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Presentation Outline:

1. Transactive Energy Concerns & 

Evaluation Needs

2. Introduction to Cyber-Physical 

Systems Wind Tunnel (CPSWT) – A 

General-Purpose, Highly 

Reconfigurable Heterogeneous 

Simulation Integration Platform

3. Introduction to Mosaik – A Flexible 

Smart-Grid Co-Simulation Framework

4. Use-Cases for Coupled Evaluations 

Using both CPSWT and Mosaik
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TRANSACTIVE ENERGY CONCERNS & EVALUATION NEEDS
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SYSTEM-OF-SYSTEMS MODELING W/ SPECIAL-PURPOSE SIMULATORS
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ESSENTIAL BUILDING BLOCKS FOR CREATING SOS CO-SIMULATIONS



CYBER-PHYSICAL SYSTEMS WIND-TUNNEL (CPSWT) PLATFORM FOR 

MODEL-BASED HETEROGENEOUS SIMULATION INTEGRATION & EXPTS.
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CPSWT CAPABILITIES
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EXAMPLE 1: C2 MISSIONS
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EXAMPLE 2: SMART TRANSPORTATION SYSTEMS (STS) AT NIST'S 

SMART-AMERICA CHALLENGE IN 2014
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CUSTOMIZATION OF CPSWT FOR TRANSACTIVE ENERGY EVALUATIONS

EXAMPLE 1: CPSWT-TE 

CPS-VO DESIGN STUDIO

•Build system

•Repositories

•Change tracking

•Authentication

•Analysis tools

•Error handling

•Experiment tools

•Monitoring & control

•Cloud deployment

CPSWT-TE Platform 

Tools & Methods:

URL: https://cps-vo.org/group/CPSWTTE
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CUSTOMIZATION OF CPSWT FOR TRANSACTIVE ENERGY EVALUATIONS

EXAMPLE 2: GRIDLAB-D 

CPS-VO DESIGN STUDIO

•Modeling tools to design power distribution systems

•Import existing .GLM files with auto graphical layout

•Generate .GLM GridLAB-D files from models

•Download .GLM files for current models

•Simulate .GLM file on CPS-VO design studio cloud server

•Full editing of GridLAB-D models with all parameters

•Automatic upgrade of modeling language for a newer version of 
GridLAB-D simulator

•Web-based access for expts., re-runs, storing results in repository

•Current work-in-progress: for evaluating privacy and security of the 
power-grid under a variety of market/ consumer/ regulatory models

GridLAB-D Design Studio Features:

URL: https://cps-vo.org/group/gridlabd
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NEW CPS-VO DESIGN STUDIO: SOCIETAL IMPLICATIONS OF TE

•Focus is on evaluating these societal implications: (1) Privacy, (2) Security, and (3) Equity & Fairness.

•This work is in progress – currently working on making Transactive Controller and Market as configurable for diff. experiments.

•Sample gird experiment: 6 houses distribution system with houses, grid, transformers, triplex lines, and triplex meters.

•Uses weather data from Columbus, Ohio for year 2009.

•The outcome of simulation is recorded in a multi-recorder at discrete time stamp. Outcome recorded are power consumption by each 
house and power generated  by each house and solar panel attached to the grid.



MOSAIK FRAMEWORK

mosaik

Eco-system

• APIs for several languages:

▪ Python

▪ Java

▪ C#

▪ …

• Easy scenario description:

▪ Single python script

▪ Rule-based connections

▪ Manageable specification effort
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Performance

UsabilityFlexibility

Mosaik

CPSWT

CPSWT:

Freedom in federate design 

and synchronization

Mosaik:

Comfortable coupling and 

simulation scenario description

Idea:

Combination to get a highly 

usable testbed with flexible 

synchronization possibilities

COMBINATION CPSWT - MOSAIK
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STUDENT EXCHANGE

• Visit of Bastian Cornelsen and Dennis Weller at Vanderbilt University

• Adapters for python and .Net (like C#) federates

• Starting point to integrate mosaik as a HLA federate

C++ API

Python 

Federates

Python API

C++ 

Federates
Java

Federates

.NET 

Federates

.Net API

CPSWT /
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CPSWT

mosaik

⚫ Possible use cases in H-CPS:

➔ Mosaik: Smart City / VPP/ E-community

➔ CPSWT: Grid + comm. + market

⚫ Goals (possible):

➔ Bi-level optimization (e.g. city + region)

➔ Effects of different asset mixes

⚫ Advantage:

➔ High flexibility in smart city / VPP / 

community co-modeling

➔ High throughput of scenarios

MV Optimization LV Optimization

POTENTIAL USE CASE I
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CPSWT

Mosaik

⚫ Possible use cases in H-CPS:

➔ Mosaik: Different sets of user groups + 

appliances

➔ CPSWT: Grid + market + DERs

⚫ Goals:

➔ Bi-level optimization

➔ Effects of different user behavior

POTENTIAL USE CASE II
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