Alexander Gramham

Bell - . 2419 New Haven
( Manual Telephone System ) 21
( Common Battery Telephone System ) . . 2433 Almon B.
Strowger ( step by step )
25083 ! . . 2513

Modulation , TDM-PCM )

NEAX-61

950,000

(Stored Program Control 1 SPC )

( Time Division Multiplex Pulse Code

(digital)
( analog )
2429
21 . . 2450
2465
1,422 . . 2480
. 2527
AXE-10
520,000



2,745,642
2,916,746
2,488
1.
( switching )
2.

Subsystem )

( Main Memory , MM )

( Magnetic Tape )

MWK’ Tiij tuid>d!

—1 5
520,000
. 2541
4,286,579
318
2,146,371
3
( Digital Switching Subsystem )
( Codec )

( Digital Switching Network )

( Analog Trunk )

( Central Processor Subsystem )
( Input / Output

( Central Control , cc )

( Input / Output Subsystem )
( Teletype Writer , TT )

( Cartridge Magnetic Tape )



1 ( Local Exchange )
( Tandem Exchange )

( Transit Exchange )

( International Exchange )
5. ( Mobile Exchange )
(  Public Switched Telephone Network PSTN )
Martin 1990 4
1 ( Instruments )
2. ( Local loops )
2
3. ( Switching facilities )
4, ( Trunk circuits )

( Dial Tone )

( Busy )

( Ring )

( Ring-Back )
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(DTE Data Terminal Equipment )

( DCE Data Circuit terminating Equipment )

( Interface )
232 (RS-232) 122 (RS-422 ) .
449 ( RS-449
232 2505

(CCITT Comité Consultatif
International Téléphonique et Télégraphique ) V24 V28
232
232
(binary) ( serial )
232
(Electronic Industries Association EIA) RS Recommended Standard
3 A.B.C D
232
V.24
232 25
1 25
( pair wire ) 21
232
+3 +25 0 on -3 -25
1 o ff -3 +3

2.2



15

20

20

Characteristics

Form of operation
Max. cable length
Max. data rate
Driver output voltage

open circuit
Driver output voltage

loaded output
Driver output voltage , power off

Driver output short circuit
current |

Receiver input resistance Rin

Receiver input threshold

Receiver input voltage

Interconnecting cable type

Conductor size:
Copper Wire (solid or standed)
Other (per conductor)

Capacitance :

232 20
20

15 15

232 (shield)

15

EIA RS-232C
Single-ended
15 m
20 kBd

+25 V (max.)
5 to +15 V (min.)

Ro = 300 il (min.)
+500 mA (max.)

3 to 7 k(]
-3 to +3 V (max.)
+25 to +25 V (max.)
Twisted-pair wire or flat
cable conductor pair

24 ANG or larger
C 10 il / 100 m

Mutual Pair C 66 pF/m
Stray C 130 pF/m
Pair-to-pair crosstalk (balanced) A 60 dB
attenuation at 150 KHz
21 232C
RS-232
1 AA Earth -
2 BA Transmitted data (TXD) DTE -> DCE
3 BB Received data (RXD) DCE -> DTE
4 CA Request to send(RTS) DTE -> DCE
2.2 232C
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13
14

15

16
17
19

20

21
22
23

24

25

RS-232

5 8 8

CF

SCF

SCB
SBA

DB

SSB

SCA

2 R 8

DA

Cl

22( )

Clear to send(CTS)
Data set ready (DSR)
Signal earth return

Received line signal
detector (DCD)
Secondary received line
signal detector
Secondary clear to send

Secondary transmitted
data
Transmitter signal
timing
Secondary received data
Received signal timing

Secondary request to
send
Data terminal ready
(DTR)
Signal quality detector

Ring indicator (RI)

Data signal rate
detector
Transmitted signal
timing
Data signal rate
selected

Asynchronous Receiver Transmitter)

UART

DTE -

DTE -

-> DTE
-> DTE
-> DTE
-> DTE

-> DTE

-> DTE
-> DTE

-> DITE
-> DITE

-> DTE
-> DTE

-> DTE

232C

10

(parallel)

UART (Universal

UART



(ASC” American Standard Code for Information Interchange )

2.3 A 11000001 41 16

CODE CHAR CODE CHAR CODE CHAR CODE CI-?AR

00 NUL 20 (SP) 40 @ 60
01 SOH 21 ! 41 A 61 a
02 STX 22 42 B 62
03 ETX 23 # 43 c 63 C
04 EOT 24 44 D 64 d
05 ENQ 25 @ 45 E 65 e
06 ACK 26 £ 46 F 66 f
07 BEL 27 47 G 67 g
08 BS 28 ( 48 H 68 h
09 TAB 29 ) 49 [ 69 I
0A LF 2A 4A J 6A :
oB VT 2B + 4B K 6B !(
oC FF 2C [ 4C L 6C 1
o)) CR 2D 2 4D M 6D m
OE so 2E : 4E N 6E
OF S| 2F / 4F 0 6F
10 DLE 30 0 50 p 70 P
11 DC1 31 1 51 71
12 DC2 32 2 52 ﬁ 72 i
13 DC3 33 3 53 73
14 DC4 34 4 54 T 74 t
15 NAK 35 5 55 75
16 SYN 36 6 56 Vv 76 V
17 ETB 37 7 57 77
18 CAN 38 8 58 X 78 X
19 BV 39 9 59 Y 79
IA SuB 3A : 5A Z 7A 7
1B ESC 3B ; 5B [ 7B f
1C FS 3C < 5C \ 7C 1
1D GS 3D = 5D 1 7D }
1E RS 3E > 5E 1E :
1F us 3F 5F TF (DEL)

2.3 (ASCII )

' UART ,

( Asynchronous ) 2



mark Space '
idle UART mark
mark
13 ” Space 13 O"
(start bit)
(stop bit) mark
2
5 8
UART
2
15
7 2
2
( Odd parity bit ) :
7 W “0”
“ I ”
(8 data bit, no parity bit, 1 stop bit)
' 1

space 1

( parity bit )
1

( BEven parity bit )

7E1

8N1



Martin 1988

( bit per second )

300

( hertz )

3400

space

9600

13
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(carrier ) Modulating
signal ,
( sine wave ) 300
3,400
3
L ( Amplitude Modulation ) ( ASk
Amplitude Shift Keying )
“0” “0"
“l"
2. ( Frequency Modulation )
( FSK Frequency Shift Keying ) X
“0”
13 ” ) .
( 2539 )
3. ( Phase Modulation ) ( PSK

Phase Shift Keying )



15

( Multiphase PSK )
4 ( Quadrature

PSK QPSK ) 4 4
1 4
8
16
(QAM Quadrature Amplitude Modulation)
) 2
(filter)
(detector)
UART
( Simplex )

( Half Duplex ) ,
1,170
“” 1,270



1,270

( Full Duplex )

I “0” 1,070
1,070
“0" 113 | ”
2
1,170 “0”
“” 1,270
2,025 2,225
HOH 113 I ”
1,850 1,650
HOH
103 1,700 1,200
11 0 ” 11 I ”

(reverse direction)

16

1,070
HOH [13 r"
Bell 103
1,180 980
Bell 202
1,200
103
[13 |1l
Bell
2,200
Bell 202
387



17

Bell 103
2
( 600 )
(band pass filter)
(limitor) m
(delay detector)
(carrier detector)
(slicer)
13 IH 13 OH
UART
REC DIGITAL DATA CARRIER DETECT
113 r
ART XMIT
DIGITAL DATA
(passive)

(active)

(semiconductor)



(1C
33,600
Commands Set )
(
AT
ATDT123
ATL1
ATZ
Command
Al Repeat last command
ATA Answer call
ATBn Select the method of modem

0 = CCITT V.22 at 1200 bps
1 = Bell 212A at 1200 bps
ATCn Turn modem' carrier on
0O = Turn carrier OFF
1 = Turn carrier ON
ATDn Dial a telephone number

24

Integrated Circuit )

( Hayes Communication )

Basic AT Commands Set )

( Extend AT Commands Set )

24 -27

123

( reset )

Meaning

modulation

18

( AT
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Command Meaning
ATEn Enable or inhibit echo of charecters of the screen
0 = Echo is OFF
1 = Echo is ON
ATFEn Switch between half and full duplex modem operation
0 = Half duplex
1 = Full duplex
ATHnN Hang up telephone or pick up telephone
0 = On Hook
1 = Off Hook
ATlIn Request identification code or request check sum
0 = Identication
1 = Checksum
2 = Check Rom
ATMn Turn speaker off or on
0 = OFF
1 = ON when dialing
2 = ON
3 = ON after last digit dialing
ATLN Select the speaker volume (0.-3 loundest)
ATNnN Negotiate handshake options
ATON Place modem on-line
0 = Off Hook in the same mode
1 = Off Hook in initiate sequence
ATP Pulse dial
ATQn Request modem to send or inhibit sending of result
code
0 = Enable
1 = Disable
2 = Enable when call , Disable when answer
ATR Change modem mode to originate-only
ATSn=x Set modem register values
ATT Touchtone dial
ATVn Send result code as digits or words
0 = Enable numeric code
1 = Enable verbal description code
ATWn Negotiation progress message selection
ATXn Use basic or extended result code set
ATYn Enable or inhibit long space disconnect
0 = not respond break signal
1 = disconnect when receive break signal
ATZn Reset the modem
+++ Escape command
24 ( )
AT&F
AT&MO

AT&T

1



Command
AT&AO
AT&A1
ATScBO
AT&B1
AT&F
AT&KO
AT&K1
ATE&K2
AT&K3
AT&K4
AT&K5
AT&LO
AT&L1
AT&OO
AT&O01
AT&02
AT&03
AT&04
AT&UO
AT&UI
AT&V
AT&CO
AT&C1
AT&DO
AT&D1
AT&D2
AT&D3
AT&D4
AT&GO
AT&GI
AT&G2
AT&JO
AT&J1
AT&MO
AT&M1
AT&M2
AT&M3
AT&RO
AT&R1
AT&SO
AT&S1
AT&TO
AT&T1
AT&T3
AT&T4
AT&TS
AT&T6
AT&T7
AT&TS
AT&WO
AT&W1
AT&XO
ATScXI
AT&X2
AT&Z

20

Meaning
Connect as answering modem when auto-answering
Connect as originating modem when auto-answering
Disable v.32/v.32bis automatic retrain
Enable v.32/v.32bis automatic retrain
Recall factory default configuration
Disable slow control
Enable RTS/CTS flow control
Enable XON/XOFF flow control
Enable RTS/CTS flow control using DCl and DC3 charecters
Enable XON/XOFF flow control using DClL and DC3 charecters
Enable transparent XON/XOFF flow control
Select dial line operation
Select leased line operation
move to PAD command state (PAD=Packet Assembler-Disassembler)
move to PAD command state channel 1
move to PAD command state channel 2
move to PAD command state channel 3
move to PAD command state channel 4
Enable tre llis coding.
Disable tre llis coding
View configuration profiles
Assume data carrier always present
Track presence of data carrier
Ignore DTR signal
Assume command state when ON-to-OFF transition of DTR occurs
Hang up and assume command state when ON-to-OFF of DTR occurs
Reset when an ON-to-OFF transition of DTR occurs
Reset an Enter low power mode DIR is low
No guard tone
550 Hz guard tone
1800 Hz guard tone
RJ-11/RJ41s/RJ-45s telco jack
RJ-12/RJ-13 telco jack
Asychronous mode
Sychronous mode 1
Sychronous mode 2
Sychronous mode 3
Track CTS according to RTS
Ignore RTS ; always assume presence of CTS
Assume presence of DSR signal
Track presence of DSR signal
Terminate test in progress
Initiate local analog loopback
Initiate local digital loobback
Grant request from remote modem for RDL
Deny request from remote modem for RDL
Initiate remote digital loopback
Initiate remote digital loopback with self-test
Initiate local analog loopback with self-test
Save storable parameters of active configuration as profile 0
Save storable parameters of active configuration as profile 1
Modem provides transmit clock signal
Data terminal provides transmit clock signal
Receive carrier provides transmit clock signal
Store telephone numbers

2.5



VUUuUijt. m1>

Yl

Digit code Word code D igit code Word Code
0 OK 63 CONNECT 26400
1 CONNECT 64 CONNECT 28800
2 RING 17 CONNECT 38400
3 NO CARRIER 18 CONNECT 57600
4 ERROR 19 CONNECT 115200
5 CONNECT 1200 40 CARRIER 300
6 NO DIAL TONE 46 CARRIER 1200
7 BUSY 47 CARRIER 2400
8 NO ANSWER 48 CARRIER 4800
9 CONNECT 600 49 CARRIER 7200
10 CONNECT 2400 50 CARRIER 9600
11 CONNECT 4800 51 CARRIER 12000
12 CONNECT 9600 52 CARRIER 14400
13 CONNECT 7200 53 CARRIER 16800
14 CONNECT 12000 54 CARRIER 19200
15 CONNECT 14400 55 CARRIER 21600
59 CONNECT 16800 56 CARRIER 24000
16 CONNECT 19200 57 CARRIER 26400
61 CONNECT 21600 58 CARRIER 28800
62 CONNECT 24000
2.6 Result Code
Register Function Default Range
values
SO Ring to answer on 0 0-255
Si Count number of rings 0 0-255
2 Escape code charecters ASCIl 43 0-127
S3 Carriage return charecters ASCIlI 13 0-127
S4 Line feed charecters ASCIl 10 0-127
S5 Backspace charecters ASCIl 8 0-127
S6 Dial tone wait time in seconds 2 2-255
S7 Carrier wait time in seconds 30 1-255
S8 Pause time caused by comma in seconds 2 0-255
S9 Carrier detect response time in units of 6 1-255
1/10 seconds
S10 Time deley between loss of carrier and hang 7 1-255
up in units of 1/10 seconds
Sl Touch-tone duration and spacing time 70 50-255
1/1000 seconds
S12 Escape sequence guard time in units of 50 0-255

20/1000 seconds

2.7 Register Control Parameters
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Bell System 103 ( AT&T ) 300

28800 v'34

V.34 ( Synchronous )
28800

V.32 bis

14400

V.32

9600

V.22 bis
2400

V.22

V.22 1

1200

V.21

300

- Bell System 212 ( AT&T)

1200
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- Bell System 103

300
( error correction )
MNP 1-4 ( Microcom Networking
Protocol ) 1-4
V.42
( high speed modem
9600 )
( Compression and Decompression ) , MNP-5
2 1
V.42 bis 4 1
Number Title
V.21 300 bit/s duplex modem standardized for use in the general
telephone network
V.22 1200 bit/s duplex modem standardized for use on the GSTN
and on point-to-point ,two wire leased telephone-type
circuits

V.22 bis 2400 bit/s duplex modem using the frequency division
technique standardized for use on the GSTIN and on point-
to-point ,two wire leased telephone-type circuits

V. 24 List of definitions for interchange circuits between data
terminal equipment (DTE) and data circuit-terminating
equipment (DCE)

V.26 2400 bit/s modem standardized for use on 4 wire leased
telephone-type circuits

2.8 ( CCITT V.Series )
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Number T itle
V.26 bis 2400/1200 bit/s modem standardized for use in the general
switched telephone network
V.27 4800 bit/s modem with manual equalizer standardized for
use on leased telephone-type circuits
V.27 ter 4800/2400 bit/s modem standardized for use in the general
leased telephone-type circuits
V.28 Electrical characteristics for unbalanced double-current
interchange circuits
V.29 9600 b it/s modem standardized for use on pont-to-point ,
four wire leased telephone type circuits
V.32 A family of 2-wire,duplex modem operating at data
signaling rates of up to 9600 bit/s for use on the GSIN
and on leased telephone-type circuits
V.32 bis 14400/12000 bit/s modem standardized for use on point-to-
point 4-wire leased telephone-type circuits
V. 34 28800 bit/s modem standardized for use on point-to-point
4-wire leased telephone-type circuits
V. 42 Standard for modem communications defines a two stage
process of detection and negotiation for LAPM error
control
V.42 bis Extensions that defines a specific data compresion scheme
for use during V.42 connections
28 ( ) ( CCITT V.Series )
(file transfer)
1 Xmodem
Christensen 1977
CP/M Xmodem )
( checksum )
Xmodem Start-of -
Header (SOH 1 ASCIl 01H ) , I 1

128 1 29

Ward



2

SOH ( Start-of-header , ASCII OUI )
oul 0 FFH
( 255- ' )
128

2.9 Xmodem

Xmodem

NAK ( negative acknowledgment , ASCII 15H )

NAK if

ACK ( acknowledgment , ASCIl 06H )

ACK

NAK

NAK

2.10

3-130
132
133

NAK

EOT  ( End-of-transmission , ASCIlI 04H )

Xmodem
Xmodem-CRC Xmodem
(CRC Cyclic Redundancy Check )
Xmodem ' C ( ASCII 43H )
, C
Xmodem Xmodem-CRC

son ( Start-of-hcader , ASCII 01H )
0111 0 FFH
((255- )
128

2.10 Xmodem-CRC



3. Xmodem-1K Xmodem-CRC

1024

4. Ymodem

Xmodem

5. Ymodem-G Ymodem

ACK

ACK

6. Zmodem

Ymodem

7. Kermit

. 1981

26

1024

Chuck Forsberg  Omen Technology .. 1981

( batch )

Chuck Forsberg (Omen Technology)

( Telenet Computer Network )

Frank Da Cruz

94 ;

Kermit 211



»

0 MARK
1 LEN
2 SEQ
3 TYPE
4 .. DATA
[end] CHECK
211
11
12
( RAM )
13

2

#A
ASCII

Kermit

( Telephone Dialer Test )

( RAM Test )

( Telephone Line Relay Test )
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14 ( Cable Test )

15 ( Ring Detection Test )
2. ( Loopback Test )
2
' ( Local ) ( Remote )
21 ( Local Digital Loopback Test )
2.2 (Local Analog Loopback Test)
2.3 ( Remote Analog Loop-back
Test )
2.4 (Remote Digital Loopback Test)
® ©) ® 6
Loocal Digital Local Analog Remote Analog Remote Digital
S G = Ny ety e N
S Ay A i) Ay neeuzdan Ay rnuusuzqen foyqinaiin
= i;Ei"‘I — g) winrobnAmine s T Ee2esl = :—‘i"
== -“.udw.muj <= —tudiavmy
Atnaammnanifnn ar <+ — AinsmnIR AR s M

23



BER ( Bit Error Rate )

31 BER
10000
10000 0.001
3.2
(cps)
o= M N(l\-PA)
7T
\Y
P
R
(cps)
T
T = Tr-Th
Tr
Th
R
TP - Tr

BER

29

( throughput )

10 BER 10

(' bps)

TP ( throughput )

( bit charecter )
BER
(bps)
BER
n : Tr-T b +7T




MSComm Serial Communications Control

( serial port ) PDQComm 2.2 for Windows ( tools )
PDQComm 2.2

1 Upload Custom Property

Syntax [form.]JComml.Upload[ = filenames]

Data Type String
Usage : Read/Write at runtime only

Custom Property Upload

XferProtocol

( Background process ) XferProtocol
XferProtocol = PDQ_XMODEM_CHECKSUM =0 Xmodem
XferProtocol = PDQ_XMODEM_CRC STl Xmodem-CRC
XferProtocol = PDQ_XMODEM_ 1K = Xmodem-I1K
XferProtocol = PDQ_YMODEM_BATCH =3 Y modem
XferProtocol = PDQ_YMODEM_G =4 Ymodem-G
XferProtocol = PDQ_ZMODEM =5 Zmodem
XferProtocol = PDQ_KERM1T =6 Kermit

v
SEND1.DAT Xmodem

Comm LXferProtocol = PDQ_XMODEM_CHECKSUM

Comml.Upload = SEND1.DAT



2. Download till Custom Property

Syntax [form.JComml.Download! = filenames]
Data Type String
Usage Read/Write at runtime only
Custom Property Download
XferProtocol
XferProtocol

Upload

RECV1.DAT Kermit
Comm 1.XferProtocol = PDQ_KERMIT

Comm 1.Download = RECV1.DAT

3. XferStatus Custom Property

Syntax [integer® = ][form.JComml.XferStatus

Data Type Integer

Usage Read/Write at runtime only
XferStatus = PDQ XFER_TERM_ERROR = -1
XferStatus = PDQ_XFER_TERM_OK =0
XferStatus = PDQ_XFER_.WAITING =1
XferStatus = PDQ_XFER. FILE_ READY = 2
XferStatus = PDQ_XFER__FILE_START =3
XferStatus = PDQ XFER_.XFERING = 4
XferStatus = PDQ_XFER_.SKIP =5
XferStatus = PDQ _XFER..ABORT = 6
XferStatus = PDQ_XFER_FINISHED =7
XferStatus = PDQ_XFER..LOSTCARRIER = 8

XferStatus — PDO_XFER..TIMEOUT -9



4. OnComm

Custom Event

Syntax Subname_OnComm()

PDQ_ER_BREAK =
PDQ_ER_CTSTO =
PDQ_ER_DSRTO =
PDQ_ER_FRAME =
PDQ_ER_INTO =

PDQ_ER_OVERRUN

PDQ_ER_CDTO

PDQ_ER_RXOVER

PDQ_ER_RXPARITY

PDQ_ER_TX_FULL

PDQ_EV_SEND

PDQ_EV_RECEIVE

PDQ_EV_CTS =
PDQ_EV_DSR =
PDQ_EV_CD -
PDQ_EV_RING 2

PDQ_EV_XFER 3

1002
1003
1004
1005
1006
1007
1008
1009

1010

100

Comm L.CommEvent

32

BREAK
CTS Timeout
DSR Timeout
Framing Error
Input Timeout
Data Lost
CD Timeout
Input buffer overflow
Parity Error

Output buffer full

Clear to Send
Data Send Ready

Carrier Detect
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