬁ:m}‘f d&
values, the image quality for diagnostic application is calculated pixels than 75% of the block, were ) L e that we p 1 conld he interyated to the g procedare of digital shdes. The
Otherwise, using the objective evaluation values aflows the result to show regarded as background and also (20, 0 4G umpiie]) effectiveness of the evahation indices used in our experiments were confirmed thronzh

the image quality required for image analysis. visualized with the original color. linear regression analysis.




Discussions

 The two types of calibration slides helped users
to improve the color accuracy of the images they
are looking at.

« Two algorithms for color and quality are working
well for 5 scanners

 We have developed additional calibration slides
to improve the reliability of WSI system | & ==

« Many pathologists have started to realize that
accurate color and image quality are important
in WSI.

MASSACHUSETTS I
GENERAL HOSPITAL HARVARD B

e MEDICAL SCHOOL $&$




Summary : Standardization

Online Management

Scannin Displa
g P System is available

eeeeeeeeee Local User QAWee Agent

B L
55

©
N W=
] ]

FACILITY

O EEE
, Amn
| B

Color
Standardization
Algorithm

Staining

Image Quality
Evaluation
Algorithm

Digital Staining Standardization is available
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