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Outline

The THESEUS/Medico Project.

Need for ontology-based knowledge structure
for medical data (i.e., images).

Collaborative Dialogue-based annotation in
RadSpeech.

Conclusion and outlook.
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About THESEUS

“THESEUS is developing new semantic technologies that
will be able to analyze, classify and link information
based on content. Not only will computers find
information with the help of key words or content
fragments, as they do today, but they will also determine
its significance, draw connections to other information,
model it as a classification system and employ certain
rules to draw logical conclusions.”

www.theseus-programm.de
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Motivation in Medico

Found Situation

Structuring of medical
reports dependent on
individual preferences

Textual and visual data is
“passiv”

Marginal supply in
automatized interpretation
of medical data

Trend in clinical care

High dependence on
digitized patient
information

Growing need to store and
organize patient data
(health records, laboratory
reports, medical images)

Need of effective image
retrieval based on the meta
information that is part of
the image content



Challenge 1

How can computer be able to interpret images
and to recognize by itself parallels and also
abnormalities between images?
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Ontology on Medical Data

* Generate semantically enriched data (ICD-10)

* Create multi-lingual version covering at least
English and German

* Represent includes/excludes in a formal
manner for automatic reasoning



Challenge 2

How we can easily acquire the necessary
medical image knowledge that ought to be
used in the software application that must be
provided by the medical experts?



RadSpeech: Multimodal Medical Annotation

* Digitize patient data by
Natural Language
- S: “Image has been annotated Dialogue and GeStu re

1 ith heart valve.”
D « Deployment of the Radlex
U: “Please annotate the image taxono my (W|t h more

— with heart valve.”
LA than 6000 terms)
VR » Dialogue Framework:
A 4 ODP (Ontology-based
Dialogue System)

* ASR: Nuance Recognizer
9.0

* TTS:SVOX

nnnnnnnnnnnnn
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Dicom Header

Instance Number: 17001 Study

Patient's Name: Anonymized »mdo:studle mdo:containsSeries mdo:studyDescription
e SRt S T mdo:age mdo:studyDate mdo:studyTime

Patient's Birth Date’ 20000101 mdo:participating

Patient's Sex: M Y % » Patient

»mdo:Series: mdo:seriesinstancelD mdo:seriesDescription

mdo:modality mdo:containedInStudy mdo:patientPosition
mdo:manufacturer mdo:manufacturersModelName
mdo:softwareVersion mdo:protocolName
mdo:rotationDirection mdo:exposureTime
mdo:xrayTubeCurrent mdo:exposure mdo:generatorPower
mdo:convolutionKernel mdo:bodyPartExamined mdo:kvp
mdo:contains

Image

mdo:Dicomlmage: mdo:containedInSeries
mdo:sliceThickness mdo:rows mdo:columns
mdo:numberOfFrames mdo:acquisitionDate
mdo:acquisitionTime mdo:bitsAllocated mdo:bitsStored
mdo:rescalelntercept mdo:rescaleSlope
mdo:repetitionTime mdo:echoTime
mdo:MRAcquisitionType mdo:numberOfAverages
mdo:flipAngle mdo:sequenceName

Width: 179



Dialogue System‘s SUM
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RadSpeech’s Domain

SemanticSearchTask

ScrollimageSlice
UserTask ShowPatientimages

GuiUpdateTask 4 ShowPatientFiles
AnnotateTask

SendimageTask

\ UpdateDisplayContext RetrievePatientFileData

/ // RetrievePatientFiles

QueryTask

Task

<— RetrievePatientimages

\ _ UpdateAnnotation
PresentationTask \

GraphicalPresentationTask

SystemTask

Christian H. Schulz
03.12.2012 ’
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Rule Engine of the Dialogue System

WME on the goal stack

Activated rule

1 «%?xml wersion="1.0" encoding="UTF-8"7> 248 <rule name="execute-task (query)"s A
2 <object type="http://vww_dfki_desontalo 35 <commenta> |
3 <glot name="hittp://vwv_ semvox.de/ont 38 Same rule as exute-task. But QueryTask is a System Task and no User Task so L_
4= <ocbject type="http:/ /vww.dfki.de/fntology/medicofPationt™ 37 we need this rule to fire.
L= <3lot name="http:/ vwv . semvox Mesontology/odpfhassRefFrop "> 38 </comments®
& <object type="htip://vwv. sfhmvox_de/ontology/odpfRefProp™s 33 <weighting>0.5</weighting>
70 <slot neme="http://www /cemvox.desontology/odpitype ™ 40= <conditicns>
8 <value type="Stringf><![CDATAE[def]]></value> 41 <geoal name="goal">
g </3lot> 4z <object typgy cometffueryTask">
10 <fobjects 43 ="hasContent"/>
</alot> :1;1 name="hasResult">-|
N 5
<3lot name="http: /vy .samvox.da/ontology/odp#sPrnsma"f) e </alot>
<slot name v.semvex.de/ontology/odp#firstname "> 47 </obiject>

<walue type="Stri
</falot>

"< [CDATE[Gerda Meier]]l></walue>

</object>
</slot>

</object>

Ontology \ ~

4 () http://www.dfki.de/on
http://www.dfki.de/on\logy/medico#RetrievePatientFileData
http://www.dfki.de/ontoldgy/medico#RetrievePatientFiles
http://www.dfki.de/ontology/medico*RetrievePatientimages
http://www.dfki.de/ontology/medico*UpdateAnnotation

() http://www.semvox.de/ontology/odp*ResourceTask

) http://www.semvox.de/ontology/odp#SlotToFillTask

) http://www.semvox.de/ontology/odp#StoreResult

http://www.semvox.de/ontology/odp=UpdateContextGrammar

48
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</goal>
</econditions>
<actions>
<action type="updateWME" name="gcal">
<object type="comet#QueryTask">
<3lot name="radspeechihasScurce">
<empty/>
</alot>
</object>
</faction>
<functicn
name="de. semvox.cdp.core.cbhm. framework. service.InvokeService™
argl="goal™
result="resultc"
e
<action type="addWME" name="result"/>
<action type="deleteWME" name="goal"/>
<action type="push" name="result"/>
</zcticns>
</rule>

03.12.2012
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<object t%pe*"

radspeech#Ima eInputEvent">>
<slot nda e* oéB%E @gg%g%%i@H:ZEZETaSk

User Hypotheses .
{ & With heart valve.”

<slot mname

"7m%S%g%g*"medlcoiannotatlon"/>

“Please annotate the i |mag¢ct type="medico#ImageAnnotation">

<objec§ €¥Pei ﬁedgggi ﬁééégnnotaglon">

ecx Tss

Interaction Manager

* Handle Touch Events
* Handle Task Request
* Execute User Task

*  Execute System Task

</slot> =
<slot naA comet#yCoord1nate">
pr alue €§§§>"Float">
S: “Image has been annotated | [CDATA[190]]>
with heart valve.” - ol
SO

System Feedback

radspeech"

<preml-radspeech:presentation
xmlns:preml-radspeech="http://www.dfki.de/markup/preml-

let"/>

J l\;

<preml-ra
<preml-

preml-r
preml-r
preml-r
preml-r
preml-r

Presentation Manager

* Integrate System Task

* Integrate User Task

* Model GUI presentation
* Integrate Output Event

prell=radspe rnornew=-rtrue
preml-radspeech:width="10.0"
preml-radspeech:x="253.0"
preml-radspeech:y="253.0" />

</preml-radspeech:zones>
</preml-radspeech:presentation>

03.12.2012
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SPARQL

Display Context
Manager ===y
Zone 1
/ ——T
Lappe" \ 4
\ Spotlet 1
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ODP‘s System architecture

2 User Device
RTP s
> % (e.g. iPhone) —
ol uDP
= - -
= PreML EMMA+AcML I
=2 Renderer |
A |
|
Nuance Speech Server PreML :
TCP
ASR Engine h
Event Bus |
TTS Engine 'y
TCP
COMLl EMMA+ACML  EMMA+ACML l PreML
PreML +AC +AC
CoML CoML CoML
Event Filter Event Filter
Nuance License
Manager Event Event Event Event
J Decoder Encoder Decoder Encoder
A Event Handler Event Handler
ODP Speech Client ol
Service Adapters
MRCP/SIP
SIP Client
MRCP T | | | I
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RadSpeech Platform 1

Displa
Contex
vianage
Web -
- GU* <
client N -
k,‘) «—> §
| REST 2 =
>
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RadSpeech Platform 2
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syncScreen

ann(‘aorta’‘)

- |Lung I

SpotletiD 1
ann(‘lung’) . |1ZonelD_1

SpotletiD 1
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ZonelD 2

SpotletiD 1

ZonelD 1

| Lung I

ZonelD 2

Aorta

syncScreen

get(zonelD_1)

| Aorta I

A
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SpotletiD 1

ZonelD 1

select (‘lung’)

Ll

replace(‘heart‘)
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SpotletiD 1
ZonelD 1
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SpotletiD 1
ZonelD 1

ZonelD 2
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mic button

Streaming Client

Annotation by
voice input

[ .
Hodgkin Lymphoma

Cancel I Save

"t Remote
Interface
SpeechAPI .
P Medico
ODP Server
Speech Server Triple Store API
03.12.2012 Christian H. Schulz, 18
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lesion
inside

spleen

-
Semantic Search ) "Al

Iocalhost:S'JS':l-I'.1E:Ii-:CEEr-"$|'-?-_':IE-.'-icn_.inii:IE_.-.‘-r:IEEH_.-—I-JD_.r:etient age, GREATER 40

v DE Deutsch (Deutschland) (2 Hiffe & S | e

[ tocalhost MedicoServer/7c=lesion, inside spleen, AND, patient age, GREATER 40 c Google Pl B
[ Start(1) M=

[& Theseus Medico

medico se

o
énpmeseus

MEDICO search panel close all tabs image import text import administration
Search panel A

Search in annotations:

03.12.2012

hypodense
Lesion

inside Spleen
decreasing
16,0 cm

metastasis

1 lesion % inside ¥ spleen » | AND ¥  patientage x | GREATER ¥  "40°

Enter your terms above. "] Use Query Expansion
= Sample search queries Search Reset
—
{a} Home |, Results: lesion inside spleen AND patient age > 40" *
4 23000YUJ2M | | contral

4 28.07.2008 - '!'horax"Thorax_Abdomen (Adult)

Show only patients

Lesion ' lymphoma inside Spleen hypodense Show only images

I

Show Al
[...] 13 x 15 x 10 cm, diffus mit hypodensen Herden
durchsetzt. Ausgepragte Vergrofierung [...] Statistics
Patients: 12
Images: 20
« 230002A626 Findings: 42

4 28.05.2008 - Abdomen*Abdomen (Adult)

hypodense sion  inside Spleen  decreasing Tag Cloud(13)

1,6x1,0 om Pnetastasis

% hypodense l00%
& lesion oo

GroRenprogrgdiente Leberfiliae. GroRenriicklaufige

Milzlasion. Uverandert vergroferte Lymphknoten o AL [1E3

mesenterial, jireifige Verdichtung des mesenterialen & Iymphoma [

FettgewebesjV. a. Peritonealkarzinose. @ siable Bl <2
& metnsiasis o

hypodense Lesion inside Spleen  decreasing

1,6x1,0 cm  metastasis
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Augmented Vision

“Zeige die Bildervon | LA:'"‘:::‘e‘f““ Hedgjin. “Zeige auch die letzte :
Gerda Meier. ' Yrinem. Mammadiagnostik. “
far
- ( \
)
<
.

\ _ Sprachserver
“Zeige das Axi -Vi.deo.“ m— TTS I ASR |

Erwelterte Realltat in der Medizin

Multimedia

Server

Christian H. Schulz
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German Hightech Award

 Make dialogue-based radiology
image reporting possible

[ueocoraion TReionmie e Josti B  Reduce turn-over times and
annotation errors

* Facilitate structured reporting

e With the iPad‘s FDA approval, a
breakthrough for mobile medical
imaging, especially in U.S., can
be expected. With RadSpeech, we
aim to build the next generation
of intelligent, scalable, and user-
friendly mobile semantic search
and image annotation interfaces

for the medical imaging domain.
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Conclusion and Outlook

We enabled fast data acquisition within the medical finding
process.

We provided a extendable Dialogue Server Architecture.

We provided a mobile dialogue system setup dedicated to
real world situations in the radiologists daily routine.

We will explore usability of dialogue-based systems in a
collaborative context.

Three typical clinical scenarios that are of interest for
analysis of clinical knowledge requirements:
— The clinical reporting process;

— The patient follow-up treatment (i.e., monitoring the patient’s
health condition and the development of the disease);

— The clinical disease staging and patient management.
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Questions?

Thank you!

Christian H. Schulz,
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