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Category: 

Prototype/Validation Test 

 

NI Products Used: 

LabVIEW 2009 

NI cRIO 3.2.1 
EtherCAT 1.1 

NI cRIO-9074 

NI cRIO-9144 

NI cRIO-9205 

NI cRIO-9213 

NI cRIO-9217 

NI cRIO-9422 

NI cRIO-9476  

 

The Challenge:   

The customer needed a reliable and robust real-time system to monitor and control twenty-eight (28) chlorine chemical cells. 

The system would provide twenty-four (24) hour automated data logging, system control and instantaneous operator 
feedback and remote alarming to prevent any hazardous situation within the laboratory environment.   

  

The Solution: 

The solution Data Science Automation created utilizes one cRIO Real-Time Control with an additional cRIO deterministic 

Ethernet chassis along with the NI real-time operating system. It uses the NI Scan-Engine to monitor and control multiple 

cRIO modules while utilizing LabVIEW 2009 as a graphical representation of the real-time application. 

 

Abstract: 

A leading chlorine supply company had a need for monitoring and controlling electro-chemical cells. The system provides 

twenty-four hour automated data logging, system control and instantaneous operator feedback to prevent any hazardous 

situation within the laboratory environment while allowing research and development for higher efficiency chlorine 
production. To accommodate the requirements for this application Data Science Automation utilized one cRIO Real-Time 

Control with an additional cRIO deterministic Ethernet chassis along with NI real-time operating system using the NI Scan-

Engine to monitor and control multiple cRIO modules while utilizing LabVIEW 2009 as a graphical representation of the 

real-time application.  
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Introduction 

Figure 1 shows a schematic representation of one of the cells used for the chlorine production process. Prior to the 

development of this system, the customer had to acquire data by manually while logging the data on a simple clipboard for 

later analysis. This method of testing was not suitable for the lab researchers for many reasons. One major drawback to 
manual data recording is insufficient data points for extensive trend analysis. Also with manual data acquisition, there was 

always a lab technician on site or on call not only during regular business hours but during weekends and holidays. This 

proved costly for the company, along with the inconvenience to the employees. Another major issue with the previous system 

of manual operation is the inability to quickly respond to scenarios that could be hazardous to the laboratory environment or 

employees. With the previous system, if a chemical cell was to begin to deteriorate in performance and a technician was not 

available, the cell could cause a serious risk to both the laboratory and the employees.   

 
Figure 1 - Green Chlorine Electrolysis 

 

Data Science Automation (DSA) designed an automated system that combined the reliability and robustness of a real-time 

operating system with the flexibility of a PC application. This was made possible by integrating the cRIO hardware platform 

with the new cRIO Scan Engine along with a PC application developed with LabVIEW 2009. The cRIO platform combined 

the NI cRIO-9074 with the deterministic and distributed EtherCAT slave chassis NI cRIO-9144. With this hardware 

configuration, DSA was able to add up to sixteen (16) different acquisition modules. By leveraging the cRIO Scan-Engine, 

we were able to quickly and efficiently acquire data from all modules with minimal programming. Along with the real-time 

application, DSA developed a stand-alone PC application that would provide the lab technician the ability to remotely control 

the cRIO configuration within the lab or remotely through a VPN connection.   

 

Main Interface and Operating Modes 

The Chlorine Cell Laboratory test PC application (Figure 2) displays a real-time representation of the entire system 
configuration and status while also having the ability to communicate with the real-time control application located on the 

cRIO. For the graphical interface, DSA chose to represent each cell’s data display as a sub-panel (Figure 3). DSA also 

decided to use VI server technology (Figure 4) to transmit and receive data sets from the cRIO. With the ability of VI Server 
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to dynamically control communication with platform independency between the real-time application and PC application, 

DSA was able to create a seamless transfer of data to and from the cRIO without affecting the ability of the cRIO real-time 

application to respond to changing system conditions.  

 

 Figure 2 - Main 

Operator Interface 

 

 
Figure 3 - Subpanel VI for Displaying Cell Dataset 
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Figure 4 - VI Server Call for Getting Input Dataset 

  

Real-Time Architecture 

The real-time application on the cRIO-9074 was designed using independent parallel modules with communication between 

the modules using shared memory locations. The architecture divided the application into seven (7) individual modules 

(Figure 5) that could operate with functional independence while relying on each other for data. The individual modules were 

divided into separate self contained modules consisting of: 

1. Log Data 

2. Monitor Timing 
3. Control LEDs 

4. Acquire Analog and Digital Inputs 

5. Monitor Alarm Conditions 

6. Control Alarm Indicators 

7. Control Cell Heaters 
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Figure 5 - Real-Time Top-Level Architecture 

 

Leveraging the cRIO Scan Engine and EtherCAT 

DSA leveraged the efficient and flexible cRIO scan engine to acquire sensor data. The real-time system requirements stated 

that the system must operate at a frequency of one sample per second. This was well within the frequency range of the cRIO 

scan engine. Also by leveraging the cRIO scan engine, DSA was able to utilize the cRIO’s robust hardware platform without 

the complexity of Field Programmable Gate Array (FPGA) software development. The cRIO scan engine allowed for rapid 

development of acquiring inputs (Figure 6) and setting outputs (Figure 7). 
 

 
Figure 6 - Using the cRIO Scan Engine to Acquire Flow Switch Data 
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Figure 7 - Using the cRIO Scan Engine to Set Power State of Cell Heater Relays 

 

Due to the high channel count for the Chlorine Cell data collection, DSA was unable to acquire and control all analog and 

digital signals in a single eight slot cRIO chassis. Thus the application used the real-time Ethernet technology (EtherCAT) to 

communicate deterministically with an additional cRIO chassis which held the additional modules required. The addition of 
the EtherCAT technology had no affect on the real-time application performance and did not present any integration 

challenges with the use of the cRIO scan engine. The EtherCAT communication protocol and cRIO scan engine greatly 

simplified the source code development (Figure 8). Although it is not visually obvious in Figure 8, the J-Type 

Thermocouples are collected on one cRIO chassis while the RTD values are collected on a separate cRIO chassis. Again the 

simplicity of the scan engine allowed for rapid and efficient data acquisition software development with minimal effort. 
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Figure 8 - Using the cRIO Scan Engine and EtherCAT Communication 

 

Summary 
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The success of this system relied on National Instruments ability to provide a stable and robust real-time operating 

environment while providing the software tools to allow for rapid development and debugging. The ability to quickly 

integrate the cRIO scan engine along with the expandability of cRIO chassis via the EtherCAT communication allowed DSA 

to meet the client’s operational requirements for a modest cost. The client now has the ability to independently control 

twenty-eight chlorine cells while logging valuable trend data at a rate of over two hundred thousand data points per day. By 

comparison, over the past ten years, manual data recording produced just over five hundred data points per day.  At the same 
time this system provides continuous control and alarming that prevents hazardous conditions going unnoticed.  


