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OPEN ISSUES 

No: Date Issue Resolved 

1 22.07.2016 We have tentative web service design for Value Compass & 

Questionnaires. The design may change according to developments done 

in WP3. (Section 3.3.2.2)  

 

2 25.07.2016 The list of external systems (e.g. Fat Secret, Fitbit, Spire, etc) to be 

integrated into the POWER2DM for data import is not final yet. The 

final list will be based on the Evaluation Campaign Protocol. (Section 

3.1.3) 

 

3 05.09.2016 We have two alternative designs for the integration of existing KADIS 

system into POWER2DM. Decision is needed. (Section 3.2.1) 
 

4 08.09.2016 None of the risk engines is available with a API such as required for 

POWER2DM. A possible solution is to research the algorithms from the 

literature and implement the models plus the corresponding APIs 

ourselves. (Section 3.2.3.3) 

 

5 26.09.2016 Discussions are ongoing for the design of Shared Decision Making 

Application. (Section 4.3) 
 

6 05.09.2016 Based on the decision on KADIS integration, there may be a need to 

define a new record type; KADIS Fingerprint. (Section 6.1) 
 

7 06.09.2016 Given deployment infrastructure is just an example, the final decision 

will be based on the ethical and legal restrictions. 
 

8 26.09.2016 It is not decided yet on whether an existing multi-platform questionnaire 

system (e.g. like the one used by PatientCoach) will be used for this 

functionality. Or an internal POWER2DM implementation will be 

provided that can both serve on mobile and web platforms.  (Section 

4.2.2.1) 

 

9 26.09.2016 The UI design for SMSS Mobile Application cannot be provided as we 

need progress in WP3 regarding self-management interventions. 

(Section 4.2.2) 
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Figure 1 POWER2DM Conceptual Design



https://en.wikipedia.org/wiki/Microservices
https://www.hl7.org/fhir/
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POWER2DM. The “D4.1 Personal Data Model and Service API” provide details of this common data 

exchange model. Other POWER2DM components (UIs and services)  

 

Apart from personal health data, PDS will also be used to store personal data regarding patient’s 

application usage behaviour and contextual data. This is the set of analytic information related with 

how patient use the POWER2DM SMSS applications (e.g. time spent on the application, or on a 

specific view) and how they react to interventions (e.g. time to react to a push notification), as well as 

the contextual data like location (home, office, etc.), interruptibility, activity (walking, transportation, 

etc.) that can be derived from the on-board mobile phone sensors. For such records, data will be 

stored in its raw format and be accessible to only POWER2DM system for internal processing 

through the PDS’s Analytics/ETL endpoint.          

3.1.1 Composition  

As illustrated in Figure 2, the followings are the subcomponents of PDS (inside PDS component box);  

 

 

 

Figure 2 Sub-components of Personal Data Store subsystem 

FHIR Service is the implementation of FHIR conformant REST service based on the restrictions and 

extensions defined in D4.1. In summary it will provide the CRUD and search operations on the 

patient records based on the FHIR based common data exchange model. This service will be the 

external service for the PDS component. The subcomponent will use Policy Enforcement Point (PEP) 

library for authorization decisions and Audit Repository Client (ARC) library to construct the 

necessary audit record and send it to Audit Record Repository (See D4.9 Privacy and Security 

Enablers). For create and update operations, the subcomponent will validate the content of the records 

if they are syntactically conforming to the base FHIR resource profiles and the specification provided 

in D4.1 for the related resource type. The subcomponent uses the “Persistence API” provided by 

FHIR Persistence Manager subcomponent to persist the records or access/query the records. It also 

publishes the record to Publish/Subscribe Manager over KAFKA Producer Interface.   
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Persistence Manager is one of the internal sub-components that implements the persistency 

mechanisms for patient’s FHIR based personal health records and other raw record formats. It 

provides a Scala API to perform the CRUD and search operations on the patient records. The 

subcomponent directly used the database connection interface provided by PDS Database to perform 

the CRUD operations and query. 

 

PDS Database and is a MongoDB database in which MongoDB document collections are defined for 

each resource type in POWER2DM. This covers the FHIR Resource types supported in POWER2DM 

(e.g. Observation, Condition, Goal, MedicationOrder, Questionnaire, etc – See D4.1 for details) also 

the raw resources for application usage and contextual data.  The identifiers assigned to resource types 

will be used as MongoDB collection names. 

 

Passive Sensor Tracker is the implementation of Sensor Monitoring Service that will collect raw 

sensor data for patient from the on-board mobile phone sensors and medical devices connected to the 

mobile phone over Bluetooth. The POWER2DM SMSS Mobile Application will be the intermediary 

system that will send this data to the Sensor Monitoring Service endpoint. The details of the service 

are given in Section 3.1.2. The subcomponent will use PEP subcomponent to authorize the operation. 

Then it publishes the record to Publish Subscribe Manager over Kafka Producer Interface and persist 

the records by using Persistence API.  

 

Publish Subscribe Manager is publish/subscribe messaging system that is used by other 

POWER2DM Service Components to subscribe to specific type of resources and get them as a 

stream. The open source Apache Kafka system3 will be used for the realization of this component. 

The sub-component applies client authentication for the Kafka Producer and Consumer interfaces to 

be sure that only authorized POWER2DM components can access the data. Kafka Topics will be the 

resource type identifier and the key for the Kafka messages will be the patient identifier. 

 

Data Integrator is the component that periodically retrieves patient data from external cloud APIs (if 

Patient authorize POWER2DM) and convert the data to POWER2DM common data exchange model 

before persisting it. It uses the persistence API and Kafka Producer interface to persist and publish the 

data. In the figure, some example APIs are shown; Spire Cloud API to integrate the Spire device 

data4, FatSecret Cloud API to integrate the dietary intake data collected by the use of FatSecret 

application, and Google Analytic Core Reporting API to retrieve the application usage analytics data. 

The exact list of 3rd party systems to be integrated will be specified. The frequency of data pull 

operation will be configurable for each API; e.g. per day, per hour.   

  

The components in the left, outside the box, are libraries and SDKs to be provided for the usage of 

other POWER2DM components; 

 

FHIR Client Wrapper will be a JAVA library to enable other POWER2DM components to access 

patients’ personal health records easily. It will provide a simple interface for CRUD operations and 

search interface for each resource type with the defined search parameters. It will also provide the 

Java object model de-serialized from the FHIR based resource content. 

 

Mobile Sensing Library will be an native Android library that collects data from the on-board 

mobile sensors and the other probes (e.g. personal lifestyle or medical devices connected through 

Bluetooth) and deliver it to the PDS through Sensor Monitoring Service. The existing open sensing 

framework Funf 5will be used as basis and extended and configured for the selected sensors. The Funf 

enables the configuration of the probes to collect data, the frequency of data collection for each probe, 

the frequency of server synchronization.  

                                                      
3 http://kafka.apache.org/  
4 https://www.spire.io/  
5 https://github.com/funf-org/funf-core-android  

http://kafka.apache.org/
https://www.spire.io/
https://github.com/funf-org/funf-core-android




http://kafka.apache.org/
http://kafka.apache.org/documentation.html#newconsumerapi
http://kafka.apache.org/0100/javadoc/index.html?org/apache/kafka/clients/consumer/KafkaConsumer.html
http://hapifhir.io/


https://spire-api.readme.io/v1.1
https://platform.fatsecret.com/api
https://dev.fitbit.com/docs/
http://support.spire.io/


https://developers.google.com/analytics/devguides/reporting/core/v3/
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Figure 3 Sub components of POWER2DM Prediction Service 

 

As shown in Figure 3, the Prediction Service Utility is the sub-component that handles this logic and 

gets the actual values of the parameters for patient that are not supplied by the client. It provides the 

POWER2DM Prediction API which is a JAVA wrapper for actual prediction/simulation engines 

that are implemented in different programming languages. This Java API is both used by the Web 

APIs of prediction services and other POWER2DM components in the same deployment unit. The 

Prediction Service Utility utilizes FHIR Client Wrapper library to access HL7 FHIR Service provided 

by POWER2DM Personal Data Store to access patient’s data. In this way, existing   

API’s provided by the prediction/simulation engines does not need to be changed and can operate in 

simple logic; get all the inputs and produce a result.  

 

 

Figure 4 Java Interface for POWER2DM Prediction API 

 

The following sections provide details regarding the subsystems; their composition, services, etc.  

3.2.1 KADIS Subsystem 

3.2.1.1 Composition 

 

As illustrated in Figure 3, the following are the components of KADIS subsystem; 
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KADIS Web Service is the component that provides a Restful API (KADIS Web API) to handle 

external requests for KADIS predictions and simulations. In POWER2DM, this API will be used by 

POWER2DM UI components to perform the predictions or simulations and get their results in real 

time. As described above, the component delegates the request to Prediction Service which further 

delegates to KADIS Engine to perform the prediction/simulations.  

 

KADIS Engine is the core component that performs the simulation/prediction. It provides the KADIS 

Engine API to get the prediction/simulation requests. It accesses to personalized model, the KADIS 

fingerprint prepared for the patient from the KADIS Model Store database. The existing KADIS 

Engine software (Java implementation) will be used for this component.  

 

KADIS Model Store is a database to store KADIS Metabolic Fingerprints of patients which are the 

base models used for the KADIS predictions and simulations. The component provides the KADIS 

Fingerprint Persistence API which enables external authorized systems (original KADIS system setup 

at IDK premises) to store the prepared fingerprints after the manual KADIS identification process 

from baseline data.  

 

For KADIS Engine and KADIS Model Store, an alternative design is demonstrated in Figure 5. This 

is shown in here as it is still under discussion how to wrap up existing KADIS system in 

POWER2DM for blood glucose profile simulations. This second alternative shows a service based 

integration where KADIS simulation software is packaged as a standalone service and 

PredictionService calls the services it provided; i) KADIS Restful Fingerprint Service to request a 

KADIS Fingerprint construction for a patient and ii) KADIS Restful Simulation Service to execute 

the simulations for a patient in the run time.  

 

 

Figure 5 Variant B design for POWER2DM Prediction Services (KADIS RESTful Fingerprint Services 

for construction of Fingerprints, management of Fingerprints and KADIS RESTful Simulation Service 

performing of KADIS simulations) 
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insulinIntakesPlan list List of insulinIntakes (time,amount,insulinType,)  

glp1IntakesPlan list List of GLP1-AnaloguesIntakes (time,amount,type)  

exercisesPlan list List of exercises (time,duration,intensity)  

 
Model data (provided by the KADIS Fingerprint as requirement for each simulation run) 

modelData object object of ^KAD.MODEL (et al Model parameter of the 
differential equations) 

 

insulinFaktors list List of ^PROFIL.INSw (calculated 24h profile of the 
insulin responsiveness) 

 

 

Input parameters for KADIS RESTful Simulation Service (variant B, Figure 5); 

  

Parameter Name Type Description Allowed values 
identifier string Patient public-ID   

Type of diabetes string  Type-1,Type-2,LADA 

Diabetes since date (year) Year of diabetes onset  

Body weight integer kg  

Body height integer cm  

Age integer  >= 18 

 
Therapy Data (changes to the actual therapy (Fingerprint) to be tested by simulation) 

carbIntakesPlan list List of carbIntakes (time,amount,<glyx>)  

oadIntakesPlan list List of medicationIntakes (time,amount,dosage,drug 
type) 

 

insulinIntakesPlan list List of insulinIntakes (time,amount,insulinType,)  

glp1IntakesPlan list List of GLP1-AnaloguesIntakes (time,amount,type)  

exercisesPlan list List of exercises (time,duration,intensity)  

 
 

Output parameters for KADIS RESTful Simulation Service (variant B, Figure 5); 

 

Parameter Name Type Description 
identifier string Patient public-ID  

Type of diabetes string  

Diabetes since date (year) Year of diabetes onset 

Body weight integer kg 

Body height integer cm 

Age integer  

Gender string  

   

KADIS simulation, Q-Score and Self Control Data 
glucosePROFILEsim list List of glucosePROFILEsim (time,BG_value) 

insulinPROFILEendo list List of insulinPROFILEendo (time, value), only diabetes type 2 (endogenous 
ins.) 

insulinPROFILEexo list List of insulinPROFILEexo (time, value), exogenous insulin 

glp1PROFILE list  

carbPROFILE list List of carbPROFILE(time, value) 

exercisePROFILE list List of exercisePROFILE (time, value) 

QScore float Calculated QScore 

QscoreComponents list List of components(MBG,Range,thyper,thypo,MODD) 

scdata list List of self control data (time,type,value) 

   

simulation file SVG-file of the KADIS Simulation 

 

 

 

3.2.1.2.2 POWER2DM Prediction API – Blood Glucose Profile Prediction (KADIS Part) 

The Figure 4 shows the simple method predictBloodGlucoseProfile which is a wrapper for KADIS 

Engine API (variant A, figure 2) or which is the request of a glucose profile prediction (KADIS 

RESTful service, variant B, figure 2.1) for ease of use. The Prediction Service Utility retrieves all the 
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   "datetime": "18082016 14:15:", 
   "smbg": 124, 
   "meal": "48", 
   "insuline": [ 
    { 
     "name": "Apidra", 
     "form": "short", 
     "mix": "", 
     "insdosis": 12 
    } 
   ], 
   "oad": [ 
    { 
     "drug": "Metformin", 
     "oaddosis": 1000, 
     "number": 0.5 
    } 
   ], 
   "glp1": { 
    "drug": "Liraglutide", 
    "glpdosis": 1.8 
   }, 
   "exercise": { 
    "duration": 60, 
    "intensity": "normal" 
   } 
  } 
 ] 
} 
 

3.2.1.3 Relation with Existing Products 

Existing simulation mechanism, model storage mechanism of KADIS System will be used for the 

KADIS Engine and KADIS Model Store components (Variant A, figure 2). For this purpose, an 

instance of the platform TeleDIAB® (InterSystems Caché) the KADIS Simulation and KADIS Model 

Store based on has to be installed for POWER2DM. 

3.2.1.4 KADIS Simulation Flow 

Figure 6 shows the UML sequence diagram for KADIS simulation flow starting by a request from the 

other POWER2DM component (in this example, the Communication Engine).  

1. The client component calls the predictBloodGlucoseProfile method of POWER2DM 

Prediction API with patient id and the target day for simulation. 

2. The Prediction Service Utility make several REST calls to Personal Data Store to get all the 

required information for KADIS simulation including dietary intakes, medication 

administrations, action plans, etc.  

3. When all the information is ready, Prediction Service Utility calls the internal KADIS Engine 

API for the simulation. 

4. KADIS Engine API retrieves the latest personal KADIS Fingerprint of the patient and 

perform the simulation with the supplied parameters. 

5. Prediction Service Utility constructs the PredictionResult resource object based on the 

returned results and return back to the client. 

 



H2020 POWER2DM                                

 POWER2DM •  Page 23 of 85 

 

Figure 6 KADIS Simulation Flow 

3.2.2 MT2D-Marvel Subsystem 

3.2.2.1 Composition 

The composition of the MT2D-Marvel system is graphically depicted in the figure below. The MT2D-

Marvel API, implemented in PHP, handles the external requests and controls the internal MT2D-

Marvel components. Upon a valid request, the MT2D-Marvel API selects the appropriate patient-

specific model from the MT2D-Marvel Model Store and activates the MT2D-Marvel Engine with that 

model and the start-data provided by/along with the request. The MT2D-Marvel Engine, implemented 

in C++, uses the provided model and start-data to 1) simulate the responses of all variables in the 

model over time and to 2) perform a sensitivity analysis to determine a ranked list of the control 

variables that are recommended as best interventions. In addition, the sensitivity analysis may be used 

to guide an ensemble prediction to asess the  prediction uncertainty. 

 

 

3.2.2.2 Software Interfaces 

MT2D-Marvel Software Interfaces will be available via the MT2D-Marvel API 

 
Resource Type “SimulateAndRecommend” 

 

Marvel API (PHP) 

Marvel Engine (C++) 

Marvel Model Store 

 

 

userid1.mrv 
userid2.mrv 
�Y 

- userid 
- start-data 

userid.mrv 

recommendations 
 

 Sensitivity 
Analysis 

 Simulation 

simulated- 
data 
 

- userid 
- start-data  

- simulated-data 
- recommendations 
 





https://www.dtu.ox.ac.uk/riskengine/
http://www.advanceriskengine.com/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4399797/
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Error Responses 400 Bad Request, if request is not parsable or valid 

401 Unauthorized, if user is unauthorized or authorization token is missing 

404 Not Found, if risk assessment model is not supported 

500 Internal Server Error in case of internal exception 

 

A JSON object, OperationOutcome, describing the error will be returned in the 

response body. See 17 for details. 

 

The above table shows the details of the Restful Web API for Risk Score Service. Risk assessment 

may be done in two ways. In the first alternative, the risk assessment is done for a specific patient and 

if a listed parameter is not provided for the specified risk assessment model then the calculation is 

done based on the patient’s latest value for that parameter (if exist). In the second alternative, the 

service is used for simple simulation and all the parameters should be provided. 

 

Table 2 Parameters for RiskScore Web API Post Data 

Parameter 

Name 

Type Description Allowed values 

model string (R) The method/model to be used for 
the risk assessment.  

ukpds | advance-card | advance-
kidney | mot1d 

parameters Map (R) The parameters required for the 
model execution.   

See Table 3, Table 4, Table 5, Table 
6 for the input parameters for each 
model. 

risk-years int (O) The risk interval for calculation. If 
not supplied or model does not 
support the calculation for provided 
year interval, the default for the 
model will be applied.  

 

reference-date date (O) If this parameter is given, then 
evaluation is done based on the 
data available before the given date 
for the parameters not supplied for 
patient in the parameters element. 

In xs:date (yyyy-mm-dd) format 

 

Table 3 Parameters for UKPDS Risk Engine 

Parameter 

Name 

Description 

age Age now (years) 

diabetes-duration Diabetes (Type 2) duration (years) 

gender Gender: (male | female) 

atrial-fibrillation Atrial fibrillation: (No/Yes) 

ethnicity Ethnicity: (white | afro-caribbean | asian-indian) 

smoking Smoking (non-smoker | ex-smoker | current smoker) 

hba1c HbA1c: (%) (range: 2-20) 

systolic-bp Systolic BP (mm Hg)(range 60-250) 

total-ch Total cholesterol (mmol/l) (range 1-15) 

hdl-ch HDL cholesterol (mmol/l) 

 

Table 4 Parameters for Advance Cardiovascular Risk Engine 

Parameter 

Name 

Description 

gender Gender (male | female) 

waist-
circumference 

Waist circumference (cm) (range 50-250) 

                                                      

17 https://www.hl7.org/fhir/operationoutcome.html  

https://www.hl7.org/fhir/operationoutcome.html




https://www.dtu.ox.ac.uk/riskengine/
http://www.dtu.ox.ac.uk/generic/publications.php?Section=92
http://www.advanceriskengine.com/
http://www.advanceriskengine.com/links.html
http://www.advance-trial.com/
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3.2.3.4 Risk Score Prediction Flow  

Figure 7 shows the UML sequence diagram for Risk Score Prediction Flow; starting from a 

POWER2DM UI component (POWER2DM Shared Decision Making Application as example) by a 

request.  

1. UI component calls the Risk Score Web API to perform a risk score prediction for patient by 

sending the HTTP POST request (POST /Patient/-/RiskAssesment/$evaluate). 

2. Risk Score Web Service check if the user is authorized for the operation by validating the 

OAuth access token sent in the header. It also gets the identifier of the target patient from the 

token. See “D4.9 Privacy and Security Enablers” for details.  

3. Then the request is parsed and checked if it is valid (parameters are OK). 

4. The predictRiskScore method of POWER2DM Prediction API provided by the Prediction 

Service Utility is called to delegate the simulation request. 

5. The Prediction Service Utility by checking the model parameter understands which risk score 

engine will be used and which parameters are required for the risk score prediction. If a 

paremeter is not supplied in the request, it calls the FHIR Service provided by Personal Data 

Store to collect the data; e.g. get basic patient data (gender, ethnicity, etc) from Patient 

resource, get diabetes related info (duration of diabetes, etc) from Diabetes Anamnesis 

resource, get Hba1C observations, etc 

 

6. After collecting all the latest information, it calls the internal API provided by UKPDS Risk 

Engine and performs the simulation. 

7. When the results are available, it constructs the POWER2DM RiskAssessment resource 

object including the results, used input parameters, etc and return the object to Risk Score 

Web Service. 

8. Risk Score Web Service return the result object in the HTTP Response body. 

 

For internal POWER2DM components deployed together with Prediction Service (e.g. 

Communication Engine), the same flow can start directly by a request to the Prediction Service 

Utility.  
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Figure 7 Risk Score Prediction Flow





















https://firebase.google.com/docs/cloud-messaging/
http://spark.apache.org/docs/latest/index.html
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source libraries will be reused and adapted as much as possible and each client’s programming 

language requirements will be considered. 

 

Similarly, PolicyEnforcementPoint is the library to be provided to POWER2DM backend services to 

decide on authorization for the provided service and protected resources.  

 

4 USER INTERFACE DESIGN AND UI COMPONENTS 
The objective of this section is not providing a detailed visual design for POWER2DM UI 

components. Following the agile design principles, the aim is to identify the important UI components 

and basic functionalities they will provide. The idea is to go one more step from requirements to 

design phase and provide the initial mockups so that project members and supporters can provide their 

comments and feedbacks easily.  

4.1 User Experience and HCI Design Considerations 

Several UX design activities have been performed in POWER2DM. The main purpose was to identify 

the interaction points of our users with the overall POWER2DM SMSS application and enhance 

users’ satisfaction by improving the system’s usability and ease-of-use considering their interaction 

with the application. Maintaining users’ adherence on application usage as long as possible has a high 

importance in POWER2DM as the desired clinical results can only be reached if the application is 

used long enough until a healthy behavior is embraced by patients with the guidance of the 

application.  

 

In literature, UX design is performed through four main steps that are repeated in several iterations: 

 

1) user segmentation and analysis of their requirements 

2) task and service identification  

3) design and development 

4) testing and evaluation 

5) go to 1) if UX design needs to be updated 

 

UX design activities in POWER2DM has started with the identification of user types and their 

requirements. Afterwards, we have identified the tasks those are supposed to be performed by each 

type of user as a list of use cases. The use case list has driven the features/services that need to be 

provided by the POWER2DM application considering our user segmentation and the tasks they are 

associated to. These features and services have been formalized as software requirement 

specifications. Design and prototyping of the POWER2DM system followed the requirements 

specification. By the time this report is produced, the final step of the first iteration of UX design 

remains to performed. In the final step of the first iteration, we are going to evaluate the usability of 

the initial prototype by making the prototypes available for care providers and patients for initial tests. 

After measuring and evaluating the usefulness and effectiveness of the POWER2DM system, the first 

cycle of UX design will have been completed and the next cycle will follow in order to resolve the 

issues identified in first iteration. 

 

Below, we provide details about the four main phase of POWER2DM UX design. 

4.1.1 Getting to know our users 

In POWER2DM, we have applied several methods in order to identify our users’ characteristics and 

their needs better. First of all, we classified our target users and we ended up with two main groups of 

users: patients and care providers.  

 

Care providers: General practitioner, internist, diabetes nurse, general practice-based nurse specialist 

are some professions that we classified as care provider. Thanks to the care providers that we have 






















































































