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m Context: Teleinformation medical system
(PACS-RIS-telediagnosis-reference database)

= Propsl: Interactive progression (user
interface)

= Props2: Image indexing (reference database)

Props3: JPEG2000 as medical (teleradiology)
standard

= Props4: Faster encoder (archiving and
transmission)

Propsbh: Effective encoder (optimized)
m Conclusions (use it!)
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Progressive Interactive
[Internet Codec

Teleconsultings and picture sharing
with other system clients

Multi-platform, system independent
architecture

Progression modes

Region of interest (ROI) progression
Interactive protocols

Inteligent User Interface
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Progressive image data stream ]
[decoding

After 0.5% After 2% After 100%
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Slajd 5

H1 Progressive image data stream decoding significally increases effectiveness of large image transmission via low or medium-speed internet
connection. It enables image character and content analyze just after few percents of downloaded data bytes
These 3 pictures contain the same image reconstructed using respectively 0.5, 2 and 100% of image data bytes,

Currently I have been working at using of conturlets instead of wavelets which are expected to be more efficient
Hatasa; 2005-10-21



Interactive Iimage exchange
(JPEG2000 data stream)

[ Transmission settings

login | image database | sessions | chestjp2

Default packets order
‘m_gl (@ Layer-Resolution-Component-Position
b ‘% _) Resolution-Layer-Component-Position
% i Resolution-Position-Component-Layer
— ) Position-Component-Resolution-Layer
P aye

) Component-Position-Layer-Resolution
i) Resoluition-Position-Component-Layer
Transform type

= Wavelets

i) Contourlets

Image parameters Adjustment Filters

resolution: 3301 x 5806 Brightness Select image filter:
o

number of layers: 5 |
number of tiles: 1 =

=] [_sem | selected ROI

tile size: 3301 x 5806 Contrast o

obcasfrgeblimd Y | ' | import new fiters |

Simple image transmission
protocol (SITP) -
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flexible XML-based
control connection

+

high performance
image stream via UDP
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H2 Progressive image data decoding may be even more efficient when used with Region of Interest selection.

Selecting the ROI affects on coding blocks sequence in image stream and enables desired area to be reconstructed in the first order
Hatasa; 2005-10-21



Image database indexing and
[retrieval

= Reference diagnostic database

= Index in wavelet domain

= User Boxes (JPEG2000 data stream)
= [Fast and precise retrieval

= Web access
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Reference database

Select parameters for retrieval process.

ZU Patient,45 MMG Marnmography

LMLO_P

Utkanie sutkdw: gruczotown - tuszczowe

Kwadrant: KGZ

Wielkosé {centrum / wypustki): 24 x 17

Morfologia: zaburzenie architektury ? + gruczk ?

Mikrozwapnienia: -

Shkara / bradawkar +/-

Wrezty: -

Klinicznie: T2 N1 MO )
gia: 3 x 2 ¥ 2,5 cm prawdopodobnie nac
ductale invasium BII

Weztw 12412 4r 0,3-1,0

W bazie od: 03/32/ 2004 02:13:13, pochodzenie: ROIS
Find similar in this collection...

ZU Patient, 45 MMG Mammography

LML

Utkanie sutkdw: gruczotowo - Huszczowe
Kwadrant: KGZ

Wielkosé {centrum / wypustki): 24 x 17
Morfologia: zaburzenie architektury ? + gruczk ?
Mikrozwapnienia: -

Shkara / bradawkar +/-

Wrezty: -

Klinicznie: T2 N1 MO

Classifier options:

Metric: SIMILARITY = (1-distance)l/¥ Results no.:
@ Eudidean  Linear (g=1)
€ Manhattan  © [nereased selectivity (g=0.5)
© correlstion @ High selectivity (g=0.1)
© Tanimota  parancidal selectivity (g=0.01)

Indexing parameters:

Decompostion levels Wavelet bands: Statisbics:
(resolution): ¥ all W an
F A"_ ¥ Approximation ¥ mean
o (low) ™ wertical details F var
I™ 1 (warse) ™ Horizontal details ™ sToDEV
I™ 2 (medium) I Both direction details [ AVGDEY
I™ 3 (better) I skew
™ 4 (high) [ KuRT

™ Ente
™ Exclude current patient's images from retrieval

gia: 3 x 2 ¥ 2,5 crn prawdopodobnie nac
ductale invasium BII
Weziy 12412 sr 0,3-1,0

W bazie od: 03738/ 2004 02:25:17, pochodzenie: ROIS
Find similar in this collection...

Right now, for the better conformance, new image should:
o 28 256x256 at least
© nave blazk backcround
ot contain any comments, markers or other non original objects

Supported input image file formats: BMP, JP2, JPC, PGX, PGM, GIF, DCM

Ener the fiz name: (click me to show)
[Edane_bmp_wtmikroa.mp | Preegiadai
I DICOM file (Don't have to fill the rest of form)
Encer image source:

[ezpital wojevdzi

Ener description: (€ English  Palish)
Jouz w Tewym gémym kadrancie

Select type of imags!
WG - Hammagraphy v
Select patient:

Urknown, Fatient (0) B

I Image have white background

Sarnlart

P] Patient, age:81. MMG Mammography
Utkanie sutkdw: tuszczowe

Inne:

UsG o .
Echogenicznosé (cien / cienie boczne): niejednorodny +/
Wielkosé (centrum / odczyn): 30 /45

Morfologia: lity nieregularny policyklicany

Powiez: + +skdra

MMG

Kwadrant: KGZ (9 odleglosc od brodawki 9)

Wielkosé (centrum / wypustla) [mm]: 22 / So
Morfologia: spikularny

Mikrozwapnienia: -

Skdra / brodawka: +/-

wezhy: -

451 )95 TZ NO MO

BAC: cell ca

Histopatologia: ca ductale invasium B-II

Szaro-krem, niereqularny 25 x 1.5 x 2

1.5 od skory, 1 cm od powigzi, 18 weziéw 1 do 3 om - bz

Klinicznie: ¢r 3 slabo ograniczony, ruchomy skéra bz, w pasze wezel sr 1

W ba. O4/03/ 2008 14:33: 34, Euwz!mfu rois

PB Patient, age:71. MMG Mammaoagraphy
Utkanie sutkdw: tuszczowe

Inne: 2 ogniska ?

Kwadrant: KGZ

:ﬂjle!‘kgéé (Can*.rur_n /ﬂwypusth) [mm): 7x9/15

Precision;:
Images

Profiles

Manhattan, Var,
HH, max n

Correlaction, ADev,
HL, max n

Tanimoto, Var,
LH, max n

CT

84%

MR

80%

MMG

76%
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JPEG2000 I1s medical
[standard? YES

DICOM:

It allows transmission of images with
Improving resolution and quality, which
will be extremely useful In
teleradiology and in some PACS
network environments
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JPEG2000 is medical standard? ]
[NO: Irreversible compression

scientific community has not come to a
consensus

fear: valuable information might be lost
through compression

DICOM does not, and will never,
*fapprove” compression schemes for
any particular use
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JPEG2000 is medical ]
[standard? YES

,2avoiding all risks is the risk ”

DICOM: professionals make decision
and take responsibility

Litigation risks: regulators rely on the
professions to lead the way
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[Faster JPEG2000 encoder ]

Optimized PCRD: improvement of Jasper C
Implementation (JPER)

Solution: Sorting instead of Iiterative
bisection

Effect: multi-layers coding without additional
time costs

Faster archiving and transmition (reduced
time costs, reduced memory costs,
simplicity)
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Basic idea of PCRD In Jasper
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[Basic iIdea of PCRD in JPER ]
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Experimental Effects

compression time

yesP®_—

JPER

10

20 30
number of layers

45Jrogressi%51
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[JPERZOOO

Decoder Properties L]

Qualty | Decorelation ransforms | Quantization & Compression | Metadata |  Encodng statstics |
. Quality of reconstruction Dataordering 1 Data ordering 2 Dataordering3 | Coding style & File Format
Ble Codec [mage lYew Window Help reccts
> 8 U(FF D 2 0  Fullqusty 7 s preccts
 Cualtyby laers rcenc it Bl
B — =l B
Maimu rurber of ayers to read: = =0
i Codeblocks
3 e & Qualty by packets
Dataorderingl | Dataorderng2 | Dataordering3 | Codingstyle & File format ety et e
= | q = Mstadata | BRI, Code lack widh: & -2 e |
g e el oo [ s
Code-black height: 64 =2 =1
=% Defout
© Dot include metadata Default
Doctar 10: 0123456789 et e
WL —— |
" | ‘Subject; =
i [Tomoaraficzne badsnis kolana
> Docorctiontransfoms | QuantizstiontCopressin | Metadata | Encodngataistes |
I Modalty: Encoder Properties Dsoorderng1 | Dtacrderio2 Dataoderigs | Codngstyetefomat |
Extra layers. Choose progession order
7 s Wisrhaltor Data ordering 1 Data ordering 2 Data ordering 3 ] Coding style & Fils Format I 17 Uso et layers
; Decorelation transforms Quantization & Compression | Metadata | Encodng statistics |
Patient [D: Jan Kowalski Diagnosis: Number of extra layers: El=] 5 kf;é;*‘:‘;‘:‘;:@;:?”"“‘"““““"
Quantization R of lowest layer: 0 ey —
Exam ID: | 123456 Hiie: wykryto zmian patologicznyd] " = W e
U — Choose trend of increase ofratios - feshton oston ConponetLyer
Instiute [0: | 0000, o).
Mumber of guard bits: z j © Logarithmic icrease. ~ Postion-Component-Resokution-Layer
Physician 1D ABCDEF @ Uinear increase. (PRL).
Default  Exponential inrease, o SRR
@),

Tope: BITMEF  File: grouy

Compression Default Default

I¥ Fast PCRD (Post Compression Rate Distortion) processing. L
Encoder Properties ]
x
Decorslation transforms | Quantization & Compression | Metadeta | Encodngstatistis | [ Set lossy compression []] =l0lx
Detacrderingl | Datacrderng2 | Datacrdering3 Coding syl & Fie format oy
Codng style R (compression rate): j =
¥ Enable: aithmetic coding bypass (a.k.a.lay coding mode).
I Use vertica strpe casual contexts. =
T~ Rese the probabitymodel fter each coding pass. 1JCR (bits of destination per bits of source):
Error resience features Default
¥ Generate S0P mrker seqnents. T~ Use seqmentation symbols =
[ [ —— I~ Use predictable termination. B group.

™ Terminate al coding passes.

= Dataordering! |  Dataordering? |  Dataordering3 | Codingstyle&Fleformat |
[ees | Hide D e i &G | metadsts Encoding statistics
Choose JPEG 2000 file Format E . [ Fle
i Encled P A (A Sieecrthan Pt
" Full JPZ file format syntax, EE :
et —— ® on | metadata | Decoding time: 245 sec Size of JPEG 2000 file:! 273028 bytes
Daaoiderngl | Dssorderingz | Dstsordeingd | Codngsyiemefomst |
Dataorderigt | Dstaorderingz | Dataordeing3 | CodngstlaFleformst |
Decorelation ransforms | Quantzaton® Compression. | Metadata | Encoding satistics Image orig on reference grid
— Horzrtal ofse from g freference o o & bt
% Use itercomponent transform 16t : { i
- S S — R il Srdumipdte A cotpote
& YCC (osslss), € %12 Gossy). Eoolean equalty: [ HO [ nia [ nfa
©YCC lossy). © CMY (ossless). Tie partitioning origin on reference grid
© V1Q lossy).  Predctive (lossless). Horizontal offset from origin of reference grid: [ o= BEle G I 2 I o I e
Default -
s | I —— = ME (maan squared ertor) [Tneseesm | e nia
T R U B ¥ Usethes RMSE (root mean squared errors | 107.6733 [ nja [ nja
I e —
S PAE (pesk sbsclute rrcr): I wz O ia
Heightof tie: [z =
5 ke osskss). ? = Defau PSHR (pesk signaltonose ratio): | 31.5ees dB | na & [ nfa dB
97 kemel (lossy). Default
I Hide | Type: JPEG 2000 | File: £
= e
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Increased compression ]
[efficiency

Reduced bit rates

Selective compression: diagnostic
guality progression

Profiles (e.g. for mammograms: 17/11
filter bank, 8 levels of diadic, nz=0.6,
layer progression, code-blocks 64x64)
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The results: diagnosis based on
JPEG2000 compressed Images

Quality subjectively: 1bpp

ROC-based detection: 0.1bpp

CAD: 0.9bpp
TP/(FP+FN+1)
1,4
12
1
0,8
0,6
0,4
0,2 :I
0,
mammaograms 001 005 010 020 030 040 050 0.80 ogo 1.0
it rate
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[Conclusions ]

= JPEG2000 is flexible enough for
telediagnosis (teleradiology)

= Implemented improvements enhanced
Information exchange

= Clinical experiment are required to
verify our complex system

» Please, use it! It works!
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