GSM BASED SYSTEM DESIGN FOR INDUSTRIAL AUTOMATION
INTRODUCTION

This project is based on VTU syllabus. The proposed system is based on ATMEL 89S52 µcontroller that is in our syllabus. 

For doing this project we use some of the software like 

· Embedded C for programming the application software to the microcontroller.

· Protel schematic software is used for designing the circuit diagram for this project.

· Express PCB software is used for designing the PCB for this project.

(Since PCB making is a big process and involves lot of machineries, which are expensive, we are going to outsource this to the manufacturer.)

ABSTRACT:

Now a day there is a lot of burglary happening across the city, the reason behind that is police can’t make out the exact location of burglary for example if burglary is happening inside any area in the city, police will get information after the incident had happened, and then they can’t find out the  way the thieves had went. Now so many alarm system and security systems are emerging in our markets using high-tech techniques, but in our design we are implementing a home automation and security systems using GSM,GSM is one of the latest mobile technology using smart MODEM which can easily interfaced to embedded microcontrollers. Now everything is going to be automated using this technology, using this technology we can access the devices remotely. Using GSM and GPS now we can identify the people, vehicles etc in any where of the world.

        In this project there will be sensors inside the home, if any body comes forcibly to home the sensors output will give information to the system that somebody had came, then it will send the SMS to the owners mobile or make a call to police.

COMPONENTS USED: 

· Power Supply 5v DC
-
7805


· Microcontroller 

-
89C51Atmel (www.Atmel.Com)

· Crystal


-
11.0592MHz

· Memory

- 
Atmel 24C04 4k EEPROM





· LCD


-
Liquid Crystal Display 2X16

· MAX232 

- 
Serial Communication

· Buzzer


-
 Freq-1 to 18khz.Volt-5v-12vDC

· Relays

· Smoke sensor

· PIR sensor

· Panic switches

· GSM Transmitter and Receiver (MODEM)

SOFTWARES USED:

· Embedded C.

WORKING PRINCIPLE:

HOME AUTOMATION: 

The device consists of GSM modem, microcontroller, sensors, relays, memory and display. If the user wants to control some devices in his house he/she have to send the SMS indicating the operation of the device and then the system password, while the MODEM embedded with the system microcontroller receives SMS.the microcontroller will read SMS and check for the password the user had sent with the SMS, the passwords are stored in memory, so the microcontroller will read the password from memory and compares with the message password. If the password is correct then it will check whether the message is for switch ON or OFF the devices. According to the received message the controller will switch on / off the relays.

        The device is password controlled, therefore only the people who know the device password is capable to control the device.

HOME SECURITY:

      In the security systems the device is connected to sensors like PIR sensors, smoke sensors etc.when some body had entered home forcibly for ex the PIR sensor connected to the door will detect the presence of person, and it will give an interrupt to the microcontroller. then according to the program load in flash the controller will find out from which sensor the interrupt had came, then it will sent SMS to the owners mobile or police by retrieving the phone numbers from memory.(the owners mobile number and police number is stored in memory)

BLOCK DIAGRAM

RECEIVER:














TRANSMITTER:

COMPONENT DETAILS:

Power supply:

The microcontroller and other devices get power supply from AC to Dc adapter through 7805, 5 volts regulator. The adapter output voltage will be 12V DC non-regulated. The 7805/7812 voltage regulators are used to convert 12 V to 5V/12V DC. 


Vital role of power supply in ‘GSM BASED SYSTEM DESIGN FOR INDUSTRIAL AUTOMATION’
The adapter output voltage will be 12V DC non-regulated. The 7805/7812 voltage regulators are used to convert 12 V to 5V/12V DC. 

Micro controller-AT89S52

The AT89S52 is a low-power, high-performance CMOS 8-bit microcontroller with 8K bytes of in-system programmable Flash memory. The device is manufactured using Atmel’s high-density nonvolatile memory technology and is compatible with the industry- standard 80C51 instruction set and pinout.

Features:
8K Bytes of In-System Programmable (ISP) Flash Memory

Endurance: 1000 Write/Erase Cycles

4.0V to 5.5V Operating Range
256 x 8-bit Internal RAM
32 Programmable I/O Lines
Full Duplex UART Serial Channel
Fully Static Operation: 0 Hz to 33 MHz

Vital role of micro controller in ‘GSM BASED SYSTEM DESIGN FOR INDUSTRIAL AUTOMATION’
      In the security system the micro controller is programmed in such a way that if somebody had entered in home with out permission the sensors will detect and gives an interrupt to the microcontroller, if the controller is interrupted it will give commands and user number to the modem to sent the alert SMS to the owner mobile.

LCD is connected to microcontroller as 4 bit data mode, before displaying anything in LCD Initialization have to do ,so microcontroller will  control the LCD initialization  and select the data register and command register according to the purpose.

       Memory is connected to microcontroller using two pins, it is communicating with the microcontroller through I2C communication.

Relay and buzzer is controlled by the microcontroller using single pins, Ie giving high means device will switch on and vice versa. Sometimes it may be interchange according to the transistor used to drive the device.

LCD (LIQUID CRYSTAL DISPLAY)

LCD’s can add a lot to your application in terms of providing an useful interface for the user, debugging an application or just giving it a "professional" look. The most common type of LCD controller is the Hitachi 44780 that provides a relatively simple interface between a processor and an LCD. Inexperienced designers do often not attempt using this interface and programmers because it is difficult to find good documentation on the interface, initializing the interface can be a problem and the displays themselves are expensive.


LCD has single line display, Two-line display, four line display. Every line has 16 characters.

Vital role of LCD in this project ‘GSM BASED SYSTEM DESIGN FOR INDUSTRIAL AUTOMATION’
LCD is connected to microcontroller as 4 pins for data and a single pin for register select and enable,

 
Using microcontroller does LCD initialization, before initialization the LCD have to wait for 30 ms delay.

   
The main application of LCD in this project is to display the status of MODEM, status of sensor etc.for example if the microcontroller is initializing the MODEM, if any case MODEM failed to initialize the user don’t know what is happening in the system, so we are using the LCD to display the status.

RS 232 CONVERTER (MAX 232N)

This is the device, which is used to convert TTL/RS232 vice versa. 

RS-232Protocol
RS-232 was created for one purpose, to interface between Data Terminal Equipment (DTE) and Data Communications Equipment (DCE) employing serial binary data interchange. So as stated the DTE is the terminal or computer and the DCE is the modem or other communications device. RS-232 pin-outs for IBM compatible computers are shown below.  There are two configurations that are typically used: one for a 9-pin connector and the other for a 25-pin connector. 


Voltage range

The standard voltage range on RS-232 pins is _15V to +15V. This voltage range applies to all RS-232 signal pins. The total voltage swing during signal transmission can be as large as 30V. In many cases, RS-232 ports will operate with voltages as low as _5V to +5V. This wide range of voltages allows for better compatibility between different types of equipment and allows greater noise margin to avoid interference. 
Because the voltage swing on RS-232 lines is so large, the RS-232 signal lines generate a significant amount of electrical noise. It is important that this signal does not run close to high impedance microphone lines or audio lines in a system. In cases where you must run these types of signals nearby one another, it is important to make sure that all audio wires are properly shielded.

The main role of the RS232 chip is to convert the data coming for the 12-volt logic to

 5 volt logic and from 5 volt logic to 12 volt logic

Vital role of RS232 Converter (Max 232n) in ‘GSM BASED SYSTEM DESIGN FOR INDUSTRIAL AUTOMATION’ RS 232 CONVERTER is a chip to convert the TTL voltage levels into RS 232 level and vice versa, Maxim Corporation develops this chip.

        In this project MODEM is communication with the microcontroller through serial port, the microcontroller will send the commands to the modem through RS 232.and the data is read through serial port therefore to make compatible computer serial port with microcontroller serial port we are using the RS 232 converter.

External EEPROM memory (2Kbytes)

These memory devices are used to store the data for off line process. The AT24C02A provides 2048bits of serial electrically erasable and programmable read only memory (EEPROM) organized as 256words of 8 bits each. The device is optimized for use in many industrial and commercial applications where low power and low voltage operation are essential. The AT24C02Ais available in space saving 8-pin PDIP.

Features

Internally Organized 256 x 8 (2K), 

2-Wire Serial Interface (I2C protocol)
High Reliability

– Endurance: 1 Million Write Cycles

– Data Retention: 100 Years

· ESD Protection: >3000V

Vital role of memory in ‘GSM BASED SYSTEM DESIGN FOR INDUSTRIAL AUTOMATION’
     EEPROM memory is electrically erasable programmable memory, it is communicating with the microcontroller using 12C communication.ie it contains one data pin and clock pin, these device is connected as slave to the microcontroller. the main application of memory in these project is to store the telephone numbers of user /police, in case if somebody had entered into the home microcontroller will send the commands to the modem with the user phone number, the number is read from the memory by the microcontroller.

PIR Sensors

Pir sensor (Passive infra red sensor) is used to detect the movement.

Vital role of PIR sensor in ‘GSM BASED SYSTEM DESIGN FOR INDUSTRIAL AUTOMATION’

Sensor is used to detect the movement, if any body open door forcibly the sensor will give output to microcontroller.

Smoke sensor

Smoke sensor (Passive infra red sensor) is used to detect the presence of smoke.

Vital role of Smoke sensor in ‘GSM BASED SYSTEM DESIGN FOR INDUSTRIAL AUTOMATION’
Sensor is used to detect the smoke.

GSM modem (900/1800 MHz)

Semen’s GSM/GPRS Smart Modem is a multi-functional, ready to use, rugged unit that can be embedded or plugged into any application. The Smart Modem can be controlled and customized to various levels by using the standard AT commands. The modem is fully type-approved, it can speed up the operational time with full range of Voice, Data, Fax and Short Messages (Point to Point and Cell Broadcast), the modem also supports GPRS (Class 2*) for spontaneous data transfer. 

Description of the interfaces 

The modem comprises several interfaces: 

· LED Function including operating Status

· External antenna ( via SMA)

· Serial and control link 

· Power Supply ( Via 2 pin Phoenix tm  contact )

· SIM card holder 

LED Status Indicator 

The LED will indicate different status of the modem: 

· OFF 


Modem Switched off

· ON 


Modem is connecting to the network

· Flashing Slowly 
Modem is in idle mode

· Flashing rapidly 
Modem is in transmission/communication (GSM only) 

Vital role of GSM modem in ‘GSM BASED SYSTEM DESIGN FOR INDUSTRIAL AUTOMATION’

GSM is one of the latest mobile technologies using smart MODEM, which can easily interfaced to embedded microcontrollers. Now everything is going to be automated using this technology, using this technology we can access the devices remotely. Using GSM and GPS now we can identify the people, vehicles etc in any where of the world.

MODEM is communicating with the microcontroller using AT commands, for example if we want to send an SMS to number 98xxxxxxxxx,the commands we have to send is AT+CMGS=”<98xxxxxxxxxx>”, <enter>, <message>, <ctrl-Z>.

               In this project it is used to send SMS to the owners mobile when somebody entered the home without permission.

APPLICATIONS OF THIS PROJECT:

· Home automation

· Office automation.

FUTURE ENHANCEMENT:

       In this project in future we can add a multimedia camera to see what is going inside the home by sitting in office or somewhere.

1.      [image: image1]INTRODUCTION
1.1 AIM AND OBJECTIVE
In some industries proper maintenance of the controlling system or industrial devices is crucial to deliver an uninterrupted output. So to reduce the maintenance costs and to optimize critical monitoring system GSM Based Industrial Automation Technology is used. 
 
In this project a GSM server is implemented with PSOC mixed signal chip, sensors and relays. The GSM Modem can provide the necessary data related to industry to a maintenance officer located anywhere at any time. According to data received officer will take some action by sending some commands to PSOC chip through mobile unit to GSM modem. PSOC chip decodes the commands and controls the industrial devices through relays. 
 
1.2 SCOPE OF THE PROJECT
The scope includes connecting the different control systems to relays for controlling the environment. The PSOC microcontroller can be used for implementation of more complex systems for complex tasks like controlling different systems like nuclear plants and reactors in the industry. It can also be used in the system where there is a need of instrumentation, inverting and non inverting amplifiers.  
 
1.3 INDUSTRIAL AUTOMATION
Automation or industrial automation or numerical control is the use of control systems such as computers to control industrial machinery and processes, reducing the need for human intervention. In the scope of industrialization, automation is a step beyond mechanization. Whereas mechanization provided human operators with machinery to assist them with the physical requirements of work, automation greatly reduces the need for human sensory and mental requirements as well. Processes and systems can also be automated. Automation plays an increasingly important role in the global economy and in daily experience. Engineers strive to combine automated devices with mathematical and organizational tools to create complex systems for a rapidly expanding range of applications and human activities.
 

Many roles for humans in industrial processes presently lie beyond the scope of automation. Human-level pattern recognition, language recognition, and language production ability are well beyond the capabilities of modern mechanical and computer systems. Tasks requiring subjective assessment or synthesis of complex sensory data, such as scents and sounds, as well as high-level tasks such as strategic planning, currently require human expertise. In many cases, the use of humans is more cost-effective than mechanical approaches even where automation of industrial tasks is possible.
 
Specialized hardened computers, referred to as programmable logic controllers (PLCs), are frequently used to synchronize the flow of inputs from (physical) sensors and events with the flow of outputs to actuators and events. This leads to precisely controlled actions that permit a tight control of almost any industrial process.
 
 

Human-machine interfaces (HMI) or computer human interfaces (CHI), formerly known as man-machine interfaces, are usually employed to communicate with PLCs and other computers, such as entering and monitoring temperatures or pressures for further automated control or emergency response. Service personnel who monitor and control these interfaces are often referred to as stationary engineers.
 
Industrial automation is the process of controlling and guiding the industrial equipment, i.e. process and systems with less of the human intervention. The operation and control of the modern industrial equipment and process needs lot of sensors to monitor various parameters of the systems.
1.3.1 Importance of Automation 

Automation can improve productivity and quality. In order to receive these benefits, educating the workers on the machinery is necessary. Companies must contemplate their objectives of automating before incorporating any machinery. 
· As factory automation technology becomes more capable, more functional and ubiquitous, its meaning and purpose take on many interpretations.  
· Factory automation delivers increased product and process information, and of course, improves product quality. 
· Technology is used in so many ways and for so many different ends that it is almost impossible to have a single definition that includes all the solutions factory automation delivers.  
· MVI's RPM system, in effect, documents the way a company manages its people. 
· Its various data templates can be configured to address management and executive information needs. 
· It presents real-time data that will help hem to do something with the information and make an informed decision.  
· System monitoring showed that unit costs varied by as much as 50 percent over the three daily shifts.  
· Providing proper training to the operators led to increased productivity and a more consistent unit cost.  
· Factory automation's capabilities are multi-faceted and provide answers to the questions asked of it.  
· They have been forced to change from basic suppliers of parts, components or equipment to a take position where they help customers realize greater productivity, quality and a competitive edge from OEM purchases. 
· Because there are fewer mechanical components, the OEM can deliver the press at a lower initial cost to the printer or publisher.  
· While increased productivity is the clarion call for the OEM, end users must contend with a growing list of factory automation opportunities, a challenge for implementing successful factory automation.  
· Among the initiatives that Siemens has started is one called Totally Integrated Power, or TIP, to better manage energy costs and save money
· It can also lead to decreased factory power outages and improve uptime.  
· As with any powerful technology, consider your risk before you take action.  
· Make sure you have a solid set of goals and objectives that meet your company's operating needs. 
 
1.3.2 Context of the project
Monitoring of the Critical sensor monitoring is very important in several industries (Nuclear plants, power plants, petroleum and gas). This job should be done with at most   accuracy and reliably. The sensor information should be available at various locations simultaneously to take accurate decisions. This kind of requirement can be met by using the central servers and connecting the sensor networks through the controllers to the central servers. Most of the systems require features which are given by web server kind of architecture on wireless
·         Authentication (of the person commanding).
·         Port numbers for each connecting application.
•         But the deployment of the web server is costly and complex to maintain. 
•         Maintaining the wireless network has issues.
•         GSM network is readily available wireless secured network. 
•         Growing technological research towards 3G suggests this alternative.
2. PROJECT SURVEY
2.1 EXISTING TECHNOLOGIES 
Majority of the companies in INDIA have not implemented Automation practices in industry. Except few large industries majority of the companies cannot afford to invest huge amount of money in the existing costly setups to meet the requirements of Industrial Automation.
Existing methods widely use the following technologies to communicate the information from one end to the other end of the company.
·         Using Bluetooth -- But it is limited to short range.
·         Using Zigbee/ IEEE802.15.4 -- Range is up to only few Kms maximum.
·         Using Wi-Fi -- Requires costly equipment setup and high power consumption.
All the methods discussed above are quite expensive and complex to implement and not very reliable. The availability of information at various nodes simultaneously is not achieved. 
2.1.1 Bluetooth Technology
Bluetooth Technology is a radio frequency (RF)-based, short-range connectivity technology that promises to change the face of computing and wireless communication. It is designed to be an inexpensive, wireless networking system for all classes of portable devices. The projected cost of the Radio chip was around $5. 
A complete Bluetooth system will require these elements:
· An RF portion for receiving and transmitting data includes short-range radio transceiver,   an external antenna, and a clock reference (required for synchronization)
· A module with a baseband microprocessor
· Memory
· An interface to the host device (such as a mobile phone)
Its normal range of operation is 10m (at 1mW transmit power) and can be increased up to 100m by increasing the transmit power to 100mW. The system operate in unlicensed 2.4 GHz frequency band, hence it can be used worldwide without any licensing issues. It provides an aggregate bit rate of approximately 1Mbps.
2.1.2 Zigbee Technology
The Zigbee radio specification designed for low cost and power consumption than Bluetooth. The specification is based on IEEE 802.15.4 standard. The radio operates in the same ISM band as Bluetooth and is capable of connecting 255 devices per network. The specification supports data rates of up to 250Kbps at a range of up to 30m. These data rates are slower than Bluetooth, but in exchange the radio consumes significantly with low power with a large transmission range. The goal of Zigbee is to provide radio operation for months or years without recharging, thereby targeting applications such as sensor networks and inventory tags. 
 
The beauty of Zigbee is that devices from different manufacturers will be able to work together, as long as all are compliant to the standard.It has been suggested that the name evokes the haphazard paths that bees follow as they harvest pollen, similar to the way packets would move through a mesh network.
Zigbee is standardized at two levels – the radio chips must follow certain design rules, and the protocol layers that actually make the network function are defined and controlled by the Zigbee Alliance. Advantages are: Reliable and self healing, Supports large number of nodes, Easy to deploy, Very long battery life, Secure and Low cost. 
2.1.3 Wi-Fi Technology
Wi-Fi is the name given by the Wi-Fi Alliance to the IEEE 802.11 suite of standards. 802.11 defined the initial standard for wireless local area networks (WLANs).
But because of its costly equipment setup and high power consumption this technology is not preferred.
 

 

2.2 GSM COMPETING WITH SCADA 
SCADA (Supervisory Control and Data Acquisition) systems are currently widely used in unmanned substations. The systems use wired communication mode including setting up cables or fiber-optic cables or renting telephone lines or ADSL from China Telecommunication Corporations. However, it is not feasible to build SCADA systems for prefabricated substations, because of the great difficulties to setting up wired network to the remote areas and the high operating and construction cost. 
	Scope
	GSM
	SCADA

	 
 
Advantages
	–     Cost Saving-using public GSM network instead of setting up cables or renting specialized telephone lines.
–     Smart-microprocessor based monitoring system can function as self-diagnosis and automatic alarm.
–     Mobility-cell phones can function as mobile controllers to receive alarm and status data and to send simple commands.
–     Easy for Expansion-a newly built prefab-substation can be monitored by just installing a microprocessor-based device with a GSM/GPRS module on it.
	– Higher reliability of data transmission.
– More developed technology for centralized system control.

	 
Disadvantages
	–     Communication quality depends on the public GSM network traffic.
–     The Centralized administration system in control station still needs future development.
	– Long construction period and high construction cost.
– Cannot be monitored by mobile devices.

	 
Applications
	Suitable for small-size substation distributed in wide areas power distribution system with a very large RTU number capacity.
	Suitable for large scale substations.


Table 2.1: Comparing GSM with SCADA system 
Also, most SCADA systems only function as the data detection and transmission. The data processing and fault diagnosis will be done in control center. So when using SCADA systems, the substations cannot be controlled by mobile controllers.
The GSM network that is run by China Mobile Communication Corp. provides reliable communication quality with nationwide coverage. Short message service (SMS) that is ideal for intermittent small packet data transmission has now become the most widely used value added service based upon GSM standard. Meanwhile, the decreasing cost of GSM network devices such as mobile phones and GSM module has made them an attractive option for other wireless communication applications. By utilizing GSM SMS and assigning a unique address (SIM card number) to each remote control unit, data and commands can be transmitted in the wireless communication network. This paper presents design and implementation of a distributed monitoring and centralized controlling system for prefabricated substations. The system completely meets the demand of low cost and high level automation by introducing the microprocessor based RTUs and mobile communication technology.
 
GPRS supports world’s leading packet based internet protocols that makes highly efficient use of radio spectrum and enables high data speed. It enables any exiting IP or X.25 application to operate over a GSM cellular connection. Its data speed varies from 115Kbps to 117Kbps but it is likely to average at 56Kbps. 
 
It was developed to enable GSM operators to meet the following key features:
· It is a step towards 3G.
· Higher bandwidth and therefore data speed.
· Seamless, immediate and continues connection to the internet—‘always on-line’.
· New text and visual data content services.
· Packet switched rather than circuit switched which enable higher radio spectrum efficiency. 
· 3. PROPOSED TECHNOLOGY
· 3.1 BLOCK DESCRIPTION 
· In this Project an attempt has been made to develop a GSM (Global System for Mobil communication) based industrial Automation system. Using the public GSM networks, an industrial automation system has been proposed, designed, implemented and tested. The design of a stand-alone embedded system that can monitor and control various process and equipment and critical systems locally using built-in input and output peripherals is presented. 
· Remotely, the system allows the various authorities monitoring and controlling the critical parameters via the mobile phone set by sending commands in the form of SMS messages and receiving the process status. The GSM modem provides the communication media between the Authority and the system by means of SMS messages. The system software driver is also developed using an interactive C programming language platform.
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· Figure 3.1: Block diagram
· 3.1.1 Basic Principle
· •         Micro controller is interfaced with sensors, actuators and with GSM modem.
· •         PSoC controller is programmed with the default control algorithm. The sensor information processed by the controller can be rooted to the users by power on controllers sends status SMS to predefined numbers
· •         User can update the control algorithm by sending an SMS. 
· •         User can get the status and change mode also by sending SMS.
· •         Modem performs the operation and gives acknowledgment message to the user.
·  
· Micro controller is interfaced with sensors like Temperature, IR, Smoke sensors. The basic idea of these sensors is to monitor the parameters of various systems. For example monitoring the boiler performance in a thermal / Nuclear power plant can be done by using Temperature of the boiler. If any increase in the temperature of the system beyond the threshold has been recorded, the controller is instructed to initiate a corrective action. At the initial phase the controller will send an SMS to the authorised user. Based on the information received the user can initiate the corrective action. In the above case the temperature can be brought down by controlling the heat input. The same instruction will be initiated by the user. After receiving the corrective command, the controller will activate the necessary modules to reduce the heat input.
· The basic functionality of the smoke sensors is to control the parameters of the process based on the external parameters and uncontrolled combustion happening, because of the malfunction and break down of certain combustion process.
· 3.2 WHAT IS GSM
· GSM (Global System for Mobile communication) is a digital mobile telephone system that is widely used in Europe and other parts of the world. GSM uses a variation of Time Division Multiple Access (TDMA) and is the most widely used of the three digital wireless telephone technologies (TDMA, GSM, and CDMA). GSM digitizes and compresses data, then sends it down a channel with two other streams of user data, each in its own time slot. It operates at either the 900 MHz or 1,800 MHz frequency band.
·  

·  

· GSM is an international digital cellular telecommunication. The GSM standard was released by ETSI (European Standard Telecommunication Standard) back in 1989. In less than ten years since the first GSM network was commercially launched, it become, the world’s leading and fastest growing mobile standard, spanning over 190 countries.
	Mobile Frequency Range
	RX: 925-960; TX: 880-915

	Multiple Access Method
	TDMA/FDM

	Duplex Method
	FDD

	Number of Channels
	124 (8 users per channel)

	Channel Spacing
	200kHz

	Modulation
	GMSK (0.3 Gaussian Filter)

	Channel Bit Rate
	270.833Kb


·  

·  

· Table 3.1: GSM characteristics

·   
· Global System for Mobile (GSM) is a second generation cellular standard developed to deliver high quality and secure mobile voice and data services (such as SMS/ Text Messaging) with full roaming capabilities across the world using digital modulation. It is known as 2G digital which has a maximum data speed of 9.6Kbps and is based on circuit switched technology and provides short message service (SMS). 
· The GSM network can be divided into three broad parts. The subscriber carries the Mobile Station. The Base Station Subsystem controls the radio link with the Mobile Station. The Network Subsystem, the main part of which is the Mobile services Switching Center (MSC), performs the switching of calls between the mobile users, and between mobile and fixed network users. The MSC also handles the mobility management operations. The Mobile Station and the Base Station Subsystem communicate across the Um interface, also known as the air interface or radio link. The Base Station Subsystem communicates with the Mobile services Switching Center across the A interface. 
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· Figure 3.2: General architecture of a GSM network
· The GSM standard provides a common set of compatible services and capabilities to all mobile users across Europe and several million customers worldwide. The basic requirements of GSM have been described in five aspects.
· Services
· The system shall provide service portability, i.e., mobile stations or mobile phones can be used in all participating countries. The system shall offer services that exist in the wire line network as well as services specific to mobile communications. In addition to vehicle- mounted stations, the system shall provide service to Mss used by pedestrians and /or on board ships.
· Quality of Services and Security
·  The quality for voice telephony of GSM shall be at least as good as the previous analog systems over the practical operating range. The system shall be capable of offering information encryption without significantly affecting the costs to users who do not require such facility.
· Radio Frequency Utilization
· The system shall permit a high level of spectrum efficiency and state-of-the-art subscriber facilities. The system shall be capable of operating in the entire allocated frequency band, and co-exist with the earlier systems in the same frequency band.
· Network
· The identification and numbering plans shall be based on relevant ITU recommendations. An international standardized signaling system shall be used for switching and mobility management. The existing fixed public networks should not be significantly modified.
· Cost
· The system parameters shall be chosen with a view to limiting the cost of the complete system, in particular the Mss.
· 3.3 WHAT IS PSOC MICRO CONTROLLER?
· When developing more complex projects, there is often a need for additional peripheral units, such as operational and instrument amplifiers, filters, timers, digital logic circuits, AD and DA converters, etc. As a general rule, implementation of the extra peripherals brings in additional difficulties: new components take space, require additional attention during production of a printed circuit board, and increase power consumption... All of these factors can significantly affect the price and development cycle of the project.
·  
· The introduction of PSOC microcontrollers has made many engineers’ dream come true of having all their project needs covered in one chip.
·  
· 3.3.1 PSOC architecture
· Programmable System on Chip PSoC (Programmable System on Chip) represents a whole new concept in microcontroller development. In addition to all the standard elements of 8-bit microcontrollers, PSoC chips feature digital and analog programmable blocks, which themselves allow implementation of large number of peripherals. Digital blocks consist of smaller programmable blocks that can be configured to allow different development options. Analog blocks are used for development of analog elements, such as analog filters, comparators, instrumentational and non-inverting amplifiers, as well as AD and DA converters. 
·  
· There are a number of different PSoC families you can base your project upon, depending on the project requirements. Basic difference between PSoC families is the number of available programmable blocks and the number of input/output pins. Number of components that can be devised is primarily a function of the available programmable blocks. Depending on the microcontroller family, PSoC chips have 4–16 digital blocks, and 3–12 analog programmable blocks.
· [image: image4.png]


Figure 3.3: 28 pin PSOC microcontroller
·  [image: image5.png]T DIGITAL BLOCKS
LoSks [ et sum
v
me e 5
H
g
oscwToR e &
uac cau H
Tore H
romano Lo
‘e neets "t K
H
s - 3
REF | 5
N INTRPT 2
Sumen
oSS & CNTRL H
F
e s g

pron




 
· Figure 3.4: Configuration of analog and digital blocks
·  

· 3.3.2 Characteristics of PSOC microcontrollers
·  

·  

· Some of the most prominent features of PSOC microcontrollers are:
· ·         MAC unit, hardware 8x8 multiplication, with result stored in 32-bit accumulator.
· ·         Changeable working voltage, 3.3V or 5V.
· ·         Possibility of small voltage supply, to 1V.
· ·         Programmable frequency choice.
· Programmable blocks allow you to devise:
· ·         16K bytes of programmable memory.
· ·         256 bytes of RAM.
· ·         AD converters with maximum resolution of 14 bits.
· ·         DA converters with maximum resolution of 9 bits.
· ·         Programmable voltage amplifier.
· ·         Programmable filters and comparators.
· ·         Timers and counters of 8, 16, and 32 bits.
· ·         Pseudorandom sequences and CRC code generators.
· ·         Two Full-Duplex UARTs.
· ·         Multiple SPI devices.
· ·         Option for connection on all output pins.
· ·         Option for block combining.
· ·         Option for programming only the specified memory regions and write protection.
· ·         For every pin there is an option of Pull up, Pull down, High Z, Strong or Open pin state.
· ·         Possibility of interrupt generation during change of state on any input/output pin.
· ·         I2C Slave or Master and Multi-Master up to speed of 400 KHz.
· ·         Integrated Supervisory Circuit.
· ·         Built-in precise voltage reference.
·  
·  

· 3.3.3 Advantages of PSOC
· Perhaps the best way to recognize the true value of PSoC microcontrollers is through comparison with other options.
· Major advantages of PSoC microcontroller include the following:
· ·         There is no other microcontroller that has programmable voltage, instrumentational, inverting, and non-inverting amplifiers. 
· ·         Hardware generators of pseudorandom and CRC code, as well as analog modulators, are unique to PSoC families.
· ·         MAC (Multiply-accumulate) is an essential part of digital signal processors, which allows implementation of digital signal processing algorithms. It’s worth noting that hardware accumulator multiplication is not a common feature of 8-bit microcontrollers.
· ·         Having the advantage of changeable working voltage doesn’t really need a comment. This feature is particularly important for development of new devices as it eliminates the need for redesigning the PCB and implementing the level translator.
· ·         Option for low voltage supply (~1V) is a tremendous advantage in battery operated systems.
· ·         Timers, counters, and PWM units are more flexible than the usual implementation.
· ·         Automatic code writing for accessing all the peripherals in use.
· ·         In case you need a larger array of components, there is an option for dynamic reconfiguration, allowing you to change peripherals during run-time. In this way, it’s possible to minimize the processor workload at a time, leaving the largest part of the job to the specialized hardware.
· ·         On the other hand, there are certain limitations of PSoC that could influence the choice of microcontroller for the design.
· ·         In systems which require highly precise or fast measurement, problems may occur with analog device characteristics. In this case, you should analyze if speed of AD converters and offset/noise of analog amplifiers are able to satisfy the project demands.
· ·         Analog components do not have the ability to work with usual negative supply voltage. For example, zero voltage for inverting amplifiers is taken to be the analog ground AGND (usually 2.5V). All voltages above AGND are taken as positive, while voltages below AGND are taken as negative.
· ·         Most PSoC microcontrollers have 256 bytes of RAM, which could prove to be insufficient for some projects.
·  
· 3.4 TOOLS AND HARDWARE
· PSOC Designer suite, from Cypress Semiconductors, is used for building and configuring the required blocks and to develop the code. PSOC programmer is used to dump the code on the Micro controller.
·  
· The following are the hardware modules used in the project development. 
· ·         PSoC microcontroller
· ·         Temperature sensors
· ·         IR Sensors
· ·         Smoke sensors.
· ·         Relays
· ·         Different consumer devices
· ·         GSM Modem
· 4. PSOC-INRODUCTION
· 4.1 ABOUT MICROCONTROLLER
· This section provides an introduction to most common word in the embedded system “microcontroller”. It is written to familiarize you with microcontroller terminology and basic microcontroller architecture.
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Figure 4.1: PSOC Microcontroller Pin-Diagram
· It’s hard to imagine the present world of electronic tools and toys without the microprocessor or Microcontroller. Yet this single chip wonder has barely reached thirtieth birthday. In 1971 Intel corporation introduced the 8080, the first successful microprocessor. Shortly thereafter, Motorola, RCA and then MOS technology and Zilog introduced similar devices: the 6800, 1801, 6502 and Z80 respectively. Alone these integrated circuits (ICs) were rather helpless (and they remain so); but as a part of a single board computer (SBC) they become the central component in useful products for learning and designing with microprocessors. These SBCs of which SDK-85 by Intel etc are the most memorable, quickly found their way into design labs at colleges, universities and electronics companies.
·  

· A Device similar to the microprocessor is the microcontroller. In 1976 Intel introduced the 8748, the first device in the MCS-48TM family of the microcontrollers. Within a single integrated circuit containing over 17,000 transistors, the 8748 delivered a CPU, 1K byte of EPROM, 64bytes of RAM, 27 I/O pins and an 8 bit timer. This IC, and other MCS-48 devices that followed, soon become an industry standard in control oriented applications. Replacement of electromechanical components in products such as washing machines and traffic light controllers was a popular application initially, and remains so. Other precuts where microcontroller can be found include automobiles, industrial equipment, consumer entertainer products and computer peripherals.
·  

· The Power, Size and complexity of microcontrollers advanced an order of magnitude in 1980 with Intel’s announcement of the 8051, the first device in the MCS-51TM family of microcontrollers. In comparison to the 8748, this device contains over 60,000 transistors, 4K bytes of ROM, 128 bytes of RAM, 32 I/O lines, a serial port and two 16 bit timers—a remarkable amount of circuitry for a single IC. New members have been added to the MCS-51 family, and today variations exist virtually doubling these specifications. So many companies are manufacturing enhanced 8051 like Atmel AT89C52, Phillips P89C51RD2 etc..
· A microcontroller is a single chip, self-contained computer which incorporates all the basic components of a personal computer on a much smaller scale. Microcontrollers are often referred to as single chip devices or single chip computers. The main consequence of the microcontroller’s small size is that its resources are far more limited than those of a desktop personal computer. In functional terms, a microcontroller is a programmable single chip which controls a process or system. Microcontrollers are typically used as embedded controllers where they control part of a larger system such as an appliance, automobile, scientific instrument or a computer peripheral. Microcontrollers are designed to be low cost solutions; therefore using them can drastically reduce part and design costs for a project. Physically, a microcontroller is an integrated circuit with pins along each side. The pins presented by a microcontroller are used for power, ground, oscillator, I/O ports, interrupt request signals, reset and control. In contrast, the pins exposed by a microprocessor are most often memory bus signals (rather than I/O ports).
·  
· NOTE: A microcontroller is not the same as a microprocessor. A microprocessor is a single chip CPU used within other computer systems. A microcontroller is itself a single chip computer system.
· Personal computers are used as development platforms for microcontroller projects. Development computers, usually personal or workstation computers, use a microprocessor as their principle computing engine. Microprocessors depend upon a variety of subsidiary chips and devices to provide the resources not available on the microprocessor. Additional chips required with microprocessor support memory storage, input/output control and specialized processing. A development platform is required to run embedded system development software such as assemblers, compilers, editors and simulators which require the processing power and memory capabilities of a desktop personal computer or workstation.
·  
· The target platform is the platform on which the finished program will be run. For example, consider a developer who is creating a program for a 8051microcontroller. The developer writes, edits, and tests the program on a Pentium personal computer: the development platform. The developer will use software which runs on a Pentium but whose target device is the 8051. When the program is ready it is programmed in the target platform, the 8051.
· A microcontroller has seven main components:
· 1.      Central processing unit (CPU)
· 2.      ROM
· 3.      RAM
· 4.      Input and Output
· 5.      Timer
· 6.      Interrupt circuitry
· 7.      Buses
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· Figure 4.2: Inside Microcontroller
· Microcontrollers do not function in isolation. As their name suggests they are designed to control other devices. The microcontroller can accept inputs from some devices and provide outputs to other devices within any given system. For example, a microcontroller may accept input from a switch and may send output to an LED. If the switch is pressed the microcontroller can be instructed to illuminate the LED. The microcontroller is often part of a larger system. For example, the switch and LED may be part of a compact disc player in a car stereo system. When a microcontroller is part of a larger system it is often referred to as an embedded controller because it is embedded within the larger system.
·  
· 4.2 INTRODUCTION TO PSOC MICROCONTROLLER
· When developing more complex projects, there is often a need for additional peripheral units, such as operational and instrument amplifiers, filters, timers, digital logic circuits, AD and DA converters, etc. As a general rule, implementation of the extra peripherals brings in additional difficulties: new components take space, require additional attention during production of a printed circuit board, increase power consumption... All of these factors can significantly affect the price and development cycle of the project. The introduction of PSoC microcontrollers has made many engineers’ dream come true of having all their project needs covered in one chip.
·  

· PSoC: Programmable System on Chip
· PSoC (Programmable System on Chip) represents a whole new concept in microcontroller development. In addition to all the standard elements of 8-bit microcontrollers, PSoC chips feature digital and analog programmable blocks, which themselves allow implementation of large number of peripherals.
· Digital blocks consist of smaller programmable blocks that can be configured to allow different development options. Analog blocks are used for development of analog elements, such as analog filters, comparators, intrumentational (non- inverting) amplifiers, as well as AD and DA converters.
· There are a number of different PSoC families you can base your project upon, depending on the project requirements. Basic difference between PSoC families is the number of available programmable blocks and the number of input/output pins. Number of components that can be devised is primarily a function of the available programmable blocks. Depending on the microcontroller family, PSoC chips have 4–16 digital blocks, and 3–12 analog programmable blocks
·  

· 4.3 SYSTEM OVERVIEW
· PSoC microcontrollers are based on 8-bit CISC architecture. Their general structure with basic blocks is presented in the following image:
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                              Figure 4.3: General structure of PSOC
·  
· CPU unit is the main part of a microcontroller whose purpose is to execute program instructions and control workflow of other blocks.
· Frequency generator facilitates signals necessary for CPU to work, as well as an array of frequencies that are used by programmable blocks. These signals could be based on internal or external referent oscillator.
· Reset controller enables microcontroller start action and brings a microcontroller to regular state in the case of irregular events.
· Watch Dog timer is used to detect software dead-loops.
· Sleep timer can periodically wake up microcontroller from power saving modes. It could be also used as a regular timer.
· Input-Output pins enable communication between the CPU unit, digital and analog programmable blocks and outside world.
· Digital programmable blocks are used to configure digital programmable components which are selected by user.
· Analog programmable blocks are used to configure analog components, like AD and DA converters, filters, DTMF receivers, programmable, instrumental, inverting, non-inverting and operational amplifiers. Interrupt controller handles necessary operations in the case of interrupts.
· I2C controller Enables hardware realization of an I2C communication.
· Voltage reference is vital for the work of analog components that reside inside of analog programmable blocks.
· MAC unit is used for operations of hardware signed multiplication of 8-bit numbers.
· SMP is a system which can be used as a part of a voltage regulator. For example, it is possible to supply power to a PSoC microcontroller from a single 1.5V battery.
·  

· 4.4 CENTRAL PROCESSING UNIT
· During the programming, instructions are stored in program (FLASH) memory in a way which is familiar to microcontroller. CPU fetches one instruction at a time from program memory, decodes it and executes appropriate operations. CPU unit has internal registers PC, SP, A, X and F, as well as ALU unit and instruction decoding unit, that are associated to instruction execution process.
·  
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                                    Figure 4.4: CPU Overview
·  
·  

· 4.4.1 Internal Registers of CPU
· Program counter (PC) is used as a pointer to the next program instruction that should be executed. With each new instruction value of program counter is being set to point on the next instruction in program memory, which is going to be decoded and executed.
· Stack pointer (SP) points to the address of SRAM memory where data is written to or read from in case of PUSH and POP instructions respectively. When these instructions occur value stored in SP is internally incremented or decremented.
· Accumulator register (A) is the main register which handles all arithmetical, logical or data transfer operations.
· Index register (X) could behave as register A in large number of instructions. Also, register X is used in the case of index addressing.
· Flag register (F) contains bits which describe result of a previously executed instruction. It also has a role during selection of a RAM memory page in case when PSoC microcontroller has more than 256 bytes of RAM. Bit Flag Zero (Z) marks that accumulator stores a zero, while Carry (C) marks that there has been carrying during arithmetic or logic operations.
· Arithmetic logic unit (ALU) is a standard part of a CPU, which is used for arithmetic operations like addition, subtracting and shifting (left or right), as well as logic operations.
·  

· 4.5 FREQUENCY GENERATOR 

· Frequency generator is vital to CPU unit functioning, as well as programmable blocks. Each of programmable components has certain demands regarding speed. PSoC microcontrollers have a system for generation of different frequency signals, which is done by graphically selecting appropriate parameters. 
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                               Figure 4.5: Frequency generator
· SYSCLK is the main internal clock signal with a speed of 24MHz. It is used as a reference clock for most of other signals.
· SYSCLKx2 is a clock signal with double frequency (48MHz) of SYSCLK signal.
· 24V1 is asignal derived by dividing frequency SYSCLK with parameter N1, which varies in range from 1 to 16. 24V1 frequency equals SYSCLK/N1, with a frequency from 1.5MHz (N1=16) to 24MHz (N1=1).
· 24V2 is a signal derived by dividing 24MHz frequency with parameter N1, which varies in range between 1 and 16. 24V2 signal frequency equals SYSCLK/N1N2., which means that possible frequency ranges from 93.75 kHz (N1, N2=16) to 24MHz (N1, N2=1).
· 24V3 signal is derived by dividing frequency of one of the signals 24V2, 24V1, SYSCLK or SYSCLKx2, with number N, in the range from 1 to 256.
· CPU_CLK is used as a CPU unit frequency which has a direct impact on instruction execution speed. CPU_CLK can have any of eight frequencies that are in range from 93.75MHz to 24MHz. Frequency 24V1, 24V2, 24V3 and CPUCLK selection is done easily, by setting appropriate parameters in Device Editor or during program runtime by selecting three lower bits of OSCCR0 register.
· CLK32K is a slow signal with a frequency of 32 kHz. It can be used as a programmable component input. It can also be used for Sleep timer wake-up operation in the case when other SYSCLK derived signals are inactive.
· Signal SYSCLK can be acquired using internal main oscillator (IMO), while CLK32K signal is acquired through internal local oscillator (ILO).Fault tolerance of 2.5% in the case of internal frequency generation, is the limit factor in a precise timing applications. In such case external SYSCLK clock reference should be used. External frequency ranges from 1 to 24MHz. It connects to PSoC through pin P1 [4].
· Similar situation is in the case of CLK32K, which also can be generated by internal local oscillator (ILO), as said before, or more precise external 32 kHz oscillator. In the both cases microcontroller starts with internal frequency generators, after which is necessary to satisfy appropriate procedure.
·  

· 4.6 MICROCONTROLLER POWER CONSUMPTION
· Processor signal frequency CPUCLK is directly connected with the instruction execution speed of the microcontroller. Doubling the frequency, program executes approximately twice faster. On the other hand, higher frequency doesn’t necessary always mean better overall performances. Main disadvantage in rising the frequency is its unwanted effect on microcontroller power consumption, which is one of the main problems it the case of battery supply. Other disadvantage of higher frequency is more intensive generation of electromagnetic interference, which may affect on surrounding devices. Because of these problems general rule should be applied, which says that lowest possible satisfactory frequency should be used. Default value of PSoC microcontroller signal frequency is 3MHz, which is a compromise between speed and consumption.       [image: image11.png]‘Wvake-up
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· Figure 4.6: CPU active and sleep states
·  

· 4.7 RESET 
· POR
· During the work of microcontroller, supply voltage variations occur. It is very dangerous if voltage drops beneath certain limit, because microcontroller can make some unpredictable actions. In the case of such voltage drop detection, microcontroller is switched into Power on Reset mode in which it remains until voltage stabilizes above critical limit which is defined by Trip Voltage parameter.
·  

· XRES
· External reset allows user to bring microcontroller to start state by switching a button. Reset is achieved when XRES pin reads logic ONE. Simplest reset circuit can be made with pull-down resistor and one switch.                      [image: image12.png]


                                 Figure 4.7: XRES
·  

· WDR 

· Watch dog reset (WDR) is used for avoiding software dead-loops or other irregularities, bringing the system in the start state. Using WDR, it is watch dog timer (WDT) is periodically restarted inside of a main program, after which appropriate subprograms are executed. In normal mode after certain time WDT is being restarted once again and subprogram cycle continues. But, if program blocks in one of the subprograms WDT is not reset, and WDR occurs.
4.8 DIGITAL INPUTS AND OUTPUTS 

Connection between a PSoC microcontroller with an outside world is achieved over input-output pins. Eight pin groups which could be accessed simultaneously are parts of one port. Although port number differs from the type of the microcontroller, write and read operations are done in the same way in any case. Port access registers are stored inside of register address space noted as PRT0DR, PRT1DR, PRT2DR, PRT3DR, PRT4DR or PRT5DR.
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                                                            Figure 4.8: Port operation
 

Writing to port
Writing value to PRTxDR initializes register which through init circuit drives the state of pins. Init circuit can pass the signal from PRTxDR register directly (strong), over pull-up or pull-down resistors or through open drain output. Beside that, there is a possibility to isolate value of register from pin state (Hi-Z).
Reading port
Reading value from address PRTxDR digital state of voltage on pins is stored to register A. In case that voltage is dictated by some external device, read value could differ from voltage on PRTxDR register.
 

Drive Mode 

Selection of the way in which init register PRTxDR is connected to pins can be set inside of Device Editor or during runtime initializing registers PRTxDM2, PRTxDM1 and PRTxDM0. There is eight methods to initialize pins in total, which enables connection to different types of devices, with considerate smaller amount of external components. Pin work modes are defined according to the following table depending on contents of appropriate bit from registers DM2, DM1 and DM0.
	DM2 bit
	DM1 bit
	DM0 bit
	Mode
	Data = 0
	Data = 1

	0
	0
	0
	Resistive Pull Down
	Resistive
	Strong

	0
	0
	1
	Strong Drive
	Strong
	Strong

	0
	1
	0
	High Impedance
	Hi-Z
	Hi-Z

	0
	1
	1
	Resistive Pull Up
	Strong
	Resistive

	1
	0
	0
	Open Drain, Drives High
	Hi-Z
	Strong (Slow)

	1
	0
	1
	Slow Strong Drive
	Strong (Slow)
	Strong (Slow)

	1
	1
	0
	High Impedance Analog
	Hi-Z
	Hi-Z

	1
	1
	1
	Open Drain, Drives Low
	Strong (Slow)
	Hi-Z


Table 4.1: Pin work modes

Strong mode is used when it is needed to connect the state on PRTxDR register directly to pins. This way of connection is applied when pin is used as an input.
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               Figure 4.9: Strong mode input to port pins
Analog Hi-Z mode is used when connecting analog signals, like AD converter input. In this case, all internal connections between PRTxDR register and pin are disconnected, so not to interfere with value of brought voltage.
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Figure 4.10: Analog high-z input to port pin
Pull-up or pull-down resistors are used when connecting with buttons or some other devices which demand this type of components. These resistors are defining the state on input when button is not pushed.
Open drain mode is used when it is needed to bring several devices to the same line, when it is needed to add one external pull-up or pull-down resistor. This mode is convenient for realization of a line which signals if there has been a mistake to one of the microcontrollers. For example, when pull-up resistor version is used zero (error) occurrences on any of output pins state of this line will be zero. Pins on PSoC microcontroller allow user to generate interrupt on any pin, when signal changes, or on signal rising or falling edge.
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Figure 4.11:  Open drain input to port pins
 
 

4.9 ANALOG INPUTS AND OUTPUTS 

Some of input-output pins, beside their standard use can perform analog input or output operation. Any pin of port P0 as well as lower four pins of port P2 can be used as analog input. Inputs of port P0 are connected to analog blocks over analog multiplexers, while in case of port P2 they are connected directly to programmable SC blocks. Pins P2 [4] and
P2 [6] can serve as external referent voltage inputs. Outputs from analog blocks can be connected to 4 output buffers, which are connected to P0 [2], P0 [3], P0 [4] and P0 [5] pins.                         [image: image17.png][aprpapay ey
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Figure 4.12: Analog IO
 
 

4.10 DIGITAL PROGRAMMABLE BLOCKS
Digital components, which are stored inside of programmable blocks, aren’t connected directly to input or output pins. It is done in a way shown on following picture, which depicts group of four digital programmable blocks. As it could be seen, pin connection is established using global connection lines, multiplexer and lines of programmable blocks. PSoC microcontrollers can have one, two or four digital programmable block groups like this one depending on their family.
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Figure 4.13: Digital block
Inside of digital programmable blocks user can configure components like timers, counters, PWM, PRS, CRC generators and devices for SPI, IrDA and UART communication, which enables custom hardware adjustment of the system for specific uses. The process of setting and connecting using PSoC Designer is very simple to understand, but at first is necessary to understand the way those components function. Most components, like counters, PRS and CRC generators can be stored inside of any free block. On the other side, communication components like Rx, Tx, UART and SPI can be set on the right side of the programmable blocks. [image: image19.png]nput Mux
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Figure 4.14: Configuring digital blocks
The number of necessary blocks which are used for component configuration shown in the table:
	Number of blocks
	Components

	1
	Counter8, Timer8, PWM8, PRS8, RX8/TX8, SPIM/SPIS

	2
	Counter16, Timer16, PWM16, PRS16, PWMDB8, CRC16, UART, IrDARx/IrDATx

	3
	Counter24, Timer24, PWMDB16

	4
	Counter32, Timer32


 Table 4.2: Different digital blocks
 

4.11 ANALOG PROGRAMMABLE BLOCKS
Analog programmable blocks are grouped in columns of three programmable blocks. Depending on family of microcontroller, there could be 1, 2 or 4 analog columns. Each column has input multiplexer, one frequency line, output analog and a comparator line. [image: image20.jpg]Porl0 Input Analog Mux
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Figure 4.15: Configuring analog block
 

4.12 REFERENCE VOLTAGE GENERATORS
There are three stable voltage generators in PSOC microcontroller:   
· AGND
· RefH
· RefLo
AGND is ground voltage for analog components. Voltage values higher than AGND are considered as positive, while less is negative. PSoC microcontrollers have one-side power supply, so value of analog ground is somewhere in between GND and VDD. AGND value is selected by user.
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Figure 4.16: Analog Voltages
 

4.13 SWITCH MODE PUMP
In the case of battery supply Switch Mode Pump (SMP) system can be used. Its operation is based on principle of BOOSTDC/DC converter. This type of converter gives voltage supply value higher than battery voltage, which makes possible power supply with 1.5V battery. For SMP to function properly, it is necessary to connect, beside battery, a diode, inductivity and a capacitive. [image: image22.jpg]100nF




 
Figure 4.17: Switched Mode Pump
 

4.14 MAC 

MAC unit is a device that implements operation of hardware multiplication of 8-bit signed numbers, as well as sum of product. For execution of these operations there is no special instruction, but all of the work is done by writing to and reading from certain registers.
 

Hardware multiplication
Multiplication operation is done by writing 8-bit inputs X and Y into registers MUL_X and MUL_Y, and reading output from 16-bit result from registers MUL_DH and MUL_DL.
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Figure 4.18: MAC Unit
 

4.15 I2C CONTROLLER 

I2C controller implements hardware serial I2C communication, and in that way minimizes usage of CPU unit’s resources. Most important operations of I2C controller are:
· Master or Slave, sending or receiving data
· Byte level data processing
· Connected to CPU over interrupts or polling mode.
· Transfer speed: 50K, 100K and 400K
· Frequency synching in case of larger number of masters
· 7or 10-bit addressing of I2C unit
4.16 INTERRUPT CONTROLLER
Interrupts are mechanisms inside of a microcontroller that allow responding to some event immediately after its detection. Events could be internal (timer overrun, end of AD conversion) or external (character receiving over serial connection, pin state change). When interrupt occurs program execution is interrupted (hence the name) by jumping to part of the program that is called interrupt routine. Upon ending of that routine program continues from place in program where interruption took place.  [image: image24.jpg]“HRUEIR
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Figure 4.19: Interrupt sequence 

 

4.17 ADDRESS SPACE 

PSoC microcontrollers have three address spaces:
· ROM
· RAM
· registers
As in all Harvard architecture processors access to ROM memory is done with special lines, so microcontroller is able to acquire instructions and access data at the same time.
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Figure 4.20: Address Space
Program memory
Program memory is the part of ROM, which is used for storing program code, which is written in this part of memory written by programming hardware. Program memory is implemented in FLASH technology, which allows simple development time change of the program inside of microcontroller. Program memory size depends on the family of PSoC microcontrollers and is 2, 4, 8, 16 and 32 kB.
 

Supervisory ROM 

Supervisory ROM is part of ROM which is used during start of PSoC microcontroller, as well as for calibration of components. With special instruction SSC, it is possible access this part of memory.
 

RAM
RAM enables storing of variables and stack which are used during work of microcontroller. Size of RAM, in most PSoC microcontrollers, is 256 bytes. When microcontrollers have more than 256 bytes of RAM (series CY8C29xx and CY8C21x34), memory is organized in 256 byte pages, with stack residing on the last page. To access some variable, user apart from 8-bit address must state appropriate page.
 

Register
Register address space contains registers used for peripheral's global parameters and programmable blocks of a PSoC microcontroller. PSoC microcontrollers have 512 registers, which are grouped in two 256 bytes banks. To access some register, beside stating its name, what is needed is to also state the name of the bank in which resides wanted register. Access to certain bank is done by using macros M8C_SetBank0 and M8C_SetBank1, which delete or set bit XIO in CPU_F register
 

4.18 PSOC DESIGNER 

4.19.1 Introduction
PSoC Designer is program package that leads user through all stages of developing project. Version discussed here will be 4.2, but this book will still remain competent in case of newer versions, because differences are shown only in addition of new programmable components and some minor improvements. 
The most important for user is to get familiar with two main parts of PSoC Designer: 
· Device Editor
· Application Editor 
 

 

4.19.2 Programmable Component Selection
Most important part of the programmable component selection window is placed on the left side. Components sorted in several groups, like AD converters, amplifiers, analog communications, counters, etc. After group selection, necessary component for project should be selected with double-click, or right-click on select. In the case of successful selection, appropriate graphical symbol would be shown in selected components slot. [image: image26.png]T s st s 1k e
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Figure 4.21: Device editor
The rest of the window offers some other useful information. Resource Meter shows how much space is left for new programmable blocks. For example, 16-bit counter takes two programmable blocks, so it is possible to place 4 counters like this one altogether. [image: image27.png]Resouce Meler
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Figure 4.22: Resource meter 

 

4.19.3 Interconnection View
Previously selected components are still unusable, until they are placed in digital or analog programmable blocks, and until appropriate parameters are set. This important part of work can be done in Interconnection View window.  [image: image28.png]Tt e ot oty S e ok e
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Figure 4.23: Inter connect view
4.19.4 Global Parameters 
On the upper left side we can find Global Resources window. It is used for general parameters selection. This method of setting is similar to configuration words on other microcontrollers, but with more versatility. Click on any of the parameters opens pull-down menu with given options.  [image: image29.png]GhbalFesouces | Vake
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Table 4.3: Global parameters
 

4.19.5 Component Parameters
 

 

Central window on the left side is designated as User Module Parameters. Peripherals in PSoC microcontroller are very flexible, so it is required to set the way of their operation. Typically this is done by selecting frequency of the signal, connecting it with some other blocks and internal connection lines. Also, component specific parameters can be set. Such parameters are component specific, 
Table 4.4: Component parameters
 

4.19.6 Pin Parameters
Lower left side holds pin parameter options. In order to protect external devices from unexpected signals, default pin state of PSoC microcontrollers is Analog Hi-Z, in which microcontroller cannot change pin states. Pin drive mode selection can be done graphically by selecting appropriate parameters in column Drive or software by setting appropriate registers. 
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Table 4.5: Pin parameters
 
4.19.7 Digital Components Interconnection
For start, the most important thing is to get to know the basic elements of programmable blocks. Digital blocks are grouped in two entireties of four blocks, as shown on picture. [image: image31.png]i
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Figure 4.24: Interconnection of digital blocks
 
4.19.8 Analog Components Interconnection
Analog blocks are placed on lower side of the graphic part of the window. Four analog columns and several multiplexers can be noticed. In every of columns, upper block ACB is used for analog amplifiers realization, while lower two are used for AD and DA convertors. Routing  is done graphically, by connecting frequency signal, and input signal to the same analog column.  [image: image32.png]1
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Figure 4.25: Interconnection of analog blocks
 

4.19.9 Application Editor
Application Editor is used for writing programs, which can be done using assembly or C. Application Editor itself, bears much resemblance to IDE-s of other standard 8-bit microcontrollers. Left side window holds list of files that are contained in current project. Most important file for users is called main. .[image: image33.png])
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Figure 4.26: Application editor window
5. PSOC USER MODULE BLOCKS
5.1 USER MODULES IN PSOC
 
 

 

Over the years, microcontrollers have become highly integrated and have begun to offer a large portfolio of peripherals. In many implementations, various features present on the microcontroller are seldom or never used. For example in the case of a smoke detector, a microcontroller might be using an ADC to monitor the ionization chamber but resources like timers and communication interfaces are not being used. Also, in the event of a fire, after the smoke causes a reduction in voltage output from the ionization chamber, the microcontroller does not need to use the ADC resource anymore but instead requires a PWM output to the speaker system to issue an alarm. A microcontroller will need to have both, an ADC and a PWM to allow the smoke detector to scream at the appropriate time, but is only using one or the other and wasting many more. While, the idea of changing the ADC block to become a PWM block is equivalent to alchemy for a microcontroller, the PSoC is built around the concept of doing exactly that. The PSOC’s feature of using the same hardware to realize different modules provides it with the ability of Dynamic Reconfiguration. 

 

 
 
 
 
 

 

PSOC is a family of mixed-signal arrays made by Cypress Semiconductor that integrate a microcontroller and the components that typically surround it into a single package. The PSoC architecture includes configurable blocks of analog circuits and digital logic, as well as a programmable interconnect that allows the user to create customized peripheral configuration to match the requirements of each individual application. Each of the blocks is controlled by a set of latch-based registers. User modules are an abstraction of register settings that enable a high level function. For instance, among the many available options, a digital block can either be a timer, a PWM source or even a UART module. Similarly an analog block, among many possibilities, can become a filter or an ADC or even a comparator. Thus instead of having a microcontroller portfolio that probably reads: 4 ADCs, 3 timers, 2 DACs etc., the PSoC needs to only list the number of analog and digital blocks. 

 

 
 
 
Cypress Semiconductor makes PSOCs ranging from 16 digital and 12 analog blocks down to some only four of each type. In some other designs, a certain set of modules are used only when an exception occurs. The controller in an emergency lighting system needs modules to run routines to charge the battery, while constantly monitoring to see if a power failure occurred. Once the power failure does occur, the modules responsible for charging the battery take the shape of modules that deliver the right amount of current to the LEDs. Finally, there can be situations where all modules are required for routine performance of the device. A controller residing in a portable weather station can use different types of modules but yet the same blocks to measure temperature, humidity, wind speed and amount of rain. 
 

Some of the important user modules that are present in the PSoC are different types of ADC, different versions of amplifiers, different versions of counters, digital to analog converters, filters, multiplexers, pulse width modulators, internal temperature sensor, timers.
5.2 LCD 
                   5.2.1 Features and Overview 
•[image: image34]Uses the industry standard Hitachi HD44780 LCD display driver chip protocol 
•[image: image35]Requires only seven I/O pins 
•[image: image36]Routines provided to print RAM or ROM strings 
•[image: image37]Routines provided to print numbers 
•[image: image38]Routines provided to display horizontal and vertical bar graphs 
•[image: image39]Uses a single I/O port 
 
The LCD Tool Box User Module is a set of library routines that writes text strings and formatted numbers to a common two- or four-line LCD module. Vertical and horizontal bar graphs are supported, using the character graphics feature of these LCD modules. This library uses the 4-bit interface mode to limit the number of I/O pins required. 
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 Figure 5.1:  LCD to PSOC block diagram
5.2.2 Functional Description 
The LCD User Module uses a single I/O port to interface to an industry standard Hitachi HD44780A LCD controller. This type of display has a simple interface consisting of 8 data bits, read/write (R/W), register select "RS," and an enable "E" signal. [image: image41.jpg]PSoCPin
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Table 5.1: LCD to PSOC interconnect
A cursor position function places the cursor at any location. For two-line by 16 character displays, the upper left corner is position (0,0) and the lower right corner is position (1,15).
5.2.3 Parameters and Resources 
LCDPort 
Selects which PSoC I/O port is used to interface to the LCD display module. 
Bargraph 
Selects whether the bargraph functions are enabled. If disabled, the bargraph code is not generated, saving ROM space. 
5.2.4 Application Programming Interface 
The Application Programming Interface (API) routines are provided as part of the user module to allow the designer to deal with the module at a higher level. This section specifies the interface to each function together with related constants provided by the "include" files. 
The following are the API programming routines provided for the basic LCD User Module:
LCD_Start 
Description: Initializes LCD to use the multi-line 4-bit interface. This function should be called prior to all other LCD functions. 
C Prototype: void LCD_Start (void); 
Assembly: 
Call LCD_Start 
LCD_Position 
Description: Moves cursor to a location specified by the parameters. The upper left character is row 0, column 0. For a two-line by 16 character display, the lower right character is row 1, column 15. 
C Prototype: void LCD_Position (BYTE bRow, BYTE bCol); 
Assembly: 
Mov A, 01h; Load Row 
Mov X, 02h; Load Column 
Call LCD_Position 
Parameters: 
bRow: The row number at which to position the cursor. Zero specifies the first row. 
bCol: The column number at which to position the cursor. Zero specifies the first (left most) column. 
LCD_PrString 
Description: Prints a null terminated RAM-based character string to the LCD at the present cursor location. 
C Prototype: Void LCD_PrString (CHAR * sRamString); 
Assembly: 
Mov A,>sRamString; Load MSB part of pointer to RAM-based null; terminated string. 
Mov X,<sRamString ; Load LSB part of pointer to RAM-based null  ; terminated string. 
Call LCD_PrString; //Call function to display string at current LCD cursor position. 
Parameters: sRamString: A pointer to a null-terminated string located in RAM. 
 
LCD_PrCString 
Description: Prints a null terminated ROM-based character string to the LCD at the present cursor location. 
C Prototype: void LCD_PrCString(const char * sRomString); 
Assembly: 
mov A,>sRomString ; Load MSB part of pointer to ROM-based null  ; terminated string. 
mov X,<sRomString ; Load LSB part of pointer to ROM-based null  ; terminated string. 
call LCD_PrCString ; Call function to display string at current  ; LCD cursor position. 
 
5.2.5 Example String Printing Code in C 
Char str [ ] = "User Module"; // Define "RAM" based string 
LCD_Start (); // Initialize LCD hardware 
LCD_Position (0, 4); // Position cursor @ row 0, col 4 
LCD_PrCString ("PsoC LCD"); // Print a constant "ROM" string 
LCD_Position (1, 2); // Position cursor @ row 1, col 2 
LCD_PrString (str); // Print "RAM" based string. 
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Figure 5.2: LCD output
5.3 TX8 USER MODULE
5.3.1 Features and Overview 
· 8-bit serial transmitter with selectable clocking to 48 MHz, yielding maximum 6 Mbit data rate. 
· Data framing consists of start, optional parity, and stop bits. 
· RS-232 serial-data compliant format with even, odd, or no parity. 
· Optional interrupt on transmit buffer empty condition. 
The TX8 User Module is an 8-bit RS-232 data-format compliant serial transmitter with programmable clocking and selectable interrupt or polling style operation. The data transmitted is framed with a leading start bit, an optional parity bit, and a stop bit. Transmitter firmware is used to initialize, start, stop, read status, and write data to the TX8. [image: image43.jpg]—
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Figure 5.3: Tx8 user module 
5.3.2 Functional Description 
The TX8 User Module implements a serial transmitter. It uses the Buffer, Shift, and Control registers of a digital communications type PSoC block. The Control register is initialized and configured, using the TX8 User Module firmware Application Programming Interface (API) routines. When the Enable bit in the Control register is set, an internal divide-by-eight bit clock is generated. A data byte to transmit is written by an API routine into the Buffer register, clearing the Buffer Empty status bit in the Control register. This status bit can be used to detect and prevent transmit overrun errors. 
The rising edge of the next bit clock transfers the data to the Shift register and sets the Buffer Empty bit of the Control register. If the interrupt enable mask is enabled, an interrupt will be triggered. This interrupt enables the queuing of the next byte to transmit, so that upon completion of transmission of the current data byte, the new byte will be transmitted on the next available transmit clock. 
 

The start bit is transmitted at the same time that the data byte is transferred from the Buffer register to the Shift register. Successive bit clocks shift a serial bit stream to the output. The stream is composed of each bit of the data byte, least significant bit first, an optional parity bit, and a final stop bit. Upon completion of transmission of the stop bit, the Control register's Tx Complete status bit is set. This bit will remain valid until read. If a new data byte has been written to the Buffer register, the data byte will be transferred to the Shift register and transmission of the data will begin on the next rising edge of the bit clock. 
5.3.3 Parameters and Resources 
Clock 
TX8 is clocked by one of 16 possible sources. This parameter is set using the Device Editor in PSoC Designer. The Global I/O busses may be used to connect the clock input to an external pin or a clock function generated by a different PSoC block. The 48 MHz clock, the CPU_32 kHz clock, one of the divided clocks, 24V1 or 24V2, or another PSoC block output can be specified as the TX8 clock input. The clock rate must be set to eight times the desired bit transmit rate. One data bit is transmitted out every 10 input clocks. 
Output 
The output of the transmitter can be routed to the Global Output Bus. The Global Output Bus can then be connected to an external pin or to another PSoC block for further processing. 
TX Interrupt Mode 
This option determines when an interrupt will be generated for the TX block
Clock Sync 
In the PSoC devices, digital blocks may provide clock sources in addition to the system clocks. Digital clock sources may even be chained in ripple fashion. This introduces skew with respect to the system clocks.
Data Clock Out
 

 

 

 

The Data Clock Out signal is a clock signal that corresponds to the Clock input divided by 8. This clock is active only when the data bits are transmitted and will be held high all other times. The rising edge of the clock corresponds to the time when the data is stable and should be sampled. The Data Clock Out signal can be used to facilitate data checking functions such as Cyclical Redundancy Checks. 
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Table 5.2: Clock sync values and their uses

 

 

Interrupt Generation Control 
The following two parameters Interrupt API and Int Dispatch Mode are only accessible by setting the Enable Interrupt Generation Control check box in PSoC Designer. This is available under Project > Settings... > Device Editor. 
Interrupt API
 

 

The Interrupt API parameter allows conditional generation of a User Module’s interrupt handler and interrupts vector table entry. Select "Enable" to generate the interrupt handler and interrupt vector table entry. Select "Disable" to bypass the generation of the interrupt handler and interrupt vector table entry. If the Receive Command Buffer is to be used then the Interrupt API parameter should be set to "Enable". Properly selecting whether an Interrupt API is to be generated is recommended particularly with projects that have multiple overlays where a single block resource is used by the different overlays. 

 

 
 
Placement 
The TX8 User Module uses a single block block, designated "TX", which can map freely onto any of the Digital Communication PSoC blocks.
 

5.3.4 Application Programming Interface 
The Application Programming Interface (API) routines are provided as part of the user module to allow the designer to deal with the module at a higher level. This section specifies the interface to each function together with related constants provided by the "include" files.     
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Table 5.3: Low level Tx8 API
      [image: image46.jpg]Function
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Table 5.4: High level tx8 API
5.3.5 Example Transmission Code in C 
5.4 RX8 USER MODULE
5.4.1 Features and Overview 
·         Burst rates up to 6 Mbits/second.   
·         RS-232 data-format compliant with framing consisting of start, optional parity, and stop bits.  
·         Serial data format with even, odd, or no parity.  
·         Optional interrupt receive register full condition.   
·         Automatic framing, overrun, and parity error detection. 
 

The RX8 User Module is a RS-232 data-format compliant 8-bit serial receiver with programmable clocking and selectable interrupt or polling control operation. The format of the received data consists of a start bit, an optional parity bit, and a trailing stop bit. Receiver firmware is used to initialize the device, read the received byte, and detect error conditions.  [image: image47.png]Input
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Figure 5.4: Rx8 block diagram
5.4.2 Functional Description 
The RX8 User Module implements a serial receiver. The RX8 maps onto a single PSoC block designated "RX" in the PSoC Designer Device Editor. It uses the Buffer, Shift and Control registers of a digital communications type PSoC block. 
The Control register is initialized and configured using the RX8 User Module firmware Application Programming Interface (API) routines. Initialization of the RX8 consists of setting the parity, optionally enabling the interrupt on the Rx Register Full condition, and then enabling the receiver. 
When a start bit is detected on the RX8 input, a divide-by-eight bit clock is started and synchronized to sample the data in the center of the received bits. On the rising edge of the next eight-bit clocks, the input data is sampled and shifted into the Shift register. If parity is enabled, the next bit clock samples the parity bit. The sampling of the stop bit, on the next clock, results in the received data byte transfer to the Buffer register and the triggering of one or more of the following events: 
· Rx Register Full bit in the Control register is set, and if the interrupt for the RX8 is enabled, then the associated interrupt is triggered. 
· If the stop bit is not detected at the expected bit position in the data stream, then the Framing Error bit in the Control register is set. 
· If the Buffer register has not been read, before the stop bit of the currently received data, then the Overrun Error bit in the Control register is set. 
· If a parity error was detected, then the Parity Error bit is set in the Control register. 
 
5.4.3 Parameters and Resources 
Clock 
RX8 is clocked by one of 16 possible sources. The Global I/O busses may be used to connect the clock input to an external pin or a clock function generated by a different PSoC block. The 48 MHz clock, the CPU_32 kHz clock, one of the divided clocks, 24V1 or 24V2, or another PSoC block output can be specified as the RX8 clock input. The clock rate must be set to eight times the desired bit receive rate. 
Input 
As a general rule, input through desired bus option to a source of asynchronous data. Using a global bus, the input can be connected to one of the external pins. 
Clock Sync 
In the PSoC devices, digital blocks may provide clock sources in addition to the system clocks. Digital clock sources may even be chained in ripple fashion. This introduces skew with respect to the system clocks. These skews are more critical in the CY8C29/27/24/22/21xxx and CY8CLED04/08/16 PSoC device families because of various data-path optimizations, particularly those applied to the system busses. This parameter may be used to control clock skew and ensure proper operation when reading and writing PSoC block register values. Appropriate values for this parameter should be determined from the following table.
RX Output 
This parameter allows the Input signal to be routed to one of the row busses. This signal along with the Data Clock Out can be used to facilitate data verification functions such as Cyclical Redundancy Checks. 
Data Clock Out 
This parameter allows the bit clock in SPI Mode 3 to be routed to one of the row busses. The bit clock is the Clock input divided by eight. The rising edge of the Data Clock Out signal corresponds to the time when the data is stable and should be sampled. Use the signal along with the RX Output to use data verification functions such as Cyclical Redundancy Checks. 
Rx Cmd Buffer 
This parameter enables the receive command buffer and firmware used for command processing. The UART RX interrupt must be enabled for the command buffer to operate. 
Rx Buffer Size 
This parameter determines how many RAM locations are reserved for the receive buffer. The largest command that can be received is one less than the buffer size selected, since the string must be null terminated. This parameter is only valid when the RxCmdBuffer is enabled and the UART RX interrupt is enabled. 
Invert Input 
This parameter allows the user to invert the RX input signal. 
Command Terminator 
This parameter selects the character that signals the end of a command. When received, a flag is set signaling a complete command has been received. Once this flag is set, additional characters are no longer accepted until the cmdReset () function is called. 
Param_Delimiter 
This parameter selects the character used to delimit the command and parameters in the command receiver buffer. For example, if the Param_Delimiter is set to a space character (32), each substring separated by a space would be a parameter. Given the string `cmd foo bar c`, the parameters would be `cmd`, `foo`, `bar`, and `c`. Each call of szGetParam() returns a pointer to the next substring in order of placement from left to right as a null terminated string. 
Ignore Chars Below 
This parameter enables characters below a set value to be ignored by the receive buffer. The characters will be received, but will not be added to the receive buffer. This parameter is only valid when the RxCmdBuffer is enabled and the UART RX interrupt is active.  
5.4.4 Application Programming Interface 
The Application Programming Interface (API) routines are provided as part of the user module to allow the designer to deal with the module at a higher level. This section specifies the interface to each function together with related constants provided by the "include" files. The API routines allow programmatic control of the RX8 User Module. The following tables list the low level and high level RX8supplied API functions.   [image: image48.png]Function Description
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Table 5.5: Low level Rx8 API
 [image: image49.jpg]Function

shar RX@_cGetChartvoidy

char RX8_cReadCharaid)

intR8_IReadChatyoid)

Void RB_CrmoReselolo)

BYTERXE_bCmdCheskivoid)
BYTE RX@_bCmdLength{yoid)
char * RYE_sz0etP aram(vaic)

char*
RXB_s2GetRestOParams void)

BYTE RXB_DEMCheckivoid)

Description

Retum character fiom RX Data register when valld data (s available. Function wil
not retun unfil character is rece ved.

Read RX Data register immediately. f valid data rit available, retur 0,
otherwise ASCII char between 1 and 255 is retumed

Read Rx Data register immediately. I data s not available or an rror condition
exists, retum ain ermor status inthe MSB. The recaived char is returmed i the
Ls8

Reset Rx command buffer.
Retums a non-zero value i1 valld comrmand ferminator has been received,
Retums the eurrent command length

Retur painter to next parameter in R buffe.

Retum pointer to remaining parameter stiing

Retum command buffer ermor status.



 
Table 5.6: High level Rx8 API
5.4.5 Sample Firmware Source Code
5.5 CMPLP USER MODULE (Low Power Comparator) 
 

5.5.1 Features and Overview 

 

•[image: image50]Programmable threshold          
•[image: image51]Direct connection to digital PSoC block and interrupt 
The CmpLP User Module provides a comparison of an input from the input column MUX against a programmable reference threshold. Its only output is the column comparator bus.  [image: image52.png]INPUT MUX ————+ CompBus
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Figure 5.5: CMPLP block diagram
 

5.5.2 Functional Description
 

The comparator is based on a low power comparator which is configured in parallel with the opamp in the continuous time block. When the CmpLP is used, the opamp is disabled. The positive input is connected to the input multiplexer. The negative input is connected to the tap of a resistive divider between Vdd and Vss. 
The reference value of the comparator is determined by the following equation:  [image: image53.png]Vigerence = Ved- Threshold 1



 
The output polarity follows the inputs (i.e., a positive input greater than the negative input to the comparator results in a positive output logic level). 
The comparator logic output can be switched onto the CompBus to drive the enable inputs of digital blocks, the interrupt controller, and a register that can be read by the CPU. 
 
 

5.5.3 Parameters and Resources 
 

 

Comp Bus  
The COMP block comparator output may be routed to the input bus of the digital PSoC blocks or to an interrupt. The Comp Bus must be enabled to make any of these connections. The Comp Bus parameter must be enabled to enable interrupts. 
 

Threshold
 

The threshold is programmable in steps shown in the table below relative to Vdd. When operating from a 5.00V supply, this sets reference values of 0.105V to 3.75V. 
 

Placement
 

The COMP block maps onto any of the continuous time PSoC blocks in the device. However, if the COMP AnalogBus output and the CompBus output are enabled onto their respective buses, care must be exercised to ensure that no other user module tries to drive the same buses. 
 

5.5.4 Application Programming Interface
 

The Application Programming Interface (API) routines are provided as part of the user module to allow you to deal with the module at a higher level. This section specifies the interface to each function together with related constants provided by the "include" files. 
 

CmpLP_Start
 

Description: Performs all required initialization for this user module. The comparator output will be driven. 
C Prototype: Void CmpLP_Start (void)  
Assembler: Call  CmpLP_Start 
 

CmpLP_Stop
 

Description: Powers the user module off. The outputs will not be driven. 
C Prototype: Void CmpLP_Stop (void)  
Assembler: Call CmpLP_Stop 
CmpLP_EnableInt  
Description: Enables interrupt mode operation. 
C Prototype: Void CmpLP_EnableInt (void)  
Assembler: call  CmpLP_EnableInt  
CmpLP_PollOutput  
Description: This function checks the status of the comparator outs stored in CMP_CR0. 
C Prototype: BYTE  CmpLP_PollOutput (void)    
Assembler:  
Call CmpLP_PollOutput 
Mov   [bComparatorState], A  
 
5.5.5 Sample Firmware Source Code
//---------------------------------------------------------------------------
// C main line
//---------------------------------------------------------------------------
#include <m8c.h>        // part specific constants and macros
#include "PSoCAPI.h"    // PSoC API definitions for all User Modules
Void main ()
{
BYTE status;
   CmpLP_1_Start ();
   CmpLP_1_EnableInt ();
    //DigBuf_1_Start ();
   // M8C_EnableGInt; 
 // DigBuf_1_EnableInt ();  
   While (1)
    { 
    Status=CmpLP_1_PollOutput ();
    if (status)
    PRT1DR = 0x03;
    else
    PRT1DR = 0x00; 
    }
}
 
Void delay_sec (int sec) 
{ 
  int i, j, secd; 
  for (secd=0; secd<=sec; secd++) 
    for (i=0; i<=2; i++) 
  for (j= 0; j<=20400; j++) 
    { 
    } 
5.6 ONE WIRE SOFTWARE USER MODULE 
The 1-Wire Master User Module is a set of library routines that write and read data as master using the Dallas Semiconductor 1-Wire protocol. A 1-Wire master may communicate with one or many slave devices using only one signal wire and a ground. The master initiates all data transfers. A CPU clock of 12 MHz is needed for correct timing.
5.6.1 Features and Benefits
§ Requires only one I/O pin to interface multiple slave devices 
§ Uses no PSoC Blocks 
§ Functions provided support reading and writing of both bits and bytes 
§ Function provided for CRC-8 data integrity checking 
§ Optional CRC-16 function for iButton  data integrity checking
§ Optional functions provided for performing 1-Wire search for handling multiple devices 
 
 

5.6.2 Functional Description
 

The 1-Wire User Module uses a single I/O pin to interface to 1-Wire components over twisted-pair cable. A 1-Wire network consists of a master, the wiring, and one or more slave devices. Both master and slave devices are open drain. The I/O pin is configured to provide the resistive pull-up. The CPU is 100% utilized during data transfers. The 1-Wire specification allows an unlimited amount of time between bits. However, the bit and byte transfer functions do not alter the interrupt masks.  [image: image54.png]1-Wire
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Figure 5.6: PSOC to 1-wire schematic
 
5.6.3 Parameters and Resources
 

DQ IO Port
 

 

Selects which PSoC I/O port is used for the 1-Wire DQ signal below.
 

DQ Pin
 

 

Selects which pin of DQIOPort is used for the 1-Wire interface.
 

Search
 

Checks whether the 1-Wire search functions are enabled. If disabled, the search code is not generated to save ROM space.
Placement and Resources
The 1-Wire User Module only uses one I/O pin of one port and does not use any digital or analog blocks.   There are no placement restrictions. 
5.6.4 Application Programming Interface
In all examples, the “OW” is used for the INSTANCE_NAME. 

 

OW_Start 

 

 

Description: Initializes OW I/O pin to have a resistive pull-up. This function should be called once before the other 1-Wire functions.
C Prototype: Void OW_Start (void);
Assembler: Call OW_Start                             ; Call function
OW_Write Byte
Description: Writes a byte to the 1-Wire devices. 
C Prototype: void OW_WriteByte (BYTE bData);
Assembler:
mov     A, CCh                                    ; Load byte
Call      OW_WriteByte
Parameters: bData: Byte to be written to the 1-Wire devices.
OW_ReadByte
Description: Reads a byte from a 1-Wire device. 
C Prototype: BYTE OW_ReadByte (void);
Assembler: Call OW_ReadByte ;   Byte returned in A
 

5.6.5 Sample Firmware Source Code
 

 

//----------------------------------------------------------------------------
// C main line
//----------------------------------------------------------------------------
#include <m8c.h>        // part specific constants and macros
#include "PSoCAPI.h"    // PSoC API definitions for all User Modules
#include <stdlib.h> 
 
char TextBuff [5]; 
Unsigned char TLSB, TMSB, TempI, j; 
int TempP; 
void main () 
{ 
LCD_1_Start (); 
LCD_1_Position(0,0);
OneWireSW_1_Start (); // Initialize 1-Wire pin.
 //OW_1_Start ();
while(1) 
{ 
OneWireSW_1_Reset (); // Reset the 1-Wire device.
OneWireSW_1_WriteByte (0xCC); // Skip ROM command.
OneWireSW_1_WriteByte (0x44); // Convert Temperature command.
OneWireSW_1_Delay10mTimes (90); // Wait 900 ms for the temperature conversion.
OneWireSW_1_Reset ();   // Reset the 1-Wire device.
OneWireSW_1_WriteByte (0xCC); // Skip ROM command.
OneWireSW_1_WriteByte (0xBE); // Read Scratch Pad command.
 
TLSB = OneWireSW_1_ReadByte (); // Read LSB data.
TMSB = OneWireSW_1_ReadByte (); // Read MSB data.
 
 
TempP = (TMSB << 4) &0xF0; // Integer number.
TempI = (TLSB >> 4) & 0x0F; 
TempI = TempI | TempP; // Temperature in integer format 
TempP = TLSB & 0x0F; // Binary point of temperature.
 
iota (TextBuff, TempI,10); // Convert data to ASCII.
 
LCD_1_Position (1, 0);
LCD_1_PrCString ("TEMP = "); 
LCD_1_PrString (TextBuff);
 
TempP = (TempP & 0x000f)* 625; // Convert data to decimal point for display.
 
iota (TextBuff, TempP, 10); // Display decimal point.
 
if (TempP < 1000) 
LCD_1_PrCString (".0"); 
else 
LCD_1_PrCString (".");
 
LCD_1_PrString (TextBuff); 
LCD_1_PrCString (" C "); 
} 
}
6. HARDWARE DESIGN
 

 

6.1 GSM MODEM
6.1.1 GSM Architecture
In this architecture, a mobile station (MS) communicates with a base station system (BSS) through the radio interface. The BSS is connected to the network and switching subsystem (NSS) by communicating with a mobile switching center (MSC) using the A interface
Mobile Station
The (MS) consists of two parts: the subscriber identity module (SIM) and the mobile equipment (ME). In a border definition, the MS also includes a third part called terminal equipment (TE), which can be a PDA or Pc connected to the ME. In this case, the first two parts i.e., ME and SIM are called the mobile terminal (MT). A SIM can be
·         A smart card that usually has the size of a credit card.
·         A smaller sized “plug-in SIM".
·         A smart card that can be performed, which contains a plug-in SIM that can be broken out of it.
The SIM is protected by a personal identity number (PIN) of length between four to eight digits. The PIN is loaded by the network operator at the subscription time. This PIN can be deactivated or changed by the user. To use the MS, the user is asked to enter the PIN. If the number is not correctly entered in three consecutive times, the SIM is blocked and therefore the MS cannot be used. To unblock the SIM, the user is asked to enter the 8-digit PIN Unblocking Key (PUK). A SIM contains the subscriber-related information including the PIN and PUK codes. The subscriber- related data also include a list of abbreviated and customized dialing numbers, short messages received when the subscriber is not present, and names of preferred network stop provide service, and soon. Parts of the SIM information can be modified by the subscriber either by using the keypad of an MS or a personal computer using an RS232 connection.
 
6.1.2 GSM Modem -- SIM300 [image: image55.jpg]


 
Figure 6.1: EVB top view
Designed for global market, SIM300 is a Tri-band GSM/GPRS engine that works on frequencies EGSM 900 MHz, DCS 1800 MHz and PCS 1900 MHz. SIM300 features GPRS multi-slot class 10/ class 8 (optional) and supports the GPRS coding schemes CS-1, CS-2, CS-3 and CS-4.With a tiny configuration of 40mm x 33mm x 2.85mm , SIM300 can fit almost all the space requirements in our applications, such as smart phone, PDA phone and other mobile devices. In this hardware SIM300 is only interfaced with RS232, Regulated power Supply 4.0V SIM Tray Antenna with LED indications. 
A: SIM300 module interface 
B: SIM card interface C: headset interface 
D: Download switch, turn on or off download function 
E: VBAT switch, switch the voltage source from the adaptor or external battery 
F: PWRKEY key, turn on or turn off SIM300 
G: RESET key 
H: expand port, such as keypad port, main and debug serial port, display port 
I: MAIN serial port for downloading, AT command transmitting, data exchanging 
J: DEBUG serial port 
K: hole for fixing the antenna 
L: source adapter interface 
M: light 
N: buzzer 
O: headphones interface 
P: hole for fixing the SIM300  [image: image56.jpg]seosn ..-.-l
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Figure 6.2: SIM card interface
6.2 AT COMMANDS
Check the article AT Commands
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Table 6.1: Select SMS Message Format
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Table 6.2: Read SMS message
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Table 6.3: Delete SMS message
Circuit Diagram [image: image60.png]37
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Figure 6.3: GSM to MAX 232 and PSOC connection
In the above circuit PIN 11 and PIN 12 of MAX 232 are connected to pins P2.7 and P1.6 of PSOC chip, respectively
MAX 232
6.3 SMOKE SENSOR
The H21A1, H21A2 and H21A3 consist of agallium arsenide infrared emitting diodeCoupled with a silicon phototransistor in a plastic housing. The packaging system isdesigned to optimize the mechanical resolution, coupling efficiency, ambient lightrejection, cost and reliability. The gap in the housing provides a means of interruptingthe signal with an opaque material, switching the output from an “ON” to an “OFF” state.  [image: image61.png]Q
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Figure 6.4: Smoke sensor                                                     
Features 
· Opaque housing
· Low cost
· 0.035” apertures
· High IC (ON)
 
6.4 DS18S20 TEMPERATURE SENSOR [image: image62.png]NC
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Figure 6.5: Pin diagram of DS18S2
Description
The DS18S20 digital thermometer provides 9-bit Celsius temperature measurements and has an alarm function with nonvolatile user-programmable upper and lower trigger points. The DS18S20 communicates over a 1-Wire bus that by definition requires only one data line (and ground) for communication with a central microprocessor. It has an operating temperature range of –55°C to +125°C and is accurate to ±0.5°C over the range of –10°C to +85°C. In addition, the DS18S20 can derive power directly from the data line (“parasite power”), eliminating the need for an external power supply. Each DS18S20 has a unique 64-bit serial code, which allows multiple DS18S20s to function on the same 1-Wire bus. Thus, it is simple to use one microprocessor to control many DS18S20s distributed over a large area. Applications that can benefit from this feature include HVAC environmental controls, temperature monitoring systems inside buildings, equipment, or machinery, and process monitoring and control systems. [image: image63.png]Vou
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Figure 6.6: DS18S20 Block diagram
Overview
A block diagram of the DS18S20, and pin descriptions are given in the Pin Description table. The 64-bit ROM stores the device’s unique serial code. The scratchpad memory contains the 2-bytetemperature register that stores the digital output from the temperature sensor. In addition, the scratchpadprovides access to the 1-byte upper and lower alarm trigger registers (TH and TL). The TH and TL registersare nonvolatile (EEPROM), so they will retain data when the device is powered down.
The DS18S20 uses Maxim’s exclusive 1-Wire bus protocol that implements bus communication using one control signal. The control line requires a weak pullup resistor since all devices are linked to the bus via a 3-state or open-drain port (the DQ pin in the case of the DS18S20). In this bus system, the microprocessor (the master device) identifies and addresses devices on the bus using each device’s unique 64-bit code. Because each device has a unique code, the number of devices that can be addressed on one bus is virtually unlimited. The 1-Wire bus protocol, including detailed explanations of the commands and “time slots,” is covered in the 1-Wire Bus System section 
Another feature of the DS18S20 is the ability to operate without an external power supply. Power is instead supplied through the 1-Wire pullup resistor via the DQ pin when the bus is high. The high bus signal also charges an internal capacitor (CPP), which then supplies power to the device when the bus is low. This method of deriving power from the 1-Wire bus is referred to as “parasite power.” As an alternative, the DS18S20 may also be powered by an external supply on VDD.
 
Operation—measuring temperature
The core functionality of the DS18S20 is its direct-to-digital temperature sensor. The temperature sensor output has 9-bit resolution, which corresponds to 0.5°C steps. The DS18S20 powers-up in a low-power idle state; to initiate a temperature measurement and A-to-D conversion, the master must issue a Convert T [44h] command. Following the conversion, the resulting thermal data is stored in the 2-byte temperature register in the scratchpad memory and the DS18S20 returns to its idle state. If the DS18S20 is powered by an external supply, the master can issue “read-time slots” (see the 1-Wire Bus Systemsection) after the Convert T command and the DS18S20 will respond by transmitting 0 while thetemperature conversion is in progress and 1 when the conversion is done. If the DS18S20 is powered withparasite power, this notification technique cannot be used since the bus must be pulled high by a strongpullup during the entire temperature conversion. The bus requirements for parasite power are explained in detail in the Powering the DS18S20section.
The DS18S20 output data is calibrated in degrees centigrade; for Fahrenheit applications, a lookup table or conversion routine must be used. The temperature data is stored as a 16-bit sign-extended two’s complement number in the temperature register. The sign bits (S) indicate if the temperature is positive or negative: for positive numbers S = 0 and for negative numbers S = 1. Resolutions greater than 9 bits can be calculated using the data from the temperature, COUNT REMAIN and COUNT PER °C registers in the scratchpad. Note that the COUNT PER °C register is hard-wired to 16 (10h). After reading the scratchpad, the TEMP_READ value is obtained by truncating the 0.5°C bit (bit 0) from the temperature data. The extended resolution temperature can then be calculated using the following equation:
 
6.5 GAS SENSOR (MQ 6)
Sensitive material of MQ-6 gas sensor is SnO2, which with lower conductivity in clean air. When the target combustible gas exist, the sensor’s conductivity is higher along with the gas concentration rising. Please use simple electro circuit, Convert change of conductivity to correspond output signal of gas concentration.
MQ-6 gas sensor has high sensitivity to Propane, Butane and LPG, also response to Natural gas. The sensor could be used to detect different combustible gas, especially Methane; it is with low cost and suitable for different application.
Basic test loop [image: image64.png]Ancs
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Figure 6.8: Basic test circuit of the sensor
The sensor need to be put 2 voltages, heater voltage (VH) and test voltage (VC).VH used to supply certified working temperature to the sensor, while VC used to detect voltage (VRL) on load resistance (RL) whom is in series with sensor. The sensor has light polarity, Vc need DC power. VC and VH could use same power circuit with precondition to assure performance of sensor. In order to make the sensor with better performance, suitable RL value is needed:
Power of Sensitivity body (Ps): Ps=Vc2×Rs/ (Rs+RL) 2
Resistance of sensor (Rs): Rs = (Vc/VRL-1) × RL               
Sensitivity Adjustment
Resistance value of MQ-6 is difference to various kinds and various concentration gases. So, when using these components, sensitivity adjustment is very necessary. We recommend that you calibrate the detector for 1000ppm of LPG concentration in air and use value of Load resistance (RL) about 20K?(10K? to 47K?).When accurately measuring, the proper alarm point for the gas detector should be determined after considering the temperature and humidity influence.
Character Configuration
· Good sensitivity to Combustible gas in wide range
· High sensitivity to Propane, Butane and LPG
· Long life and low cost
· Simple drive circuit 
Connections:
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Figure 6.9: Smoke sensor connection to PSOC pin P0.4
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Table 6.4: Technical data of MQ-6 
Application
· Domestic gas leakage detector
· Industrial Combustible gas detector
· Portable gas detector
6.6 RELAY
See the below links for details of Relay
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Figure 6.11: Connecting relays to PSOC pin P1.2 through ULN2803 
ULN2803
The ULN2803 Integrated Circuit (IC) is an "Eight-way Line Driver". The IC takes small current at its 8 input pins (pins 1 to 8) and allows much larger current (up to one amp) to flow via its output lines.
The ULN2803 is a monolithic high voltage and high current Darlington transistor arrays. It consists of eight NPN Darlington pairs that feature high-voltage outputs with common-cathode clamp diode for switching inductive loads. The Darlington pairs may be paralleled for higher current capability. Applications include relay drivers, hammer drivers, lamp drivers, display drivers (LED gas Discharge), line drivers, and logic buffers. 
6.7 PSOC CIRCUIT DIAGRAM [image: image68.png]e
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Figure 6.12: Basic circuit diagram of PSOC with LCD and ISSP 
ISSP Connector
This allows a PSOC device to be programmed during prototyping, later in the manufacturing flow, or reprogrammed in the field at a later date. PSOC Designer supports two in-system serial programming (ISSP) modes: Reset and Power Cycle programming. Programming in PSOC Designer can be performed with the In-Circuit Emulation Cube (ICE-Cube CY3215-DK) or MiniProg programmer (CY3210-MiniProg1). For production, the CY3207ISSP programmer programs one device per instance, using either the VDD Stable On or VDD Rising Edge programming method. Once the MiniProg is connected, you can use PSOC Programmer software to program. There are five signals in the programming header. The programming signals are:  [image: image69.png]Pin Name [ Description
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Table 6.5: Pin specifications of ISSP
LCD 16 X 2 Display
7. RESULT
The following are the outputs of temperature sensor, smoke sensor and relay displayed in the user mobile. 
	USER MODULES
	ACKNOWLEDGEMENT
 

	TEMPERATURE SENSOR
	>34°C

	SMOKE SENSOR
	SMOKE SENSED

	SMOKE SENSOR
	SMOKE SENSED

	RELAY ON
	UNLOCKED

	RELAY OFF
	LOCKED


Table 7.1: Output
 
8. CONCLUSION AND RECOMMANDATION
8.1 CONCLUSION
The project we have undertaken has helped us gain a better perspective on various aspects related to our course of study as well as practical knowledge of electronic equipments and communication. We became familiar with software analysis, designing, implementation, testing and maintenance concerned with our project.
In this Critical sensor monitoring, authentication is commanding the system and wireless network are the challenges faced by the industries such as nuclear plants and power plants. The one wire protocol used for the temperature sensor helps for sensing temperature over a large area. As the user operates the system by a secret code the authorization problem has been solved. The GSM network used helps in controlling the system from a distant area. The microcontroller used helps in interfacing many input/output devices at a time. These extensive capabilities of this system are what make it so interesting. From the convenience of a simple cell phone, a user is able to control and monitor virtually any electrical devices. 
 
The end product will have a simplistic design making it easy for users to interact with. This will be essential because of the wide range of technical knowledge that homeowners have.
 
8.2 RECOMMANDATION
This project is a small implication of our concept in automating and monitoring a system. The practical applications of this project are immense and can have vast level of implementation. This small concept can be used in fields such as weather forecasting, remote sensing, robotics, aeronautics, home automation, and many other related fields where continuous monitoring and regulation is needed. So this is not the end of the project but rather is a step towards exploring other possibilities that it brings with it. 
We recommend this project, which has tremendous application and possibilities. The project work in the fact gives a lot of confidence to fight out in this challenging world. 
9. FUTURE SCOPE AND APPLICATIONS
9.1 FUTURE SCOPE
The PSOC microcontroller can be used for implementation of more complex systems for complex tasks like controlling different systems like nuclear plants and reactors in the industry. It can also be used in the system where there is a need of instrumentation, inverting and non inverting amplifiers.  
The project we have undertaken can be used as a reference or as a base for realizing a scheme to be implemented in other projects of greater level such as weather forecasting, temperature updates, device synchronization, etc. The project itself can be modified to achieve a complete Home Automation System which will then create a platform for the user to interface between himself and his household.
 

GPRS
 

General packet Radio service (GPRS) is a packet-based data bearer service for wireless communication services that is delivered as a network overlay for GSM, CDMA and TDMA networks. It applies a packet radio principle to transfer user data packet in an efficient way between GSM mobile station and external packet data networks. Packet switching is where data is split into packets that are transmitted separately and then reassembled at the receiving end. 
GPRS supports world’s leading packet based internet protocols that makes highly efficient use of radio spectrum and enables high data speed. It enables any exiting IP or X.25 application to operate over a GSM cellular connection. Its data speed varies from 115Kbps to 117Kbps but it is likely to average at 56Kbps. 
It was developed to enable GSM operators to meet the following key features:
· It is a step towards 3G Technology.
· Higher bandwidth and therefore data speed.
· Seamless, immediate and continues connection to the internet—‘always on-line’.
· New text and visual data content services.
· Packet switched rather than circuit switched which enable higher radio spectrum efficiency.  [image: image70.png]


 
Figure 9.1: GSM to 3G technology
 
9.2 APPLICATIONS
·         Industrial sensor processing and control.
·         Remote operation of industrial appliances.
·         Modified version can be used for weather monitoring, temperature updates, device synchronization, etc.
·         This project can be implemented in Home Automation System also.
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