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1 Preface

1.1 Purpose of this document

This document ighe Technical Design documefdr use byOraMod Project It provides guidance and
template material which is intended to assigith the technical stafand managemenin producing project

- specifictechnicd documens. It is alsca useful background reading for anyone involved in developing or
monitoring the IDA Management System (1DIS) asmuchasit follows IDA Architecture Guidelines 2.

1.2 Overview

Sectionl outlines the purpose of this document.

Section2 is the introduction and includes a description of the proj&dgth a specific remind to UML diagrams
Section3 provides a system overview.

Sectiord contains the system contextith the external interfaces

Section5 describes the system design rhetd, standards and conventions.

Section6 contains the componentystem design

2 Cfr. D2.4Technical standard position papStandard #1 IDA Programme.
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2 Introduction

This document defines the technical architecture and the design ofQreMod platform and of its
components, the data sharing and interoperability protocols and standards required for usage in clinical
settings, according to the proposed design. The dosninelied 2y GKS NBadzZ Ga 27F a
protocol and measuré Sy 1a¢ FyR a5uH®n ! aS OlFIasSa IyR dzaSNI yS
definition of technical standards and requirement®?®.4 Technical standard position paper R 2 O)zY Sy (i

The desigred architecture is SaaBased,to comply with the EU guidelines armduntry laws on patient
privacy.We haveadopted a distributed design to keep a strict separation between sensitive patient's data
(localized in each Healthcare Enterprise and accessible only by operators of the hdspitathe Master
Patient and Events Record Index, interbeised, that will contain only the database keys to address the
patients and their specific clinical events. The architecture will be designed to ensure integration of
standalone software componest and devices (image processing tools, -f®R device) and full
interoperability with legacy IT systems. Wavedefined and adoped the specific IHE patterns and HL7 as
GO2YY2y f Iy 3uzimake &l thé syste?r ddnPadénts totally independent aadily exploitable

in the real commercial world of the IT for healthcare industry

2.1 Scope
The object of this document is to defineethechnical design of the OraMqudatform.

It describeshow the different components interact, with whiamodality the variais information passes
among sgtems and the impact that OraMahvironment will have in the Hospitals.

Here we have translated the various cases identifieD2r2- Use cases and user neatixuments in UML
language understandable byechnicians; for edt use case described in that document, we have created
the analogous Use Case Diagram: in such maweewill be able tomplement the user needthrough
software.

In this documenive describan more depth how the intefacesused byclinicians shalvork, giving all the
necessary information to search, idéyt obtain and presentlinicaldata

In particularwe will present the Use Case Diagrams, Sequence and in some case State Riegtabing
the Virtual Patient Presentation &rBulation Tool We also analyze in detdibw the Image Processing Tool
interacts with OraModframework, also presenting a deployment solutjioiot contemplated in thecurrent
Fraunhofer environment. This solutioq that provides a PBS system tagrated into the OraMod
environmentg has been agreed between partners.

The connections between HIS systems dbcMod framework are declared in terms of dataset to
exchange, using HLYCDAZ languages, messages and paths. However teastope of this document to
declare howthis exchange will happen and which data wél sent these details will be described in the
final system documentation report (D6.5)Ve here however provide some details regarding the data
exchange between OraMod platform and the gRTR device.

Moreove we explain how the informatiomrmust flow to be recorded both irthe local OraModlatabase
andin the central Multilayer Data Acquisition System, that is the core of the project.

D2.3Technical design 9 Versionb
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This documentconstitutes the reference for the technical development dntégrations foreseen in the
project technical tasks€Each specific partnerontribution has been considerdd order to implement the

best solution for theOraModplatform.

2.2 UML Definitions, Acronyms and Abbreviations

This section defire the terms, acroyms and abbreviations used in this documespecific to the

application.

Terms covering the development of software using the Unified Modeling Language (UML) apmr@ach

included for completeness.

Class Diagram

Describes the structure of a system

Object Diagram

Expresses possible object combinations of a specific Class Diag

Statechart Diagram

Expresses possible states of a class (or a system)

Activity Diagram

Describes activities and actions taking place in a system

Sequence Diagram

Shows oneor several sequences of messages sent among a s
objects

Collaboration Diagrai

Describes a complete collaboration among a set of objects

Usecase Diagrams

lllustrates the relationships between use cases

Component Diagram

A special case of a ClaBsagram used to describe componer
within a software system

Deployment Diagram

A special case of a Class Diagram used to describe hardware
the overall system architecture

System Block diagram

A diagram showing the major components of the systeith its
interconnections and external interfaces

Tab.1. Definitions based on the UML approach to system design

D2.3Technical design
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3 System Overview
The OraModlesign provides theeamless integrationf the system in the hospitals environment

TheOraMod framework consists oivo different database logically interconnectedthe first of them is in
the hospital, gathdng all the necessary information for the project, and presagtthe results tothe
clinicians, while the secormhe is centrally bsed andsused to collect anonyous data ando provide raw

data tothe statistictools.
UDUS — UNIPR - VUMC \

—

Fig.1- User view ofOraModin the Hospital

Each hospital medical personnel authenticatedDraModcan connect using his standard workstation and
a browser toaccesghe system, input data, seardor information, obtain results andise the model for
LINBRAOGAZ2YA® intdracivehdhe ye@ale dR A NB O t &

The main idea is to have a separate environment with a series of standard interfaces aké&hamgehe
relevantdata

OraModneeds to gather information from theHISsoftware (Identity patient db ¢Demayraphic, Booking
System- Scheduler for the appointients, ADT) and CIS (EHRboratory, Anatomic Pathologsgnd
RadiologySystems) Moreover other dataare obtainedfrom specificclinical systems and devices (PACS,
Image Processing tool, gi*CR).

D2.3Technical design 11 Versionb



FPZCTF201310-VPH611425 OraMod Dissemination LevétU

NOTE: The platforrman however work also as starmlone (ie. independently from HIS components), in
case integration with HIS is not possible at the time of implementation in the hospital. In thisveaseal
input from hospital personnel is regqed and standard user interfaces are provided by the ClinicalHub
software, produced by OneToNdh this option, the physical interaction amdactical planningvill prevail
over the direct data gathering, thus requiring a specific organizational procedure desigaintain the
same levels of data integrity, securitydaarror free transactions

The figure below depicts how this fits.

H!S Interactive Visualization and CIS
1 isition  Simulation Environment -
Demog. data 4 (\@CI) LIS
Front-End Clinical Data .
Framework o
(ONETONET)
Schedule -
n.Path

1 4 Multilayer Data
— Acquisition System —
i (ONETONET) 5 O RIS

ADT > - (-
. PACS
ORAMOD
Off-line Media
—

PACS
\ —t ‘l

qRT-PCRlDevice Image ProceLsing Tool
(STV) (Fraunhofer)

Fig.2 ¢ Scheme oforaModinteractions with the Hospitals applications

The Multilayer Data Acquisition System is the collector of the OraMod data coming from Demographic
data, Scheduler and ADT (HIBatient information), from the Clinical Systems (LIS, RIS, AP, EHR) and from
some specific tools ofhe OraMod project (QRPOR device that collects genomic data and Image
Processing Tool, able to compare different kind of images among them).

In the D2.4- Technical standard position papare defined the specific interfaces used to communicate
between the various systems.

D2.3Technical design 12 Versionb
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3.1 System Characteristics

For its intrinsic purposeOraModhasa predictivemodel componentNB f @ Ay 3 2y LI (FarSy G4 Q
this reason it is necessary to consotleelevant data and to anonyndzhem.

This is obtainedy keeping a distinct centralatabase to which all the local OraMatiodulessend the
necessary information, afteemovingall the personakensitivedata of the patients. The only information
useful to combine data fogverypatient is the Patient_Id, that will be centrally maintathenique for each
hospital.

UDUS vVuMC

ORAMOD User Interfaces UNIPR ORAMOD User Interfaces

» - —~ ORAMOD User Interfaces — v —

ORAMO ORAMOD
HIS Local Data 1 ~CIS » v O | 'HIS Localvl;ata CIS

Framework N ORAMGOD Framéwork
= N J HIS LocalDatan  CIS ok :
ata \ a
| Anonimization I N —— \ | Anonirhization I
N
Clinical Center Environment [.’at.a . \ Clinical Centdr Environment
Anonimization \

Clinical Certer Environment \

External
Multicentric
Clinical > N

Oral-Cance

Registries Predictive
Oral Cancer Model
Documentation ‘
System

Fig.3 - The overall OraMod environment

The Oral Cancer Predictive Model siffee anonymized data collected in the central db, tmtatedin any
hospital to produce graphs and statistics that can be shared in each loc#latless to this environment
follows the same rules to legn to local OraMod.

The system is also predisposed to address the need raised by UDUS (a Nendestialen land
requirement) b automatically update the Multicentric Clinical RegistBpiflemiologisches Krebsregister

NRW].

OraMod is designed to gather a wide variety of data, smce the information which needs to be
transmitted to the Registry is assessed, we will definerthes for the data transfer.

3 http://www.krebsregister.nrw.de/
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3.2 System Architecture

The architecture of the system can be divideti8 logical domains:

ADAPTERS USER INTERFACES
FRONT-END | | |
DOMAIN
CLINICAL FRAMEWORK STATISTICAL MODEL
Oral
BUSINESS e
COMPONENT “ Predictive
APPLICATION Model
DOMAIN
DATABASES
STORAGE
DOMAIN

Fig.4 - The 3 OraMod layers

The frontend domain elements provide the User Interfaces to the Actors of thiersydnterfaces can be

either software system®r medical devicesAll the business logic of the OraMod system residethén
Business Component Application domain. The most relevant item of this layer is the Oral Cancer Predictive
Model, while the Clinical Framework has a more subsidiary role providing to the model a huge amount of
clinical data to be analyzed. The Predictive Model is the main goal of the OraMod project and will
potentially provide to the clinicians a new tool to evaluéte&K S LI G A Sy i Qa LINRIAY23aAa

The last tier, obviously, is the storage domairich providean effective and flexible multidisciplinary data
container.

D2.3Technical design 14 Versionb
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alternative, and dependent
from the accessibility to =<ExecmT;EEE;.°u?:;nmem=> lleEr “S:g»
Off-Line MEDIA RSl pacs Web server
! W £ | : Hospital-PACS
S WEB .
S -
<<ﬂgﬁ' - < Oevivers NToeia <<Devicar>
Q ~Personal computer i EDI(‘:O?NS-E‘T:U\; | L D‘, 1 LIS
— - ',/' -
PR : Fraunhofer- . L | = :HospitalLIS
/N iZJimage Processing || 1 ==Devicer> L1 ]
Radiologi Tool =<Execution Environmentss
Application Server

Z ] :02N-ClinicalHub Hr
s<Deviers
= ] THLT EHR
:Reoccurence Component [H _
B £ | risk prediction 33 Rﬁﬁﬁﬁlﬁ
Personal computer tool HL7 .—

Lo \
WEB Bi g L
QD rowser 5l ‘E e 4 = | : ORAMOD-PACS
Physician ‘ HL? |
1+ 1o Beard s Devicess
ﬂl? HLT An. Path.

Jdbc =] : Hospital-An.
[ F Path.

]

= Javascript AP|

<< Davices>

Personal computer { tr‘
: 02N-ClinicalHub : Multilayer Data Acquisition
b 2] :STM-qRTPCR |4 - F]: gl bB
: Manual Data << Device: >
£l Acquisition HIS Server

Description
e T #2Davicers
DataBase Server

: Clinical Observations

and Actions
= | :Hospital-ADT
: ORAMOD PACS Images [E—— ]

: ORAMOD- : Hospital-

E% DICOM-Viewer i JMS E]  scheduter
[E—— | e ——

: Hospital-

$:| Demog. data

Biomolecular Analyst

Fig.5 - OraMod systemin-hospital deployment diagram

The figure aboveresentsthe deployment diagram of the OraMod System inside a single hospital. The
diagram shows the physical representation of the OraMod architecture defining the nodes (Execution
Environment Nodes), the components running in every single node, the communicatith gyl the
connections between the various components. Please note ukatllythe physical nodegDevice Nodes)

are not specifiedthus allowing every single hospital IT to allocate the Execution Environment Nodes in an

adequate number of virtual or réaervers.
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VUMC -Oramod Multilayer Data
Acquisition System

PARMA -Oramod Multilayer Data
Acquisition System

UDUS -Oramod Multilayer Data
Acquisition System

2] Remote Data Syncer Client |
|

2] Remote Data Syncer Client |

2] Remote Data Syncer Client |

Data Anonimization System :

Data Anonimization System :

Data Anonimization System :

/
WAN hith .

e

<= Execution Enironments=

Clinical Registries

AN

<<Execition Ehwironments

- :
~_ Oral Cancer Docutnentation System -

|$:| : DB Loader ‘
| |
|$:| : Remote Data Monitor ‘
| |
|$:| : Remote Data Syncer Server ‘
| |
3] : Oral Cancer Duc[;gnerrlatiun System
: Oral Cancer Cases DB

" CaV e franster

Oral Cancer Predictive
Model Generator

e

Fig.6 - OraMod systemgeographicableployment diagram

Oral Cancer Prediction
Function :

<<ptanifestation=»

This is the physical general architecture of the OraMod System showing the communication and
interactions between thehree clinical centers and the OraMod Orcancer Documentation System, as well

as the generation of the Oral Cancer Predictive Modé)viously this architecture can be widened and
include as many hospitals as required or even be downsized and be tailored for a single hospital.
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4 System Context and External Interfaces

(1) PATT OMLMO21 (MY —=

(4) PATT ORLAMO22 {ack) HL?
Z |r1: Hospital-An. Path.

(2) PAT1 ORLMO22 Order accepted
o« (3) PATZ OMLA021 Status Change + PATTO0 Structured Report

(1) LABT MOLMO33 (W) - HLY
£ ]r5 : Hospital-LIS

() LABT ORLMO34
(3) LABZ OMLMD33 (20)

M-TF2x HLT (MER Services tiggers + XML Document)

& |r6 : Hospital-EHR
< CDAZ ML DATA
|$:|r : 02N-ClinicalHub

35 ML () L £7r3 : Hospital-Scheduler
ITI+D ML(EC) HL7/Direct DB access
v |

< 8”[ E:gﬁ |€|r2 : Hospital-Demog. data
ML (M ;
LG e - e HL7iDirect DB access
= |r4 : Hospital-ADT
= OML (MY
OML(SC)

Public Clinical
Registries :

Fig.7 - HL7 Interaction Communication Diagram

The above picture describes all the HL7 communications inside the single hospital andnteogsse
transactions for data transfer to public cancer regesr

QueryRetrieve  —
HL?

Store DICOM
|€|:Fraunhofer-lmageProcessingToolI % | : Hospital-PACS 2] : Hosptl

< Madality Worklist Status Change HLY Message
«

PACS deployment and communication flows are dependant on the availability of an Hospital PACS

QuergRetrieve  —
HLY

Stare DICOM
: Fraunhofer-lmage Processing Tool 3 - 3 -ClinicalHul
F hofer- P ing T II ORAMOD-PACS 02N-ClinicalHub
< Modality Worklist Status Change HLT Message
<

Fig.8 - Fraunhofer PACS Communication Diagram

The image above showke communication path between the Fraunhofer Image processing tool and the
Hospital or OraMod PACS. Please note that the communication to and from the PACS are alternative: we
will primarily try to instance a communication with the Hospital PACS for Mpddorklist, Query/Retrieve
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functions or Storage, if this communication will be unavailable we will switch to Offline Media data retrieve
and Storage to the OraMod PACS installed on the Multilayer Data Acquisition Application Server.

The communication @mnels are also showing the common messages sequences and their respective
direction within the flow. Specific IHE, HL7and DICOM standard documents used are listed and described in
deliverable D2.4
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5 System Design Methods

5.1 Design Method and Standards

DesignMethods and Standards are covered in the document RZekhnical standard position paper.
Please refer tdAppendix HV-VIVIlof the above document

5.2 Documentation Standards

Design Methods and Standards are covered in the documentd¥2éhnicaktandard position paper.
Please refer tdA\ppendix bf the above document

5.3 Software development tools

Design Methods and Standards are covered in the documentd¥2¢ehnical standard position paper.
Please refer tahe Appendix llbf the above document
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6 Component System Design Description

6.1 Decomposition Description (General Logical View)

This figure describes the major software artifaatsl their information flows described in full detail in the
next paragraphs.

[z] Interactive Visualization and Simulation Environment

Image Processing tool Multilayer Data Acquisition
System Data Visualization Tumor Board System
System
[
((flmm
Imaging Data
________________ T »  Prediction Tool
B R 2ofloms> } System

Clinical Data to be Interactively Visualized

<<tlowr> ==Manifestation==

i Anonymized Clinical Data
&
Oral cancer Documentation Oral cancer Predictive Model
System Generator
<etlows>
Data needed to lienerate the Model

L.

Fig.9 - General logical overview of the OraMod system

6.2 Interactive Visualization and Simulation Environment

The Interactive Visualization and Simulation Environment is a logical contaitreeefdifferent software
components, realizing the most interactive usase regarding patient management, patient prognosis
prediction and effective clinical data representation.
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6.2.1 Prediction Tool System

save the result of
; rediction calculation

change weights used in
calculation

<<Extend==-"

o
P

-~ ~

£~ ZEExend=>
Lo

perform
prediction
calculation

<<Includer> T
view date
patient

o

==Include=4

change parameters

I used in calculation

ask recalculation for a
AN saved result
_— <<Extends=>= -
Surgeon P
Compare different
saved results

Vo

i _<ln clu
L( ,,,,, X

browse
saved
results

T

c<Extend=5 - print a result of a
prediction calculation

Fig.10 - Use Case diagram of Prediction tool system

As we can see in the above diagram, our systéll providetwo different main servicesequiring accest
specificpatient data "Perform prediction calculatiohand"Browse saved results

6.2.1.1 Perform prediction calculation

Theperform prediction calculatiogervice requires that all the patieéstdata (parameter values) and all the

mandatory calculation formula items (parameteend weights) are available (not empty) Before

calculating the prediction result, as we can see in the diagram, the system will allow the user to change the

parameters vales, the weights and even select the parameters between those allowdkebgrediction

calculation formulaAfter the calculation has been made, the system will allow the user to save the result

along with all the variables used to perform the calculat{Parameters, parameters values, weighil).

the data will be saved on the Clinical data framework (ClinicalHub).

The next State Diagrapresentsthe prediction calculatiospecificprocess.
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O Entry Point

View patient
data

Change Change
parameters weights used
used in in calculation

calculation

Perform
prediction

calculation

O Save Result

Exit Point

Fig.11- Perform Prediction Calculation state diagram

Below we will try using a sequence diagrano present any operation provided by our system with the
interaction with external agents that may be systems or other actors.
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Fig.12 - Perform Prediction Calculation sequence diagram

6.2.1.2 Browse saved results

Thebrowse saved resultervicemanagedhe list of all the saved calculatisnesults performed on a given
patient, designed possibly as a table containing all the single prediamirits as well as their respective
parameters and weights used in the calculatidinis table will provide to the user the different actions
potentially performable on the results such as Delete, Compariat, (e-)CalculatgModify). The selection

of the rows will allow the access to either the Delete or the Compare services. Print action will print the
detailed data of the single row (single resu(te-)Calculate will start @erform prediction calculatioron a
selected row (seleetd result)populating the fields of the prediction interface with the parameters and
their values as well as thespective weights

Saved data visualization could be structured as shown in the following table:

Patient_ID | Calc_ID | Timestamp | Parameterl | Weightl | P2 | W2

Print Calc

Print Calc

HjjEyn

Print Calc

Delete Compare
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