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Abstract – Designing of Data Acquisition and control System is the challenging part of any industrial automation and control applications. These applications widely use the single chip data acquisition method. This method approached towards networked, intelligent and digital distributed control system. But the single chip Data acquisition (DAS) method is not only limited in processing capacity and also the problem of poor real time and reliability. It has been overcome by the substitution of embedded ARM processor for single chip method to realize data acquisition and control (DACS). The hardware platform of this single chip data acquisition and control (DACS) system use 32-bit embedded ARM processor and the software platform use uC/OS-II core of real time multitasking operating system. This ARM based Embedded DACS system has the ability to measure all kind of thermal and electrical parameters such as thermocouple, voltage and current etc., the measured data can be displayed on the same system and the same can be transmitted to remote monitoring system. And this system has the ability to control the processes which are measured remotely. This communication is done with the help of RS485 or Ethernet network using Modbus/RTU or Modbus/TCP protocol. It has the special function of long distance communication and dual redundant network.
Keywords- Embedded ARM processor, uC/OS-II RTOS, Remote I/O Data Acquisition and Control System, Modbus Protocol
I. INTRODUCTION
     With the rapid development of the field of industrial process control and the fast popularization of embedded ARM Processor it has been a trend that ARM Processor can substitute the single chip to realize data acquisition and control. Embedded ARM system can adapt to the necessary requirements of the data acquisition system, such as the function, reliability, cost, size, power consumption and so on. In this paper, A new technology of Embedded ARM platform has been introduced to implement efficient and high
 performance remote I/O data acquisition and control system. This can measure and control any kind of thermal and electrical signals like RTD, voltage and current etc., these measurements has been done with the help of ARM 32-bit processor which uses uC/OS-II core of real time multi-tasking operating System which includes Resource management, Task management, Memory management, Queue management, Timer management and so on. The measured data can be save/displayed on the system and transmitted to remote monitoring system through RS485 or Ethernet network by using Modbus/RTU or Modbus/TCP protocol. And this system has the ability to control the remote devices using single chip DACS method. This makes the system reliable and high performance. It also ensure the disturb rejection capability. The new generation remote data acquisition and control system based on the high performance embedded ARM processor has important application significance.
II. OVERVIEW OF THE SYSTEM DESIGN

     The overview of the system design is shown in Figure 1. The remote I/O data acquisition and control modules are developed by embedded ARM-32 bit processor which can be used widely to diversified industries such as Steel, Transportation, Chemical, Electrical power, metallurgy, Petroleum and so on. In Production process this system mainly concentrates on digital conversion of thermal and electrical signals like RTD, Voltage, Current etc., by using this system we can achieve maximum efficiency of digital conversion. The converted digital data can be displayed and stored in the system and transmitted to remote I/O DACS and server/work stations through embedded controller. The Modbus TCP/IP protocol is used to make communication with server/work station to embedded controller. Embedded controller is the responsible part to switch the data from one station to another. This connects the remote DACS via Ethernet network. Ethernet work communication was implemented with the help of RS485 or Ethernet network communication interface by using above mentioned protocol. In this system the Real time operating system (RTOS) concept was utilized by using uC/OS-II. This is the open source real time multitasking operating system. The Embedded ARM processor can support this RTOS concept for high system performance, easy updation and maintenance.                                                                                                                                    
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Figure 1. Overview of the system design
Hence the Remote I/O DACS can measure the signals and it can control the devices with the control of server. This remote I/O DACS sends the measured and updated data to server via embedded controller using reliable protocols. Server can send control signals or message to remote I/O DACS.  Remote I/O DACS can do the process as server sent.
III. THE HARDWARE DESIGN OF THE SYSTEM
     The general structure of the remote I/O data acquisition and control system based on ARM processor is shown in Figure 2. The remote I/O data acquisition and control system based on embedded ARM platform has high universality, each acquisition and control device equipped with 24-way acquisition/control channels and isolated from each other. Each I/O channel can select a variety of electrical and non electrical signals like current, voltage, resistance etc., this system was interfaced with some peripherals such as I2C, LCD, A/D Interface, JTAG, RS485 and Ethernet and so on. 
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Figure 2. General Structure of the Remote I/O DACS
     The I2C is the wired communication protocol to communicate with other processor or peripherals thro wired link. This system has 128*64 LCD to display the information and measured parameters which makes the debugging and modification of the parameter easy. The Analog to digital interfacing module is independent with the embedded system, which is beneficial to the system maintenance and upgrade. The collected and digitally converted data has been sent to remote I/O DACS thro RS485 or Ethernet communication interface by using Modbus/TCP or Modbus/RTU protocols. The system of RS485has a dual redundant network and long-distance communication function. As the embedded Ethernet interface makes the remote data exchange between the applications become very easy. The system can choose RS485 or Ethernet interface through jumper to communicate with host computer. Ethernet interface use independent ZNE-100TL intelligent embedded Ethernet to serial port conversion module in order to facilitate the system maintenance and upgrade. The ZNE-100TL module has an adaptive 10/100m Ethernet interface, which has a lot of working modes modes such as TCP server, TCP Client, UDP, Real COM etc., and it can support four connections at most.
A.    Analog to Digital Conversion
      Here the ADC circuit uses the 16bit ADC chip AD7715. This is digital chip having I2C module internally.

       It has the ability to transfer the converted digital data to ARM processor. It needs only five lines, which are DOUT – Data output, DRDY – Data ready, DIN – Data Input, CS – Chip select and SCLK – system Clock. 
When the ADC chip has been selected by the ARM Processor then the chip start to convert the given analog signal into digital. Converted digital data will be sending out by Dout pin of the chip. This ADC chip is driven by 2.4576MHz crystal. It contains separate Reference signals Ref+ and Ref- and separate Analog input channels AIN+ and AIN- . During communication with ARM processor this ADC chip should be synchronized with the processor’s clock.
[image: image6.emf]B.    Special System Reset Concept

     The system reset circuit is shown in Figure 3.
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Figure 3. System Reset Circuit using MAX7085
     As the ARM microprocessor has the characteristics of high speed, low voltage and so on, which make its capacity of low-noise, the ripple of power, the transient response, the stability of clock source, the reliability of power control and many other aspects should be have request. The system reset circuit use special microprocessor power monitoring chip of MAX708S, in order to improve the reliability of the system. 
C.     RS485 Communication

     RS-485 is a telecommunications standard for binary serial communications between devices. It is the protocol or specifications that need to be followed to allow devices that implement this standard to communicate with each other. This protocol is an updated version of the original serial protocol known as RS-232. While the original RS-232 standard allowed for the connection of two devices through a serial link, RS-485 allows for serial connections between more than 2 devices on a networked system.     The general network topology of RS485 is shown in Figure 4. Here N nodes are connected in a multipoint RS485 network. For higher speeds and longer lines, 
Figure 4. Network topology of RS485
the termination resistances are necessary on both ends of the line to eliminate reflections. Use 120 Ω resistors on both ends. The RS485 network must be designed as one line with multiple drops, not as a star. RS-485 standard specifies up to 32 drivers and 32 receivers on a single (2-wire) bus. In this DACS system the RS485 communication is used to transfers the data between remote DACS to Embedded controller vice versa. New technology has since introduced "automatic" repeaters and high-impedance drivers and receivers such that the number of drivers and receivers can be extended to hundreds of nodes on a network. RS-485 drivers are now even able to withstand bus contention problems and bus fault conditions.

     A RS-485 network can be constructed as either a balanced 2 wire system or a 4 wire system. If a RS-485 network is constructed as a 2 wire system, then all of the nodes will have equal ranking. A RS-485 network constructed as a 4 wire system has one node designated as the master and the remaining nodes are designated as slaves. Communication in such a system is only between master and slaves and never between slaves. This approach simplifies the software protocol that needs to be used at the cost of increasing the complexity of the wiring system slightly. 

D.     MODBUS/TCP Protocol
     MODBUS-TCP/IP is an Internet protocol. The fact that TCP/IP is the transport protocol of the Internet automatically means that MODBUS-TCP/IP can be used over the Internet!  MODBUS-TCP/IP has became an industry de facto standard because of its openness, simplicity, low cost development, and minimum hardware required to support it.
It is used to exchange information between devices, monitor and program them. It is also used to manage distributed I/Os and measurement and control of remote devices, 
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Figure 5. MODBUS/TCP Frame Format
     Figure 5. shows the Frame format of MODBUS/TCP protocol. Modbus/TCP basically embeds a Modbus frame into a TCP frame in a simple manner. This is a connection-oriented transaction which means every query expects a response.

     This query/response technique fits well with the master/slave nature of Modbus, adding to the deterministic advantage that Switched Ethernet offers industrial users. The use of OPEN Modbus within the TCP frame provides a totally scalable solution from ten nodes to ten thousand nodes without the risk of compromise that other multicast techniques would give.

IV. THE SOFTWARE DESIGN OF THE SYSTEM
     The system software of the remote I/O data acquisition system based on embedded ARM platform use the real-time operating system (RTOS) uC/OS-II, which is open-source Real time multi-tasking operating system. The key part of RTOS is the real-time multi-task core, whose basic functions including task management, resource management, system management, timer management, memory management, information management, queue management and so on. These functions are used though API service functions of the core.
A.      Introduction to μC/OS-II

  μC/OS-II is a highly portable, ROMable, very scalable, preemptive real-time, deterministic, multitasking kernel. It can manage up to 64 tasks (56 user tasks available). It has connectivity with μC/GUI and μC/FS (GUI and File Systems for μC/OS-II) and it is ported to more than 100 microprocessors and microcontrollers. It is simple to use and simple to implement but very effective compared to the price/performance ratio.  It supports all type of processors from 8-bit to 64-bit 
[image: image4.emf]
Figure 6. Process cycle
    Figure 6. Shows the processing cycles of  uC/OS-II core real time multi-tasking operating system.  The system software platform use uC/OS-II real-time operating system core simplified the design of application system and made the whole structure of the system simple and the complex application hierarchical. The design of the whole system includes the tasks of the operating system and a series of user applications. The main function of the system is mainly to realize the initialization of the system hardware and the operating system. The initialization of hardware includes interrupt, keyboard, LCD and so on. The initialization of operating system includes the control blocks and events control blocks, and before the start of multi-task scheduling, one task must be started at least. A start task has been created in this system, which is mainly responsible for the initialization and startup of clock, the start-up of interruption, the initialization of communication task module, as well as the division of tasks and so on. 
[image: image7.emf]B.    Functional task of the DACS system Software
Figure 7. Functional tasks of the system software.

Figure 7. Shows the functional task of the system software. According to importance of the tasks and the divided into six tasks with different priority, demands of real-time, the system applications are which including the tasks of A/D data acquisition, system monitoring, receive queue, data send, keyboard input, LCD display. The A/D data acquisition task demands the highest real-time requirements and the LCD display task is the lowest. Because each task has a different priority, the higher-priority task can access the ready one by calling the system hang up function or delay function.
C.    Data flow for Analog to digital conversion
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     Figure 8. Shows the data conversion flow of AD7715. 
Figure 8. Data conversion flow – AD7715
The application A/D conversion is an important part of the data acquisition system. In the uC/OS-II real-time operating system core, the realization process of A/D driver depends mainly on the conversion time of Analog to Digital converter, the analog frequency of the conversion value, the number of input channels, the conversion frequency and so on.
.V. MERIT OF THE SYSTEM
A.     Existing work

     The use of single chip Data acquisition system (DAS) method in industrial automation and process control application is not only limited in processing capacity and also the problem of poor real time and reliability. This DAS system can only measure the remote signals and it cannot be used to control the process. This system doesn’t perform multi-tasking operation to measure and process the signals.
B.     Proposed work
       Limited processing capacity and the problem of poor real time and reliability of DAS system has been overcome by the substitution of embedded ARM processor for single chip method to realize data acquisition and control (DACS). This DACS system can able to measure the remote signals and can able to control the remote devices through reliable protocols and communication network. This system uses uC/OS-II Multi-tasking operating system to measure and control the whole process of an idustry.   

Figure 9. Simulation result of ADC
Figure 9. Shows the Simulation result of ADC

Figure 10. Shows the Simulation result of Wheatstone parameter measurement
VI. CONCLUSIONS

      With the rapid development of the field of industrial automation, process control and the wide range of applications of network, intelligence, digital distributed control System, it is necessary to make a higher demand of the data accuracy and reliability of the control system. Data acquisition system based on single-chip has been gradually eliminated because the problem of the poor real-time and reliability. With the fast popularization of embedded ARM processor, there has been a trend that ARM processor can alternate to single-chip to realize data acquisition and control. The embedded ARM system can adapt to the strict requirements of the data acquisition system, such as the function, reliability, cost, size, power consumption, and so on. In this paper, A kind of ARM-based embedded remote I/O data acquisition and  Control system (DACS) has been developed, whose hardware platform use 32-bit embedded ARM processor, and software platform use open-source RTOS uC/OS-II core. The system can be widely applied to electric power, petroleum, chemical, metallurgy, steel, transportation and so on. And it is mainly used in the collection and monitoring of all kinds of electrical and thermal signals such as voltage, current, thermal resistance, thermocouple data of the production process. And this system has the ability to control the remote devices using the same single chip Data acquisition and control system. The system has the dual redundant network and long-distance communication function, which can ensure the disturb rejection capability and reliability of the communication network.

Figure 10. Simulation result of Wheatstone parameter measurement
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