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1.    How a Modem Works


A.   A PC is a digital device.  It accomplishes most of its tasks by turning on or off a series of electronic switches.  A binary 0 represents a switch that is turned off.  A binary 1 indicates that the switch is on.  There is no in-between designation.


B.  The telephone system is an analog device, designed - at a time when digital electronics was unknown - to transmit the diverse sounds and tones of the human voice.  Those sounds are conveyed electronically in an analog signal as a continuous electronic current that smoothly varies its frequency and strength.  It can be depicted on an oscilloscope as a wavy line.


C.  A MODEM  is the bridge between digital and analog signals.  It converts on and off digital data into an analog signal by varying, or modulating, the frequency of an electronic wave, a process similar to that used by FM radio stations.  On the receiving end of a phone connection, a modem does just the opposite: it demodulates the analog signals back into digital code.  The two terms MOdulate and DEModulate give the modem it's name.


D.  Modem communications involve three of the least standardized elements of a personal computing (serial ports, modem commands, and communications software).  The inconsistencies make it impossible to describe one universal way in which all modems work, but the operations discussed in this lesson accurately describe most software that uses a Hays command-set modem with a 25-pin serial port.


E.  A MODEM is an electronic device that performs the MOdulation and DEModulation functions required for a digital signal to be sent over analog circuits.  It transforms incoming analog signals to their digital equivalents and transforms outgoing digital signals to analog signals for compatibility with analog circuits.  The modulation function places the digital information on the analog carrier wave.  The demodulation function removes the digital information from the analog carrier.  Modems are used in pairs, one at either end of a circuit.  A modem has both a digital and an analog side.  The digital side is toward the DTE (computer) and the analog side is toward the communication circuit.


F.  ANALOG:  The definition of the term ANALOG is as follows:  Transmission of a continuously varying signal as opposed to transmission of a discretely varying signal.  A signal that makes use of electrical or physical analogies, i.e., varying voltages, frequencies, distances, etc., to produce a signal of a continuous nature.


G.  DIGITAL:  The transmission of intelligence by means of a discontinuous electrical signal that changes from one state to another in discrete steps.  The digital signal take on different forms over a wire, such as baseband (a signal in it's original form, not changed by modulation)  or diphase, so be alert to what type of signal your equipment will receive.  Digital communications are based on the binary system.

2.    THE BINARY SYSTEM:  The term BINARY means two, such as (1 or 0).  The following are the elements of the BINARY system.


A.  BIT:  BIT comes from the words BInary digiT.  A unit of information equal to one binary decision.  Each BIT will always be either on or off.


B.  BYTE:  A term developed to indicate a measurable number of consecutive binary digits that are usually operated upon as a unit.  BYTES of eight bits for computers or seven bits for modems representing one character.


C.  BAUD:  The term BAUD stands for a line signal variation.



(1)  Baud Rate:  BAUD RATE refers to the transmission speed of an asynchronous communications channel.  It is the maximum number of things that can occur per second in the electrical state of a communication circuit.

3.     SHIFT KEYING:  Modems us the technique of shift keying  to transmit digital data over an analog AM or FM radio, or wire system.  There are currently four methods we use which are amplitude shift keying, frequency shift keying, phase shift keying, and amplitude-phase shift keying.


A.   (ASK) Amplitude Shift Keying:  The placing of a binary signal on AM amplitude modulated radio signal.  The amplitude varies in relationship to a 1 or a 0.


B.  (FSK)  Frequency Shift Keying:  The placing of a binary signal on a frequency modulated radio signal.  One frequency for a 1 (mark) and another frequency for a 0 (space).  The slower modems (up to 1200BPS) use FSK to convert digital into analog signals.


C.  (PSK)  Phase Shift Keying:  The placing of a binary signal on a phase modulated signal.  The ones and zeros are represented by sine waves starting at different degrees of the sine wave (one starts a 0 degree and zero starts at 180 degree).  The medium speed modems use formats of PSK (1200BPS uses 2FSK, 2400BPS uses 4PSK, 4800BPS uses 8PSK).


D.  (AM-PSK)  Amplitude - Phase Shift Keying:  The placing of a binary signal on a phase modulated signal and an amplitude modulated signal.  A form of AM-PSK is called QAM (Quadrature amplitude modulation).  Fast modems, 9600BPS and above, use AM-PSK (QAM) quadrature amplitude modulation to get even more bits per baud, thus increasing the data rates.  The use of different data compression at these speeds further increase the signal through-put.

4.     SYNCHRONOUS / ASYNCHRONOUS:  When using modems, one of the most important considerations is whether your DTE is synchronous or asynchronous.  This is the manner that your data will be transmitted.  Generally, low-speed modems tend to be asynchronous.


A.  Asynchronous:  The transmission of bits of data is accomplished by sending the bits one after another, with a start bit and a stop bit to mark the beginning and end of the data unit.  This type of communication is normally used for transmission speeds of less than 19,200 BPS.


B.  Synchronous:  The transmission of data at very high speeds in which the transfer of data is synchronized by electronic clock signals.  The Modem uses frames to break up transmitted data into manageable segments.  These frames can contain thousands of 8 bit characters within a single segment.


C.  Asynchronous / Synchronous characteristic differences:
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D.  DIGITIZER:  All modems have one thing in common.  They all include a DIGITIZER within.  A DIGITIZER is the part or portion of the modem that translates an analog signal to a digital signal and a digital signal to an analog signal.

4.    The Purpose of Modems


A.   A modem is an electronic device that performs the MOdulation and DEModulation functions required for a digital signal to be sent over analog circuits, and transforms incoming analog signals and outgoing digital signals to their digital and analog equivalents.  Communication software sends a voltage along pin 20 of the serial port to which the modem is connected.  The voltage is called a Data Terminal Ready signal, or simply, a DTR signal.  It tells the modem that the PC is turned on and ready to transmit data.  At the same time, the PC detects a voltage from the modem on pin 6 (Data Set Ready), or DSR signal, that lets the PC know the modem is ready to receive data or instructions.  In a normal modem connection, both signals must be present before anything else can happen.


B.  Using a standard command language named after the Hayes modems on which it was first popularized, the communications software sends a command to the modem via line 2, the Transmit Data Line.  The command tells your modem to go off hook to open a connection with the phone line.  The software follows with another Hayes command that tells the modem to issue the tones or pulses needed to dial a specific phone number.  The modem acknowledges the command by replying to the PC on line 3, the Receive Data Line.


C.  When the modem on the other end of the phone connection (the remote modem) answers the call, your local modem sends out a hailing tone to let the remote modem know that it's being called by another modem.  The remote modem responds with a higher-pitched tone.  (You can ordinarily hear the two tones if your modem is equipped with a speaker).


D.  When communications are established, your modem sends your PC a Carrier Detect (CD) signal on line 8.  The signal tells the communications software that the modem is receiving a Carrier Signal, which is a steady tone of a certain frequency and which later will be modulated to transmit data.


E.  The two modems exchange information about how they'll send data to each other, a process called a Handshake.  The two modems must agree on the transfer speed, the number of bits that make up a Data Packet (for example, a single character),  how many bits will signal the beginning and end of a packet, whether the modems will use a parity bit for error checking, and whether they will operate at half duplex of full duplex.  If the local and remote systems do not use the same settings, either they'll wind up sending characters that make no sense or they'll refuse to communicate at all.


F.  When the communications software wants to send data, it first sends voltage to line 4 on the serial port.  This Request to Send (RTS) signal, in effect, asks if the modem is free to receive data from your PC.  If the modem is receiving remote data it wants to pass on to your PC while your PC is busy doing something else, such as saving earlier data to disk, the PC will suspend the RTS signal to tell the modem to stop sending it data until the PC finishes its other work and reasserts the RTS signal.


G.  Unless your modem is too busy handling other data to receive new data from your system, it returns a Clear to Send (CTS) signal to your PC on serial port line 5, and your PC responds by sending the data to be transmitted on line 2.  The modem sends data it received from the remote system to your PC via line 3.  If the modem cannot transmit the data as fast as your PC sends data to it, the modem will drop the CTS signal to tell your PC to hold off on any further data until the modem catches up and renews the signal.


H.  At the other end of the phone line, the remote modem hears incoming data as a series of tones with different frequencies.  It demodulates these tones back into digital signals and sends them to the receiving computer.  Actually, both computers can send signals back and forth at the same time because the use of a standard system of tones allows modems on either end to distinguish between incoming and outgoing signals.


I.  When you tell your communications software to end a communications session, the software sends another Hayes command to the modem that causes it to break the phone connection.  If the connection is broken by the remote system, your modem will drop the Carrier Detect signal to your PC to tell the software that communications are broken.

5.    Serial Ports and RS-232 Cables:  


A.  Without a Computer's serial and parallel ports, much of the work that a PC accomplishes would never reach anyone other than the person sitting in front of the monitor.  The serial port is the jack-of-all-trades among computer components.  It is simple in concept; one line to send data, another line to receive data, and a few other lines to regulate how data is sent over the other two lines.  Because of it's simplicity, the serial port has been used at one time or another to make a PC communicate with just about any device imaginable (from commonplace modems and printers to plotters and burglar alarms).


B.  The most common use for a serial port is with a mouse or modem.  The reason for this is that a serial port is not a very efficient way to transfer data.  It can only send data in series (one bit of data at a time).  This inefficient data transfer, however, is acceptable for mice, which transmit so little data that speed is not crucial, and perfect for modems because, with current technology, phone lines cannot transport more than one signal at a time anyway.


C.  The serial port is often referred to as an RS-232 port.  RS-232  is the Electronics Industries Association's designation for a standard for how the various connectors in a serial port are to be used.  The trouble is that the standard is often ignored by manufacturers of peripherals and even computer makers.  The fact that both 9-pin and 25-pin connectors are used as serial ports shows we still have a long way to go before settling on exactly what constitutes an RS-232 port.  The example given in this period of instruction, which uses both types of connectors, depicts a serial port - connected to a modem- that conforms to the RS-232 standard.



(1)  Pin 1 and pin 5 on the computer's port connect, respectively, to pin 8 and pin 7 on the modem port.  Pins 1 and 8 share a common ground connection.  Pins 5 and 7 let the PC detect a phone-line signal.



(2)  Pin 6 - the same on both ends - sends a signal that data is ready to be sent.



(3)  Pin 4 on the PC connects to pin 20 on the modem.  It signals that the PC is ready to receive data.



(4)  Pin 7 on the PC connects to pin 4 on the modem.  It puts out a request to send data.



(5)  Pin 8 on the PC sends a signal to pin 5 on the modem when the PC is ready to receive data.



(6)  Pin 2 on the PC sends data to pin 3 on the modem.  Only one bit can travel along the wire at one time.  The fact that data is sent serially gives the connection its name.



(7)  Pin 3 on the PC receives data from pin 2 on the modem.  Again, the bits can only move through the wire one bit at a time.



(8)  Pin 9 on the PC connects to pin 22 on the modem to detect a telephone ring.

6.    DATA ERROR CHECKING


A.  Error Detection.

          (1)  With synchronous protocals a transmitter can send millions of bits of information in a very short time.  This is because the information is transferred in blocks - not by characters - as in asynchronous systems.  Blocks may be varied sizes.



(2)  A problem arises when you try to determine whether or not all the bits transmitted are correct.  There are many ways to solve the problem of error checking.  Two of the most commonly used are parity and redundancy checks.


B.  Parity


(1)  With parity checking, the transmitter counts the number of 1's in each character.  With odd parity, if the number of ones in the character is even, then the parity bit is made a "1" to make that number odd.  With even parity, if the number of 1's in the character is odd, then the parity bit is made a "1" to make that number even.  The receiving device counts the 1's.  If an even number of bits shows up in a character when the system is set for odd parity, then an error is counted.  The reverse is true for even parity.



(2)  if for example, an ASCII "C" with 7-bit even parity is sent, eight bits would go out on the line as follows in figure 1 below:



Figure 1

          (3)  The eight bit is a 1 because even parity was specified.  On the other hand, if an ASCII "D" was sent, the eighth bit would appear as follows in figure 2 below: 



Figure 2



(4)  The eighth bit is a 0 because there are two 1's (an even number) in the 7-bit code already.  Of course parity only accounts for one error.  If you have two errors, a parity bit may still show even, even though a second bit has slipped.


C.  Redundancy Checks


(1)  In Cyclic Redundancy Error Checking (CRC), the transmitting device performs a mathematical computation on the binary value of the bits in the blocks to be transmitted, and adds the results to the blocks of data.



(2)  At the receiving end, the same computation is done.  If the result is the same as the one sent, then everything is fine.  If not, the whole block of data must be retransmitted.



(3)  Longitudinal and Vertical redundancy checks are other ways of checking data.  These methods are nothing more than parity on a grand scale.  Typically, longitudinal checks (LRC's) and Vertical redundancy checks (VRC's) are used together.

7.    Marine Corps Modems and Characteristics.  


A.  Modems can be separate components, built into equipment, or as is the case with computers, a riser card that is installed into the equipment.


B.  The following are some of the common modems in use.



(1)  MD-1142.  This is an asynchronous, simple, full duplex device which uses time-delay encoding/decoding of shift keying tones.  This device is principally used on HF/RATT shots.  It can operate at a maximum speed of 110 baud, but works best at 75 baud.



(2)  Hadron PRC 6064A.  This is a complex, full duplex device capable of passing both voice and data traffic.  It can operate at speeds of up to 4800 BPS and is used extensively on Single Channel Radio (SCR) circuits, i.e.: AN/PRC-77, RT-524, AN/PSC-3.  This is commercially obtained.



(3)  CODEX V.3225.  This is a complex, full duplex device which processes 9600, 4800, 2400, 1200, or 300 BPS of serial synchronous or asynchronous digital data.  Modem settings are done through a LCD front panel.  It is normally used in conjunction with the KG-84 and used extensively with 2 or 4 wire lines and multichannel.



(4)  Zenith 2400 (Hayes).  This is a complex, full duplex device which processes 2400 or 1200 BPS of serial synchronous or asynchronous digital data.  It can be used with the KG-84, and is extensively used with 2 or 4 wire lines and multichannel radio circuits.



(5)  AN/USC-43.  This is an Advanced Narrowband Digital Voice Terminal (ANDVT).  Although it is not specifically a modem, it does contain a modem and can be used as such.  It works in simplex or half duplex and can provide secure voice and/or data transmission capability.  It can operate at speeds up to 2400 BPS.



(6) Motorola STU-III.  The STU-III is a single line secure telephone which provides secure and non-secure voice and secure data access to TRI-TAC circuit switched digital networks, and non-switched point-to-point digital networks.  Data is transmitted by a built-in, adjustable, analog modem.  It will provide for synchronous or asynchronous, full-duplex, communications at speeds up to 2400 BPS.  (NOTE:  The black STU-III's provide 9600 BPS).  The handset is automatically disabled when sending data.



(7)  KY-68.  The digital subscriber voice terminal can provide secure voice and data at 16 or 32 kbps.  Once voice comm has been established on the circuit, to send data turn the VOICE/DATA switch to data.  The handset can then be on or off the hook.  The DSVT digitizes voice using CVSD modulation.



(8)  Digital Data Modem MD-1026.  This is a component to the AN/TRC-170(V)3.  Interfacing is provided for diphase and dipulse, and can process analog voice, digital voice, and data.
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