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The Switch Controller is a sophisticated, microprocessor
based unit designed to be an integral part of an intelligent
least cost routing telephone switching center. The controller
provides an interface between three components: the telephone
line couplers; a matrix crosspoint switch; and a micro- or
minicomputer. This overall system is shown in figure 1. The
detect lines between the controller and the couplers permit the
controller to detect incoming calls (ringing) and to monitor the
status of calls in progress (line current, used to determine
hangups). The seize lines permit the controller to activate the
telephone lines (on-hook or off-hook status). The controller
sends the proper sequence of signals to make or break connections
in the matrix switch through control lines., The external computer
is used to route incoming calls to the optimum outgoing line
(least cost routing), and to log all calls. This LCR computer
communicates with the controller through a single, standard,
bidirectional RS-232 compatible interface.

The switch controller provides functions to operate the
system, leaving only routing and logging requirements for the LCR
computer. In addition to the input and output lines needed for
the controller to interface with the couplers and matrix switch,
several hardware functions are incorporated in the controller to
facilitate overall system operation.’ A touchtone (TM) decoder is
used to receive information from the customer, from the incoming
lines. This is usually the customer identification number and the
telephone number to be called. A touchtone generator is wused to
make outgoing calls, and as a source of similar information to
higher level switching centers. A dial tone detector is wused to
determine when outgoing lines are ready to receive dialing tones,
and for detection of ready tones provided by higher level
switching centers. A dial tone generator is wused to notify
incoming callers that the switching center is ready to receive
tones. A busy tone generator is provided so that customers may be
informed that the outgoing line is not available for their call.
A real-time clock counts up to 929,999,999.99 seconds, providing
time for call-logging purposes for the LCR .computer. The
controller utilizes these internal hardware functions in
conjunction with the external hardware to perform its task.

The controller is designed to operate with a 16 X 16
matrix switch, and 24 telephone lines., The switch is organized
into two groups: SIDE1, and SIDE2. Each side has ports A to P.
The crosspoint switch is capable of connecting any ports on SIDE1
to any ports on SIDE2, Ports A through L connect to telephone
lines on each side, Port M (on both sides) connects to the
touchtone decoder, generator, dial tone generator, and dial tone
detector. Port N connects to the busy tone generator. Ports O and
P are unallocated; they can be used for speech synthesis input,



or as a means of connecting two ports on the same side together.

Typical Operation

An incoming call is detected by the controller -- it
connects the dial tone generator and touchtone decoder to that
incoming line, and takes the line off-hock (answers the phone).
The customer hears the dial tone, and sends his identification
number, followed by the area code and telephone number he wishes
to call. After receipt of the first touchtone, the dial tone
generator is turned off. When all the desired information is
received, the controller acknowledges this to the caller with a
prespecified number of beeps, then disconnects the touchtone
decoder from the incoming line and notifies the LCR computer that
a call is waiting for placement. The LCR computer then
interrogates the controller to determine on which port and side
the call came in, and the identification number, telephone number
requested, and time. The LCR computer decides on which outgoing
line to place the call, and through what system. It notifies the
controller, and the controller automatically connects the dial
tone detector and touchtone generator to the outgoing line, and
takes the 1line off-hook. After receiving dial tone, the
controller dials the telephone number for a direct call: for a
relayed call the secondary switch number, identification number,
and requested telephone number. The controller then disconnects
the dial tone detector and touchtone generator from the outgoing
line, and connects the incoming and outgoing lines together.
. When the conversation is completed, one of the parties
hangs up -- this is detected by the controller, which notifies
the LCR computer. If AUTO ON-HOOK is set to YES, then the
controller will place all lines connected to the disconnected
line on-hock (If AUTO ON-HOOK is set to NO, it will not hang the
other lines up =-- this is necessary to handle conference calls).
The LCR computer then interrogates the controller to determine
which call is terminated, reads the time, and logs the call.

While one call is being processed (the customer is
sending digits), any additional calls appearing will not be
answered, When the current call is completed, incoming calls will
be serviced in their order of arrival. Disconnects occuring
during call processing are detected and will be flagged after the
current call is processed. In this manner, customers simply wait
until the ringing is answered. If the system gets bogged down,
customers may have to wait longer than they desire, and can
simply hang up and try again a little later.

Supplementary Functions

When an input signal informs the controller that main
power has been lost, and backup power is being utilized, the
controller notifies the LCR computer. It is expected that the LCR
computer would then place a service call to a central location,
informing of the power fail situation. Similarly, when power 1is
transferred from backup power to main power, the controller so
notifies the LCR computer. In this fashion, power outages can be
tracked by the LCR computer, and short outages may be ignored if
desired.,



If a telephone line failure is detected, the controller
notifies the LCR computer, which may either try that line again,
or flag that line as defective. If a line is taken off-hook, and
no dial tone is detected within a prespecified period of time,
that line is classified as failed.

Communication Protocols

The controller communicates with the LCR computer with
serial asynchronous characters. This consists of the standard
start bit, eight data bits, and one stop bit. The speed is switch
selectable, and may be set to 75, 110, 150, 300, 600, 1200, 2400,
or 4800 baud. For ease of troubleshooting, and wuse with BASIC,
communication is through printing ASCII characters, available
from an upper case only keyboard. Lower case letters may not be
used in place of upper case letters. Two forms of communication
take place: notification, and interactive.

Four symbols can be transmitted from the controller to
the LCR computer when an appropriate condition occurs, without
being requested by the LCR computer. This provides notification
of some condition which may require action. These conditions, and
the corresponding characters, are:

Incoming call == §

Hangup =-- @

Power failure -- F

Power restored =-- P

Notification of incoming calls are only made after a number of
touchtone digits has been received. This number is specified by
HOLD, which is initialized to 16 and can be changed by the LCR
computer. A customer may cancel all previous digits by sending
"g", providing a new dial tone. Receipt of a "*" forces
notification without the required number of digits; this is
intended to be used for special features, such as speed dialing.
When waiting for digits, a specified number of seconds is
permitted to elapse between digits; if this time, specified in
DIGIT TIME, is exceeded, the call is aborted, and the line is
placed on-hook; a "$" is not sent, and an "@" instead notifies of
the aborted call. The LCR computer can distinguish between a
normal disconnect and a call abort, because an aborted call will
always be from a 1line which is not currently in wuse. The
controller may be commanded to stop answering incoming calls.
This is for use when service is required, and provides for a
gentle system shutdown without bumping customers off the switch.

For incoming calls and hangups, if the "$" or "@" cause
no response from the LCR computer, they are repeated at thirty
second intervals, indefinitely. Other than for notification of
these four conditions, no communications are ever initiated by
the controller.

. The LCR computer initiates interactive communications. A
sequence of characters, of variable length, sent by that
computer, commands the controller. These commands may produce a
response from the controller; however, no more than a single
. character is ever sent by the controller to the LCR computer for



each request, This can appear to be cumbersome, but provides
handshaking between the two units, and eliminates any possible
problems which could occur if the LCR computer could not respond
in time to multiple characters. This characteristic prevents
becoming locked-in with any specific LCR computer. The controller
will respond with a "?" if an undefined command is sent by the
LCR computer.

Responses from the controller to the LCR computer may be
qualified. When qualified, they are only sent if QUALIFIER is set
to "YES." Unqualified responses are always sent.

Thirteen touchtone registers are provided. A holding
register stores incoming digits; these include the identification
number and requested telephone number. This holding register can
be read, and modified, by the LCR computer. Twelve dialing
registers, labeled A through L (these bear no relationship with
telephone lines A through L) are available for outgoing calls.
These dialing registers are loaded from the LCR computer, and
cannot be read. In addition to the 16 standard touchtones, four
special codes may be embedded within the dialing registers. These
are: wait for dial tone (W), pause one second (S), send the
10-digit telephone number in the holding register (H), and send
the 7-digit number in the holding register (L). When a W is
encountered in the transmission sequence, up to DIAL WAIT seconds
are allotted for receipt of dial tone before continuation of
transmission, When an H is encountered, the last ten digits (the
requested telephone number) of the holding register are sent,
after which the next digit returns to the dialing register. L
performs the same functions for 7-digit numbers. When the LCR
computer decides how to route a telephone call, it commands the
controller to transfer the current incoming call to a specified
outgoing line (on the opposite side of the matrix switch), with
one of the dialing registers A-L. Through use of the H and L
features, it is usually not necessary to modify a dialing
register for specific calls.

An example for redialing into another switching center
with ID $#12345678, and telephone number 555-1234: dialing
register = "W5551234W12345678H", Specifying this register in the
transfer call instruction results in accessing the outgoing line,
waiting for dial tone, calling the local switch number, waiting
for ready tone, sending the ID number, and sending the customer's
10-digit requested number. Calls into an area where a direct,
leased line is available need only store "WL" into the dialing
register, since the area code is not needed. Similarly, to
utilize a WATS line, a dialing register containing "WH" is used.

It is intended that upon power-up the LCR computer would
preload one dialing register for all of the leased lines, and a
separate dialing register for each higher level switching center
that can be used. In this fashion, the LCR computer need only
decide which line and dialing register to use for each call.

Controller Hardware
The controller is an 8085 based microprocessor. This
system contains 4000 bytes of ROM, 1000 bytes of RAM, and 100
input/output lines. The touchtone generator and decoder are



specialized integrated circuits. The dial tone generator produces
a pair of digitally synthesized sine waves, creating a "“precise"
dial tone of 350 Hz and 440 Hz. A steep high-pass filter drives
the touchtone decoder, attenuating the local dial tone. The busy
tone generator is digitally controlled. All timing is done with
quartz crystals, for high accuracy and low drift (including the
real=-time clock).
The option switch sets baud rate as follows:

Baud Switch 4=3=2

75 ON=-ON-ON
110 ON=-ON=-OFF
150 ON=OFF-ON
300 ON=OFF~-OFF
600 OFF-ON-ON

1200 OFF-ON-OFF
2400 OFF-OFF-ON
4800 OFF-OFF~OFF

Switch 1 initializes QUALIFIER either ON or OFF upon power-up.
Switch 5 permits jumps via the MJ command.

The controller requires regulated +13.6 volts at 2
amperes. Figure 2 shows a block diagram of the hardware, figures
3 through 7 are the schematic diagrams, and figure 8 shows the
parts layout. Listing 1 is the 8085 assembly language control

program,



Command: Initialize All

Code: I*

Response: I [if qualified after execution]

Function: set HOLD to 16, <clear the crosspoint switch, set
QUALIFIER according to the DIPSWITCH, set AUTO ON-HOOK to YES,
set DIGIT TIME to 10 seconds, set DIAL WAIT to 20 seconds, hang
up all lines, stop answering calls, clear disconnect status, set
BEEPS to 2, clear the BO and DA lists, and initialize the store
and read time pointers and the read holding register pointer.

Command: Initialize Crosspoint

Code: 1IC

Response: C [qualified]

Function: clear the crosspoint switch

Command: Initialize Lines
Code: IL

Response: L [qualified]
Function: hang up all lines

Command: Initialize Call Answering to YES
Code: I$Y

Response: R [qualified]

Function: answer incoming calls

Command: Initialize Call Answering to NO
Code: I$N

Response: R [qualified]

Function: stop answering incoming calls

Command: Initialize QUALIFIER to YES

Code: IQY

Response: R

Function: gqualified responses will be sent

Command: Initialize QUALIFIER to NO

Code: IQN

Response: R

Function: qualified responses will not be sent

Command: Initialize HOLD
Code: THxy [xy = 00~99]
Response: R [qualified]

Function: set HOLD to xy

Command: Initialize Wait
Code: IWxy [xy = 01-99]
Response: R [qualified]
? if xy invalid
Function: Set DIGIT TIME to Xy seconds.



Command: Initialize Time
Code: ITx [x = 0=9]
Response: R [qualified] , unless

T when least significant (10th) digit received
Function: set TIME (10 digits, i.e. 12,345,678.90 seconds) A
single digit is set per command, most significant to least. To be
certain that the controller and the LCR computer are in sync,
digits should be sent until "T" is received; this guarantees that
the next digit expected is the most significant.

Command: Initialize AUTO ON-HOOK to YES

Code: IOY

Response: R [qualified]

Function: A detected disconnect will hang up all lines connected
to that disconnected line.

Command: Initialize AUTO ON-HOOK to NO

Code: ION

Response: R [qualified]

Function: A detected disconnect will not hang up all lines
connected to that disconnected line.

Command: Clear Pending Call Status
Code: IX
Response: R [qualified]
Function: Stop sending "$" for the last incoming call.
Command: Initialize BEEPS
Code: 1IBx [x = 0-9]
Response: R [qualified]
? if x invalid
Function: Specify the number of acknowledgement beeps.

Command: Initialize DIAL WAIT time
Code: IDxy [xy = 01=-99]
Response: R [qualified]
? if xy invalid
Function: Specify the time to wait for a dial tone as Xy seconds
for a "W" in a dialing register.

Command: Initialize Ring status

Code: IR

Response: R [qualified]

Function: Clear status of incoming calls not yet answered.

Command: Memory Read High
Code: MRHXXXX [xxxx = hexadecimal address]
Response: O0=F
? if xxxx invalid
Function: Reads the high nibble of the location specified by
address xxxx. Used for testing.



Command: Msmors Read Low

Code: MRL

Response: O-F

Function: Reads the leow nibble of the location seecified by the
last MRH command. Used for tasting,

Command: Memoru Etore
Code: MSx=y [xw = 2 hexadacimal dizits]
Response: R [muzlified]
? i¥ %, 9 invalid
Function: ©Gtore xu at the location last specified Ekz the last
MRH command. Used for testing.

Command: Memorys Jump
Code: MJ
Responce: NONE if Jump executed

? if JumP not earmitted
Function: Jump ond begin executicn at the loecation specified bu
the last MEH command. If switch 3 is ON, execution is eermittad.
If ewitch 5 is OFF, the Jump iz not epermitted. Used for testing.

Command: Transfer Call from SIDE2 to SIDEA
Code: Xiuz fv = A~L, =z = A-P]
Response: R when transfer comelate

D if dialing failure

? if incomint call is nct from SIDER

4 ? if wz invalid

Function: Tranemit dizling register »# to EIDE1 line =, then
cennect thae incomirng SIDE2Z lina to SIDE1 line zZ. Disconract
siensls from SIDEL line 7 =-e ignered for & sreoncds. IF 2 dial
tone is not received within DIAL WAIT seconds for a "W" sescificd
in the dialing register, 2 "D" ie sont instead of the "E."

Command: Transfer Call from SIDEL to SIDE2
Code: XBuz v = A-L, =z = A-P1
Rasponse2: R when transfesr complet=

D if digling failure

? if incomin? call is nct Ffrom SIDEL

? if wz invalid
Functicn: Tranemit disling register w to EIDEZ line =z, then
connect the incomirg SIDE1L lin2 to SIDE2 lina 2z. Disconna2ct
signals from EIDEZ line = are iencred for 5 scoonds., If a dial
tone is not received within DIAL WAIT seconds for a “"WY specifisd
in the dialing register, a "D" ie sznt instead of the "E.“

Command: Transmit Sequence
Code: XBu (v = A~-L1]
Response: R when seaquencs sant

D if digling failure

? if 9 invalid
Function: Transmit dizling refister w. No connections @re made
by this command. so the CROSSPOINT command must be utilized in
conjunction with XS. If & dis! tone iz rot received within DIAL
WAIT scconds for 3 "W" specified in the dialinz refister. 3 oo ¥



iz sent instead of the "R." Needad onlu for spacial purrose
functions.

Command: Store Digling Register

Code: SYZ...ZzX [y =-H“L: z = 0-9., #, #, ﬁ*DJ H, L, W, <]
Response: R [auzlified]

Function: Store seauence ...z inte dialing register ¢. Maximum
seauance l=nzth is 24, Dizits 0-%9, #*, and & are the standard 12
touchtones. DirFits A-D are the fourth column touchtonrs. H
(Higher switch) transmits the last 40 dizits of the holding
regicter, and L (Local) transmits the lssr 7 digits of the
holding register. W srograms 3 Wait for dial tona {or ready
tone) . & programs & ONE SOCONT PAULSE.

Command: Store Holdirnz Rezister
Code: B#Z--.ﬁx Ez = (0~9, #, #, ﬁ‘DJ H, La W, SJ

Response: R [aualified]

Function: Replace the helding register with the specified
sequence. NEVER store 4 or L in th2 last 10 or 7 dizits of tha
holding register. respectiveluy. Seauence difits explained asbove.

Used onle for seecial oparations.

Command: Determine Last Disconnected SIDE1 Line

Code: Di

Responce: A-L, X

Function: Find out which SIDE1 line was last rlaced on—-hook,
Uzsed after receiving "B" notification. Can onlw b2 read onca. 1f
rno lines have been disconnected since the last [l command. "X" is

sant.

Command: Determine Last Discennected EIDEZ Line

Code: D2

Response: A-L., X

Function: Find out which SIDEZ line was lazt rlaced on-hook.
Used after receiving "B" notification. Can onlw b2 ra2ad onca, 1f
ne lines have been dicconnected since the last D2 command., "X ic

sent.

Command: Determine Incoming Line
Code: Lx fx =4, 7]

Response: A-L, X

Function: Find out which SIDEx line has an incoming call
waiting. Used after raceiving "$" notification, Tha X1. X2. and
1X commands clear the incoming line statuz, If there are no

current incoming calls, "X" is sant.

Command: Make Line Connection

Code: LMx4 [x = 1-2, 9 = fi-L]
Rezponse: R [aualifiedl

Function: Place SIDEx lire 9 off-hook.



o A1 b

Command: Brezak Linz Connection

Code: LBxu [x = 4~F, u = A-L1
Response2: R [gualified]l

Function: Flsce SIDEx line & on—hoclt.

Command: Read Holdirg Rezister DiZit

Code: R

Reesponse: 0-9, #, A-D, X

Punction: Read 2 digit from the hrolding register. Consecutive
reads will s2nd consenutive digits. Whan the 2ntira rezister has
been read. "X" is sent. The helding register maw  then be resd
again. This register is cleared upon receipt of a new call or by
receipt of the FDY or FDN commands.

Command: Read Real-Time Clock
Code: T

Responsa: 0-9., X .
Function: Read a digit from the real-time clock. Concecutive

reads will s2nd consecutive digits, from tha most significant
digit to the lesst significant digit. When =ll ten digits have
been read. "X" i3 sant.

Command: Determine Fower Statuc

Code: P

Responce: F., F

Function: Find out if rower is rnormal (P)., or failed (),

Command: Makes Crosseocint Conn2ction

Code: CMxw [, » = A-P]

Response: R [qualifisd]

Function: Make & crosspoint connection freom ESIDE1 port x  te
SIDEZ port 4.

Command: Break Crosseoint Connection

Code: CBx Ix = A-P]

Responese: R [aualified]

Function: Ereak 211 EIDE1 connections to S£IDEZ port x.

Command: Supply Dial Tone, and Force Incomirz Lirz to Stora into
Holding Kegister
Code: FDY _
Response: R [aualified] if incoming line rat alreads transferred
2 if no incoming line is waitinz for transfer
Function: Eehaves @t if the current incoming line has Just been
answered: sueplies dial tone. and waits for raceipt of HOLD
digite before sending "¢,

Command: Do not supplu Dial Tone. and Force Incoming Line to

Storae into Holding Rezister

Code: FDN

Responce: R [aualified] if incoming line not slready trensferred
, 2 if no incominz line is waiting for transfer

Function: fis FDY., exceprt & dial tone i3 not soNnt.
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FIGURE 7. AuDlo CIRCUITRY
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FIGURE B,

SWITCH CONTROLLER LAYOUT, TOP VIEW
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