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Integrating RTK GPS with the Model 202 Flo-Pro Handheld Velocity Meter for Enhanced 
Stream Flow Profiling and Cloud-Based Data Visualization 

Executive Summary 

Stream flow profiling is essential for environmental monitoring, water resource 
management, and hydrological research. The Model 202 Flo-Pro, a handheld velocity meter 
designed for accurate measurements in rivers, streams, and canals, can be significantly 
enhanced by integrating Real-Time Kinematic (RTK) GPS technology. This integration 
enables precise geolocation of velocity readings, improving the spatial accuracy of flow 
profiles to centimeter levels. Furthermore, by transmitting data to cloud platforms, users 
can achieve real-time visualization, historical analysis, and collaborative sharing. 

This white paper explores the technical aspects of RTK GPS integration with the Model 202 
Flo-Pro, data transmission to the cloud via IoT methodologies, and visualization tools. 
Benefits include increased measurement precision, reduced fieldwork errors, and scalable 
data management. Implementation steps are provided to guide users in adopting this 
solution. 

Introduction 

Handheld velocity meters like the Model 202 Flo-Pro are widely used for stream flow 
profiling, offering portability and direct velocity measurements via electromagnetic or 
propeller-based sensors. However, traditional methods often rely on manual positioning, 
which can introduce inaccuracies in mapping flow distributions across a stream cross-
section. 

RTK GPS addresses this by providing high-precision positioning (typically 1-2 cm horizontal 
accuracy) through differential corrections from a base station or network. Integrating RTK 
GPS with the Flo-Pro allows for georeferenced data collection, enabling detailed 3D flow 
mapping. 

Additionally, sending data to the cloud facilitates remote access, real-time monitoring, and 
advanced analytics. This is particularly valuable for environmental agencies, researchers, 
and water utilities managing large datasets. 

Problem Statement 

Standard stream flow profiling with handheld devices like the Model 202 Flo-Pro faces 
several challenges: 

• Positioning Inaccuracy: Manual measurements using tape or wading rods can lead 
to errors in locating measurement points, especially in wide or fast-flowing streams. 



• Data Silos: On-device storage limits accessibility, making it difficult to share or 
analyze data in real-time. 

• Visualization Limitations: Local data viewing restricts insights into spatial patterns, 
trends, or anomalies. 

• Scalability Issues: For large-scale projects involving multiple sites, manual data 
transfer is time-consuming and prone to errors. 

These issues can result in incomplete hydrological models, delayed decision-making, and 
increased operational costs. 

Solution Overview 

The proposed solution integrates RTK GPS with the Model 202 Flo-Pro for precise 
positioning, uses IoT-enabled devices for data transmission to the cloud, and leverages 
web-based platforms for visualization. Key components include: 

• RTK GPS System: A rover unit (e.g., Emlid Reach RX) paired with a network RTK 
service for corrections. 

• Data Interface: Bluetooth or serial connection to sync Flo-Pro readings with GPS 
coordinates. 

• Cloud Platform: Services like ThingSpeak, AWS IoT, or Microsoft Azure for storage 
and processing. 

• Visualization Tools: Dashboards using Grafana, Tableau, or custom web apps for 
maps, charts, and alerts. 

This setup transforms the Flo-Pro from a standalone meter into a connected, geospatially 
aware system. 

Technical Details 

RTK GPS Integration 

RTK GPS enhances the Model 202 Flo-Pro by tagging each velocity measurement with 
accurate coordinates. Unlike standard GPS (meter-level accuracy), RTK uses carrier-phase 
measurements and real-time corrections. 

Hardware Requirements 

• RTK Rover: Compact devices like the Emlid Reach RX or similar, which connect via 
Bluetooth to a mobile app or directly to the Flo-Pro if it supports serial input. 



• Base Station or Network: Use a local base for remote areas or subscribe to a 
Network RTK (NTRIP) service for corrections within cellular range. 

• Mounting: Attach the RTK antenna to the Flo-Pro's wading rod or pole using a 
custom bracket for simultaneous velocity and position capture. 

Integration Methods 

1. Direct Sync: If the Flo-Pro has a data output port (e.g., RS-232 or Bluetooth, 
connect it to the RTK unit's input. Software on a paired tablet or smartphone merges 
velocity data with GPS fixes. 

2. Mobile App Integration: Use apps like SW Maps or FieldGenius to log Flo-Pro 
readings manually while recording RTK positions. For automated workflows, develop 
a custom script using Python libraries like PySerial for data parsing. 

3. Example Workflow for Stream Profiling:  

o Wade across the stream at a cross-section. 

o At each point, measure velocity with the Flo-Pro while the RTK unit logs 
latitude, longitude, and elevation. 

o Compute discharge using USGS methods: Q = A × V, where A is cross-
sectional area (derived from depth and width via RTK positions), and V is 
average velocity. 

In practice, this mirrors integrations seen in acoustic Doppler current profilers (ADCPs), 
where RTK GPS enables moving-boat measurements with sub-centimeter accuracy. 

Data Transmission to the Cloud 

Once collected, data must be sent to the cloud for storage and access. 

IoT Architecture 

• Edge Device: A microcontroller (e.g., ESP32 or Raspberry Pi) connected to the Flo-
Pro and RTK unit via Bluetooth/Wi-Fi. It aggregates data packets including velocity, 
depth, position, timestamp, and metadata. 

• Communication Protocol: Use MQTT for lightweight, efficient transmission over 
cellular or satellite networks. Data is published to a broker (e.g., HiveMQ Cloud). 

• Cloud Ingestion: Platforms like ThingSpeak allow free-tier sensor data uploads, 
while AWS IoT Core provides scalable handling with security features like TLS 
encryption. 



Implementation Example 

• Format data as JSON: { "timestamp": "2025-08-05T12:00:00Z", "latitude": 37.7749, 
"longitude": -122.4194, "velocity": 1.2, "depth": 0.5, "discharge": 0.6 }. 

• Transmit via 4G/5G modem if in the field, or sync later via Wi-Fi. 

• Handle offline scenarios with local buffering on the edge device. 

This approach is common in environmental IoT systems for real-time monitoring of 
air/water quality. 

Cloud-Based Data Visualization 

Cloud platforms enable interactive dashboards for insights. 

Tools and Features 

• Storage: Use databases like InfluxDB for time-series data or PostgreSQL with 
PostGIS for geospatial queries. 

• Visualization:  

o Maps: Plot flow profiles on GIS layers using Leaflet or Google Maps API, 
showing velocity vectors overlaid on stream topography. 

o Charts: Real-time graphs of velocity vs. position, historical trends, and 
anomaly detection (e.g., flood alerts). 

o Dashboards: Tools like Grafana for customizable views, or ThingSpeak's 
built-in MATLAB visualizations for quick setups. 

• Advanced Analytics: Integrate machine learning for flow predictions or integrate 
with GIS software like ArcGIS for comprehensive hydrological modeling. 

Access via web or mobile apps ensures stakeholders can view data from anywhere. 

Benefits 

• Precision and Efficiency: RTK reduces positioning errors from meters to 
centimeters, enabling accurate cross-sectional profiling and reducing revisit needs. 

• Real-Time Insights: Cloud transmission allows immediate visualization, supporting 
rapid response in scenarios like flood monitoring. 

• Cost Savings: Avoids expensive survey-grade equipment; RTK rovers start at ~$500, 
with cloud services offering free tiers. 



• Scalability: Handles data from multiple Flo-Pro units across sites, facilitating large-
scale studies. 

• Compliance and Reporting: Georeferenced data aids in regulatory reporting (e.g., 
USGS standards). 

Implementation Steps 

1. Assess Hardware: Confirm Flo-Pro's data interfaces (e.g., Bluetooth/RS-232). 
Acquire an RTK GPS rover and mounting accessories. 

2. Set Up RTK: Configure the rover with NTRIP credentials for corrections. Test 
accuracy in an open area. 

3. Develop Integration: Use open-source software to sync data. For example, pair 
with an Android tablet running a logging app. 

4. Configure IoT Gateway: Program an edge device to collect and transmit data via 
MQTT. 

5. Deploy Cloud Services: Set up accounts on ThingSpeak or AWS, create databases, 
and build dashboards. 

6. Field Testing: Validate in a controlled stream, comparing integrated vs. manual 
methods. 

7. Training and Maintenance: Train users on the system; ensure regular firmware 
updates and battery checks. 

Budget estimate: $1,000-3,000 for RTK and IoT hardware, plus subscription fees 
(~$100/year for cloud). 

Conclusion 

Integrating RTK GPS with the Model 202 Flo-Pro elevates stream flow profiling to a precise, 
connected process. Combined with cloud transmission and visualization, it empowers 
users with actionable insights for better water management. As IoT and positioning 
technologies advance, such integrations will become standard, driving efficiency in 
hydrological applications. 

 


