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1. Introduction 

This configuration manual provides everything needed to reproduce the smart-traffic Digital Twin 

(DT) MVP: 

● Real-time telemetry via Azure IoT Hub 

● Stream ingestion via Event Hub–compatible endpoint 

● Twin updates in Azure Digital Twins (ADT) 

● A lightweight predictor and controller writing back to the twin 

You can run the entire system from Azure Cloud Shell (Bash). 

2. System Requirements 

2.1. Hardware 

● Any machine with a browser (to open Cloud Shell) 

● Azure subscription (Azure for Students credit is sufficient) 

2.2. Azure Services 

● Resource Group (e.g., rg-dt-traffic-mvp) 

● IoT Hub (S1 tier) 

● Azure Digital Twins 

2.3. Software (in Cloud Shell) 

● Azure CLI (preinstalled) 

● Azure IoT CLI extension 

● Python 3 (preinstalled) + libs: 

○ azure-iot-device, azure-eventhub, azure-digitaltwins-core, azure-identity 

 

 

 

 

3. Folder Structure (Cloud Shell home) 

~/ (home) 



● vars.sh # reusable environment variables 

● junctionModel.json # DTDL model 

● publisher.py # telemetry publisher 

● ingest.py # EventHub → ADT currentFlow patcher 

● predictor.py # rolling-mean predictor → predictedFlow5min 

● control.py # rule-based controller → signalPhase 

4. One-Time (If project is started from scratch) 

If you already created resources, skip to Section 5. 
 



 

4.1. DTDL Model & Seed Twin: 
 



 

5. Environment Setup (every Cloud Shell session) 

Create vars.sh once (edit names if you changed them), then source it each session. 
 



Install Python libraries (first time or after Cloud Shell reset): 

● pip install --user azure-iot-device azure-eventhub azure-digitaltwins-core azure-identity 
 

6. Scripts 

6.1. publisher.py – send telemetry to IoT Hub 
 

 

Start it (pane 1): 

export IOTHUB_CONN_STR=$(az iot hub device-identity connection-string show \ 

--resource-group $RG --hub-name $IOTHUB_NAME --device-id $DEVICE_ID -o tsv) 

python3 publisher.py 



 

(Optional monitor in pane 2): 

az iot hub monitor-events --resource-group $RG -n $IOTHUB_NAME --properties all 

6.2. Build Event Hub connection string & create ingest.py 
 

export 

EH_CONN_STR="Endpoint=${endpoint};SharedAccessKeyName=iothubowner;SharedAccess 

Key=${key};EntityPath=${path}" 



 

Run it (pane 3): 

python3 ingest.py 
 



6.3. predictor.py – 1-min rolling mean → predictedFlow5min 
 

Run it (pane 4): 

python3 predictor.py 



6.4. control.py – flip signalPhase based on prediction 
 

Run it (pane 5): 

python3 control.py 

7. Validating in Azure Digital Twins 

Portal → Azure Digital Twins → your instance → Data Explorer → run: 

 

● SELECT currentFlow, predictedFlow5min, signalPhase 

● FROM digitaltwins intersection-1 

Values refresh roughly every 5 seconds. 

8. Reproducing Results 

Latency: observe ingest logs and IoT monitor; typical p50 ≈ 230 ms, p95 

≈ 340 ms. 

For quick start: 

● # Each new Cloud Shell session 

○ source vars.sh 

○ az extension add --name azure-iot --upgrade 



○ pip install --user azure-iot-device azure-eventhub azure-digitaltwins-core azure- 

identity azure-cosmos 

● # Device + publisher 

○ export IOTHUB_CONN_STR=$(az iot hub device-identity connection-string 

show \ 

○ --resource-group $RG --hub-name $IOTHUB_NAME --device-id $DEVICE_ID 

-o tsv) 

○ python3 publisher.py 
 

● # Event Hub string 

○ key=$(az iot hub policy show --resource-group $RG --hub-name 

$IOTHUB_NAME --name iothubowner --query primaryKey -o tsv) 

○ endpoint=$(az iot hub show --resource-group $RG --name $IOTHUB_NAME -- 

query properties.eventHubEndpoints.events.endpoint -o tsv) 

○ path=$(az iot hub show --resource-group $RG --name $IOTHUB_NAME --query 

properties.eventHubEndpoints.events.path -o tsv) 

○ export 

EH_CONN_STR="Endpoint=${endpoint};SharedAccessKeyName=iothubowner; 

SharedAccessKey=${key};EntityPath=${path}" 



● # Run loops (separate panes recommended) 

○ python3 ingest.py 

○ python3 predictor.py 

○ python3 control.py 
 

 

9. References 

● Azure CLI & Azure IoT Extension 

● Azure SDK for Python: azure-eventhub, azure-digitaltwins-core, azure-identity, azure-iot- 

device 


