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C H A P T E R  1  

GSM Architecture 

 A GSM network is made up of multiple components and interfaces that facilitate 

sending and receiving of signaling and traffic messages. It is a collection of 

transceivers, controllers, switches, routers, and registers. 

 

 A Public Land Mobile Network (PLMN) is a network that is owned and operated by 

one GSM service provider or administration, which includes all of the components 

and equipment as described below. For example, all of the equipment and network 

resources that is owned and operated by Cingular is considered a PLMN. 

 

 
Figure 1.1 GSM Architecture 

 
 

1.1 Mobile Station (MS) 
The Mobile Station (MS) is made up of two components: 
 

1.1.1 Mobile Equipment (ME): 
 

 This refers to the physical phone itself. The phone must be able to operate 

on a GSM network. Older phones operated on a single band only. Newer 

phones are dual-band, triple-band, and even quad-band capable. A quad-

band phone has the technical capability to operate on any GSM network 

worldwide.  
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 Each phone is uniquely identified by the International Mobile Equipment 

Identity (IMEI) number. This number is burned into the phone by the 

manufacturer. The IMEI can usually be found by removing the battery of the  

phone and reading the panel in the battery well. 
 

 It is possible to change the IMEI on a phone to reflect a different IMEI. This 

is known as IMEI spoofing or IMEI cloning. This is usually done on stolen 

phones. The average user does not have the technical ability to change a 

phone's IMEI. 

 

1.1.2 Subscriber Identity Module (SIM) : 

 

 The SIM is a small smart card that is inserted into the phone and carries 

information specific to the subscriber, such as IMSI, TMSI, Ki (used for 

encryption), Service Provider Name (SPN), and Local Area Identity (LAI).  

 The SIM can also store phone numbers (MSISDN) dialed and received, 

the Kc (used for encryption), phone books, and data for other applications.  

 A SIM card can be removed from one phone, inserted into another GSM 

capable phone and the subscriber will get the same service as always. 

 

 Each SIM card is protected by a 4-digit Personal Identification Number 

(PIN). In order to unlock a card, the user must enter the PIN.  

 If a PIN is entered incorrectly three times in a row, the card blocks itself and 

cannot be used. It can only be unblocked with an 8-digit Personal 

Unblocking Key (PUK), which is also stored on the SIM card. 
 

 

 

 

 

 

 

 

 

 
 

 

         Figure 2.2 Subscriber Identity Module  

 

 

1,2 Base Transceiver Station (BTS): 
 

 The BTS is the Mobile Station's access point to the network. It is responsible for 

carrying out radio communications between the network and the MS. 
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 It handles speech encoding, encryption, multiplexing (TDMA), and 

modulation/demodulation of the radio signals. It is also capable of frequency hopping. 

 A BTS will have between 1 and 16 Transceivers (TRX), depending on the geography 

and user demand of an area. Each TRX represents one ARFCN. 

 

One BTS usually covers a single 120 degree sector of an area. 

 Usually a tower with 3 BTSs will accommodate all 360 degrees around the tower. 

However, depending on geography and user demand of an area, a cell may be divided 

up into one or two sectors, or a cell may be serviced by several BTSs with redundant 

sector coverage. 

 

 A BTS is assigned a Cell Identity. The cell identity is 16-bit number (double octet) 

that identifies that cell in a particular Location Area. The cell identity is part of the 

Cell Global Identification (CGI), which is discussed in the section about the Visitor  
Location Register (VLR). 

 

 

 
Figure 3.3 120 ° Sector of BTS 

 

 

 The interface between the MS and the BTS is known as the Um 

Interface or the Air Interface. 
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     Figure 4.4 Um Interface 

 

1.3 Base Station Controller (BSC): 

 The BSC controls multiple BTSs. It handles allocation of radio channels, 

frequency administration, power and signal measurements from the MS, and 

handovers from one BTS to another (if both BTSs are controlled by the same 

BSC).  

 A BSC also functions as a "funneler". It reduces the number of connections to 

the Mobile Switching Center (MSC) and allows for higher capacity connections to 

the MSC. 

 A BSC may be collocated with a BTS or it may be geographically separate. It may 

even be collocated with the Mobile Switching Center (MSC). 

 

 
     Figure 5.5 Base Station Controllers 

 
 

 The interface between the BTS and the BSC is known as the Abis Interface. 
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Figure 6.6 Abis Interface 
 

 The Base Transceiver Station (BTS) and the Base Station Controller (BSC) 

together make up the Base Station System (BSS). 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.7 Base Station System 
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1.4 Mobile Switching Center (MSC): 
 

 The MSC is the heart of the GSM network. It handles call routing, call setup, and 

basic switching functions. An MSC handles multiple BSCs and also interfaces with 

other MSC's and registers. It also handles inter-BSC handoffs as well as coordinates 

with other MSC's for inter-MSC handoffs. 

  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     Figure 1.8 Mobile Switching Center 

 The interface between the BSC and the MSC is known as the A Interface. 

 
       Figure 1.9 A Interface 
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1.5 Gateway Mobile Switching Center (GMSC): 
 

 There is another important type of MSC, called a Gateway Mobile Switching Center 

(GMSC). The GMSC functions as a gateway between two networks. If a mobile 

subscriber wants to place a call to a regular land line, then the call would have to go 

through a GMSC in order to switch to the Public Switched Telephone Network 

(PSTN). 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1.10 Gateway Mobile Switching Center 

 

 

 For example, if a subscriber on the Cingular network wants to call a 

subscriber on a T-Mobile network, the call would have to go through a 

GMSC. 
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      Figure 1.11 Connections between Two Networks 

The interface between two Mobile Switching Centers (MSC) is called the E 

Interface. 

 

 

 
          Figure 1.12 the E Interface 

  

1.6 Home Location Register (HLR): 
 

 The HLR is a large database that permanently stores data about subscribers. The HLR 

maintains subscriber-specific information such as the MSISDN(Mobile Station 

International Subscriber Directory Number), IMSI(International Mobile Subscriber 

Identity), current location of the MS, roaming restrictions, and subscriber 

supplemental features.  

 There is logically only one HLR in any given network, but generally speaking each 

network has multiple physical HLRs spread out across its network.  

 

 

1.7 Visitor Location Register (VLR): 
 

 The VLR is a database that contains a subset of the information located on the HLR. 

It contains similar information as the HLR, but only for subscribers currently in its 

Location Area.  

 There is a VLR for every Location Area. The VLR reduces the overall number of 

queries to the HLR and thus reduces network traffic. VLRs are often identified by the 
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Location Area Code (LAC) for the area they service. 

 

1.8 Equipment Identity Register (EIR): 
 

 The EIR is a database that keeps tracks of handsets on the network using the IMEI. 

There is only one EIR per network. It is composed of three lists. The white list, the 

gray list, and the black list.  

 
 The black list is a list if IMEIs that are to be denied service by the network for some 

reason. Reasons include the IMEI being listed as stolen or cloned or if the handset is 

malfunctioning or doesnt have the technical capabilities to operate on the network. 

 
 The gray list is a list of IMEIs that are to be monitored for suspicious activity. This 

could include handsets that are behaving oddly or not performing as the network  
expects it to. 

 
 The white list is an unpopulated list. That means if an IMEI is not on the black list or 

on the gray list, then it is considered good and is "on the white list". 

 
 The interface between the MSC and the EIR is called the F Interface. 

  

 
         Figure 1.13 the F Interface 
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C H A P T E R  2  

GSM Module 

2.1 Subscriber Identity Module (SIM): 

 A subscriber identity module (SIM) on a removable SIM card securely stores the 

service-subscriber key (IMSI) used to identify a subscriber on mobile telephony devices 

(such as mobile phones and computers). The SIM card allows users to change phones 

by simply removing the SIM card from one mobile phone and inserting it into another 

mobile phone or broadband telephony device.  

 

 The Subscriber Identity Module (SIM) is a small smart card which contains both 

programming and information. The SIM card provides the actual identity for the 

subscriber. During initial registration all the relevant subscriber data are inserted into 

the SIM card and the activity is known as personalization. 

 

 A mobile phone cannot make or receive any calls except emergency calls without a 

SIM.  Each SIM card is registered in a particular GSM network(HPLMN), and can be 

recognized by another network only if the HPLMN have agreement between 

themselves to support the subscriber, i.e., the subscriber has roaming facility. 

 

 
             Figure 2.1 SIM Pin Out 
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2.2 SIM300: 

 

2.3 GSM Module and Its Features: 

 

        Figure 2.2 GSM Module 

 

 This is a plug and play GSM Modem with a simple to interface serial interface. Use it 

to send SMS, make and receive calls, and do other GSM operations by controlling it 

through simple AT commands from micro controllers and computers. It uses the 

highly popular SIM300 module for all its operations. It comes with a standard RS232 
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interface which can be used to easily interface the modem to micro controllers and 

computers. 

 

 The modem consists of all the required external circuitry required to start 

experimenting with the SIM300 module like the power regulation, external antenna, 

SIM Holder, etc. 

 

 Features 

 Uses the extremely popular SIM300 GSM module  

 Provides the industry standard serial RS232 interface for easy connection to 

computers and other devices  

 Provides serial TTL interface for easy and direct interface to microcontrollers  

 Power, RING and Network LEDs for easy debugging  

 Onboard 3V Lithium Battery holder with appropriate circuitry for providing 

backup for the modules’ internal RTC  

 Can be used for GSM based Voice communications, Data/Fax, SMS,GPRS and 

TCP/IP stack  

 Can be controlled through standard AT commands  

 Module’s operation mode can be controlled through the PWR Switch connected to 

the PWR pin (refer the SIM300 datasheet for more information)  

 Comes with an onboard wire antenna for better reception. Board provides an 

option for adding an external antenna through an SMA connector  

 The SIM300 allows an adjustable serial baud rate from 1200 to 115200 bps (9600 

default)  

 Modem a low power consumption of 0.25 A during normal operations and around 

1 A during transmission  

 Operating Voltage: 7 – 15V AC or DC (board has onboard rectifier)  

 Note: The modem consumes current of nearly 1A during transmission; please make 

sure that your power supply can handle such currents. 

Feature  Implementation  

Power supply  Single supply voltage 3.4V – 4.5V  

Power saving  Typical power consumption in SLEEP mode to 2.5mA  

Frequency bands  SIM300 Tri-band: EGSM 900, DCS 1800, PCS 1900. The band can be set by 

AT COMMAND, and default band is EGSM 900 and DCS 1800.  

 Compliant to GSM Phase 2/2+  

GSM class  Small MS  

Transmit power   Class 4 (2W) at EGSM900  

 Class 1 (1W) at DCS1800 and PCS 1900  

GPRS connectivity   GPRS multi-slot class 10  

 GPRS mobile station class B  

Temperature range   Normal operation: -20°C to +55°C  

 Restricted operation: -25°C to -20°C and +55°C to +70°C  

 Storage temperature -40°C to +80°C  

DATA GPRS:  

CSD:  

 GPRS data downlink transfer: max. 85.6 kbps  

 GPRS data uplink transfer: max. 42.8 kbps  

 Coding scheme: CS-1, CS-2, CS-3 and CS-4  

 SIM300 supports the protocols PAP (Password Authentication Protocol) 

usually used for PPP connections.  
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 The SIM300 integrates the TCP/IP protocol.  

 Support Packet Switched Broadcast Control Channel (PBCCH)  

 CSD transmission rates: 2.4, 4.8, 9.6, 14.4 kbps, non-transparent  

Unstructured Supplementary Services Data (USSD) support  

 

SMS  MT, MO, CB, Text and PDU mode  

SMS storage: SIM card  

Support transmission of SMS alternatively over CSD or GPRS. User can 

choose preferred mode.  

SIM interface  Supported SIM card: 1.8V ,3V  

External antenna  Connected via 50 Ohm antenna connector or antenna pad  

Audio features  Speech codec modes:  

Half Rate (ETS 06.20)  

Full Rate (ETS 06.10)  Enhanced Full Rate (ETS 06.50 / 06.60 / 06.80)  

Echo suppression  

Two serial 

interfaces  

Serial Port 1 Seven lines on Serial Port Interface  

Serial Port 1 can be used for CSD FAX, GPRS service and send  

Table 2.1 Features of GSM Module 
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C H A P T E R  3  

AT Commands 

3.1 Types of AT Commands: 
 

There are four types of AT commands: 

 

1. Test commands - used to check whether a command is supported or not by the 

MODEM. 

 

SYNTAX:                    AT<command name>=?  

For example:              ATD=? 

 

2. Read command - used to get mobile phone or MODEM settings for an operation. 

 

SYNTAX:                    AT<command name>? 

For example:              AT+CBC? 

  

3. Set commands - used to modify mobile phone or MODEM settings for an operation. 

 

SYNTAX:                    AT<command name>=value1, value2, …, valueN 

 

Some values in set commands can be optional. 

For example:              AT+CSCA=”+9876543210”, 120 

 

4. Execution commands - used to carry out an operation. 

 

SYNTAX:            AT<command name>=parameter1, parameter2, …, parameterN 

 

The read commands are not available to get value of last parameter assigned in 

execution commands because parameters of execution commands are not stored. 

For example:               AT+CMSS=1,”+ 9876543210”, 120 

 

3.2 Explanation of commonly used AT commands: 

 

 AT - This command is used to check communication between the module and the 

computer. 

For example, 

AT         

OK 

 

The command returns a result code OK if the computer (serial port) and module are 

connected properly. If any of module or SIM is not working, it would return a result 

code ERROR. 

 

 +CMGF - This command is used to set the SMS mode. Either text or PDU mode can 

be selected by assigning 1 or 0 in the command.   

 

SYNTAX:         AT+CMGF=<mode> 
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0: for PDU mode 

1: for text mode 

  

 The text mode of SMS is easier to operate but it allows limited features of SMS. The 

PDU      (protocol data unit) allows more access to SMS services but the operator 

requires bit level knowledge of TPDUs. The headers and body of SMS are accessed 

in hex format in PDU mode so it allows availing more features. 

  

For example,   

              AT+CMGF=1 

              OK 

 

 +CMGW - This command is used to store message in the SIM. 

 

SYNTAX:         AT+CMGW=” Phone number”> Message to be stored Ctrl+z 

 

 As one types AT+CMGW and phone number, ‘>’ sign appears on next line where one 

can type the message. Multiple line messages can be typed in this case. This is why 

the message is terminated by providing a ‘Ctrl+z’ combination. As Ctrl+z is pressed, 

the following information response is displayed on the screen. 

 

 +CMGW: Number on which message has been stored 

 

 +CMGS - This command is used to send a SMS message to a phone number. 

 

SYNTAX:         AT+CMGS= serial number of message to be send. 

          

As the command AT+CMGS and serial number of message are entered, SMS is sent 

to the particular SIM. 

            For example, 

            AT+CMGS=1 

OK 

  

 

 ATD - This command is used to dial or call a number. 

 

SYNTAX:         ATD<Phone number>(Enter) 

 

For example, 

ATD123456789 

  

 ATA - This command is used to answer a call. An incoming call is indicated by a 

message ‘RING’ which is repeated for every ring of the call. When the call ends ‘NO 

CARRIER’ is displayed on the screen.  

 

SYNTAX:         ATA(Enter) 

             

As ATA followed by enter key is pressed, incoming call is answered. 

 

For example, 

RING 

RING 
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ATA 

  

 ATH - This command is used to disconnect remote user link with the GSM module. 

 

SYNTAX:         ATH (Enter) 
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C H A P T E R  4  

Interfacing of GSM Module with PC 

4.1 RS232: 

 In telecommunications, RS-232 is the traditional name for a series of standards for 

serial binary single-ended data and control signals connecting between a DTE (Data 

Terminal Equipment) and a DCE (Data Circuit-terminating Equipment).  

 It is commonly used in computer serial ports. The standard defines the electrical 

characteristics and timing of signals, the meaning of signals, and the physical size and 

pin out of connectors.  

 The current version of the standard is TIA-232-F Interface between Data Terminal 

Equipment and Data Circuit-Terminating Equipment Employing Serial Binary Data 

Interchange, issued in 1997. 

 An RS-232 port was once a standard feature of a personal computer for connections to 

modems, printers, mice, data storage, un-interruptible power supplies, and other 

peripheral devices.  

 However, the limited transmission speed, relatively large voltage swing, and large 

standard connectors motivated development of the universal serial bus which has 

displaced RS-232 from most of its peripheral interface roles.  

 Many modern personal computers have no RS-232 ports and must use an external 

converter to connect to older peripherals. Some RS-232 devices are still found 

especially in industrial machines or scientific instruments. 

 

 
Figure 4.1 RS232 Connectors  

 

4.1.1 Voltage levels of RS232: 
 

 The RS-232 standard defines the voltage levels that correspond to logical one 

and logical zero levels for the data transmission and the control signal lines. 

http://en.wikipedia.org/wiki/Telecommunications
http://en.wikipedia.org/wiki/Serial_communication
http://en.wikipedia.org/wiki/Single-ended_signaling
http://en.wikipedia.org/wiki/Data_transmission
http://en.wikipedia.org/wiki/Signaling_%28telecommunications%29
http://en.wikipedia.org/wiki/Data_Terminal_Equipment
http://en.wikipedia.org/wiki/Data_Terminal_Equipment
http://en.wikipedia.org/wiki/Data_circuit-terminating_equipment
http://en.wikipedia.org/wiki/Computer
http://en.wikipedia.org/wiki/Serial_port
http://en.wikipedia.org/wiki/Personal_computer
http://en.wikipedia.org/wiki/Modem
http://en.wikipedia.org/wiki/Printer_%28computing%29
http://en.wikipedia.org/wiki/Mouse_%28computing%29
http://en.wikipedia.org/wiki/USB
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Valid signals are plus or minus 3 to 15 volts; the ±3 V range near zero volts is 

not a valid RS-232 level.  

 The standard specifies a maximum open-circuit voltage of 25 volts: signal 

levels of ±5 V, ±10 V, ±12 V, and ±15 V are all commonly seen depending on 

the power supplies available within a device.  

 RS-232 drivers and receivers must be able to withstand indefinite short circuit 

to ground or to any voltage level up to ±25 volts.  

 The slew rate, or how fast the signal changes between levels, is also 

controlled. 

http://en.wikipedia.org/wiki/Power_supply
http://en.wikipedia.org/wiki/Slew_rate


 

19 

4.2 DB9 Male: 

 
    Figure 4 .2 DB9 Male 

 

4.3 DB9 Female: 

 
     Figure 4 .3 DB9 female 

 

 

 



 

20 

4.4 DB9 to USB Connector: 

 
          Figure 4 .4 DB9 to USB Connector 

 
 This USB Serial Adapter is designed to make serial port expansion quick and simple. 

Connecting to a USB port on your computer or USB hub, this USB Serial Adapter 

instantly adds a serial communication port to your system with easy plug-and-play 

and hot-plug features. 

 
 Plugging the USB Serial Adapter into the USB port, the adapter is automatically 

detected and installed. There are no IRQ & COM port conflicts, since the port doesn't 

require any additional IRQ, DMA or memory on the system. 

 
 The RS-232 serial port functions as a native Windows COM port, and it is compatible 

with Windows serial communication applications. 

 
 This USB Serial Adapter provides instant connectivity to any RS-232 communication 

device. 

 
 Specifications & Features: 

 
 Easy to setup and install 

 Compatible with all popular PDAs, modems, printers, bar code scanners, etc. 

 Thin cables and light weight makes it portable and easy to carry 

 No external power needed - draws power from the USB connection 

 Supports serial data transfer rates of up to 1 Mbits/sec 

 USB to Straight-Through RS232 Serial Adapter 

 
 Adds a high speed RS-232 serial port via a USB 1.1 or 2.0 connection 
 384 byte receive buffer. 
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 128 byte transmit buffer for high speed data throughput. 
 Requires no IRQ, DMA or I/O port. 
 Data rate speed range: 300 bps to 230,400 bps 
 Serial Connector: DB-9 male connector with screw downs 
 RS-232 data signals: DCD, RxD, TxD, DTR, GND, DSR, RTS, CTS, RI. 
 Uses a Prolific brand chipset. 
 Cable Length is approximately 5 feet. Virtual COM port drivers provided for 

Windows 98, 98SE, 
 ME, 2000, XP and MAC OS8 & later. 

 

 Applications and Solutions 

 

 Perfect for IT Administrators looking to add legacy functionality to newer 

notebooks, PCs and servers that lack an Integrated RS232 port 

 Connect a satellite receiver, serial modem, or PDA with serial sync 

 Connect bar code scanners, receipt printers and other point of sale devices 

 Connect, monitor and control industrial/automotive sensors and equipment 

 Connect and program LED and Digital signage boards with serial 

communication ports 

4.5 What is HyperTerminal? 

 

 
Figure 4 .5 HyperTerminal 

 
In windows7 by default HyperTerminal is not there ,but we can create it by simple 

following method. 

In windows7, only option -  
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 Open control panel , 

 Open Phone and Modem Options by clicking the Start button ,  

 Click Control Panel,  

 Click Hardware and Sound,  

 Then click Phone and Modem Options. 

 

Or one can create HyperTerminal in windows 7 

 

Open any windows XP system copy 4 following files: 

 

 C:\Program Files\Windows NT\HYPERTRM.EXE 

 C:\Windows\Help\HYPERTRM.CHM 

 C:\Windows\Help\HYPERTRM.HLP 

 C:\Windows\System32\hypertrm.dll 

 Then open windows7 system creates a folder name of “HyperTerminal" under 

program files then paste 4 files in that folder. 

 Create shortcut -"C:\Program Files\HyperTerminal\HYPERTRM.EXE" 

 open shortcut. 

 HyperTerminal is ready. 

 

 
      Figure 4 .6 HyperTerminal Explanation 

 

4.6  How to Interfacing GSM Module with PC Using 

HyperTerminal: 
 

 The Windows (XP and lower versions) comes with an application called 

HyperTerminal for data communication through serial port of the computer. The 

interfacing of the GSM/GPRS module with the serial port of the computer involves 

following steps: 

  

1) Connect RS-232 port of GSM module with the serial port of the computer. 

Insert a SIM card in the module. 

2) Open HyperTerminal from Start > All Programs > Accessories > 

Communications > HyperTerminal. 

3) Enter a name for the connection and press OK. 

4) Now select the communication port (COM) at which GSM module is connected. 
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Create a new connection set on HyperTerminal. Set parameters, like baud rate as 

9600, handshaking mode as none, parity bit as none, stop bit as 1 and data bit as 8.  

 

4.7  Circuit Diagram: 

  
       Figure 4 .7 Circuit Diagram 

 

4.8  Description: 
 

 The project explains interfacing of the AT89C51 microcontroller with the GSM 

module and the HyperTerminal. HyperTerminal is a Windows application. The AT 

commands are sent by the HyperTerminal to the GSM module. The Information 

Response and/or Result Codes are received at the microcontroller and retransmitted to 

the HyperTerminal by the controller. 

  

 A GSM module has an RS232 interface for serial communication with an external 

peripheral. In this case, the transmit pin (Tx) of the computer’s Serial port is 

connected with the receive pin (Rx) of the GSM module’s RS-232 interface. The 

transmit pin (Tx) of the RS-232 of GSM module is connected to receive pin (Rx) of 

microcontroller’s serial transmission pin. And the serial transmit pin of the 

microcontroller is connected to the receive pin of the computer’s Serial port. 

Therefore the commands and their results are transmitted and received in a triangular 

fashion as depicted below. 

  

http://www.engineersgarage.com/articles/gsm-gprs-modules
http://www.engineersgarage.com/articles/gsm-gprs-modules
http://www.engineersgarage.com/tutorials/at-commands
http://www.engineersgarage.com/tutorials/at-commands
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 Figure 4 .8 Functional Representation  

 

 The microcontroller is programmed to receive and transmit data at a baud rate of 

9600. For more details on setting the baud rate of microcontroller, refer serial 

communication with 8051. 

  

 The controller can receive data signals either by polling or by making use of serial 

interrupt (ES). Serial interrupt has been explained in interrupt programming. In 

polling, the controller continuously scans serial port for incoming data from the GSM 

module. 

 In this project, interrupt has been used for monitoring and controlling the flow of data 

by the controller instead of the polling method. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.engineersgarage.com/microcontroller/8051projects/interface-serialport-RS232-AT89C51
http://www.engineersgarage.com/microcontroller/8051projects/interface-serialport-RS232-AT89C51
http://www.engineersgarage.com/tutorials/8051-interrupts-programming
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C H A P T E R  5  

Interface of GSM Module with Microcontroller and LCD 

5.1 AT89C51 Microcontroller: 

 
Figure 5.1 Pin Configuration of 8051 

 

 Features 

 

 Compatible with MCS-51™ Products 

 4K Bytes of In-System Reprogrammable Flash Memory 

 Fully Static Operation: 0 Hz to 24 MHz 

 Three-level Program Memory Lock 

 128 x 8-bit Internal RAM 

 32 Programmable I/O Lines 

 Two 16-bit Timer/Counters 

 Six Interrupt Sources 

 Programmable Serial Channel 

 Low-power Idle and Power-down Modes 

 

 Description 

 

 The AT89C51 is a low-power, high-performance CMOS 8-bit microcomputer 

with 4Kbytes of Flash programmable and erasable read only memory 

(PEROM).  

 The device is manufactured using Atmel’s high-density nonvolatile memory 

technology and is compatible with the industry-standard MCS-51 instruction 

set and pinout.  
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 The on-chip Flash allows the program memory to be reprogrammed in-system 

or by a conventional nonvolatile memory programmer.  

 By combining a versatile 8-bit CPU with Flash on a monolithic chip, the 

Atmel AT89C51 is a powerful microcomputer which provides a highly-

flexible and cost-effective solution to many embedded control applications. 

 

 

 

5.2 16×2 LCD: 
 

 

Figure 5.2 16×2 LCD 

 

No. SYMBOL  FUNCTION 

1 Vss GND 

2 V0 Vdd +3V to 5V 

3 Vee Contrast Voltage 

4 RS →  H/L Register Select Signal 

5 R/W → H/L Read/Write Signal 

6 E H → L Enable Signal 

7 DB0 Data Bus Line 

8 DB1 Data Bus Line 

9 DB2 Data Bus Line 

10 DB3 Data Bus Line 

11 DB4 Data Bus Line 

12 DB5 Data Bus Line 

13 DB6 Data Bus Line 

14 DB7 Data Bus Line 

15 LED+ Back light Anode 

16 LED- Back light Cathode 

Table5.1 Pin Configuration of LCD 
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5.2 Circuit Diagram: 

 

 
Figure 5.3 Circuit Diagram 

 

 

5.3 Description of Circuit Diagram: 

 
 Instead of sending commands from the HyperTerminal, AT commands are sent to the 

GSM/GPRS module by the microcontroller itself. In this case, the receive (Rx) and 

transmit (Tx) pin of the GSM module’s RS232 port are connected to the transmit (Tx) 

and receive (Rx) pin of AT89C51’s serial port, respectively. This eliminated the role 

of computer and just the controller’s circuit provides a complete user interface for the 

module. 

  

 
Figure 5.4 Block diagram representation 

 

 

 The controller is programmed to send a fixed command ‘AT’ to the module. The 

command AT is used to check the communication with module. It returns a result 

code OK if the module and the controller are connected properly. If either of the 

module or SIM is not working, it returns a result code ERROR.  

http://www.engineersgarage.com/tutorials/at-commands
http://www.engineersgarage.com/at89c51-or-89c51-microcontroller
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5.4 Code: 
 

// Program to Interface GSM Module with 8051 microcontroller (AT89C51) without using 

PC 

 

ORG 0000H 

 

MOV TMOD,#20H                 //  SERIAL INITIALIZATION 

MOV TH1,#-3 

MOV SCON,#50H 

SETB TR1 

                                                //  LCD INITIALIZATION 

MOV A,#38H 

ACALL COMNWRT 

ACALL DELAY 

MOV A,#0EH 

ACALL COMNWRT 

ACALL DELAY 

MOV A,#01H 

ACALL COMNWRT 

ACALL DELAY 

MOV A,#06H 

ACALL COMNWRT 

ACALL DELAY 

MOV A,#80H 

ACALL COMNWRT 

 

SENDLCD : MOV DPTR,#LCDINIT 

                     D1: CLR A 

                     MOVC A,@A+DPTR 

          JZ TRANS 

          ACALL DATAWRT 

          ACALL DELAY 

          INC DPTR 

          SJMP D1 

      

COMNWRT: 

  MOV P2,A 

  CLR P1.2 

  CLR P1.3 

  SETB P1.4 

  ACALL DELAY 

  CLR P1.4 

  RET 

 

DATAWRT: 

 MOV P2,A 

 SETB P1.2 

 CLR P1.3 

 SETB P1.4 

 ACALL DELAY 
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 CLR P1.4 

 RET 

 

TRANS :                                                                  // SERIAL COMMUNICATION 

              MOV DPTR,#ATFORMODULE 

              CLR A 

              ACALL DELAY 

              MOV A,#01H 

              ACALL COMNWRT 

            

COMMAND :  

             CLR A                                                          // TRANSMISSION OF AT 

  MOVC A,@A+DPTR 

  JZ BUSY 

  ACALL SEND 

  INC DPTR  

  SJMP COMMAND                                   // AT SENT 

 

CONTINUE :  JB SCON.0,RECIEVE                 // INFINITE LOOP 

                         SJMP CONTINUE 

 

SEND:    MOV SBUF,A                                         // LOOP TO SEND DATA SERIALLY                    

                                                                                 TO GSM MODULE 

               H2:JNB TI,H2 

    CLR TI 

   ACALL DATAWRT 

   ACALL DELAY 

   RET 

 

 

RECIEVE :                                                           // LOOP TO RECIEVE DATA SERIALLY   

                                                                                 FROM GSM MODULE 

             RECV: JNB RI,RECV 

             MOV A,SBUF 

             ACALL DATAWRT 

  ACALL DELAY 

  CLR RI 

  SJMP CONTINUE 

 

LCDINIT: DB "INTRO TO GSM",0                 //------------LOOK UP TABLES 

ATFORMODULE: DB "AT",0 

 

END 

 

Disclaimer: very small portion of program is removed to 

prevent direct use of code. This code is just for reference   

 

 

 

 


