APPLYING BLUETOOTH™ IN INDUSTRIAL DATA ACQUISITION AND CONTROL SYSTEMS
Anton Ziskin
Saint-Petersburg State University of Aerospace Instrumentation,
Saint-Petersburg, Russia 
Abstract
[image: image1.emf]Data bits

Parity check bit

Start bit

Stop bit (s)

D2 D1 D3D4D5D6D7 D0

This article discusses the usage of the Bluetooth technology in telemetry and remote control systems. An example of a simple Bluetooth telemetry system is built and its advantages and drawbacks are described. The system is to be built using a powerful ARM7TDMI microcontroller (Analog Devices ADuC702x series) and Bluetooth-to-UART adapter (Sena ESD 210). The selected devices are by no means the only possible ones and can be substituted by any other microcontroller capable of transmitting data through UART and any Bluetooth-to-UART adapter with suitable characteristics.
I. INTRODUCTION
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Remote data acquisition and control problems are frequently encountered in modern world. These problems are commonly solved using wired connections, such as Ethernet and lots of other connection types. However, there is a quite large (and growing) class of systems, where wired connections are not an option, e.g. sensors situated on moving objects. Nowadays one can select from a range of wireless solutions, notably Wi-Fi (IEEE 802.11) and Bluetooth (IEEE 802.15.1). Generally, Wi-Fi is the best choice considering speed and security. It allows communications speed up to 54 Mbps and a protocol stack providing great means of data security. It is widely used when an Ethernet-like network is to be built. However, Wi-Fi requires relatively much power and this can be a major drawback. All in all Wi-Fi is very powerful, but not all systems require that high transfer rates and data protection, thus making the use of Wi-Fi unnecessary in many cases.
Bluetooth is by far less powerful and fast, reaching only 2 Mbps data transfer rate. The devices' range differs from 10 to 300+ meters, depending on the device power class and whether an external antenna is used. It may seem not that impressive, but one should take power consumption into account. In theory, Bluetooth can replace almost any type of cable connection and is often regarded as "wireless USB", while Wi-Fi is a natural wireless Ethernet replacement, allowing complex network topologies. The Bluetooth specifications also contain simple means of devices pairing, thus making Bluetooth a likely choice for 2 point short range wireless connections, which is just the case of a simple telemetry/remote control system. As seen further, it also can be used to produce a simple star-topology network, thus allowing usage of multiple sensors/actuators.
II. SERIAL COMMUNICATIONS
An UART, universal asynchronous receiver/transmitter is responsible for performing the main task in serial communications with computers. Serial means that one bit of data is sent at a time. Asynchronous tells us that data can be sent at any time and no clocking signal is present. This makes the usage of an extra line for clocking the connection unnecessary. The receiver and transmitter must have the same communication settings to “understand” each other (baud rate, number of bits, parity setting, start/stop bit settings) The drawback such a solution is the mandatory presence of start/stop bits which lowers effective data transmit rate. A typical bit sequence during data transmission is shown in fig.1 
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	Fig. 1 Typical bit sequence during UART data transmission


Asynchronous communication method also leads to loss of data if the receiver doesn’t react in time. However, it is the most popular way to transmit data due to its simplicity and because in fact only two wires are needed for the transmission. There are several standards of serial communication, with RS-232 among them. RS-232 is the most popular serial standard for short-range communications. 

III. USING BLUETOOTH IN SERIAL COMMUNICATIONS

The Bluetooth protocol stack (fig.2) includes the RFCOMM (Radio Frequency Communication) protocol, which is a wireless serial port replacement. The main idea of RFCOMM is to make communications through Bluetooth as transparent to the end-user as possible. The PC (or any other device capable of sending/receiving data using a serial port connection) acts as if it was communicating through a common serial port. This port doesn't exist physically, but is fully functional for the PC. If the user wants to transmit data using the Bluetooth adapter, he just sends the data to the newly created serial port. This makes the older software designed to communicate using a RS-232 connection compactable with Bluetooth. Interfacing a serial port is a common and relatively simple task. Common port tracking software also works correctly with the virtual ports. Up to 60 virtual serial ports can be created and used for communications.
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	Fig. 2 Bluetooth™ protocol stack


This makes the data transmission between the microcontroller and the PC using RFCOMM as simple as possible. The devices send data to the UART/Serial port as if there was a direct cable connection between them. The only drivers needed are the UART driver for the microcontroller and the RS-232 port interfacing driver for the PC. These drivers are easy to create or to find as there is plenty of ready-to-use code available. The only real drawback is the fact that UART becomes the bottleneck in means of communications speed, which is not likely to exceed 115200 kbps in this case. If the PC must interface several sensors/actuators, one should create a separate serial port for each of the sensors and poll them in a cycle. Such communication sequence produces a kind of star topology network with the PC being the server (fig.3)
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	Fig.3 The network formed by the PC, 
sensors and actuators using Bluetooth™


The PC is able to exchange data with one sensor/actuator at a time (fat line shown in the figure) and the sensors/actuators cannot communicate with each other directly, they must wait for the PC to poll them and then send the data to the PC, which will store it and transmit it to another sensor/actuator if needed. The number of sensors/actuators is limited to 60 which is the maximum number of serial ports. This kind of system is rather power-efficient as the sensors/actuators are in the stand-by state all the time when they are not transmitting data to/from the PC.
IV. AN EXAMPLE DATA ACQUISITION SYSTEM

Let us examine an example of a remote data acquisition system using Bluetooth. The simplest case possible is acquiring data from a single potentiometric transducer. The structure of such a system is shown on fig.4. The controller must convert the transducer voltage into digital data and send it to the PC when asked to. The former task can be fulfilled using the internal ADC if present; the later requires an UART transmitter onboard. Both features are standard among most of the microcontrollers available. The choice relies on price and performance. In most cases performance is not the key, because complex control algorithms can be computed on the PC if needed before sending the data to the actuator. However, if the sensor is adjacent to the corresponding actuator, the control algorithms can be computed on the controller itself and the data sent to the PC is then used for monitoring purposes, which does not require as much data to be transmitted. All in all the choice depends on the system’s purpose and architecture
Fig.4 A typical Bluetooth™-based data acquisition and remote control system
	
[image: image4.emf]Sensor

ADC CPU

Sensor 

signals

UART

Microcontroller

DAC

Bluetooth 

transmitter

Sensor

DAC

Turn ADC 

on

+3.3 V

VDD

VDD

DCD

RX

TX

Bluetooth

channel

PC

RS232 

Bluetooth

adapter

Control 

signals

Actuator

Actuator





If the system is not to be reproduced in large quantities, one may want to use components available on the market, e.g. microcontroller mounted on a PCB with its inputs and outputs easily accessible. This can save time and money as designing and producing own PCBs is cheaper only when the system goes batch production. There are a lot of preproduced PCBs available, one of them is Analog Devices ADuC 7020 MiniKit evaluation board (fig.5).
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	Fig. 5 ADuC 7020 MiniKit evaluation board


ADuC 7020 features 5-channel 12 bit ADC, 4 DACs that can be used as control outputs and 2 UARTs. The full features list can be found in the official Analog Devices ADuC 702x datasheet. The microcontroller is powerful enough and has onboard DACs, which makes it a likely choice for a system with control done by the microcontroller and the PC just monitoring data.

The Bluetooth transmitter/receiver is the other important part of the system. There is a wide choice of such transmitters. One possible choice is Sena ESD-210 transmitter (fig.6). 
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Fig. 6 ESD-210 mounted on the test board
It is a Bluetooth class 2 device with average power consumption. The main feature of ESD-210 is the possibility of using an external antenna, thus expanding the device’s range to 300 m. Its characteristics can be found in table 1. Once configured it remembers the device it’s paired with (the PC’s or any other Bluetooth adapter) and responds to its requests. It has a DCD output, which state shows whether data is requested to be sent. The DCD output should be connected to the microcontroller and act as a trigger for the data transmission start. ESD-210 is connected directly to the microcontroller UART outputs and requires the same voltage to operate, thus allowing usage of only one power source (3.3 V). According to the RFCOMM requirements, it doesn’t require any extra drivers to operate and the microcontroller behaves as if it was transmitting data through a serial cable. The UART driver for the ADuC7020 written in C is available at the manufacturer’s website.
	Table 1 
ESD-210 technical data

	Device class
	Bluetooth 1.2 class 2

	Protocols available
	RFCOMM, L2CAP, SDP

	Range
	30 m (standard antenna) – 300 m 

	Current consumption
	31 mA at 9600 kbps

39 mA at 115 kbps

	Temperature range
	-70 - 55º С

	Dimensions and weight
	18x12x12 mm,  2 g


The current consumption of the evaluation board with he microcontroller running at 5 MHz, ADC turned on and Bluetooth transmitter sending/receiving data is about 50 mA. In the stand-by state, when the ADC is off and the Bluetooth transmitter is idle the system consumes only about 15 mA.
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	Fig.7 Data acquisition system working algorithm flowchart


To make the system as power efficient as possible, one should adhere to the following microcontroller working algorithm shown in fig. 6. The main idea is not to transmit data when it is not asked for by the PC and to keep the ADC off as often as possible (i.e. all the time when the measurements are not taken). Obviously, if the measurements must be taken continuously, this technique is not possible to apply and one has to leave the ADC in working state all the time, thus increasing power consumption slightly. As one can see, the algorithm does not include control signals as they are not necessarily related to the PC.

The PC working algorithm can vary widely. The only essential software piece is a way to access the serial port data. A working MFC-using C++ class can be found at codeguru.com. With slight variations it is one of the most popular ways to access serial ports. It works under MS Windows only.
V. CONCLUSION
Applying Bluetooth ™ for monitoring remote sensors and performing wireless control tasks can be very profitable. Bluetooth can reasonably be preferred over Wi-Fi if cost, transmitter size and power consumption are of greater importance than transmission speed and data security. A Bluetooth transmitter for the PC is available at virtually no cost, and some means of Bluetooth communications are included in a large number of portable devices, e.g. notebooks and PocketPCs. One of the obvious applications is a set of sensors scattered around a large area. An operator with a Bluetooth-powered PocketPC can easily control all of them. Bluetooth-based solutions are one of the least expensive available and it makes this wireless technology an attractive choice for moderate cost control facilities.
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