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PAPER PRESENTATION

ON

“SMART SENSORS AND CONTROLLERS”

ABSTRACT 


Smart sensors are sensors with integrated electronics that can do one or move following functions:- Logic functions, two-way communication, make decisions. It consists of transduction element, signal conditioning electronic and controller or processor that supports some intelligence in a single package. This paper introduces concept of smart sensors and controllers systematically. The progress in the integrated circuits become possible because of the tremendous progress in semiconductor technology, resulted in the low cost microprocessor.  By designing a low cost sensor which is silicon based the overall cost of the control system can be reduced. The usefulness of silicon technology as a smart sensor, physical phenomena of conversion to electrical output using silicon sensors, characteristics of smart sensors.  The silicon sensor can produce output, as voltage, current, resistance or capacitances, output format can be analog or digital.  Suitable signal conditioning circuits along with processor can easily designed using silicon technology.  The presence of controller or processor in smart sensor has lead to corrections for different undesirable sensor characteristics which include input offset and span variations, non-linearity and cross sensitivity. As these are carried in software, no additional hardware is required and thus calibration becomes an electronic process. Reduced cost of bulk cables and connectors, cost improvement and remote diagnostics are the qualities of smart sensors. In this paper specifically laser based smart displaced sensor is explained, how smart sensors help anesthesiologist in Anaesthesia supervision is elaborated. An effort is made to demonstrate a prototype Sensor system. “Smart dishwasher controller”.  Features of smart valve controller ends this paper.
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1. INTRODUCTION:
We can have integrated a sensor, which has electronics and the transduction element together on one silicon chip. This complete system can be called as system-on-chip .The main aim of integrating the electronics and the sensor is to make an intelligent sensor, which can be called as smart sensor. Smart sensors then have the ability to make some decision. Physically a smart sensor consists of transduction element, signal conditioning electronic and controller/processor that support some intelligence in a single package. Definition: -Smart sensors are sensors with integrated electronics that can perform one or more function, a) logic functions b) two-way communication c) make decisions.

2. USEFULNESS OF SILICON TECHNOLOGY IN SMART SENSOR: There are very convincing advantages of using silicon technology in the construction of smart sensor. All integrated circuits employ silicon technology. A smart sensor is made with the same technology as integrated circuits. A smart sensor utilizes the transduction properties of one class of materials and electronic properties of silicon (GaAs). A transduction element either includes thin metal films, zinc oxide and polymeric films. Integrating electronics circuits on the sensor chip makes it possible to have single chip solution. Integrated sensors provide significant advantages in terms of overall size and the ability to use small signals from the transduction element.

Signal Conversion Effects: 

	Signal Domain 
	Examples (Measured)
	Examples(Physical Effects in silicon)

	Radiant Signals
	Light Intensity, polarization
	Photovoltaic-effect, photoelectric effect

	Mechanical Signals
	Force, pressure, flow, vaccum
	  Piezo-resistivity

	Thermal Signals
	Temp, Temp. gradient
	  Seebeck effect

	Chemical Signals
	Concentration, pH, toxicity
	Ion sensitive field effect

	Magnetic Signals
	Field intensity, flux density
	Hall effect
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Different silicon sensors can be obtained by employing above effects. The silicon sensor can produce output as voltage, current, resistance or capacitance. Output format can be analog or digital. Suitable signal conditioning circuits along with processor can easily be designed using silicon technology. The presence of controller or processor in smart sensor has lead to corrections for different undesirable sensor characteristics, which include input, offset and span variations, on linearity and cross sensitivity. As these are carried out in software, no additional hardware is required and thus calibration becomes an electronic process.3. General Architecture of Smart Sensor:
It is similar to a data acquisition system, the only difference being the presence of complete system on a single silicon chip. In addition to this it has on-chip offset and temperature compensation.
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                         Fig.1 General Architecture of Smart Sensor

BLOCK LEVEL DESIGN CONSIDERATIONS FOR SMART SENSOR: -
Design choice of smart sensor depends on the specific application for which the sensor is required and also related to specific industry. 

4. Importance and Adoption of Smart Sensor: Following are qualities of smart sensor:

a) Reduced cost of bulk cables and connectors, b) Remote Diagnostics 

4.1 Enhancement of Application:-Smart sensor also enhances the following applications         a) Self calibration b) Computation c) Communication d) Multisensing.

4.2 System Reliability: System reliability is significantly improved due to the utilization of smart sensors. One is due to the reduction in system wiring and second is the ability of the sensor to diagnose its own faults and their effect.

4.3 Improvement in Characteristics: There is improvement in following characteristics:

Non-linearity, Cross-sensitivity, Offset, Parameter drift and component values.

4.4 Summary of Different Smart Sensors: Some of the smart sensors developed at different research institutes are as follow:

Optical Sensor: -Optical sensor is one of the examples of smart sensor, which are used for measuring exposure in cameras, optical angle encoders and optical arrays. Similar examples are load cells silicon based pressure sensors.

Accelerometer: Accelerometer fabricated at the IBM Research laboratory at San Jose California, which consists of the sensing element and electronics on silicon. The accelerometer itself is a metal-coated SiO2 cantilever beam that is fabricated on silicon chip Integrated Multi-Sensor: Integrated multi-sensor chip developed at the electronics research Laboratory University of California. This chip contains MOS devices for signal conditioning with on chip sensor, a gas flow sensor, an infrared sensing array, a chemical reaction sensor, a cantilever beam, accelerometer, surface acoustic wave vapor sensor, a tactile sensor array and an infrared charge coupled device imager.
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5. LASER BASED SMART DISPLACEMENT SENSOR: The elements of proposed light intensity displacement smart sensor are an optical converter (Detectors) and control, acquisition and processing unit represented by a

Fig. 2 Block Dia. Smart Displacement Sensor
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Fig. 3.Angular Distribution of LD Beam                                             
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Microcontroller. The stability of emitted laser beam is assured by a laser diode driver that controllers the currents injected in the laser taking into account temperature. The emitted laser beam has divergence angle (x=620 and (y=50, which means that two optical detectors (OD1, OD2) are required to obtain the displacement values. Figure shows that OD1 and OD2  mounted symmetrically to Z- axis in order to capture intensity E at each d position. E is defined by E=Pe/S ((x,(y, d) Where Pe is LD emitted power; S ((x,(y, d) is the illuminated surface included in X-Y plan, d is X-Y plan position. Taking into account that for a stabilized emitted power Pe=Constant and that S ((x,(y,d) increases with d, the beam intensities detected by OD1 and OD2 include information about d, which is extracted using a neural network.
To eliminate environment light influences following steps are performed

(VOD1=VOD1on-VOD1off, (VOD2=VOD2on-VOD2off,

The control on/off actions and the (VOD1 and (VOD2 calculation are performed using a microcontroller PICI6F877.
Considering the nonlinear distribution of E ((x,(y, d) a nonlinear processing of (VOD1 and (VOD2 to extract the displacement information (d) is needed.  The solution used in present case is 2 inputs –1 output neural network (NN). The system based on OD1 and OD2 and on appropriate NN processing permits the extraction of the ‘d’ with an automatic correction of OD1 -OD2 tilting angle, ((). The smart component is connected to a computer through the RS232 serial link to allow user communication and to download data to computer for subsequent analysis.
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NN Processing (Neural Network): - The NN used in this present work is multiplayer perception (MLP-NN). The MLP-NN includes three layers (input layer, hidden layer, and output layer), where the hidden layer is characterized by ‘transignoid’ type neurons. 

Displacement smart sensors have qualities like it’s simplicity, on line correction of influence factors.

 Fig. 4 NN Architecture

6. Distributed Smart Sensor System:
A distributed smart sensor system consists of a network backbone, on which reside many nodes. Nodes may be loosely classified as either sensor nodes or controller nodes. Sensor nodes are those, which tend to send data to the network, and controller nodes are those, which tend to gather data from the network. 
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   Fig.No.5 Smart Sensor System
Fig.No.6Prototype Smart Sensor Node   


A prototypical smart sensor node consists of three elements: a physical transducer, a network interface, and a processor/memory core. The transducer senses the physical quantity being measured and converts it into an electrical signal. Then the signal is fed to an A/D converter, and is now ready for use by the processor. The processor will perform some signal processing on the data, and depending on how it is programmed, may send the resulting information out to the network. Network transactions are handled by the network interface block. 
Note that these are only functional definitions and that MEMS technology potentially allows all three blocks to be implemented on a single die. 
A prototypical controller node consists of processor/memory, a network interface, and input/output devices for communicating with human users. It is used to collect information from the sensor nodes, to program the sensor nodes, and to provide feedback to the user. Placing all the sensors on a common network bus enables "plug and play" ease of installation. That is, no new wires have to be routed to accommodate new nodes.

7. SPECIFIC APPLICATION OF SMART SENSOR IN MEDICAL FIELD: THE ANAESTHESIA SUPERVISION:  

 Actually, the essential difficulty of Anaesthesia supervision results of the fact that, each characteristic signal (Adequate ventilation of lungs, adequate circulation, and intra cranial pressure) is assessed separately. Consequently, it is difficult for the anesthesiologist to evaluate the patient’s conditions. Moreover, he should be able to distinguish equipment’s dysfunction of a real variation of the patient state. So propose a new architecture for Anaesthesia supervision, based on concept of smart sensor.


 Fig.No.7Central Data Processing Unit Fig.No.8.uture Architecture of Anaesthesia Supervision

The Contribution of This System Are As Follows:-1. The elaboration of a rate order from the trend curve of pressure measure and precedent rate.2. The supervision of the difference between the intracranial pressure and mean arterial pressure.

8. SMART CONTROLLER: 

Smart controller is the latest inventory mode of controller. 

9. SMART DISHWASHER CONTROLLER:
Current dishwashers enable the user to choose cycle selection, heat selection, and a start delay. Our Smart Controller will remove the cycle options by utilizing a turbidity sensor. The Smart Controller will interface with two modules: the control panel and the dishwasher hardware. Based on user inputs of heat and delay, the controller will send control signals to the proper dishwasher components. The addition of new sensors allows a more accurate pre-wash cycle that can rinse the dishes as long as necessary to remove the loose grit before starting the main cycle.  This saves time, energy, and water--after all, even if the pre-wash cycle actually takes LONGER to run, the user will not have to rewash dishes!


It will have inputs both from the user and from onboard sensors; the micro controller that will process the information and provide the appropriate instructions to operate the dishwasher; an amplification circuit to provide the correct signal voltage level to operate the various loads. With the use of a turbidity sensor and a microprocessor, we can take advantage of knowing that the dishes are clean.  This will allow us to change the dishwasher operation from static cycles to dynamic cycles. This will undoubtedly result in more efficient wash cycles.

9.1 Objectives

i) Analogue Signal Interface:  Receive two signals from the turbidity sensor in the range of 0 to 10 VAC.  Convert these signals to two12-bit numbers with resolution of +/- .01 V.

ii) Digital Signal Interface: Receive a digital (0-5VDC) temperature reading as a 12-bit signal with a resolution of +/- 1˚ C.

iii) Switching Mechanism:  The controller must use the microprocessor output of +5 VDC to supply voltage to loads that will require 120 VAC or 24 VDC to operate.  This switching shall occur no less than 10,000,000 times during the designed operational lifespan of the dishwasher per load.  

iv) AC Loads:  The controller must interface four loads that will operate on AC.

The circulation pump requires either 120 VAC or 240 VAC at 300W,The drain pump requires 120 VAC at 100 W, The heater requires 120 VAC at 1600 W, The exhaust fan requires 120 VAC at 10 W, The rinse aid dispenser requires 120 VAC at 46.44W. , The inlet valve will have two solenoids that require 120 VAC at 6 W.
v) Physical Packaging:  The controller will be housed on a PCB measuring 8” wide, 4” deep, and 1.5” tall.

vi) Microprocessor: The microprocessor shall be as cheap as possible, while conforming to the following minimum requirements:  100 bytes of data memory (for storing timing values, semaphores, and output values) and 20 I/O pins (for communication with the user components interface).

vii) User Interface:  The user interface should consist of the following user inputs:

Time Increment: toggles +5 VDC/ 0 VDC

Time Decrement: toggles +5 VDC/0 VDC

Rinse: toggles +5 VDC/0 VDC.  There will be a LED in parallel with the switch.

Rinse LED: on at +5 VDC/off at 0 VDC

Heat Selection: toggles +5 VDC/0 VDC

Power Switch:  A SPST switch that turns main power on/off

The output for the controller will be an LCD screen.  This screen should have no less than a 24-character display.

viii) Safety Interlock: The controller must immediately stop all operations in the event of the door opening during operation.  This is to ensure that the user and/or equipment will not be damaged or defaced.

ix) Power:  The smart controller should use no more than 2.5 watts of power.

9.2 Approach:-Basically following components are used in design 

A) Temperature: -The temperature may be sensed digitally using two MAX1618 remote thermostats.

B) Turbidity: -Turbidity measures the relative amount of suspended soils in water.  Two turbidity signals shall be transmitted to the microprocessor—the scattered light signal and the transmitted light signal. These signals shall be within the range of 0 to +10VAC, so they may be input to the MAX127 A/D converter, used to determine the switch-off time for the heater.

C) Switching Mechanism: -The micro controller will use 3 relays to switch the large AC loads.  The relays will be connected to the drain pump, circulation pump, and the heater.

D) Processor: - A Unicom SX28 microprocessor shall control our dishwasher.  A datasheet and manual may be located here:

9.3 Functionality of the MCU: - A dishwasher cycle consists of 4 main steps, as follows:

1. Has the cycle been interrupted?  If so, then the dishwasher must be drained (using the drain valve and pump). 2. The inlet valve turns on, and the pump runs (for how long depends on the size of the washer). 3. The circulation pumps run.4.The dishwasher drains, and then circulates, and then drains again.  Normally, depending on the cycle selection, the above process is repeated some number of times (thrice for “Pots and Pans”, twice for “Normal”, and once for “China”).  


                  9.4 Flow Chart for User Interface: - 

10. SMART VALVE CONTROLLER: 

Features: -
If you’re not watering an area simply because of the inability of getting wires from the controller to the valves, Hunter provides the ideal economical answer in the form of smart valve controller.

Fig. No. 9 Smart Valve Controller

The Smart Valve Controller mounts to a valve solenoid quickly and easily– without screws, drills or additional wires. This rugged product is fully submersible and resists all moisture intrusion in water, mud and debris as deep as 12 feet. Operating off a single 9-volt battery that’s guaranteed to provide power through a full season. It’s also a breeze to program, with an easy to read and understand LCD display instead of cumbersome buttons and knobs. For isolated sites or power-restricted areas, and for the special needs of drip zones, the new Hunter Smart Valve Controller is your single-station solution.

11. CONCLUSION
Smart sensors are becoming a considerable part of various fields such as industries, medical, defense. Silicon plays an important role in development of smart sensors. Still a lot of research is required to get benefits of smart sensors.


We recognize that Home Automation is the wave of future. “Smart Dishwasher controller” gives future vision of Automatic Smart control system. Smooth   advantage of smart controller can be sensed by practical example of ‘smart valve controller’.
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