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1 Introduction 

This deliverable presents the last updates on the different components of the MONSOON platform and their 

integration and deployment on pilot sites on the aluminium and plastic domains, according to the first iteration 

described on RD.2. After a first set of tests (Factory Acceptance Tests - FAT and Site Acceptance Tests - SAT) 

on the site of each industrial partner, several combinations had to be updated and refined in order to achieve 

the project goals and the functionalities required in the different production scenarios. 

 

1.1 Scope 

 

In this document, we will give the updated overview of the MONSOON platform and of the dataflow between 

different components for each domain in a first chapter.  

 

The second chapter will describe in a resumed approach the different automated testing tools that were 

considered within the MONSOON project.  

 

In a third chapter, the scenarios for the FAT and the SAT will be thoroughly described for the aluminium and 

plastic domain, taking into account the particularities of each domain and also considering the updates that 

were performed according to the correspondent scenarios. 

 

Finally, the document will present contents of the final MONSOON platform and the way they were deployed 

on site. 

 

1.2 Related documents 

ID   Title Reference Version Date 

[RD.1] Test and Integration Plan D6.1 1.1 31-03-2017 

[RD.2] Initial Integrated MONSOON 

Platform 
D6.2 1.0 17-04-2018 

[RD.3] Initial Deployment and 

Maintenance Report 
D6.4 1.0 20-04-2019 
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2 Overall description of the platform tested  

2.1 Description of the overall platform tested  

 

The MONSOON Project’s objective is to develop a data-driven methodology supporting the exploitation of 

optimization potentials by applying multiscale model based predictive controls in production processes. 

Process Industries will be provided with dependable tools to help improve the efficient use and re-use of raw 

resources and energy. The MONSOON platform consists of: 

• A communication layer built upon a real-time communication framework and VPIRA; 

• The collaborative environment, the cross-sectorial DataLab where high amounts of data from multiple 

sites are collected and processed in a scalable way; 

• The Real Time Plant Operation Platform includes both Runtime Container and VPIRA 

 

The data lab enables multidisciplinary collaboration of experts allowing teams to jointly model, develop and 

evaluate distributed controls in rapid and cost-effective ways, create predictive functions with the help of 

machine learning algorithms, or do simulations. The Real Time Plant Operation Platform is used during runtime 

and can potentially be used by employees working on the shop floor. 

 

These components are coloured in green in Figure 1 and circled with a red frame. 

 

 

Figure 1 – Overview of the MONSOON platform (green colour and red frame) 
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2.1.1 Final MONSOON platform 

The final implemented MONSOON platform is divided to two environments: 

• Real Time Plant Operation Platform - used during runtime, can be used by employees working on 

the shop floor. The component communicates with the existing heterogeneous systems deployed on 

the production site including sensors or systems such as ERP (Enterprise resource planning), SCADA 

(Supervisory control and data acquisition), MES (Manufacturing execution system) and others. Relevant 

data from the production site are transferred to the Cross-Sectorial Data Lab, 

• Cross-Sectorial Data Lab - a collaborative environment where high amounts of data from multiple 

sites are collected and processed in a scalable way. Designed to be used by the data scientists or the 

global process manager. It consists of big data storage and processing elements and contains 

development tools for creation of predictive functions, simulation tools for evaluation of those 

functions in the testing environment and their deployment in the production site, semantic framework 

providing a common language between the data scientists and domain experts (e.g. process 

managers). 

 

Real Time plant Operation Platform 

 

Component Functionality / Implementation notes / Relevant deliverables 

Virtual Process Industries 

Resources Adapter 

Functionality 

The main function of the Virtual Process Industries Resources Adapter (VPIRA) 

is data integration, mediation and routing. VPIRA provides the main integration 

layer between the cloud-based Big Data processing and analytical platform and 

the local plant environment. VPIRA has modular internal architecture, which 

consists of connector components for various data sources and targets such as 

IoT protocols, web services (XML SOAP or REST), relational databases (through 

ODBC/JDBC standards), NoSQL databases and local/remote file systems. The 

connectors allow to integrate data from various SCADA, MES and ERP systems 

deployed on the plant site. The integrated data are internally routed by the data 

flow engine. The data flows can be reconfigured in a flexible way connecting 

multiple sources to the multiple targets overcoming any data heterogeneity 

problems. Routing of data from the source to target connectors can be dynamic 

depending on the type of data or actual content. Besides the flexible 

configuration interface, Virtual Process Industries Resources Adapter should 

provide a flexible programming interface to simply implement connectors or 

processors for a new type of data sources and formats. 

Implementation notes 

Based on Apache NiFi and specific connectors for the particular data sources 

(e.g. MESAL or OPC protocol etc.) 

Relevant deliverables 

D3.6 

Run-time Container 

Functionality 

Run-time Container allows to import predictive functions from the Data Lab 

platform and use these functions locally on the plant site for real-time scoring 

of operational data. The predictive functions are exported from the Data Lab in 

the platform independent format (see the following description of the Functions 

Repository), which is interpreted by the internal scoring engine. The format of 

the predictive functions also allows interoperability with various data analytics 

tools not supported by the Data Lab platform. Besides scoring, the engine also 

performs all operations required for the pre-processing of raw data into inputs 
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of the specific predictive function and to process prediction output. Both batch 

and online scoring should be supported (i.e. scoring of one or multiple records). 

Implementation notes 

Based on the Docker technology 

Relevant deliverables 

D3.8 

Operational Data 

Visualization Framework 

Functionality 

The Operation Data Visualization Framework provides web user interface where 

operational managers can configure various real-time visualizations of 

operational data and monitor the deployed predictive functions. The visualized 

data are integrated by the Virtual Process Industries Resource Adapter and can 

include operational data from the plant environment or predictions from the 

predictive functions executed in the Run-time Container. Virtual Industries 

Resource Adapter streams the visualized data asynchronously through the REST 

web service interface provided by the Operational Data Visualization 

Framework. The visualized data can be enhanced with the new trend indicators 

using various trend analysis methods. The Operational Data Visualization 

Framework also provides API for implementation of the new trend indicators. 

Implementation notes 

Based on Grafana visualization software, connected to the Virtual Process 

Industries Resource Adapter, the implementation is shared between the Real 

Time plant Operation Platform and the Cross-Sectorial Data Lab 

Relevant deliverables 

D3.8 

 

Cross-Sectorial Data Lab 

 

Component Functionality / Implementation notes / Relevant deliverables 

Big Data Storage and 

Analytics Platform 

Functionality 

The Big Data Storage and Analytics Platform provides resources and 

functionalities for storage as well as for batch and real-time processing of the 

Big Data. It provides main integration interfaces between the site Operational 

Platform and the cloud Data Lab platform and the programming interfaces for 

implementation of the data mining processes. The internal structure of the Big 

Data Storage and Analytics Platform consists of the following sub-components: 

• Distributed File System - provide a reliable, scalable file system with 

similar interfaces and semantics to access data as local file systems. 

• Distributed Database - provides a structured view of the data stored 

in the Data Lab platform using the standardized query interface. 

• Data Processing Framework - allows execution of applications in 

multiple nodes in order to retrieve, classify or transform the arriving 

data. The framework provides Data Analytics APIs for implementation 

of the data pre-processing tasks and for building, validation and testing 

of the predictive functions. 

• Functions Repository - provides storage for predictive functions 

together with all settings required for the deployment of functions; 

• Messaging Service - implements an interface for real-time 

communication between the Data Lab and Operation platforms. It 

provides a publish-subscribe messaging system for asynchronous real-
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time two-way communication which allows to decouple data providers 

and consumers. 

• Data Replication Service - provides an interface for uploading of the 

historical batch data between the Data Lab and Operation platform. 

Implementation notes 

• Distributed File System - Based on Apache Hadoop HDFS 

• Distributed database - Based on Apache Casandra and KairosDB time 

series database 

• Data processing framework - Based on the Python data analytical stack 

which consists of various libraries for data processing and machine 

learning (pandas, scikit-learn, tensorflow, etc.) 

• Messaging Service, Data replication Service - Based on the Apache Nifi 

Relevant deliverables 

D4.5 

Multi-scale Model based 

Development 

Environment 

Functionality 

The Development Environment provides the main collaborative and interactive 

interface for data engineers, data analysts and data scientists to execute and 

interact with the data processing workflows running on the Data Lab platform. 

Using the provided interface, data scientists can organize, execute and share 

data, code and visualize results without referring to the internal details of the 

underlying Data Lab cluster. The interface is integrated into the form of 

analytical “notebooks” where different parts of the analysis are logically grouped 

and presented in one document. These notebooks consist of code editors for 

data processing scripts and queries and interactive tabular or graphical 

presentations of the processed data. Besides the development interface, the 

Development environment integrates also the Data Visualization framework 

which shares the implementation with the Operational Data Visualization 

Framework deployed on the site as the part of the Real Time Plant Operation 

Platform. The Data Lab installation of the Data visualization framework is used 

to provide global view on the all data integrated in the Data lab and 

environment where the new visualization for the operational data can be 

developed and tested. It also integrates the visualization of the Lifecycle 

Management plugin 

Implementation notes 

Development interfaces based on the Apache Zeppelin and Jupyter 

environment 

Visualization framework based on the Grafana visualization software 

Relevant deliverables 

D4.7 

Semantic framework for 

dynamic multi-scale 

industry modelling 

Functionality 

The Semantic framework provides a collaborative user interface for creation and 

sharing semantic models specified in the Cross-sectorial Domain Model 

(specified in deliverable D2.8). Additionally, the Semantic framework provides a 

web service interface for storing and querying of semantic models in the 

machine-readable form using semantic interoperability standards such as JSON 

for Linked Data (JSON-LD). 

Implementation notes 

Implemented as the web application integrated with the Big Data Storage and 

Analytics Platform 

Relevant deliverables 
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D4.2, D2.8 

Lifecycle Management 

plugin 

Functionality 

The Lifecycle Management plugin is a reliable, dynamic tool to evaluate the 

environmental burden of the investigated processes. Aluminium and plastic are 

the first two industrial domains where the plugin is implemented; feedback and 

information collected during these two use cases will be used to enhance the 

usability and replicability of the component for further exploitation purposes. 

Implementation notes 

Implemented as the predictive functions and integrated with the Visualization 

framework in both Multi-scale Model based Development Environment and 

Run-time Container 

Relevant deliverables 

D5.8 

 
Besides of the software platform, additional software artefacts produced in the MONSOON project include 

predictive functions for both pilot cases produced in Work Package 5 and described in the deliverables D5.2 

and D5.4. 

 

2.2 Description of the dataflow for the aluminium domain 

 

Aluminium Pechiney has proposed the Dunkirk plant (in northern France), also known as Aluminium Dunkirk 

plant (called AD in the next paragraphs), as an indicative use case as there is an intensive need for monitoring 

its green anode production process. The Dunkirk plant is in fact the highest-producing primary aluminium 

plant in the EU-28 area. It is equipped with 264 electrolytic pots (potline) operating at 380 kA, yearly producing 

275.000 tons of aluminium, and consumes 3.7 TWh of electricity, equivalent to a 1-million people city 

consumption. The Dunkirk plant is also the first aluminium factory in France with 65% of total national 

production and Europe’s largest sheet-aluminium producer as well as one of the most modern smelters.  

 

The data from the AD plant is retrieved from the historian Pi from OSIsoft and from the MESAL™ solution 

developed by Aluminium Pechiney (AP) and Capgemini (CAP). Two connectors have been developed, one for 

the Pi data, the other one for the MESAL® data. 

 

A new source of data for the Aluminium reduction phase (Electrolysis) has been designed but was not put in 

place during the MONSOON project. It is based on a replicated database of the ALPSYS© system and a specific 

connector created for extracting data and send it (like the MESALTM one) to the MONSOON platform. 
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Figure 2 – Outline of the path taken by the data in the aluminium domain. 

 

For security concerns, the data is not directly transferred to the Data Lab. Raw data collection from the plant 

site is performed via Capgemini network, via two secured gateways (VPN secured transfer between AD and 

CAP and SSL protocol between CAP and the DataLab). 

 

The runtime container is running in the Capgemini environment for integration purpose and the AD production 

environment. 

 

2.3 Description of the dataflow for the plastic domain 

 

Different kinds of data corresponding to various machines have been collected from the plastic Pilot. The 

machines are mainly the injection molding machines and the optical quality control systems. Each injection 

molding machine type has its own protocols regarding data acquisition, storage and transfer.  
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Figure 3 – Part flow in the plastic domain (Business case 1). 

 

Business case 1 in the plastic domain is focused on the plastic parts which are produced in large quantity such 

as coffee capsules and lids. Figure 3 shows the part flow of the different data related to business case 1. On 

the plant level various injection molding machines with different protocols are installed. On each injection 

molding machine a molding tool is installed which produces the capsules or the lids. These parts fall onto a 

conveyor belt where all parts are mixed. Thus, the information regarding which part was manufactured with 

which cycle is lost. The conveyor belt delivers the parts to the specific optical quality control system. There is 

one system which monitors the capsules and another one which monitors the lids. For the capsules and the 

lids different requests and quality criteria are defined. If a part does not fulfil these quality criteria it is rejected 

by the optical quality control system. All parts passing the optical quality control system without being rejected 

are good parts. 

 

Business case 2 in the plastic domain focuses on the parts with lower production rates and higher sensibility 

to quality. This business case targets the production of electric parts for the automotive industry. The electrical 

parts are also produced using injection molding process similar to the coffee capsules and lids. Each injection 

molding cycle takes considerably higher time compared to the production of lids and capsules. Since there is 

no automatic quality control for business case 2, the parts produced from injection molding machines are 

inspected manually. Therefore, there is no data providing the quality information of the parts related to 

business case 2. 

 

Figure 4 shows the data flow in plastic domain addressing both the business cases. There are different 

connector types available which can export data from the injection molding machines. Process data is collected 

in both busness case 1 (HUSKY and Krausmaffei) and business case 2 (Priamus and Arburg). A TCP/IP connector 

is developed which exports data from the optical quality control system (line 1 and line 2 in Figure 3 and Figure 

4). This corresponds to the quality data from busness case 1. Though both process data and quality data is 

collected for business case 1, there is no one-to-one mapping between them. This is because, there is no way 

the optical quality control system can know the cycle number of the produced parts. 
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Figure 4 – Data flow in the plastic domain. 

 

 

Production machines in GLN are installed with energy analysers which forward the measurements to energy 

gateway. Energy gateway provides an HTTP server serving the energy measurements. VPIRA collects the data 

from the gateway using HTTP protocol. 

 

 

The connection between the data flow and the MONSOON platform is shown in Figure 5 

 

 

 

Figure 5 – Connection between the data flow and the MONSOON platform. 
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3 Summary of testing tools and automation 

Within the MONSOON project, different testing tools are used to conduct tests on each component. All tests 

have been automated and standardized throughout the project’s life cycle. 

 

3.1  Testing principles 

Various tests are conducted from development to deployment. The next sections describe the different tests 

that have been put in place in MONSOON project. 

 

3.1.1 Unit testing 

Unit tests evaluate individual units of source code to ensure an application meets its design and behaves as 

intended. Along the execution of tests, a test coverage indicator is computed to ensure that no part of the 

application is left untested. 

 

For each language, dedicated frameworks are used. The table below describes the libraries used in the 

MONSOON project per language: 

 

Table 1 – Unit testing frameworks  

Language Unit Testing Code Coverage 

Python pytest pytest-coverage 

Java JUnit JaCoCo 

JavaScript ava Istambul 

 

Unit testing occurs before each commit on the developer environment and after each commit in the centralized 

repository. 

 

3.1.2 Code quality tests 

Code quality tests are performed in order to detect source code bugs and poor code quality. It ensures that 

codebase is written according to the same recommendations and best practices. It also ensures maintainability 

of the code base over time. 

 

For each language dedicated frameworks are used. The table below describes the libraries used in MONSOON 

project per language: 

 

Table 2 – Code Quality testing frameworks  

Language Code Quality Framework 

Python Pylint 

Java SpotBugs 

JavaScript eslint 

 

 

Code quality testing occurs before each commit on the developer environment and after each commit in the 

centralized repository. It is often executed in parallel with unit testing. 
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3.1.3 Integration tests 

3.1.3.1 Testing Docker images 

Each docker image associated with a MONSOON component implements a custom health check. This health 

check is executed periodically once a container is deployed and returns information regarding the health status 

of the component.  

 

The most basic integration tests that have been conducted in the MONSOON project consist in validating the 

good behaviour of components once deployed as docker containers. Each time a component’s code or 

configuration change is submitted, the docker image associated with the component is built and a container 

is deployed. Once the container is up and running, a simple test ensures that the component is healthy based 

on its health check result. 

 

3.1.3.2 Behaviour driven testing 

Behaviour-driven testing is conducted as part of integration tests. It includes testing of several software 

modules combined and occurs only when prior unit testing and docker images testing are successful. 

 

Those integration tests are quite complex as they require several components to be up and running. They 

leverage the behave framework. Behavior-driven development (or BDD) is an agile software development 

technique that encourages collaboration between developers, QA and non-technical or business participants 

in a software project.  Behave tests are written in a natural language style, backed up by Python code. It is 

described in more depth on RD.2.  

 

The example below illustrates the testing of the login features of the MONSOON Semantic Modeller. 
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Figure 6 - Behave: Login tests features definition for Semantic Modeller 
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Figure 7 - Behave: Login tests steps implementation for Semantic Modeller 

 

 

Deliverable D6.2 [RD.2] mentions the use of Kiwi TCMS to perform user interface testing. Due to the cost and 

the difficulties to configure Kiwi TCMS, Behave and Selenium have been chosen as a replacement. Their ease 

of deployment and usage made them better candidates. 

 

Integration tests can be executed on the developer environment but must at least be executed in the 

integration environment. 
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3.2 Continuous integration with GitLab 

All tests mentioned above are automated using the continuous integration services offered by Gitlab: GitLab 

CI/CD. [RD.2] describes the use of Jenkins to run continuous integration pipelines but Gitlab proves to be more 

efficient to manage the whole life cycle of projects. It can be used not only to perform continous integration, 

but also code review, code versioning, and technical issue tracking in a single place. The open source 

community edition is used in the MONSOON project. 

 

GitLab CI/CD workflows can be described as follow: 

 

o A code change in any repository triggers the repository’s pipeline 

o A pipeline is defined in a file named .gitlab-ci.yml at the root of the repository 

o A pipeline is a succession of stages ran sequentially 

o Each stage can be composed of several jobs 

o All job in a stage are a list of commands to execute. 

o All jobs in a stage run in parallel 

o A failure in any job of a stage will result in failure of the pipeline by default 

 

Those pipelines are executed on GitLab runners. Those runners are deployed on Capgemini integration 

platform. They leverage docker features and consist in a small binary that polls the GitLab instance every 3 

seconds to check if any pipeline needs to be executed. The runner then deploys a docker container for each 

job of the pipeline and executes the commands inside the container. Once the pipeline finishes, containers are 

removed, and a summary can be found on GitLab. 

 

Continuous Integration pipelines for Predictive Functions 

Pipelines for Predictive Functions are standardized. They consist in 6 stages: 

- Build test image1: 

o Build untested docker image 

o Push untested docker image 

- Tests: 

o Run unit tests 

o Run code quality tests 

o Optionally run security tests 

- Build: 

o Build python package in wheel format for distribution 

- Test Docker container: 

o Execute several integration tests specific to each project 

- Build stable image: 

o Build tested image 

o Push tested image 

- Create Artefact: 

o Generate two artefacts available for download 

▪ Installer: It consists in docker images and an installation script. 

▪ Package: It consists in the python package in wheel format. 

 

The only stage that may vary between projects is the stage where docker images are tested. All other steps are 

identical and rely on standard python guidelines. 

 

 
1 A docker image image is built in the first stage of pipeline in order to reduce pipeline execution time. It 
allows dependencies to be installed only once. All tests, whether it is unit tests, code quality tests, or 
integration tests are then executed in a container based on this docker image. 
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Figure 8 - Continuous Integration pipeline for the Anode Quality predictive function 

 

 

3.2.1 Continuous Integration pipelines for other components 

Continuous Integration pipelines for MONSOON components other than predictive functions are overall 

simpler. They consist in 4 stages: 

 

- Build test image2: 

o Build untested docker image 

o Push untested docker image 

- Test Docker container: 

o Check health status of deployed container 

o Execute integration tests specific to each project 

- Build stable image: 

o Build stable docker image 

o Push stable docker image 

- Create artefact: 

o Generate one artefact available for download: 

▪ Installer: It consists in docker images and an installation script. 

 

  

 
2 Some projects benefit from Docker multi-stage build and execute unit testing as part of the build process. 
This ensures that image can be built only when unit testing is successful. 
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4 Factory Acceptance Tests & Site Acceptance Tests and scenarios outcomes 

As already mentioned in [RD.1], the Factory Acceptance Test (FAT) acts as a final verification of the required 

business functionality and checks the proper functioning of the system, emulating real-world conditions. The 

FAT takes place before installation of the solution on production’s sites. Most of the time testers not only check 

that the solution meets the specification, but also that it is fully functional. 

 

A FAT usually includes: 

- A check of completeness 

- A verification against requirements 

- A proof of functionality (either by simulation or a conventional function test) 

- A final inspection after potential correction of major reported issues 

 

The results of these tests give the production’s sites’ representatives’ confidence in how the system will perform 

in production and that the new solution will not disturb any of the existing systems or processes. 

 

A Site Acceptance Test (SAT) is performed at the site when the system is installed at the permanent operation 

position. The SAT aims to test and check functionalities with other interfaces at the site. 

The SAT (site acceptance test) can include the following tests: 

- Finishing Visual check 

- Main components visual check 

- Utilities functionality and setting check 

- Functionality/Interlocks Verification (Mechanical & Software) 

- Safety devices and interlocks check 

 

4.1 FAT & SAT for the aluminium domain 

This section specifies refinements of the test approach for both FAT and SAT phases and identifies the features 

to be tested by this design and its associated test cases for the MONSOON Runtime Container. It describes: 

- Scope of the test (list of the scenarios); 

- The details of the scenario. 

 

The aim of these tests is to ensure the good performances of the overall solution: end-to end scenarios 

describe all the actions to be performed. 

 

4.1.1 Scope  

This section covers all the functions, used by the Runtime Container developed for the MONSOON Project, 

that will be implemented on AD plant. 

4.1.1.1 People involved 

This document is intended for all team members involved in the factory acceptance test of this function, 

especially those testing the runtime function of the Anode specific functions. 

4.1.1.2 Limitation 

The test cases were defined using an external perspective of the function. All test cases that use an internal 

perspective of the system and the knowledge of the source code are excluded. These test cases should have 

already been done by the development team during the unit tests of the building phase.  
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We presume that input interfaces have been simulated with the aim to run through the predefined branches 

or paths detailed in section 2.2. We also presume that the function has been stressed with illegal and critical 

input values at its boundaries. 

 

4.1.1.3 Constraints  

None. 

 

4.1.2 Features to be tested 

This section describes the functions and their associated sub-functions that will be tested within FAT (see the 

table below). 

 

Table 3 – List of scenarios  

Function Scenario Description 

Ingestion module  

S1a 

Anode data 

retrieved from the 

Aluminium 

Dunkirk 

databases 

Verify that the data from AD is retrieved correctly (homogenous way) 

with no missing data, from the historian PI and MESAL™ 

Prediction module  

S2a 

Run the predictive 

function with 

real-time data 

Verify that data is stored in KairosDB timeseries database and can be 

exploited by the predictive functions, that the predictive is running 

correctly and can give results 

Output module 

S3a 

Store the 

predictive 

functions results 

Verify that the predictive function results are correctly stored in the 

results storage database and in the correct format, in accordance 

with the storage database connection configuration file 

S4a 

Visualize the 

predictive 

function results 

Verify that the results can be visualized in Grafana 
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4.1.3 Tests description  

This section describes, for each scenario, the actions to be executed and the expected results. 

 

4.1.3.1 Anode data retrieval from the Aluminium Dunkirk databases 

4.1.3.1.1 Introduction 

Test steps: 

- Retrieve the available data extracted for AD database (historian PI and MESAL™) (configuration files 

linked to the predictive function) 

- Store the data in the Runtime Container ingestion database  

 

4.1.3.1.2 Prerequisite 

The PI and MESAL™ connectors have extracted the data from AD databases. 

 

4.1.3.1.3 Test case 

 

Table 4 – Details of scenarios for anode data retrieving from AD database 

Code Realized action Expected result  

S1a.1 

Retrieve the available data 

extracted for AD 

databases (historian Pi 

and MESAL™)  

✓ The configuration file is linked to the predictive function to be 

run (green anode quality prediction) 

✓ The data is filtered by NIFI, taking into account the instructions 

described in the configuration file 

✓ The data is similar to the data on AD databases and no data is 

missing 

✓ The data is in JSON format 

S1a.2 

Store the data in the 

Runtime Container 

ingestion database  

✓ The data is stored in the Runtime Container database 

(KairosDB database) and no data is missing (KairosDB user 

interface tool) 

 

4.1.3.2 Run the predictive function with real-time data 

4.1.3.2.1 Introduction 

Test steps: 

- Retrieve data from the Data ingestion storage  

- Prepare the data for the predictive function 

- Run the predictive function on the real-time data 

- Export the results  

 

4.1.3.2.2 Prerequisite 

- The data is available in JSON format 

- The predictive function is stored in a Docker store 

- The instructions to prepare the data are available  
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4.1.3.2.3 Test case 

 

Table 5 – Details of scenarios for the predictive function running on real-time data 

Code Realized action Expected result  

S2a.1 
Retrieve data from the Data ingestion 

storage 
✓ Homogeneous data in JSON format 

S2a.2 

Retrieve the Data pre-processing 

instructions from the Docker store  
✓ Pre-processing instructions ready to be 

applied on the filtered data 

S2a.3 

Apply the pre-processing on the 

filtered data 
✓ Data pre-processed and stored in timeseries 

database, ready to be used by predictive 

function 

S2a.4 

Run manually the predictive function 

on the real-time data 
✓ Predictive results provided by the predictive 

function 

S2a.5 

Export the results of the predictive 

function 
✓ JSON files ready to be exported to the 

Results storage Docker 

✓ Storage database connection configuration 

file ready to be exported 

 

4.1.3.3 Store the predictive functions results 

4.1.3.3.1  Introduction 

Test steps: 

- Retrieve the predictive functions results. 

- Store the predictive function results in the Results storage database  

 

4.1.3.3.2 Prerequisite 

- Results of the predictive functions ready to be transferred (in JSON format). 

- Storage database connection configuration file ready to be transferred 
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4.1.3.3.3 Test case 

 

Table 6 – Details of scenarios for validating how the predictive functions results are stored 

Code Realized action Expected result  

S3a.1 

Retrieve the predictive functions 

results 
✓ Homogeneous data in JSON format 

✓ Storage database connection configuration 

file available 

S3a.2 

Storage database connection 

configuration file available 
✓ The data is stored in the Results storage 

database (MongoDB database) and no 

data is missing 

 

4.1.3.4 Visualize the predictive functions results 

4.1.3.4.1 Introduction 

Test steps: 

- Retrieve the predictive functions results from the Results storage database 

- Display the result with Grafana 

 

4.1.3.4.2 Prerequisite 

- The predictive functions results are available in JSON format in the Results storage database 

- The list of important variables has already been defined 

 

4.1.3.4.3 Test case 

 

Table 7 – Details of scenarios for the visualization of the predictive function results 

Code Realized action Expected result  

S4a.1 
Retrieve data from the Results 

storage database 
✓ Results data in JSON format 

S4a.2 
Store results data in a KairosDB 

instance 
✓ Results data ready to be transferred to 

Grafana for visualization 

S4a.3 
Display the results in Grafana 

✓ Predictive function results displayed in 

Grafana 
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4.1.4 SAT in Aluminium domain 

 

The objectives of the SAT are slightly different from the FAT. In fact, the SAT scenarios include the previous FAT 

scenarios, with addition of tests that cannot be done outside the plant. The objectives are to test the 

MONSOON platform in real time conditions and be sure that it will be working as planned. 

 

The MONSOON solution can be either pushed on a virtual machine as easily as on a physical server thanks to 

the integration pipelines. In Aluminium Dunkirk IT team chose to have a physical server installed in the plant. 

The maintenance is easier in this case. This server is used for many reasons: 

 

• Host the local runtime Container for the Aluminium Dunkirk plant  

• Allows the long-distance access retrieval of the Carbon area data  

• Allows the CAP team to login directly to the Runtime Container deployed for many purposes: 

integration, maintenance and upgrades,  

 

This server has first been setup in AP’s office in Voreppe by the Capgemini team. When this setup was done 

the FAT scenarios described above took place and no major issues were discovered. From now on, a year and 

a half after its installation, there are no critical issues. 

 

The server has been sent to Aluminium Dunkirk and correctly connected to the network by the IT people of 

AD.  

 

Then SAT tests occurred, following the scenarios described in Table 8 

 

Table 8 – SAT actions 

Realized action Expected result 

Verify the correct connexion inside 

AD’s network 
✓ Ping test to see if the server is correctly set 

up 

Update the DNS in AD in order to 

have distant access to MONSOON’s 

web services 

✓ Login tests success for all the 

components (ex: Grafana) 

Login to Grafana to see if the data 

flow is working 
✓ Graphs and dashboards visualisation 

Verify the connection from outside 

AD’s network (for CAP) 
✓ Go through the VPN, meaning not being 

rejected by it. 

✓ Access to the server itself and all the 

MONSOON’s web services 

 

Those actions were performed during the installation of the servers by the end of March, both with AD IT 

team & Capgemini team. 

 

The SAT scenarios will only be completed after the training of AD people, which will take place by the end of 

August 2019. The training and training materials are the last steps to confirm that the MONSOON platform is 

mature and ready for production purpose. 
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4.2 FAT & SAT for the plastic domain  

This section specifies refinements of the test approach and identifies the features to be tested by this design 

and its associated test cases for the MONSOON Runtime Container. It describes: 

- Scope of the test (list of the scenarios); 

- The details of the scenario. 

 

The aim of these tests is to ensure the good performances of the overall solution: definition test scenarios from 

the beginning to the end describing all the actions to be realized on each involved sub-unit. 

 

Because of similar developments for both domains, the steps listed hereunder are similar to those described 

in the FAT for the Runtime Container in the aluminium domain: 

 

Table 9 – Similar steps between domains 

Step reference in plastic domain Equivalent step in aluminium domain 

S3p - Run the predictive function with real-time data S2a - Run the predictive function with real-time data 

S4p - Store the predictive functions results S3a - Store the predictive functions results 

S5p - Visualize the predictive function results S4a - Visualize the predictive function results 

 

Only those which are specific to the plastic domain are detailed in the following paragraphs. 

 

4.2.1 Scope 

This section covers all functions used by the Runtime Container developed for the MONSOON Project and that 

will be implemented on the coffee capsules production line. 

 

4.2.1.1 People involved 

This document is intended for all team members involved in the FAT of this function, especially to those testing 

the runtime function of the plastic injection process. 

 

4.2.1.2 Limitation 

The test cases were defined using an external perspective of the function. All test cases that use an internal 

perspective of the system and the knowledge of the source code are excluded. These test cases should have 

already been done by the development team during the unit tests of the building phase.  

 

We presume that input interfaces have been stimulated with the aim to run through the predefined branches 

or paths detailed in section 2.3. We also presume that the function has been stressed with illegal and critical 

input values at its boundaries. 

 

4.2.1.3 Constraints  

None. 

 

4.2.2 Features to be tested 

This section describes the functions and their associated sub-functions that will be tested within FAT (see the 

table below).  
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Table 10 – List of scenarios 

Function Scenario Description 

Injection Process  

S1p 
Injection data retrieved from the 

Coffee Capsule Injection machine 

Verify that the data from Coffee Capsule line is 

retrieved correctly (homogenous way) with no 

missing data, from the Euromap 63 

Automatic Inspection System 

S2p 
Quality control data retrieved from 

the Inspection System  

Verify that the data from the Inspection System 

is retrieved correctly (homogenous way) with 

no missing data, from the IMDVista 

Prediction Tool 

S3p 
Run the predictive function with real-

time data 

Verify that the data is stored in timeseries 

database and can be exploited by the predictive 

function, that the predictive is running correctly 

and can give results 

Output module 

S4p Store the predictive functions results 

Verify that the predictive function results are 

correctly stored on the results storage database 

and in the correct format, with the storage 

database connection configuration file 

S5p 
Visualize the predictive function 

results 

Verify that the results can be visualized in 

Grafana 

S6p 
Calculate the KPIs with the 

optimization tools 

Verify that the process and quality data needed 

by the function are present and the function 

give results 

 

4.2.3 Test description  

This section describes, for each scenario, the actions to be executed and the expected results. 

 

4.2.3.1 Injection data retrieved from the Coffee Capsule Injection machine 

4.2.3.1.1 Introduction 

Test steps: 

- Retrieve the available data extracted from the Injection Machines (via Euromap 63 from Krauss Maffei 

or OPC UA from Husky and Arburg machines)  

- Store the data in the Runtime Container’s database 

 

4.2.3.1.2 Prerequisite 

The data from the Arburg, Husky and Kraus Maffei injection molding machines are extracted. 
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4.2.3.1.3 Test case 

 

Table 11  – Details of scenarios for injection process data retrieving from Coffee Capsules Injection Machine 

Code Realized action Expected result  

S1p.1 

Retrieve the available data from 

Injection molding machines 

(Arburg, Husky and Krausmaffei) 

✓ The configuration file is linked to the predictive function 

to be run  

✓ The data is filtered by NIFI taking into account the 

instructions described in the configuration file 

✓ The data is similar to the data on Injection Process 

database and no data is missing 

✓ The data is in JSON format 

S1p.2 
Store the data in the Runtime 

Container database  

✓ The data is stored in the Runtime Container database 

(KairosDB database) and no data is missing (with 

KairosDB user interface) 

 

 

4.2.3.2 Quality control data retrieved from the Inspection System 

4.2.3.2.1  Introduction 

Test steps: 

- Retrieve the available data extracted from the Inspection System 

- Store the data in the Runtime Container injection process database  

 

4.2.3.2.2 Prerequisite 

The Inspection System is providing the correct results from the parts quality control.  

 

4.2.3.2.3 Test case 

Table 12  – Details of scenarios for injection process data retrieving from Coffee Capsules Injection Machine 

 

Code Realized action Expected result  

S2p.1 

Retrieve the available data 

extracted for Inspection System 

database (TCP based 

communication) 

✓ The configuration file is linked to the predictive function 

to be run  

✓ The data is filtered by NIFI considering the instructions 

described in the configuration file 

✓ The data is similar to the data on Injection Process 

database and no data is missing 

✓ The data is in JSON format 

S2p.2 
Store the data in the Runtime 

Container ingestion database  

✓ The data is stored in the Runtime Container database 

(KairosDB database) and no data is missing (KairosDB 

user interface) 

 

 

 



 Model based control framework for Site-wide OptimizatiON of data-intensive processes 

 

Deliverable nr. 

Deliverable Title 

Version 

D6.3 

Final Integrated MONSOON Platform 

1.1  2020/03/23 

Page 28 of 39 

 

4.2.3.3 Run the predictive function with real-time data 

Identical to aluminium domain FAT step description 

 

4.2.3.4 Visualize the predictive function results 

Identical to aluminium domain FAT step description 

 

4.2.3.5 Calculate the KPIs with the optimization tools 

4.2.3.5.1 Introduction 

Test steps: 

- Retrieve process variables from the Data ingestion storage 

- Retrieve quality data from the Inspection System 

- Prepare the data for the optimization tool 

- Calculate the KPIs 

- Export the results 

 

4.2.3.5.2 Prerequisite 

- The data is available in JSON format 

- The optimization tool is stored in a Docker store 

- There are pretrained models of the predictive functions used for optimization 

 

 

4.2.3.5.3 Test case 

 

Table 13 – Details of scenarios for the predictive function running on real-time data 

Code Realized action Expected result  

S2p.1 
Retrieve process variables from the 

Data ingestion storage ✓ Homogeneous data in JSON format 

S2p.2 
Retrieve quality data from the 

Inspection System ✓ Homogeneous data in JSON format 

S2p.3 
Prepare the data for the 

optimization tool 

✓ Data pre-processed, stored in timeseries 

database, and ready to be used by the 

functions 

S2p.4 Calculate the KPIs ✓ The KPIs are calculated and are used for 

the Decision Support 

S2p.5 Export the results 

✓ JSON files ready to be exported to the 

Results storage Docker 

✓ Storage database connection 

configuration file ready to be exported 
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5 Final deployment of the MONSOON platform 

This chapter describes the contents of the final MONSOON platform and the way they are deployed on site. 

 

5.1  Contents of the final MONSOON platform 

Figure 9 gives a general overview of the MONSOON platform deployed on both pilot sites. For clear 

understanding a zoom on different parts has been done (see Figure 10 and 11). 

 

During the first iteration, we deployed the components to retrieve the data from pilot site, the connectors on 

site and the Virtual Process Industry Resources Adapter (in the illustration hereafter called Abstractor). The 

transfer of the data is monitored thanks to monitoring tools. This is depicted in Figure 10. 

 

The full architecture of the Runtime Container was tested. It allows the management of the data, its storage, 

and the management of the predictive functions and the visualization of the results. The connection with the 

DataLab has also been defined and the predictive function repository in the Runtime Container has been 

developed. The Runtime Container and the connection with the Data lab are depicted in Figure 11. 

 

 

Figure 9 – Overall deployed MONSOON platform 
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Figure 10 – Zoom on the data transfer of the deployed MONSOON platform 

 

 

Figure 11 – Zoom on the Runtime Container of the deployed MONSOON platform 
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5.2 Real time Communication Framework and VPIRA deployments  

The Figure 12 depicts the monitoring components architecture of the MONSOON platform. For the plastic 

domain, an SNMP agent is configured to get information under direct requests from the zabbix server poller. 

On the other hand, in the aluminium domain, several other information gathering channels were deployed, 

such as the parsing of XML files coming from Cacti server deployed on Capgemini Integration platform, which 

exports its round robin data (RRD) files into XML. XML files are used as monitoring input. 

 

 

Figure 12 – Monitoring components configured 

 

The monitoring agent for docker microservices operates through another service called fluentd, which receives 

logging entries specially formatted declaring the periodical status of every service configured. Status 

information is propagated to the zabbix monitoring dashboard via the zabbix agent in input. For 

MESAL/PI/ALPSYS connectors, csv raw files are provided via batch processes to Capgemini environment and 

then a Nifi plugin would propagate selected info to the monitoring agent on LINKS premises. 

 

The VPIRA deployment follows the integration platform steps described in the following section for the runtime 

container modules, for the main docker modules, like the abstractor. However, for the ad-hoc connectors must 

be adapted based on the infrastructure of the domain. 
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5.3  Runtime Container deployment 

5.3.1  Integration platform on Capgemini 

The integration platform used for developing and automating the deployment of the Runtime container is 

hosted in the Capgemini infrastructure. For security reason, only Capgemini users have access to it, so they 

performed all tasks of integration. 

 

The integration platform is running on a physical server with CentOS base operating system and virtualized 

environment based on KVM, qemu and libvirt. The physical infrastructure consists of one server with the 

following configuration: 

 

• 16 physical core / 32 virtual cores with Intel(R) Core (TM) i9-7960X CPU @ 2.80GHz 

• 128GB operating memory 

• 512GB SSD NVMe + 4TB HDD 

• 3 x 10Gbps network interfaces (NIS) 

 

A dedicated part of the physical infrastructure is mapped to a single virtual server with 4 virtual cores and 16GB 

of dedicated operating memory. This virtual server acts as docker swarm manager. Having a single virtual server 

aims at reproducing the actual deployment environment.  

 

The infrastructure provisioning as well as the deployment of the platform has been automated and performed 

using Ansible. All is done in a system-agnostic manner, using the same automated deployment process for the 

integration platform and for pilot sites environments.  

 

5.3.2  Ansible overview 

Ansible is an IT automation engine that automates configuration management, application deployment, intra-

service orchestration, and many other IT needs, against multiple systems and infrastructures at the same time 

called inventories. 

 

Playbooks are Ansible’s configuration, deployment and orchestration language. They can describe policies 

administrators want part of their inventory to enforce, or declare states that their remote systems should be in. 

 

Complex tasks can be performed with few lines of declarative yaml, using standard modules. Fully independent 

or interdependent collections of variable, tasks, files, templates and modules can be packaged as roles, and be 

imported in one or several playbooks. 

 

5.3.3  Infrastructure provisioning 

Several Ansible roles are dedicated to infrastructure provisioning: 

 

• cloud_images: Download Centos 7.5 cloud images and prepare a virtual machine image using cloud-

init. It includes network configuration, root user generation as well as ssh access. 

• common-pkg: Install common packages on virtual machines. 

• users: Create administrator and system users and define ssh policies on virtual machines. 

• firewall: Define firewall policies on virtual machines and hypervisor hosts 

• get-docker: Install Docker Community Edition on virtual machines. 

• init-swarm: Create or join Docker Swarm cluster on each virtual machine.  
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A master playbook is used to execute all roles sequentially. Once this playbook ran successfully, the 

infrastructure is ready, and the platform can be deployed on top of it.  

 

5.3.4 Platform deployment 

Platform deployment is performed using several playbooks. This allows the user to either deploy the platform 

on site in one go, with access to an internet connexion, or to prepare all the necessary data in advance and 

then deploy without access to internet. It also allows for either a complete setup of the necessary local file 

structure and deployment of services or simply an update of a selection of services.  

 

In total there are three playbooks used: 

 

• Prepare_docker_images: Load a customizable selection of service images from the dedicated monsoon 

image registry. With this step complete, the rest of deployment can be done without any access to an 

internet connection. 

• Init_data_folders: Create all the local data folders used by services to either get configuration or output 

logs and data. This playbook also imports necessary configuration files and security certificates, in case 

those are not available locally yet. 

• Deploy_monsoon_platform: Deploy or update a customizable subset of services. This playbook includes 

several ansible roles, executed sequentially on the user’s machine and on the target host: 

On the user’s machine: 

• Prepare_registry: This role is only executed if an internet access is available, and even then, it can be 

toggled off if it is not needed, using ansible tags. It will pull a customizable subset of docker images 

from the monsoon registry and place them in a local repository. This same role is used in the 

Prepare_docker_images playbook described above. 

• Render_docker_compose: Docker images are deployed as services using docker compose. Each 

compose file and its associated configuration files are fully templated and rendered locally by this role. 

This is done using default values for each templated variable, and all of those can be overridden by a 

user-provided value.  

• Secret_certs_prepare: Locates the sensitive data that is to be used as docker secrets. This will allow 

ansible to directly add those secrets to the docker swarm deployed in the remote host. 

On the remote host: 

• Install_dependencies: Makes sure all the necessary software and packages are installed on the remote 

host. 

• Deploy_registry: Deploys a local docker registry and adds a customizable selection of docker images 

to the registry. This way, all the docker images used in deployment are locally available. 

• Secret_certs: Adds the sensitive data used in services as docker secrets in the host’s docker swarm. 

• Setup_docker_networks: Starts the docker networks used by the services to communicate with each 

other inside the swarm. 

• Deploy_docker_services: Starts or updates a customizable subset of the available docker services. As 

described in the figure 11, those include: The Nifi abstractor, CassandraDB, Grafana, KairosDB, ldap 

and the Nifi orchestrator. With those are services used for monitoring: portainer and Cadvisor as well 

as traefik for reverse proxying. 
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These three playbooks are fully templated, allowing the user to exploit a chosen subset of their functionalities, 

with custom environment settings and configuration files. A makefile is provided to quickly run any of the 

possible deployment scenarios described above, as well as to easily provide the user’s machine with the 

necessary setup. 

 

Any sensitive information used in the deployment is stored as AES256 encrypted data using ansible vault. A 

password is provided at deployment time, and the information is decrypted only when it needs to be used by 

Ansible. This way, sensitive data is either encrypted using ansible vault on the user’s machine or protected 

using docker secret on the remote host. 

 

5.4  Final deployment on pilot sites 

The VPIRA and Real time communication framework have been deployed in both pilot sites. The Runtime 

Container is deployed and updated automatically in Dunkirk’s site using the deployment process described in 

5.3. The Runtime Container has been manually deployed in GLN’s site. An automated deployment and 

maintenance of the Runtime Container could be set up in GLN’s site using the process used in AD, if provided 

with the right environment files and certificates.  

 

6 Conclusions 

During the first iteration, we have defined an overall architecture for the MONSOON platform, including the 

MONSOON DataLab, the Runtime Container, the data retrieving system and their connections. 

 

In this second iteration we were able to update the developed prototypes of these components that were 

tested according to thorough Tests plans FAT & SAT, described in this document. We proceed with a second 

validation of the data transfer between the pilot sites and the platforms in order to assure the correct 

functionality of the frameworks. The presented architecture is currently deployed and running on the two pilot 

sites and it has been adjusted according to the specificities of each site. 
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Acronyms 

 

Acronym Explanation 

AD Aluminium Dunkirk 

AP Aluminium Pechiney 

BDD Behaviour-Driven Development 

CAP Capgemini 

CI Continuous Integration 

FAT Factory acceptance Tests 

MESAL Manufacturing Execution System for the Aluminium industry 

QA Quality Assurance 

SSL Secure Sockets Layer 

TCP/IP Transmission Control Protocol/Internet Protocol 

VPIRA Virtual Processes Industries Resources Adapter 

VM Virtual Machine 

VPN Virtual Private Network 

XML Extensible Markup Language 

XML-RPC Extensible Markup Language and Remote procedure call 
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Appendices 

1. JSON format for data retrieved from raw data (connectors outputs)  

• Name of the file: …---<Name of the variable>.json (… means whatever chain of characters: it can be 

the name of the .csv original Pi file or else) 

• Content: Array of tuples {"value":<numeric value>,"timestamp":"<UTC date of the 

value>"},"unit":"<Alphanumeric value>”,"domain":"<Alphanumeric value>","raw_data":"True" ]  

• Example:  

[{"unit":"","domain":"Aluminium","value":0,"raw_data":"True","timestamp":"2019-07-06T20:09:13.000Z"}, 

{"unit":"","domain":"Aluminium","value":0,"raw_data":"True","timestamp":"2019-07-06T20:09:14.000Z"}, 

{"unit":"","domain":"Aluminium","value":0,"raw_data":"True","timestamp":"2019-07-06T20:09:15.000Z"}, 

{"unit":"","domain":"Aluminium","value":0,"raw_data":"True","timestamp":"2019-07-06T20:09:16.000Z"}, 

{"unit":"","domain":"Aluminium","value":0,"raw_data":"True","timestamp":"2019-07-06T20:09:17.000Z"}, 

{"unit":"","domain":"Aluminium","value":0,"raw_data":"True","timestamp":"2019-07-06T20:09:18.000Z"}] 

2. JSON format for predictive function results 

Cf. diagram hereunder for the JSON format for the predictive function results: 
{ 

  "definitions": {}, 

  "$schema": "http://json-schema.org/draft-07/schema#", 

  "type": "object", 

  "minProperties": 1, 

  "properties": { 

    "DataAnalyticFunction": { 

      "type": "object", 

      "required": [ 

        "plant", 

        "name", 

        "Result" 

      ], 

      "properties": { 

        "plant": { 

          "type": "string" 

        }, 

        "name": { 

          "type": "string" 

        }, 

        "Result": { 

          "type": "object", 

          "properties": { 

            "Symptoms": { 

              "type": "object", 

              "minProperties": 0, 

              "properties": { 

                "Symptom": { 

                  "type": "array", 

                  "minItems": 1, 

                  "items": { 

                    "type": "object", 

                    "required": [ 

                      "name", 

                      "value" 

                    ], 

                    "properties": { 

                      "name": { 

                        "type": "string" 

                      }, 

                      "value": {} 

                    } 

                  } 

                } 

              } 
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            }, 

            "Contexts": { 

              "type": "object", 

              "required": [ 

                "Context" 

              ], 

              "properties": { 

                "Context": { 

                  "type": "array", 

                  "minItems": 1, 

                  "items": { 

                    "type": "object", 

                    "required": [ 

                      "name", 

                      "value" 

                    ], 

                    "properties": { 

                      "name": { 

                        "type": "string" 

                      }, 

                      "value": {} 

                    } 

                  } 

                } 

              } 

            }, 

            "FailuresMode": { 

              "type": "object", 

              "required": [ 

                "FailureMode" 

              ], 

              "properties": { 

                "FailureMode": { 

                  "type": "object", 

                  "required": [ 

                    "Symptoms", 

                    "name", 

                    "value" 

                  ], 

                  "properties": { 

                    "Symptoms": { 

                      "type": "object", 

                      "required": [ 

                        "Symptom" 

                      ], 

                      "properties": { 

                        "Symptom": { 

                          "type": "array", 

                          "minItems": 1, 

                          "items": { 

                            "type": "object", 

                            "required": [ 

                              "name", 

                              "value" 

                            ], 

                            "properties": { 

                              "name": { 

                                "type": "string" 

                              }, 

                              "value": {} 

                            } 

                          } 

                        } 

                      } 

                    }, 

                    "name": { 

                      "type": "string" 
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                    }, 

                    "value": {} 

                  } 

                } 

              } 

            }, 

            "DataAnalyticResults": { 

              "type": "object", 

              "required": [ 

                "DataAnalyticResult" 

              ], 

              "properties": { 

                "DataAnalyticResult": { 

                  "type": "array", 

                  "minItems": 1, 

                  "items": { 

                    "type": "object", 

                    "properties": { 

                      "name": { 

                        "type": "string" 

                      }, 

                      "unit": { 

                        "type": "string" 

                      }, 

                      "date": { 

                        "type": "string" 

                      }, 

                      "status": { 

                        "type": "integer" 

                      }, 

                      "value": {} 

                    }, 

                    "required": [ 

                      "date", 

                      "value" 

                    ] 

                  } 

                } 

              } 

            } 

          }, 

          "required": [ 

            "Contexts", 

            "DataAnalyticResults" 

          ] 

        } 

      } 

    } 

  } 

} 


