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REMOTE COMTROL OF THE TTdBZA AND OSCILLATOR

1 Gemeral

This manual applies particularly to version 6.9 of the TTUAZ2A
zoftware, and versions 2.1¢ onwards of the ogclilliator software,
rezardless of the actual oscillator model.

The programming examples are mostly in BASIC, because we feel
that thig is the language most tlkely toe be uszed for writing
control programmes for the TTAZZ2A and oscillator. The principles
should be clear ehnough that they can be transferred to other
languages,

1.1 What level af zoftwars to write?

Neutrik has a software package avallable, called TSE2, which
enables automatic test programmes to be written in AMSL {Audio
Measuring System Language), which is genulnely aextremely easy to
understand and uge, because 1t 12 so English-like thet the
programmes document themsgelves, If you use TSE2 you will not
need to read this manusal further. Your agent oy dealer will be
glad to demonstrate the TSp2 package to you.

For ultimate flexibility, you can write programmes in any
computer language you like, and communicate with the TTUGZA and
its oscillator via the IEEE-488 bhusz or via RE-232. This manual
is for you.

1.2 JTFFE—-458 or R

%
I
i

i

IEEE-488 allows up to 15 devices to be connected to one

controller (nowadays, ususlly a PC). Becauge each device hasg a
unigque address, assigned by a switcoh onr =ach device,
communication can take place without confusion. In practical

terms, this means you cah have a system including a TTHGZA, =
digital multimeter, a switch box, and perhaps other pleces of

equipment, all controlled by the PC - and all from the one
interface, The software is also easy, because all commands are
channelled through one input routine and one output routine, The

disadvantage 1s that the IEEE-U88 controller is not cheap.

RS-232 only allows one palr of devices to be connected togzether,
one of which 1 the controller. Soe, 1f you want to control
several pleces of equipment, you must have geveral RE-232
interfaces in the cohtroller. Your software must also have an
input driver and an output driver for each device, But 1f you
have an R3-232 port spare on your controller {not used by the
mouse, modem, printer, etc.), and 1f you only want to control the
TTU4@zA, 1it's cheap. 1f you don't have an RS-232 port spare, you
should be able to buy one quite cheaply - but check how your
software will be able to drive 1t first.

Infortunately, MS-DOS on a PC only has COM1: and COM2: safely
standardised, which geverely restricts the use of more than two
serial ports.
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1f you declde to control via IEEE-488, the TTLRZA needs to he
fitted with a TI33 CCITT ©.33 Interface Card, or a TI1g IEEE-{88
Interface Card, The TI33 includes both IEEE-488 and R3-232
interfaces. Either may be gelected by a swiltch on the back panel
of the TTH4EZ2A.

If you are usging a PC as an IEEE-488 contreoliler, the cholce of
IEEE-488 controller card for the PC depends on whether you wish
to use the TS62 Software Package. If you do, the PC must be
fitted with a "PC<>488" card from Capital Equipment Corporation
{CEC). TS@2 uses the programme in the EPROM provided (by CEC)
with this card. 1f you are sure you don't wish to use TS@2,
there ave other carde availilable. We would suggest, though, that
yvour criterlion for choice should be the ease with which your test
programme will communicate with the IEEE-488 card. The type of
software interface, and the ease of programming, vary very
widely!

1f you decide to control via RE-232, the TTL4E2A must be Fitted
with the TI33 CCITT ©.33 Interface Card. The controller must be
fitted with an RS-232 port. Check that there 182 no conflict
between thla and other RS-~232 peripherals, such ag mouse, modem
or geriasl printer.

Candidly: getting IEEE-488 gystemse going ueging a PC and the CEC
PC<>#88 card works with considerably less problems than RS-232,
Neutrik's advice, thevefore, is to use IEEE-U88.

Even though an R5-232 link is not actually a bus, there are many
places in this manual whieh refer to communication "over the
bus', etc. This applies equally to IEEE-488 or RS-232.

The commands sent, and strings returned, are identical via IEEE-~
488 or RS-232, except for the terminator character(s).

1.5 Oyigins of IEEE—d45S

IEEE-488 originated with Hewlett-Packard who called it HPIR
{Hewlett Packard Interface Bus), As other companies began to use
it the name GPIB (General Purpose Interface Bus) was coined. The
deslgnation IEEE-488 refers to the standard whieh followed
commercial introductioen to help ensure that users and
manufacturers could define products and programs that would
relliably work together. In Europe the standard became IEC-625,
but unfortunately a different conhector type and pin-out were
defined; although the rest of the standard is virtually
identical, Internationally the IEEE-488 standard is the clear
winney.

The need for the bus aroge from the requlirement to bulld tecst
sygtems combining several gpecilalized instruments. The operation
of these instrumentse could be made faster ahd more congistent if
they were operated by one central controller,. The controller
could be programmed to pevform a set of tests, analyse the
results and communicate with the operator, Indeed 1in some cases
Instruments could pass results directly between each other.

The new busg had to meet the following basic requirements:
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-1- Hizh speed

-2- EBeveral instruments can be simultaneocusly connected, others
can be added wilithout changing the controller hardware.

-3~ Will work over reasonable distances as found in a typical
test system.

~l—- Reliable.

Existing bus aystems as found ingide computer systems meet 1, 2
and 4, but would only work over very short distances.

Parailel ports as - for example -~ the widely used Centronles
FParallel Interface used with printers, meet 1, 3 and 4, but only
deal with one device at a time and start to be less relilable over
distances greater than 1m.

Serlal ports, again commonly used to connect printers and
terminals to computers meet 3 and 4, but are slow ancd ohly handle
one device at a time.

The busg deflined in IEEE-488 meets all the requlirements. At first
1t was difficult to design an interface, but before long at least
TEXAS INSTRUMENTS and MOTOROLA brouzht out custom degigned
processors to provide the required functions., Theze ICs are
=t1ll expensive, but the logiec 1z easy to design.

Unfortunately the software provided with some controllers and
instruments to handle the bus protocols is not always well
desighed,

b
o
ot

i.d4 HNewutvik¥s approach $o remote conir

The majority of functlons of the TTUBZA and ozcillator which can

be acceszed from the front panel are remotely controllable. The
exceptlions are: maing on off switch, MONitor level control, FINE
FREQuency and FINE LEVEL controls. All measurements which can be

made by the TTL402A are avallable over the bus,

Commands are in plaln language (English with zome French and
German) and readings are returned in a form which is readily
comprehensible to humans and computers. The result i1s that
programming an automatic test sequence is easy, and the listing
of the programme will be virtually self-documenting. All inputs
and outputs to the TTLOZA system are in the form of ASCIT
strings.

Each time a MEASUREMENT 18 commanded., & new measurement is
rerformed, This ensures that results are current rather than
relating to the recent past.

The analogue measurements are to a2 resolution of 19 bits (1 part
1n 1024) of the meter scale range. The true meter ballistlces are
included rather than being taken from before the meter driver,
Therefore the result is exactly what an operstor would read at
that instant in time from the meter. Rezults are expressed in

TTU@Z2A Remote Control Operating Manual Rev., 2.0 Page 5



engineering notation complete with unite (always fundamental
units). Examples are:

+44,76 dBu

-75.U4 adB

2.775 V¥

2.485E-3 Vv {(equals 2.45 mVv)
B.912 %

1.234E3 Hz {equals 1.234 kHz)

Most computer languages will aceept ASCITI input in this form,
which can be converted by a language command into internal number
representation. The ASCII form can usually be printed directly
to the screen.

For example in Miecrosoft and many other basics, the following
will do the conversion::

12¢ results = "“"-75.4 4" resultd would normally be a
string variable sent from the
TTU@ZZ2A.

159 dB = VAL{(result$) The variahle dB would contain a
floatling peint value equal to
-75. 4,

1.5 Setting the IEEE—-d38 addrsss

Selection of IEEE-483 is performed by setting the "X" pole (thipd
from the left), of the DIL-switch on the TTLUGZ2A rear panel, to
Hqn (up).

Setting the IEEE-488 address 1s performed by setting the
rightmost five poles of the DIL-switeh, Addressces 2 to 30 are
valid, address 31 1s not (this fact 18 "built in"™ to the IEEE-4883
standard and is therefore commoh to all instruments). Note that
address 9 1is commohnly used by controllers as thelr talk and
listen address, therefore it is a good idea to avold setting the
instrument to address @&, Cnly gingle primary addresgses are
recoghnised; the TTU@BZ2A has no =mecondary addressing or dual
primary addressing capabillity.

Thege switches are only read oh power-up, DCL, SDC or after the
message "RESET", therefore if you wish to change the address, the
lnstrument must be powered up anew or cleared or RESET after the
gwiteches have been changed.

Selection of an IEEE address 1s as follows:

SWITCH POLE ) ik 3 b4 1
BINARY VALUE 16 8 i 2 1
Example:

To set bus address 19, Using the BINARY VALUE from the table
above, 1+2+16 = 19, Therefore switches 1, 2 and 5 are up; 3 and
& are down.
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1.5.1 IEEE-488 String Termination

Each string must be terminated to indicate to the TTUB2A that the
transfer iz complete. One of the followiling mey be usged:

(1> EOI sent true with the last character, which ecan therefore
be any charactenr, This 1is the normal method of terminating
strings used by modern controllersz, and 1= a hardwarpe line in the
IEEE bus,.

(1i) Carriage Return <CR> (hex 8D) or Line Feed <LF> {hex @A) or
ETX (hex 83). Thege extra termination characters can be used
ever; 1f EQI i3 also active. If your contreoller sends more than
one terminstor (e.g. <CR> followed by <LF>), set the TTLOZA to
the last ohe sent.

EQOL is always sent by the TTUGZA with the last character,
regardless of the settings of the terminator switehes. If CR, LF
or ETX is set, EOI i1s true with that terminator; otherwlisge EQI is
true with the last datse character.

EQOI 18 always recognised by the TTLEI2A as signifying the last
character, pregardless of the settings of the terminsator switches,
If CR, LF or ETX ilg set, you should be =ure that that is the last
character sent by the controller, because the TTIFZA would accept
ECI or the chosgen terminator, whichever comes firast, as
glgnifying end of string.

We recommend that EOI be treated as the normal terminator, 1i,e.
1f your controller sends it, then set the TTLBZA tao EOI
regardless of any other terminators =zent. The notable exception
1s Neutrik's TIS62 Software Package, which requires the terminator
to be gset to LF.

The required terminator 1s set by the lefitmost two poles of the
DIL sgwiteh,. Note, as mentioned in =ection 1.5 that the switches

are only read on power-up, DCL, ShHC or YRESET",

Switech settings are printed next to the gwiteh on the interface

or rear pahel as appropriaste, For reference these arve as
follows:

TERMINATOR EQT (only) CR LF ETX

SWITCH 7 DOWN up DOWN up

SWITCH 8 DOWN DOWN up up
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1./ Betiing the FBE-Z3Z Baud Fate

Selection of RS-232 13 performed by setting the "X" pole (third
from the left), of the DIL-switeh on the TTU02A rear panel, to
Hal {(downy.

The baud rate ig selected by getting the rightmost four poles of
the DIL-awitch according to the table below, This table 1s
reproduced on the back panel of mogt TTLU@2As (TTL482=z and ecarly
TTH@2As do not have this table).

RE-232 Sw
BAUD RATE|B & 7 8
3840 |2 B B O
192082 ¢ ¢ 1
608{0 ¢ 1 @
48gele ¢ 1 1
zhgeie 1 o @
1ize0ie 1 9 1
6at@ 1 1 @
30812 1 1 1
15011 @ 2 @
11811 2 @ 1
7511 @ 1 @

Note that the back panel DIL-switches are only read on power-upn,
efter the message "RESET", or after an IEEE-U488 DCL or SDC,
Therefore, 1f you wizh to change the baud rate, the instrument
must be powered up anew or cleared or RESET after the awltches
have been changed.

1.6.1 R3-232 String Termination - CQutput

The TT4PZ2ZA sends CR (Carrilage Return) followed by LF {(Line Feed)
when outputting via RS-232, This cannot he changed by swilitoches,

1.6.2 R3-232 String Termination - Input

The TT4GZA requlires LF (Line Feed) as terminator on incoming
atrings. It doesn't matter 1f there is a CR {(Carriage Return)
before the LF, Thiz c¢annot be changed by swilitchesz,

1.6.3 RE-232 Cable Connections

PC-compatible computers are not exactly compatible in the way
they work. With RS-232, the necesgsary connection of handshaking
lines 1s not always predictable. The four lines which are
prediectable are Signal Ground, TxD, RxD and DCD, which should be
connected as bhelow. Some machines reguire CTS to be permanently
true {(parallel it with DCD, fed from the TTHUB2A), and handshake
via DTR/DSR. Cthers handshake via CTS/RTS and require DSR to be
permanently true {parallel it with DCD, fed from the TTHEZA).
OCnly experiment will give a reliable answer. See the next
section.
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PC RTS/CTS handshake TThozA

oI Name 25w 9w Ow Name o/%

- Sig. gnd. 7 5 - 5 Sig. gnd. -

8] TxD 2 3 > 2 RuD I

I RxD 3 2 < 3 TxD 8]

Q RTS 4 7 > &8 CTS I

I CTS 5 8 < 4 RTS O

I DCD 8 1--< < 1 +12V O

I DER 6 6mw<—J

PC DTR/DSE handshake TTHOZA

01 Name 25w ow gw Name o0/1

- Sig. gnd. 7 5 - 5 Sig. gnd. -

& T®D 2 3 =2 Rxpb I

I BxD 3 2 3 TxD O

8] BTR 28 4 > a cTa I

1 PBER 6 & < 4 RTS O

I j5103 8] 8 1--< < 1 +12V @]

I cTa2 5 8-*—<-—l
1.6.4 RS-232 Handshaking
The TTUO2A uses hardware handshaking te slow down RS-232
communication, 1f necessary, 1in both directions, The data 1input
to the TTUP2A 1= on pin 2; the handshake line assocciated with 1t
(an output) 1is on pin 4. The data output from the TTHS2A 415 on
pin 3; the handshake line associated with 1t {an input) ig on pin
3. Positive voltages with respect to sighsl ground permit
transmlssion; negative voltages stop transmission. If the

nandshake input to the TTH@2A is switched negative, the TTHP2A
will not zend any characters after the current character (no
overruny. It cannot cope wilith any overrun from the controller.

Note that hardware handshakilnhg to slow down transmission, though
very common practice, 1g not the use of the handshake lines as
gpecified in RBE-232; they were intended to be modem control
lines. If you experidence losg of characters (typiecslly ERROR 1
after the second and subsequent strings sent to the TTUGZA), we
suggest that you investigate the handshaklng protocol used in
your controller, to see 1f 1t can be made to conform with the
protocol described in thils section.

1.7 Sendiwg strings to the TTd@AZA/Oscillator Svstem

All instructions for the TTUG2A consist of ASCII strings.

Strings are sent from the controller to the TTLP2A system using
commands appropriate to the chosen cohtroller. The reguired
strings ave described in =sections 3 and 4. The same strings are
sent whether IEEE-U488 or RS-232 1is in use! the only difference is
the terminator, which 1s desceribed 1in zections 1.5.1 (IEEE-488)
and 1.6.2 {(RE-232) above. Strings to the osclllator are pagsed
through the TT4O2A. These are zspecifically described in section
b,
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1.2 EBEeceiving stvings from the TTd@ZA/0scillator System

All strings returned from the TTUGZA consist of ASCII strings.
Strings are input from the TTLU@B2A system to the controller using
commandsg appropriate to the chosen controllenr. The =same strings
are sent whether IEEE-488 or RS-232 isg in use; the only
difference 18 the terminator, which 1is described 1in sectione
1.5.1 (IEEE-U488) and 1.6.1 (RS-232) above. Stringes from the
osclillator are passed through the TTUBZA.

The reading is commanded by sending a sgtring to the TTUZ2A which
reguires a reply to be sent. Readlng gqueries (commands which
cauge a reply) are detalled in section 3.11.

It remote control is via IEEE—d3&: The reply siring will be
terminated with the EOI line true. Depending on the gtate of the
leftmost two poles of DIL-switceh mentioned in section 1.5.1
above, & character may be added by the TTLE2A to the end of the
string. Thls ¢haracter will be carriage return (hex @D), line
feed {(hex @A) or ETX {(hex ©3).

If remote control is via RES-232: The reply string will be
terminated by carriage return (hex D) and line feed {hex BA).

Once a reading has been commanded, a string will always be sent,
even 1f the measured result is out of range in some way. In that
case an out-of-~range message will be szent instead of a reading.

There will be a delay between the command and returning the
reading. This delay may be from a few tens of milliseconds to
5@ me 1in present versions of software. Analogue meter readings
take a few teng of milliseconds; freguency readilngs take between
220 mg and 00 msg. When a CCITT seguence leg received, the delay
will be much lohgepr; =g2ee gsectlon 5.6 for detalls.

Later versions of software with other facilitiles may reguire
longer delays for some of the hewer facilities,

It is important to remember that the TTLHEZ2A cannct accept anothep
gtring dinput until any pending or impending astring ocutput
operatlon has been completed. Failure to obgerve thisg seqguence
can cause the system to "hang" indefinitely.

When receiving strings via RS-232, or via IEEE-488 with the DIL
gswitches set to <CR>, <LF> or <ETX> as terminator, beware that
controllers often include this character as part of the gtring on
input. Thilis can lead to gome confusing results. For instance,
the obvious way in BASIC of checking for an over range reading
would bed

IF results = “Over range' THEN -
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If your controller includes the terminator with the string then
thilis test would fail! We suggest you use one of the following:

IF INSTR{resulit$,"Over") <> ® THEN or

IF LEFT¢(results, ) "Oover!' THEN

The wavs of getting strings into the controller will depend on
your chogen controller hardwarse and software, If you are
programming in BASIC and you need to use an INPUT-lilke statement,
we recommend that you uge LINE INPUT (INPUT LINE in some

dialects) rather than INPUT.

Some INPUT statements will truncate

input

1.7

after

Mumbor

some punctuation characters.

to

String Conversion

Mosgt computers

forma
being

t.

Thus they must be converted to
Zent to the TTLU@Z2A.
requirement and mest computer

internal number
ASCII strings before

thiz 1= a common

contaln conversion

or controllers store numbers 1n an

Fortuhately,

languages a

funcition to do this job for u=.
For example, 1f you were writing a programme to s2weep and measure
in 1.2 octeve steps, one way to obtaln the correct Ffrequencies

would be to caleulate them.
Steps of 1/2 octave implies a frequency chanze of 2. If the
sweeaep iz to start at 20 H= and go to 2@ kHz, then the programme
might be ag follows 1f written in Microsoft Basic,
1.18 Zample Pragramme - Mumbsey fo Svving Canversion and
Fredgqusinncy Sween
Plesse note that this example does not deal with settling time
and its effect on the accuracy of measurenants, nor does it desal
with the effect of errors or out-of-range measurements on the
plotting subroutine,

12 DEF ZSEG = &HDSZO Lefine address for EPROM

routines on CEC PC<C<>UB8 card.

22 INIT=@ Addrassg offset within PC'a
addregs space of PC<=U88
initialigation routine.

20 ADRX=0 Talk -listen bus addregas of
PC<>088 card.

42 LEVEL%= Define PO<S>U488 ag contrallier

A3 CALL INIT(ADRY%,LEVELZ%) Perfaorm the initislisgation.

6@ TRANSMITH®=3 Addresg offget within POz

address =space of PC<>UBS8
trancgmit routine,.
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72 RECEIVE%=6 Addressg offset within PC'=z=
address space of PC<>488
transmilit routine.

80 TTLGZA, ADR%=1 Talk-1isten busg address of
TTLHOZA.

G0 MAXLEN=88: "'Max length of Praeget gtring to a iength
recelved string. longer thah anything which
the TTL@Z2A sends.

198 GOTO 28@ Jump pagt the subroutines to
the maln programme.

1@ REM ok b s koo 5k sk ok ok ok o o o sk sk skook Rt she o

128 REM Transmit TX$ over bus
to addresgs TTUBZ2A, ADR%.

1390 OP$="MTA UNL Build up OP% {(2ee the PC<>488
LISTEN"+STR&(TTLEZ2A. ADRR )+ Programniing and Reference
DATA '""a&+TX$+"!' ENDY Manual for details),

149 CALL Trangmlt GP% over the IEEE-
TRANSMIT%{(OPS$, STATUSY 488 bpus=.

158 IF STATUS%<>® THEN PRINT LooK for errorg reported by
"Error code'";STATUSY% PC<>488 rpoutines, and display
the value 1if not OK.

168 RETURN
178 REM ssickskibokdokekkim gk Rk ok

189 REM Recelve RX$% over bus
from address TTHOZA. ADR¥%.

198 RX$=SPACEL{(MAXLEN) FPreget the gtring length
longey than anyvthing the
TTUA2A returns.

29¢ OP$=""MLA Build up 0OP% (s2ee the PC>488
TALK"+STR: (TTHDZ2A. ADR%) Programming and Reference
Manual for details). Sets

the TT4B2A to talk,

210 CALL Tranemit OP% over the IEEE-
TRANSMIT% (OP3, STATUS%) 3488 bus.

220 IF ZSTATUS%<>@ THEN PRINT Checlt for eryrors and print
"“Turnround error code!;STATUS%them 1if not 0K,

239 CALL Get EX$ from IEEE-488 bhus.
RECEIVE%(RX$, RXLNG%, STATUS%)

2472 1F STATUSX<> @ THEN PRINT Check for errors and print if
"Recelve error code";STATUSY not 0K,
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250 RAF=LEFT${RX$,RXLNG%) Sherten BX% to the lenzth
actually sent,

26¢ RETURN

270 REM skt ot dok ok ok ok ot sk sk oR 8ok

289 REM Main programme starts
here,

29¢d TX$="Function Level; ScaleCommand string to TT482a,
dB norm; Osc level +I4 d4dBu"

380 GOSUB 128 Send command ztring teo
TTHSZA,

318 FRESTART=20 Start freguency 28 Hz=.

322 FREND=200G00 End frequancy 28 KH=.

333 FRNEXT=FRSTART Initiaiise "rnext frequanoy"

to start freguehaoy.

343 FREQ$=STR$(FRNEXT) Take a string reprezmentation
of the number. The transmit
subroutine will onliy accept
gtring variavbles.

380 THE="0s=c Freq “"+FREQS Build up the comnmand string
te the TTHOZA, The first
time, this gtring will be
"Ose freq 26",

36@ GOSUB 129 Zend TH$ aover the IEEE-IL85

370 THAE="Measure"

380 GOSUB 128 Then send "Measgure!" over the
IEEE-488 bus to command =
measurement.

398 GOSUB 189 Return the string BX%.

4g@ PRINT "At";FREQ%$:" Hz the Print a result on the gcoresn,
measurement is Y RX$

10 AX=FRNEXT Set up the ¥ co-ordinats for
a plotting subroutine.

28 Y=VAL(RX$) Similarly the Y co-ordinate.
3¢ GOSUB 180¢ Call the plotting zubroutine.
44@3 FRNEXT=FRNEXT*SQR (2} Multiply the frequency by the

square root of 2, to glve the
next frequency.
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£53 IF FRENEXT<=FREND THEN 348 Check 1f we've gone over the
end frequency. If not, loob
back to 340.

6@ END End of main programme, when
frequency hag gone past the
end freguency.

12489 REM Plotting routine
would be here...

1918 RETURN

Note that this programme does not deal with settling time
conglderations (there would normally be a delay between lines 368
and 378), nor with the effects of out-of-range readings. However
1t =hould serve to i1llustrate the reguirements for getting
communication going with the TT482A over the IEEE-U88 bus. It
also demonstrates the recommended structure for programmes at a
low level, to give general purrosge subroutines for trangmitting
and recelving strings. This programme runs under GWBASIC on a PC
with a CEC PC<>lI88 card.

The same programme converted to RS-232 orperation is asg follows,
This alseoe runs under GWBASIC on a PC, uging COML: at 96@¢ baud,
For a different R2-232 port or baud rate, change line 5. Note
that GWBASIC only supports COMl: and COM2:.

5@ OPEN "COM1:9684,N,8,1" AS #1

129 GOTO 288

110 REM #:kstkonshoksfohopk ook ok ko ok sk ok

128 REM Transmit TX$ via RS-232 to TTUB2A.
148 PRINT #i, TX%+CHRE{(108):

168 RETURN

17@ REM shaksokdoibolokor ko dok ok doiok dok ok

18% REM Recelve RX$% via RE-232 from TTUEZA.
238 INPUT #1, RX%

26@ RETURN

270 REM #doksisokk ottt sk ok ok

288 REM Main programme starts here,

298 TH$="Funetion Level; Scale dB norm; Osc level +I dBu"
30@ GOSUB 126

318 FRESTART=20

329 FREND=2Q200

338 FRNEXT=FRZITART

342 FREQ$=STR$(FRNEXT)

358 TX$E=""0Ozec freq "+FREQ$

36 GOSUB 129

378 TX$="Measure"

38¢ GOSUB 122

39¢ GOSUB 180

k@e PRINT M“At"; FREQ$:" Hz the measurement is ";RX$
412 X=FRNEXT

420 Y=VAL(RX$)

133 GOSUB 19008

Uiig FRNEXT=FENEXTH#SQR(2)

%9 IF FRNEXT<=FREND THEN 340

6@ END
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1268 REM Plotting routine would be here...
1i21¢ RETURHN
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2 Command syntax for the TTd@AZA/0Oscillator System

2.1 Abbyveviations

To give most flexibility, many words which the TTLZ2A ocan

understand may be abbreviated, Some may be omitted altogether,
Words which may be abbreviated are shown with square brackets
around the optional section. For example, LEVIEL] means that

LEVEL, LEVE or LEV are equally valid, Abbreviations must be
rrogressive from the right, therefore in the above axample, LEVL
ig not valid. In practice, 1t is unlikely that anything other
than the complete word or the shortest abbreviation will be used.

2.2 UOpticnal Words

Words which may be omitted altogether are shown enclosed in
parentheses. For example, SCAILE} (DB) NORM[AL] include the
following possibilities:

SCALE DB NORMAL
SCALE NORMAL
SCA DB NORM

SCA NORM

Certalin words can be elther abbreviated or omitted, Thesge are
showh with both square brackets and parentheses, for example
(FUNCI[TION]) LEVIEL] includes the following posgsaibilities:

FUNCTION LEVEL
FUNC LEV

LEVEL

LEV

In general, commands include the legends printed on the front
ranel near the appropriate controls. This, plus the uge of plain
language, gives you the begt chance of being able to write a tesgst
programme Without heeding to consult these Instructions.

Commands can be entered in either UPPER or lower casge charsascters,
or any combination of the two.

L |

F.5 ECombining Commands

Commands to the TTLP2A Measuring System and oszecillator can be put
together into sets of up to 188 characters. Commands are
combined by inserting a semicolon (i) between each command.
Commands may be gsent to the test set in any order, but will he

executed left to right. Remember that, Just as 1n manual
operation, the test set will recall the last used filters,
rectifier and scale when any function 1s selected. For example:

SCALE DB NORMAL; FUNCTICON LEVEL; OSC LEVEL +4DBU

This entire string of commands can be sent together by the

cohtroller. But beware; in the above example, the dB normal
scale will bhe set into the function the TTUB2A was in befoare the
above set of commands. Then the level function will be entered,
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and will recall the gscale last used 1n the level funetion {which
might not be 4B normal!).
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L3

3 TT4d8Z2A Measurement Section Commands

For osgsclllator commands see sectlon 4,

Z.1 Function Commands (Standard)

All function commands can be preceded by the optional keyword
FUNCTION, which c¢an in turn be abbreviated as far as FUNC. So:

{FUNCI[TION]) followed by:

LEVIEL]
NIV[EAU]
PEG[EL]

READ OSC{ILLATOR]
ROSC

THD[+NCISE]
KLIRR[FAKTOR]

XTALK
¥-TALK
CROSS-TALK
DIAPH[ONIE]
CROSST[ALK]

LEV[EL] DIFF[ERENCE]
NIV[EAU} DIFF[ERENCE]
PEG[EL] DIFF[ERENZ]

IMD (SMPTE)
(DIN)
{cciF)

NOISE {(CCIR) 468{-31
468(-21
ARM

gelect the LEVEL function

gelect the READ OS¢ funectilon:

#elect the THD + N function and
SINE on the osciliator

gelect the XTALK function and
SINE on the oscillator

gelect the PHARSE and LEVEL
DIFFERENCE funection and SINE on
the osecillator -

select IMD funcition and test
tones on ogelllator. I¥f no
gtandard is specified following
IMD, the standard set on the DIL
switehes on the IMD card will be
used.

{WEIGHTED)
{WTD)
(UNWEIGHTED)
{UNWTD )

The order of the arguments for welighting and standards definition
can be exXechanged, so e.g. NOISE WEIGHTED 468-3 works Jjust as well
as NOISE U68-3 WEIGHTED. The welighting argument 1s optional;-if
not supplied the instrument will recall the last used welghting
setting, which defaults (on power-up, DCL, SDC or "RESET") to
WEIGHTED for both 468 and ARM funetions. One of the arguments
468[-3]1, 468[-2] and ARM must be suppllied, or error 2 will
result; and may opticonally be preceded by CCIR.

Note that the CCIR U468 ARM function may be disabled in the EPROM,

if so ordered. If it 18 commanded while disabled, ERROR 25 will
result,
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Z.2 Function Commands {(Optionald

These functions are only enabled 1f the TTUPZA contains the
appropriate optional hardware,

W{OW] AND F{LUTTER] {WIEIGHTEDR] ) {IEC) (RAK1R{HEI)
& (WTED]) {(DIN) {3158{HZ)
W&F (UNWI[EIGHTED]) {CCIR) {3.1R[KHZE]}
DR{IFT] (UNWT{D]) {BxR) (3K{HZ])
PLEUR[AGE] {NAB) (3K {HZ])

(320e[HZ])

As 1n the NOISE functions, the order of the arzuments for centre
frequency, welghting and standards definition 1s optional, and
any (or all in this casge) may be omitted. If the welghting
argument 18 omitted, the instrument will recall the lagt used
setting, which 1is initialised {(on power-up, DCL, SDC or "“"RESET")
to WEIGHTED, If the arguments for standards definition and/ or
centre freguency are omitted, the ingtrument will use the
respective DIL-swlteh settings from the card.

RUM[BLE] {W[EIGHTEDR]) (IEC)
(WTED] {BZ}
(UNW[EIGHTED])
{UNWT[D1)

As before, the welghting and standards arguments are optional and
may be in either order. If the weighting argument is absent, the
previously used welghting characteristic iz recalled, If the
gtandards argument is absent, the DIL-swiltech settling from the
csrd is used,

FIM

FIM takes no arguments. Thig rarely used measurement 1s nct
normally avallable from the front panel #, and is Indicated by
the LED immediately to the right of the RUMBLE LED. After it has
been commanded once from the bus, 1t will be available manually
until the next power-up, DCL, SDC or "RESET".

* It ¢an be made avallable from the front pahel by a zimple
change to the EPROMs. Contact your agent for details.

On entering a previously used function, the previocusly selected
filtera, rectifier and scale will automatilcally be selected, Just
ag in manual operation.

K2 Zet to the appropriate K,

K3 function, and get the osgcillatar
KU to gine wave.,

KA

FHASE Betz to the phase {only)

funection with analogue centre-—
zero display.
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Examples:

FUNCTION THD

DIAPHONIE

KLIERR

READ OSC

WOW AND FLUTTER 1EC WEIGHTED 3.15KHZ

Wa&F DIN Sets to previous welghting
characteristics, and centre frequency

from card.

W&F CCIR 3KHZ Sete to previous welighting
characteristic.

WE&F NAB WTD Sete to centre freduency from card.

W&F Sets to previous weilghting

characteriastic; centre frequency and

standard from oard.

FUNCTION RUMBLE BS WEIGHTED
RUMBLE WEIGHTED I1IEC

RUM Setg to the previous welighting
characteristic and the gtandard set on

the card.

2.5 Input selectinn coammands
INP{UT] A select input A
B gselect input B
INPI{UT] {ne argument) changes to the other input

None of these commands c¢an be accepted whilile the instrument 1is 1in

the READ OSC or LEVEL DIFFERENCE functions,

Th

ls is consistent

wlith manual operation of the instrument. If this operation is

attempted ERROR 4 will be reported.

2.4 Ciycuit impedance commands
CIRC[UIT] IMP[EDANCE] 75IR]
CCT RES[ISTANCE] 148[R]

600 {R]

Examples:
CCT RES 756
CIRCUIT IMPEDANCE 688R

T
N

Inout ftermination cammands

TERM{INATED] gelect terminastionzs on both
THRO{UGH] decelect terminations on both inputs

THRU

The values may he
different from
the =2tandard
values shown.

inputs
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3.6 FEectifiey selection commands

RECT[IFIER] RMS gelect EMS rectifier
AVG gelect AVG rvectifier
AVER[AGE]
PPM gelect PPM rectifier
Example:
RECT RMS

RECTIFIER PPM

Just as in manual operation, it is not possible to szelect a
rectlfier which conflicts with a pre-determined specification.
Hence ERROR 4 will be reported 1f an attempt is made to select a
rectifier whilst the functlon selected is NOISE, LEVEL
DIFFERENCE, IMD, WOW AND FLUTTER, RUMBLE, FIM, Kz, K=, K:, K= ar
PHASE,

Led

-7 SBcalp zelection coammands

SCA[LE] (DB) NORM[AL] zelect DB NORM =zaale
EXP[ANDED] gelect DR EXPANDED
ascale

VIOLTS] gelect VOLTS sgcale
MILLI[VOLTS]

Mv

MICRO[VOLTS]

uv

PER CENT (DIST{CORTION])
PERC{ENT] (DIST[ORTION])
% (DIST[ORTION])

0]
1T
o
"
o
o

PERE CENT =scals

VOLTS etec are only allowed in LEVEL, XTALX, READ QS¢C and NOISE
functions.

PER CENT and % ete, are only allowed in THD, IMD, WOW AND
FLUTTER, FIM and K. functiong.

DB EXPANDED i1s only allowed in LEVEL and READ 0OSC functionsz.
PB NORMAL isg NOT allowed in WOW AND FLUTTER and FIM functione.
These are consistent with manual operation. ERROR i will be

indicated 1f scales are selected which are inappropriste to the
zelected Ffunction.
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S8 Filter selection commands

FILT[ERS] HIGHP[ASS] gelect 488 Hz high-pass fFlltep
LegHZ
HP
BP gselect 22-22k bandpassg fllten
BANDPI[ASS]

22HZ-22KHZ

LP select 3¢ KHz low-pasg f£ilter
LOWP[ASS]

38KHZ

SP[ARE] A gselect OQPTION A or OPTION B
OPTI[ION] B flltey, ag appropriate. SP{ARE]

and OPT[ION] are synonyms.

OFF degelect all fFilters
QouT

CLEAR

AUS

Filter combinations which are permissible in manual operation can
be selected by separating names with comma (,), plus {(+), op
slash (/).

Examples are:
FILTER LOWPASS
FILTER BP, UOOBHZ
FILTERS 22HZ~-22KHZ + OPTION A
FILT OPT A/QOPT B

Selected filters will always replace any previougly selected,
Note that this is NOT consistent with manual operation. They
wlll also be stored and recalled next time the particular
function 1s entered.

2.7 Eange setting commands

Ranges cannot be get over the bus until the instrument has been
sent a LOCAL LOCKOUT (LLO) or REMOTE RANGE command te disable the
front panel range gwitches, Any RANGE command recelved, if they
have not been disabled, will cause ERROR 22,

Ranges can be get in any units, regardless of the SCALE
selection. E.2. the 1 volt range could be selected, then
readings obtalned in dBu.

Alternatively, the TTUP2A can be set to auto-range by gsending the
following command:

RANG[E] AUTO

Manu&al control of the TTHGZA's ranges cah be reagtored by the
cotmmand;

RANGI[E] MAN[UAL}
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or, providing the instrument is in the LOCAL LOCKOUT or REMOTE
RANGES statusg, by sgsetting the unilt to any legitimate range.

For ease of manual operation, the TTUG2A has 3 large controls.
One affects the DISTORTION range, the octher twoe set the range for
all LEVEL related measgsurements.

To et a DISTORTION range, praecede RANGE commandsg by one of the
following function commands:

THD, K2, K3, K&, K5, IMD, WOW AND FLUTTER, FIM

To gset a LEVEL range, precede RANGE commands by any function
command not listed above. However, range commandg are hot
aceceptable in the LEVEL DIFFERENCE sand PHASE functions. If this
is attempted, ERROR #4 will be produced.

RANG[E] <number> DB
DBU
DBM
DECIBIELS]
VIOLTS]

MILLI[VOLTS]
MV

MICRC{VOLTS]
uv

PERCIENT]

%

Examples:
RANGE +28 DB
RANGE 38 UV
RANGE 3¢ MICRO
RANGE 1928 MV

The space between the number and the unit is optional.

Units of VOLTS, MILLIVCLTS, MICROVOLTS, DBU and DBM are only
acceptable in LEVEL, XTALK, READ 0O8SC, NOISE and RUMBLE functionsg
regardless of scale.

Units of PERCENT are only acceptable in THD, Kz K=o, K., K=, IMD,
WOW AND FLUTTER and FIM functions.

Units of DECIBELS are acceptable in all functions {(except LEVEL
DIFFERENCE and PHASE), regardless of the currently scelected
sgcaie,

The number must be sent 1in ASCII format. It may be in signed or
unsigned, integer, fixed point, or floating point Porm.
Acceptable values are those corregponding to the values of the
range swltch or switehes 1n use Ffor the particular function. For
example in LEVEL function, integersz in the range +45 to -G§ are
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acceptable, though they may be input in fixed- or fleoating-point
notation, when commanding a range in dB.

Exampleg:
17 are all equivalent and acceptable.
+1,7E+91
17.00000

In LEVEL, X-TALK and READ 0OSC functions, acceptable values work
out to lee&, 3¢, 19, 9.3, .1, .83, ....30E-6 when taken in
combination with the units (V, mV, uV).

In THD+N, K, and IMD functionsg and dB scale, acceptable values
are from @ to -8@ in steps of 19. In % scales, acceptable values
are 1092, 306, 192, ... 2.81.

Values which are not acceptable to the instrument will cause
ERROR 3.

In WOW and FLUTTER and FIM functions, acceptable values work out
to 19, 3, 1, ©9.3, 8.1 and must be followed by units PER CENT {(or

abbreviations or synonyms thereof).

Z.18 Clock/Calendar setting commands

TIME hh:imm:ss Setg the resl time clock. hh:mm:ss 1=
in 2i4-hour format. Leading zeros are
not required.

DATE dd,/mm/ vy Sets the calendar, dd mm vy may
include the year between 88 and 99, or
petween 1988 and 2234. Leading =zeros

are not required.

The TTUP2A maintaine a cleck and calendar. This 18 not & battery
backed cloeck//calendar as 1is found in moest computers, The gystem
conglats of a fixed divider from the maln timebase, interruptineg
the CPU at regular intervals with a precision defined by the
timebase specification (28 ppm over temperature). Therefore, 1t
needs to be set whenever the TTU82A is powered up,. Commands 1n
the RESET family do not affect the clock//calendar, howaever, Leap
vears are auntomatically catered Ffor (up to 21868, 1in theory!).
Daylight savinge compensation 18 pnot included.

.11 Feading queries

MEAS[URE] Esturns the reading on the analoefgue meter in

SEND unitse acearding to the Scale currently
selected. Acceptable in all functions.

FREQ? Returne a new freguehncy reading 1in unitsz of

Hertz,. Not acceptable in WOW AND FLUTTER aor
FIM functions.

PHASE®? Returns a reading of phage in integer units
of degrees, e,g. "-9 deg'. Only acceptable
in LEVEL DIFFERENCE or PHASE functions,
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DRIFT? Returng a drift (centre freguency error)
reading. The format is "“+n.nh ¥ deift", or
"+nn.n % drift", i.e. 3 significant figures
or 2 decimal places, whichever i the less
acecurate, Only acceptable in WOW AND
FLUTTER and FIM functions.

TIME®? Returns the time 1in 2i-hour format in the
form hh:mm:ss. The time should have been
get by means of the TIME command, or elge
the time returned iz simply the elapsed time
since power-urp. Leading =zerog are supplied.

DATE® If the date has been =2et zince power-up,
returns the date in the Fform dd /mm yvyy.
Leading zerosg are supplied. If the date has
not been set, returns "Date hot defined.™

Examples of the gtrings returned were given in section 1.4,

g
&S

1% Out of range

In respeonse to the MEASURE or SEND queries:

If in the THD+N or IMD function and the level isg too low, the
2tring "Level low" will be returned.

1f in the THD+N or XTALK function and the freguenay ig too low,
the string "Freg low" will be returned. Similarly 1f the
fregquency 1is too high, the string "Freq high" will be returned.

If the reading is over 122.2% of the linear scale (e.z., ovep
1892.2 mV on the 188 mV range), over approx. +13 dB on the dB
NOEMal scale, or cover approx +1.78 dB on the dB EXPanded scales,
the string "Over range'" will be veturned.

If the reading 1ls under -12 dB on the dB NORMal scale op -1.5 @B
on the dB EXPanded scale, the gtring "Under range' will be
returhed,

On volts scales, there ig no underrange condition, but accuracy
decreases for results below 18% of meter deflection.

If in the PHASE & LEVEL DIFFERENCE function and the reading ig
too low, the string "Under range’ will be returhed. Similarly,

1f the resding is too high, "Over range" will be returned.

If in the PHASE {only) function, the queries MEASURE and SEND are
gynonymous with the PHASE? guery (see below. )

In response to the FREQ? query:
I1f the alphenumeric display reads "FREQ LOW'", the string "LOW"
will be sent; 1if the display reads "FREQ HIGH", the string "HIGHY

will be sent.

In response to the PHASE? query:
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If the alphanumeriec display reads "LEVEL A LOY", the string "Level
A low" will be sent; 1f the display reads "LEVEL B LO", the
atring "Level B low'" will be sent; 1if the display reads "LEVELS
LOW!", the gtring YLevels low" will be sent. If the display reads
"M, 3.R. ERROR'", the string "M.S.R. error" will be =zent.

In response to the DATE? guery, 1if the calendar has not been set:
The string "Date not defined." will be sent.

We recommend that you read and understand section 1.8 before
writing a section of programme which detects these strings!

Z,13% Bus measurements are in absolute level

So lottg as the measuremtent is within range, level and level-1like
results from the TTLeZ2A will always be absolute, This may not
correspond to the meter reading.

EXAMPLE: If the level we are measuring is +4 dBm, and the range
is =et to +4 dBm, then the front panel meter will read @ dB (no

error with reference to the setting of +4 dBm}. However, bus
readout will be "+4.6 dBm" when in dB NORM scale, or "“+4,88 dBm"
when in the db EXP scale. The reason for this is that the meter

was spbeciflesally desizned for ease of calibrating external
equipment to a preset reference, while in systems use this type
of indication is in the hands of the programmer and can easily be
duplicated in software.

Note that the AB EXP scale is mosgt appropriate where very high
precisgion is required. For most purposes dB NORM will be

adedquate.

.14 Hessuvrements commanded must he read

We repeat the warning that any string commanded must be read. Mo
other command can be accepted untlil this has been completed.
Failure to read back a string {(or, indeed, trying to read a
string when none hasg been commmanded}, will result in the system

"hanging', or the controller issulng a timeout error.

3.15 Lacal/REemote commands
LOC[AL) LOCK[OUT] Inhibit response to all front
LLO panel controls in both the
REM[OTE] TTLEZA AND the ozscillator.

The LOCAL LOCKOUT LED on the
front panel will be
constantly 1lluminated,.

(RET{URN] TO) LOCFAL] Restore front panel control

(G0 TO) LOC[AL] to both the TTUBZA AND

RTL osclllator. The LOCAIL

GTL LOCKOUT LED wilil be
extingulished.
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REM[OTE] RA[NGES] Inhibit responcse to the threc
{rotary)} range switches on
the front panel of the TT482A
ONLY.

REM{OQCTE}! BU{TTONEZ] Innibit response to the
pushbuttons on the front
ranel of the TTU@G2A ONLY.
NB, The LOCAL pushbutton
remaing active.

LOC[AL] RA[NGES] Reztore response to the threes
(rotary) range switches on
the front panel of the TT482A
ONLY.

LOC[AL] BULTTONS] Rezstore regponse o the
pushbuttons on the front
panel of the TTUGZA ONLY.

Note that local/remote switching in the TTUGZA iz NOT 1In
accordance with IEEE-488 and 1IEC-625. We feel the arrangement we
have chosen 1s more versatile and useful.

The following diagram shows the four states of the test set, the
way they are indicated by the LOCAL LOCKOUT LEDR, and the
transgitions between gtates caused by the various messages, Note
(1) that LOCAL LOCKOUT and LLO are syhnonymous, as are RETURN To
LOCAL, GC TC LOCAL, GTL and RTL; (il) Only the messages LLO and
RTL {and theilr synonyms) cause the same message $to be passed to
the oscillator. Therefore, for instance, after power-up, tThe
messages "REMOTE RANGESY"™ and "REMOTE BUTTONS' will cause the test
get to be only remotely operable, but will NOT lcockout the
csclllator. The game effect can be obtained with "LLO; GSC RTLM.
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v \RTL,

'

Local buttong,

remote ranges

LED flashes
guickly

s

LOCAL BUTTONS,
RTIL.,
*

LLO

RTL,

REMCTE BUTTONS,
LLO

Remote buttons,

local ranges

LED flashesg

slowly
REMOTE LOCAIL
RANGES, RANGES
LLO A

-

* = pushing the LOCAL
outlined below:

LOCAL button

ocperative

“~

L.OCAL BUTTONS

button,

Remote bhuttons,

remote ranges

LED on
congtantly

subject to its operative status,

If the command "“"REMOTE RANGES;

fthe front panel,
LOCAL button.
However,
oscllliator,

if the command

Thilis is not the case 1if the command

"osC LLOY

LOCAL button

inoperative

REMOTE BUTTONS"

T LLO"

ig used to lockout the
the LOCAL button can be used to regain control of the

osclllator (providing the button ig opevative),

ag

is used to lockout
manual control can be regained by pressing the
iz sent.
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3.1 Btatus guevies

sTAT{US]®? FEeturns the complete statusg in the form
of multiple strings. The flrst string
ig a number equsal to the number of
status lines which will follow. For
example:

9

Funetlion Level

Input A

Through

Circult impedance 600 R

Filterg OfFf

Rectifier RMS

Scale 4B normal

Range +8 JdBm

Return to Local

or:
4
Funcetion Level difference
Terminated
Clircuit impedance 7% R
Local Lockeout

In each case, the strings returned are themselves legitimate
commands to =s=end back to the test set. In this way, the complete
gtatus of the instrument can bhe saved on a convenient storage
medium, eg. floppy disc and later used, with the minimum of
procesging, to restore the unit to the zame settings.

The simplest way to read the complete status into the controller
ig as follows:

1602 THXE="Statuse"

1219 GOSUB 1¢¢:REM Transmilt TX$ to the TTUGZA.

1920 GOSUB 208:REM Recelve RX$ from the TTUQ2A.

183¢ REM This will contain the number of lineg to follow.

124@ NLINES%=VAL(RX$):REM Convert number to a numeric variable.
1858 FOR N#=1 TO NLINESY

1260 GOSUB 22@:REM Get a line of status,.

1870 STATUS$(N%)=RX$

1282 NEXT N%

Individual querdes can be sent to the test get and the single
reply string 1s again itself a legitimate command. The full set
of guerlies is listed below:

FUNC[{TION]?

INP[UTI®

TERM[INATED]®?

THRU®?
THRO[UGH]?
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CIRC[UIT] IMP[EDANCE]® NB CIRC[UIT] and CCT arve

CCT RES[ISTANCE]®? aynonyms; IMP[EDANCE]} and
RES[ISTANCE] are syhnohyms; so
CCT IMP 1s also valid, for
example.

FILTIERS]®

RECTIIFIER]®?

SCA[LE]l?

RANGI[E]}?

REM[OTE]"?
LoclAaL}®?

L
]

e
~

Evravr Display caomnands and gueries

ERR[OR] DISPILAY] ON TUrns error
OFF display on left
hand display
on/off,
ERR[OR}] REZ[ET] Resets the last

errar caode to 2.

ERR[OR}? FReturns fthe
number of the
last error., or
"ga" 1if there has
net been an error
or "ERR[OR]
RES[ET]" has been

received.
ERR[OR] DISPI[LAYI®? Eeturns the
DISPI{LAY] ON? current status of
DISP[LAY] OFF®9 the error

display, 1.e.
"on" or YOrFEM,

Normally, 1f the TTLO2A recelves a command which it cannot
understand or perform, a message "ERROR n" flashes in the left
hand display for five seconds, and the TT482A iz unable to
recelve another command or gquery for that time. See chapter 7
for a full description of the error codes,. This display can be
swltched off or on by remote control. If off, there is also no
delay after an error before another command or dgquery can be
received, The error display is set to "On'" as a result of powep-—
on, RESET, DCL or SDC.,

The code of the last error can also be gqueried by remote control,
regardlesgs of the state of the front panel display. The reply is

a simple integer equal to the code of the last ervor, e.gz. "gi"
or Maos', If no error has been recelived, the responsge iz "gs'",
The error may be queried as many times as required. It will be
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reset to "g8'" as a result of an "ERR[OR] RESI[ET]" command, power-—
on, RESET, DCL or SDC.
F.ig Other commands and qgueries
RESET Performs a reset of the TTHEZ2A
Measurement Section only. The
ogelllator will not be reset.
VER[SION]® Eeturns a string contalning the
software version number, e.g.
"Ver 6.9,
MCODEL® Beturns a string contalning the medel

desilignaticonh of the measurement system.
For example:

TT4@zZA

TTLG2
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d HSending strings to the (scillator

This 18 accomplished by sending a string to the TTHUZZ2A which
beging with the keyword "OSCILLATORY. The keyword can he
abbreviated as far as "OS3CY.

Examples are:

OSCILLATOR LEVEL @ dB
OSC MUTE A

Please note that 0SC is a Keyword for the TTU@GZA, while the
following word LEVEL 1s a keyword for the oscillator. In
understanding the error messgages this distinetion is important.

These strings are sent just like any other string to the TT482A,
which then passes 1t on to the ozclllator, The oscillator does
not have an address of its own.

Sending the string Y“OSCILLATORY to the TTHUG2A with no argument
fFollowing will produce error 2 (missing argument).

Most commands apply equally to cscilillators TOLUBZ2A, TOLGZ, TOHGHA

and Tolhgh, Differences are noted in the appropriate gections.
.1 fdscillater level setting cammands
OSC[ILLATOR] LEVI[EL] <number> (DB} Set the
NIVI[EAU] {DBU) oselllator
PEGEL {DBM) level 1n dB

relatlive to
775 V RMS, or
T mW 1in the
expected
termination.

v Set the
MV ogelllator
uv level in volts,

milliivolts or
microvolts RMS.

Note that the unit 1s optional, and defaults to units of dB.

Examplies:
O3C LEVEL @DB
Os5C LEV 1V
0OSC LEVEL +8 (NB This sets to +8 ref, © dB)

The resolution of level setting ias 6,1 dB, which makes it
posslible to set levels to 2,85 dB. This makes lack of remote
control of the fine level control 1lrrelevant in most cases.

Note that the level setting 1s correct when elther the "“"Fine

Level control 1s in 1ts centre position (line at the top), or
when the oscillator ig in the Loecal Lockout state ("Fine Level
control disabled). Setting a level with the osgsecillator in the
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Return to Local state permits manual adjustment of up to 26,1 dB
by means of the Y"Fine Level! control.

d.2 Usrcillator freguency setting cammands

OSC{ILLATOR] FRE[QUENCY] <number> (HZ) Set the
FREQUENCE KHZ ogoelillator
FREQUENZ freguency.

Note that the unit 18 optional, and defaults to units of Hz.

Examples:
O3C FREQ 1KHZ
0OSC FRE 10628

The resolution of freguency setting 1s a 1ittle more difficult to
explaln. It i3 1 part in 8192 of the maximum frequency of the
particular freguency range. The ranges are:

12 Hz to 133,12 H=

133.12 Hz to 1827.84 H=z
1827.84 Hz to 24987.68 Hz
24@07.68 Hz to 300 KH=

The resclution 1s worst at the bottom of each frequency range,
where each gtep corregponds to about 1 in 628. Therefore the
setting should still be accurate to about %1 1in 1288, or better
than *@,1%, in the worst case. This resoclution makes the "Fine
Freguehncy' control irrelevant in most cases.

Note that the frequency settings are correct when eilther the
"Fine Frequency" control is in its centre position {(line at the
top)}, or when the oscillator iz in the Local Lockout state ("Fine
Freguency! control disabled), Setting a frequency with the
osclllator 1n the Return to Local state permits manhual adjustment
of up to %1% by means of the "Fine Frequency" control.

d.% Oscillator output resistance {impedance commands

OSCILILLATOR] oUT{PUT] RES[ISTANCE] 4air]
IMP{EDANCE] 20BIR]
ROUT Geplr]

ZOUT

AUSGANGESWID{ERSTAND]

Note that the actual values may be different from thosge shown
above,

Examples:
O3C ROUT 4@
OSCILLATOR OUTPUT IMPEDANCE 6Q6R
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d.d Havetorm cammands

OSCIILLATOR} SIN[E]

SQUILARE]
IMD SMPTE Sets the algnal to 68 Hz +7 KHz
g HU:1
DIN Sete the silgnal to 256 Hz +8 WH=
g h:1
CCIF Sets the gignsal to 184 kHz «+

15 KHz @& 1:1

DIM-1206 Sets the slgnal to the composite
3k18 Hz + 15 KHz required by
Otala's method for DIM-188 kHz.

DIM-36 Same foxr DIM-38 KH=,
WaF DIN Select the
W[OW] AND F[LUTTER]IEC cryatal-
& CCIRE controlled

3158 [HZ] 3K15 Hz =signal,

3200 [HZ] =Selesct the

3K[HZ] eryeEtal ~
controlled 3Kk@ Hz
signal.

Note that the commands LEVEL DIFFERENCE, THD+N, K. and XTALK {and
NOISE and RUMBLE, 1f the EPROM iz specially configured)
automatlcally smelect SINE, so 1t iz not necesgary to command the
czcillator separately. Similarly IMD (with any argument ac
requlred) sgselects the appropriate composite gignal, and W&F
selects the appropriate orystal-controlled tone.

4.7 &AAE itermination commands

These commands apply to the TOUP2A and TOhg2 only,

OSC[ILLATOR] TERM{INATIONS] ON Applies
TERMS termination to
both outputs,

OFF Removesg
termination from
both ocutputs,
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d.6 HMute control commands

4.6.1 Mute control commands - TOHUBZ2A and TOLgZ
OSCIILLATOR] MUTI[E] A
B
UNMIUTE] A
B
1,6.2 Mute control commands - TOUPLA and TOLgh

OSC{ILLATCR] MUTI[E]

UNM[UTE]

d.7 Halance/unbalance commands

These apply to the TOUlaglA and Tolol only,

OSC{ILLATOR]! BAL[ANCED]

UNBAL[ANCED]

[}

. Float/ground commarnds

These apprly to the TOUBGLA only.

OSCI[ILLATOR] FLOAT[ING]
FLT

GROUNDI[ED]
GND
UNFLOAT
EARTH[ED]

Mutes the
speclified TO4B2A
output.

Unmutes the
speclfied TOHGZA
output.

Mutes the
autputs.

Unmutes the
outputs,

Setz the output
to be balancead.
In the TOHJL,
this will be
centre-—-grounded.
In the TOHala,
grounding is
geparately
controlled.

Zets the ocutput
to be unbalanced,.
In the TOhGH,
this will be
floating. In the
TOUBLA, groundingz
is separately
controllied.

Sets the autput
to be floatings,.

Sete the centre
palnt {(balanced)
or return
{unbalanced) of
the ocutput to be
grounded.
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.9 localfvemote control commands

OSCI[ILLATOR] LOC[AL] LocK{ouT]}
LLC

GO TO LOCIAL]
RET[URN] TO LOC[AL]
GTL

RTL

d.18 Status gueries

OSC[ILLATOR] sSTAT[U=S]®

Inhibitsa front panel
contrel,

Fegtore front panel
control.

Returns the compliete status in the form of multiple strings. The
first atring ias a number equal to the number of status lines
which will follow,. For example, from the TOLEGZ2A:

8

Sine

Frequency 120006.0¢ H=
Level +9.9 4dBm

Output resistance 688 R
Unmute A

Mute B

Terminations OFfFf

Return to Local

or:
7
Wow and flutter 3158 Hz
Level +18.9 d4dBm
Output resisgstaence 75 R
Mute A
Unmute B
Terminations On
Local Lockout

For the TO4@HA:
8
Sine
Fregquency 12800.00 H=z
Level +2.8 dBm
Cutput resistance 689 R
Unmute
Balanced
Floating
Return to Local
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opr:
7
Wow and flutter 31650 Hz
Level +18.8 dBm
Cutput resistance § R
Mute
Unbalanced
Grounded
Loecal Lockout

For the TOU@I:
7
Sine
Fregquency 100¢.608 H=z
Level +6.2 dBm
Output resistance 628 R
Unmute
Balanced
Return to Local

or:
6
Wow and flutter 3158 Hz=
Level +19.0 dBm
Cutput registance @ R
Mute
Unbalanced
Local Lockout

In each case, the stringe returned are themselves legitimate
commands to send back to the osecillator. In thilis way, the
complete atatus of the instrument can be saved on & convenient
gtorage medium, eg. floppy dise, and later used, with the minimum
of procesging, to restore the unit to the same settings.

The status of the TOUP2A, TOUBLA and TOUDHL oscilllators are not
identical, but reflect the facilities offered by each.

The simplest way to read the complete ogcillator status into the
controller 1ls as follows:

1938 TX$="0Osc¢ status?!

131 GOSUB 186:REM Transmit TX$ to the TTHHZA.

1829 GOSUB 28@:REM Receive RX$ from the TTLGZA,

1839 REM This will contain the number of lines to follow.

1849 NLINES%=VAL{(RX$):REM Convert number to a numeric variable,.
1359 FOR N%=1 TO NLINESY%

1862 GOSUB 2¢@:REM Get a line of status.

1870 OSCSTATUS$(N%)=RX3$

1928¢% NEXT N%
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Individual queries can be sent to the coscillator and the single
reply string 1s again itself a legitimate command, The reply is
identical to the particular gtring from the complete gtatus shown
above. The full set of dqueries 1s listed below:

OSC{ILLATOR] WAVE[FORM]®?
SIN{E]"?
SQU[ARE]®
WEF?
W[OW] AND FILUTTER]®
&
IMD?

FRE[QUENCY]?
FREQUENCE?
FREQUENZ?
LEV{EL]®?
NIV[EAD]®?
PEGEL?

CUT[PUT] RES[ISTANCE]?
IMP[EDANCE]®

ROUT?

ZOoUuT?

AUSGANGSWID[ERSTAND]?

MUT[E} A? TOUBZA and TO4®Z2 only
UNM[UTE] A%

MUT(E] B?

UNM[UTE] B9

MUTIE]®? TO4BUA and TOUBH only
UNMUTIEl®

TERM[INATIONS] (CON)? TOABZ2ZA and TO4ZZ only
(OFF)?

TERMS {ON)®
(OFF )7

FLOAT[ING]? TOAQUA only
FLT®?

GROUND[ED}?

GND*?

UNFLOAT?

EARTH{ED]®?

LOC[AL] (LOCK[OQUT})®
LLO®

REM{OTE]?

(G0 TO) Loc[ALl®?
(RET[URN] TO) LocCc[aLl?
GTL?

RTL?
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4.11 gthey commands and gueries

OSC[ILLATOR] RESET Performs a regelt of the TOLAZA
osciliator only.

VER[SION]? Returns a string containing the
software version number, e.g.
"Version 2.28 of 26 July 19ge"

SER[IAL]®? Returns a string containing the
serial number of the oscillator,
e.g. "Serial number 38"

CAL[IBRATED]? Returns a gtring containing the
date of the last factory
calibration in the formet dd-mm-
yYyyy, e.g. "ol-g6-1998".

MODEL®? Returneg a string containing the
model designation of the
ogscillator, e.g.:1

TCUGZ2A
TOUGUA
TOlh@2
TOUPU
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5 CCITT 0.33 Operation

3.1 General

The TI33 CCITT O.33 Interface and the accompanying software in
EPRCM are desighed to permit the Neutrik TTIU0ZA to make
measurements to the CCITT 0.33 recommendation as of September
1987. Sequences 98 to @5 are supported. The sequences can bsa
transmitted only, received only, or simultanecusly transmiltted
and received. In the latter case, the transmitted and received
sequences may be different {(i.e. control of the receiver and
tranamitter is entirely independent). Interfaces to the
ANSI/IEEE-488 and R8~232 sgtandards are algsc Fflitted. Either may
be used to give commands and to return measurements.

The TI1® IEEE~#488 Interface does not contain the circuiltry
hecessary for sending and receiving 0.33 sequences,

The TOLU@LA and TOLUBL cseillators cannct correctly generate the
0.33 seguehces.

|

.= fOpevation — Sequence transmission anly

Send one of the followlng messages from the remote controller:

SEQT® Initiate the transmisesion of sequences
SEQT1 28 to @5 respectively.

SEQTZ

SEQT3

SEQTL4

SEQTSH

There 1s a8 period of approx. 1 second of silence before the
header 1s transmitted. This helps the seguence recelver not to
be confused by sgignals in the 1689 Hz to 1988 Hz range, which
could be taken as a carrier,

There 1s at present nothing to stop remote commands being sent to
the oseclllsator while the sequence 18 being transmitted. However
this is liable to upset internal operation of the insgtrument and
20 should NOT be done.

-
5.3

Hoeration — Sequence reception only

Send the followling mesgsage from the remote controller:
SEQRY

This initiastes a2 searech for the 0.33 header. Once received, the
header contains information as to which sequence is being
transmitted. The TTU4G2A decodes this and interprets the sequence
accordingly. It does not need to know 1in advance which sequence
is to be trangsmitted,.

After the sequence has finished, the results are output via the
remote control interface. The number of lines varies from
sequence 1o sSequence. See the later section "“"Format of Resulits!"
for detalls.
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Only three events can restore normal operation after the "IEQRX"
command has bheen 1issued. One 1s the reception of an ETX
character (the last character in the 0.33 sequence header). The
gecond ig receptilion of a DCL (Pevice Clear) or SDC (Seleeted
bevice Clear) via the IEEE-U488 bus. This 18, ©of course, not
posgible via RS-232. The third 1z power-down of the insgtrument.

L1

-4 Hpevation — Simultansous bransmission and reception

The same commands are usged as above, but the command to tranasmit
MUST appear before the command to receive. This 1s because the
receive command blocks reception of any subseguent meggages, and
interpretation of any subsequent commands oh the same command
line, untll the results have been transmitted of the sequence it
is expecting to receive.

The commands may be on the same line or on two separate lines.
Examples:

SEQT@: SEQRX
or

SEQT1
SEQRX

There 1s no relation between the sequence being transmitted and
the segquence being recelved. Therefore it 1s perfectly posgszible
to transmit one segquence to ohe place, and to glmultanecusly
receive a (possibly different) seauence from ahother place,

As remarked sbove, only reception of an ETX character, DCL or
SDC, or power down, will restore hormal operation of the TTLHGZA.

-

o Format of 0.33 RBesulte

=

Thege are discussed under the heading of the individusl seguence
number, Reference should be made to a copy of CCITT
Recommendation 0.33, available from the CCITT in Geneva or your
national Standards Institution or eguivalent.
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5, h,1 Sequence 8%

Thia 18 a mono sedquence, Results will be taken on the input
which was selected at the moment the receive command was
accepted.

Special signaelling: 8
Program Number: &8
-@.9 dBu Received Level

-12.@ dBu Frequency Resgponse Reference
+@. dB
-2. dB
+@. dB
+@. dB
+@. dB
-a, dB Frequenhcy Response
-a, dB
-2.9 dB
-9.08 dB
~-@3.0 4B
~-@,82 4B
~3,9 4B
-8.9% 4dB——r
<-42.8 4B Total Harmonic Distortion
<-42.8 4B
+5,9 dBu——
-6.2 dBu Compandor Test
+5,9 dBu—-
<-52.8 dBg Signal-to-Noise Ratio

Source Identification: Thgz
_} Header

LS RS TS R

Received Level 1s an absolute measurement at 1826 Hz.
Freguency FEesponse FHefevence is an absolute measurement.

Frequency FHesponse conslgts of 13 frequencieg, the results of
which are referred to the Frequency Response Reference
result,

Total Harmonic Distortion is measured at 1828 Hz and 68 Hz on the
-3¢ 4B range. Results off the scale are reported as
"<-lU2 4B"™ or ">-18 4B",

Compandor Test consilsts of three absolute level measurements at
820 Hz.

SBignal—-to—Noise Ratio is an absolute measurement of noise
according to CCIR 468-3, on the -4@ dB range. The highest
reading occurring in the allowed 8 second period is
reported. Readings off the scale are reported as "“<-52 4B"
or ">-28 am",
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5.5.2 Segquence @1

This 1is a stereoc sequence.

Source Identification: TuUg?

Special asignalling: @ - Header
Program Number: 21
-2.1 dBu +@.0 4B +@ deg-- Recelved Level
-12.1 dBu +8.9¢ dB +@ deg-- Frequency Response Ref.
+@.1 4B +3.,9 dB +@ deg-——
g.2 dB +@.0 dB +@ deg
+@2.2 d4dB +0.,0 dB +@ deg
+@.¢ 4B +@.9 dB +@ deg
+g3.% 4B +8.8 dB +@ deg | Fregquency Resgsponse
@.ad dB +2.,.2 dB +@ deg
g.9 4B +9.8 dB +@ deg
2.9 dB +2.2 dB +@ deg
2.2 dB +@3.06 dB +@ deg
g.0 d4dB +@d.8 d4dmB +@ deg
.2 4dB +@.,.8 dB +@ deg
8.8 4B +8,¢ dB +@ degz
2.9 dB .9 4B +3 deg—
<-Uz2.@ dB Total Harmonic Dist'n
<-4z.@ dBJ
<-I1.9 dB Croggtalk and Circuit
<-41.9 dB~J Transposition
+5.9 dBu—
~6.8 dBu Compandor Test
+5,.,9 dBu—
<-52.06 dBaq Signal-To-Noise Ratio

Received Level and Frequency Fesponse FReference are measured st
1@20 Hz, The first column 1z the absoclute level of channesl
A, the second 1s the level difference (B relative to A), and
the third is the phase difference in degrees.

Fregquency Response 1le similar, except that the first column igs
not absolute, but referred to the Frequency Response
Reference result.

Total Harmonic Distortion is simiiar to seguence @0 above.
However, since the TTH4@G2A only has one complete channel, it
cannot measure THD in two channels simultaneocusly, 1t
measures the Iinput which was selected at the moment the
receive command was accepted.

Crosstalk and Circit Transposition 1s measured at 2840 H=,
successively on inputs A and B, The dead channel is
measured on the -39 dB range, and referred to the Recelved
Level result. Results off the scale are handled as before,
If the level of the "dead" input 1isg high and the "iive"
input is low, then the mesgsace "The ecirecuits are transposed"
1s reported.

Compandoyr Test and Signal-to-Moise Eatic are handled 1ike
sequence @@, on the input which wag selected at the moment
the receive command was accepted,
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5.5.3 Seguence g2

Sequence 92 1g just like sequence 08; the fregquencles chosen for
the freguency response section are suitable for medium-bandwidth
channels.

Speclial signalling: @
Program Number: @2
-@9.8 4dBu Received Level

-12.6 dBu Freguency Resgponse EReference
+6.,0 4dB
-9.8 dB
+@.8 4s
-@.,.8 4dB
+9.,.86 4B
-&.86 dB
-¢,3 dB Frequency Responege
-0.98 dB
-3.9 dB
-3.9 dB
-3.9 dB
-@.9 dB
~-@3.9 dB——
<-42.9 dB Total Harmonle Distortion
<-42,0 CIB—-—I

+5,9 dBu——
-6,9 dBu Compandor Test
+5,9 dBu—
<-52.8 dBqg Signal-to-Nolse Ratio

Source Identification: ThHgz
_} Header

Feceived lLevel is an absolute measurement at 1920 H=z.
Fregquency Hesponse REeference is an absolute measurement.

Freguency Response consists of 13 frequencles, the results of
which are referred to the Frequency Response Reference
result.

Total Harmonic Distortion is measured at 1622 Hz and 68 Hz on the
-39 dB range,. Results off the scale are reported as
"o-h2 AB" or “"»>-18 4",

Compandor Test conelsts of three absolute level measurements at
82¢ Hz,

Signal—to—Noise Fatio is an absolute measurement of noilse
according to CCIR U468-3, on the -42 dB range. The highest
reading occurring in the allowed 8 second period 1=
reported. Readings off the scale are reported as "“"<-52 4"
or "»>-28 4R".
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5.5.04 Seguence @3

Sequence 23 is gsimilar to sequence 8@; the fregquencies chosen for
the freguency response sectlon are suitable for narrow-bandwidth

(telephone) channels, and the frequency response 1s performed at

-1¢ dB rather than -12 dB. THD measurement 1is performed at

1228 Hz only.

Speclal gignalling: @
Program Number: @3
-9.8 dBu Received Level

-16.8 dBu Fregquency EResgsponse Reference
-0.,8 d4dB—
-¢.@ 4B
-3.0 4B
-9.98 4B
-g.9 4B
-3.0 4B
-8,8 dB Frequency Response
-2,1 4B
-g¢.0 dB
-2.8 dB
-2.,8 4B
-@.9 dB
-@.1 4B
<-42.9 4B Total Harmonic Distortion
<—-52.¢ dBg Signal-to—-Nolse Ratio

Source Identiflcation: TH@2
_} Header

Feceived Level 1s an absgolute measurement at 1829 H=z.
Frequency Hesponse Eeference is an abgsolute measurement.

Frequency Fesponse consists of 13 frequencies, the results of
which are referred to the Fredquency Responge Reference
result.

Tatal Havrmonic Distovtion 1s measured at 1829 Hz on the -38 dB
range. Results off the scale are reported as "<-42 d4dB" or
">-18 dB".

Signal—to—Moise Fatio is an absolute measurement of noise
according to CCIR 468-3, on the -4 dB range. The highest
reading occurring in the allowed 8 second period is
reported. Readings off the scale are reported as "<-52 d4p"
or "“">-28 4B".
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5.h5.5 Sequence gl

Sequence @4 simply adds a compandor test to sequence 23.

Speclal =signailing: @
Program Number: gl
-9.9 dBu Recelved Level

-19.8 dBu Freguency Response Reference
-3.8 dB—
-2.086 d4daB
-2.8 dB
-2.2 4B
~-2.,0 4B
-@.8 4B
-g2.8 dB Freguency Response
-@.1 d4dB
~-@.,9 4B
-@.9% 4B
~-8.90 4B
-@3.0 dB
-g.1 dB—
<-12.@8 4B Total Harmonic Distortion
+5.9 dBu—
-&.@2 dBu Compandor Test
+5,9 dBu—
<-K2.8 dBq Signal-to—-Nolse Ratio

Scource Identificaticon: Thez
—} Headexr

Feceived Level is an absolute measurement at 18629 Hz,
Frequency Hesponse Feference igs an absolute measurement,

Fregquency Response consists of 13 frequencies, the results of
which are referred to the Frequency Respornse Reference
result,

Tetal Harmonic Distortion 1ls measured at 1928 Hz on the -3¢ dB
range, Results off the scale are reported as "<-42 dB" or
">—-18 4ant,

Compandor Test consists of three absoclute level measurements at
82@¢ Hz.

Signal—to—-Noise Katin is an absolute measurement of noise
according to CCIR 468-3, on the -4@ dB range. The highest
reading occurring in the alliowed 8 aecond period i1s
reported. Readings off the scale are reported as "<-52 dBY
or ">-28 dB'".
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5.5.6 Seqguence @5

Sequence 95 1is a level alignment sequence. However, at the time
of writing, 1i% is not clear how the results should be presented,

Source Identification: Tigz—

Speclal signalling:; @ Header

Program Number: @5

~-12.8 dBu .9 4B +3 deg:] Measurement Level
-12.@ dBu @.9 dB +@ deg

-8.1 dBu -5.% dB +@ deg~

-@.1 dBu ~-@.% dB +8 deg

-@.1 dBu -8.8 4B +0 deg

-3.1 dBu -@.,8 dBb +@ deg } Alignment Level
-¢.,31 dBu -3.8 dB +8 deg

-@,1 dBu -@.9% dB +3 deg

-@.1 dBu -@8.9% 4B +9 deg

-&.1 dBu -2.68¢ 4B +@ deg—

-2.8 4B PML (Left channel)
-@8.é dB—]

-3.9 4B PML (Right ¢hannel)
-0.0 4B

Measurement Level 1is -12 dB in both channels. The flrst column
is channel A; the second column la level difference with A
a3 reference; the third column is phase difference in
degrees.

Alignment Level 1s @ dB in both ¢channels; the three columns are
the same as for Measurement Level,

Permitted Maximum Lewvel {PHML)Y is in dB relative to 0 dBm or
g dBu.

S.& Deilay before Feply

Most or all replies from the TTHBZA and oscllilator are returned
within 580 ms of the commands or queries which requested them.

The exceptions are the results from 0.33 sedquences. The command
must be sent before the header is received, and ecan in fact be
sent hours or even dayd before: there is no timeout, The results
are not sent untll after the end of the seqgquence. Therefore

there must be a delay of at least the duration of the sequence,
which in most cases is 1in the region of 38 s, Thils delay should
be borne in mind when writing the oversll control programme.
IEEE-488 controllers, in particular, usually have timecuts built
in whieh are often below this wvalue. Once the first string is
ready, the subsequent strings Follow with extremely short delays
between them.

Appendix B shows a simple programme written to demonstrate the
0.33 sequences, This programme was implemented in GWBASIC using
the CEC PC<>U#88 card, which does have a timeout.
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& TEEF—dfS—gpnecific commands

4.1 Beyial poll, pvarallel posll, LLO, RTL

These are hot implemented at this time.

Local lockout and return fto locsl are handled as strings, as
shown above,

£,2 Bevice Clear (DL)Y and Selected Device Clear (5SDCY

Elther of these will cause both the TTUg2A and oscillsastor to
return to the state which they enter on power-—-on,

£.3 Intertace Clear (IFCH

Asserting the IFC line will cause the TTUQ2A to awailt a new
gtring input. Any output strings not yet sent will be loat.
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7 Errov reporting

1f a string 1s received which is in some way unacceptable to the
TT422A 1t will normally indicate an error by flashing an evrror
mesgage on the alphanumeric display for flve sgeconds. This error
message consists of the word ERROR followed by a number showing
the type of error, in order to help you to find and correct i1it.
See also section 3.17.

71 Error codes in numeyical ovrder

-1- Kevward Noil Undevrstood. The Keyword 1is the fivet word in a
string. For example, the command FUCTION THD would produce
this error sinece FUCTION is a misspelt version of the
acceptable Keyword FUNCTION. Fallure to precede oscilllator
instructions by OSCI[ILLATOR]} may also result in this error.

-2- Argument Missing. The argument ig the word, or one of the
wordsa, after a kReyword. For instance, in the phrase FUNCTION
LEVEL, the word LEVEL 1g the argument. Sending the string
"FUNCTION'" by 1tself would cause ERROR 2.

-3- Avgument Net tndevrstood. For instance, the phrase FUNCTION
RMS would cause ERROR 3, since RERMES iz not an acceptable
argument following the XKeyword FUNCTION. ERROR 3 would also
occur if a number cannot be understood following the keyword
RANGE, or 1s in a range beyond the insgtrument's capabllity.

~i4- 1llegal Command While In This Functian. Examples are:
attemptling to ¢change input while in the READ 0OSC function or
specifying volts scale while in THD + N function.

-5- Excess Arguments. This would be produced 1f there are too
many words in the string, e.gz. "INPUT A& ONY or "FUNCTION THD
LEVEL",

-6- Illeaal Rectifievr Wiith This Filter. It 18 not permizzible to
specify other than QUASI-PEAK with the CCIR 468-2 filter, or
AVERAGE with the CCIR ARM filter.

-7- Punctuation Not Understood. Words avre normnally separatad by
the space or horizontal tab (hex 2@ or hex ©89) characters.
Filters are compounded usgsing "+", ", ", opr 1t Some other

characters can cause ERROR 7.

-8- Oscillator Keyword Not Undevstood. In ERROR 3 above 1t 1=
pointed out that an Oscilllator instruction would cause an
error 1f the gstring OSCIILLATOR] was omitted. This string
causes the TT482A to send the remaining characters in that
instruction to the oscillator. The fellowing portion of the
command therefore becomes the Keyword for the oscillator.
The string "0SC LE +28 DB'" would cause this error gince “LE"
is not a proper abbreviation of the keyword LEVEL,

-9- Tscillator Argument Missing. The string Y"OSC LEVEL" would
cause this error gince no level is provided.
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-18- Oscillatoy Argument Not Understood. The string Y“"OSC WAF
2880" would cause this error since 2808 Hz is not an
acceptable wow and flutter freduency.

-11- Oscillator Avgument Out OFf Eange. For exXample, the string
OSC FREQ 4¢eee2 Hz would cause error 11 since 4@g@ KkHz isg out
of the oscilllator's frequency range.

~12- Oscillator Input Buffer Overflow. The ogsclllator can only
accept command strings up to 31 characters long. Thig is
more than enough for any ordinary command. If more than 31
characters follow the OSC keyword before the end of string or
maltiple statement delimiter character, error 12 will be
caused.

-13~- Dsnillator Mot Installed. Commands having the key word
"OSC[ILLATOR]" will cause this error 1f an oscillstor is not
fitted to the TTHGZA.

-1~ Uhmrecpgnised fsciliator Ervorv. This would probably only
oceur 1f there 1s an error in communications between the
TTA@2A and the oscillator.

-15- IMD Command kot IMD Card Not Installed. Self explanatory.

-16- IMD Command hkut IFD Card Turned OFFf. The IMD measurement
sub-system has switches sgselecting the option available from
the front panel. If the card 1ls set to disabled condition,
this error will be caused.

-17- Illegal IMD Command for this Type of Card. The IMD card
provides IMD measurements according to the SMPTE, DIN or CCIF
methodd. This error 1z reserved for future versions of
software, 1n case other methods should be implemented,

~18- Internal Ervror. This should never occur, If 1t does,
please report to your agent or to us directly, the
circumgtances under whiech the error occurred.

~19- 1llegal Filters inn this Function. For example in "“READ 0OSCY
function, ho filters are permitted 1n order to prevent
accldental mistakes due to checkiling oscillator settings with
Filters.

-2¢- Illegal Combination of Filtsrs. Filters which apply to
speclfic measurement standards may not have other filters in
use at the same time.

-21- Input Huffer Oveirflow. The TTUOZA can accept command
strings up to 152 characters long. This 1s more than enough
for any reasonable application, but if any more are attempted
this error will result.

-22—- Local Eanges Set. An attempt wasg made o et & range whilet
the TTUB2A wasg elther in LOCAL status or LOCAL RANGES status
{(see section 3.9),.

TTH@EZ2A Remote Control COperating Manual Rev. 2.8 Page 58




-23- Uscillator Timeout. This should never cecup. 1f 1t does,
please report to your agent or to us directly, the
circumstances under which the error occcurred.

~2U- W&E&F Command But WAF Card Not Installesd. Self explanatory,
but also applies to RUMBLE and FIM commands.

-25— Diskarred Function. An attempt was made to select a
function which is either not implemented or the user has
chosen to be disabled, eg. NOISE CCIR AEM, K..
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Evvrars and Omissigns in this version

i

Z.1 General

1) Serial poll and parallel poll (IEEE-488 only) are not
implemented.

2) Ervor 17 is not implemented. I1f, for example, the command
FUNCTION IMD DIM-30 1s sent, ERROR 3 will instead be produced.

. I
2 0.E3

o

The present software version does not contain all the facilities
envisaged to be incorporated later,
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2  Compatibkility Farilities

The following commands have been included to facilitate
compatibility with users who have written programmes for the
TPUG1/MIS421D,

LOA[D] A ON gelect the luad on the specified input
B BEIN
OFF degselect the load on the gpecified
AUS input
LOA[D] ON select the load on the cuvrently
EIN saelected input
OFF degelect the load on the curvently
AUS delected input
FILT[ERS] CCIRE A68[-21 Zelect NQISE CCIE U68-3 function
and QUASI-PEAK rectifier.
Le8{-31
ARM select NOISE CCIRE AEM function

and AVERAGE rectifier.

These fllter commandse are only wvalid in the LEVEL or NOISE
functions and will retain the same SCALE as in these functions.
If an attempt is made to zset these filters in any other function,
ERRCR 19 will be produced,.

When in either of the NOISE functilons, subsequent FILTER OFF or
other FILTER commands will return the instrument to the LEVEL
funetion (rather than produce ERROR 19). The rectifier will
return to that get when the LEVEL function was last used but the
gscale will remain as 1t was in the NOISE function.

RECT{IFIER] QUASI-PEAK gelect QUASI-PEAK rectifler
QPK

Just as in manual operation, it i=s not possible to select a
rectifiler which conflicts with a pre-determined specification,
If this is attempted ERROR 4, and not ERROR 6, will be reported.
ERROR 6 is included for compatibility and should not in normal
circumstances be obtailned.

The following command has been included in the TOUB2A and TOLB2
osclllators to facilitate compatibility with TOUGLA and TOLGH,

OSC[ILLATOR] BALIANCED} The outputs of the TOUBZA and
TOU@2 are always balanced and
floating.
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1@ Considevrations when Wiriting Measurement Programs

Many measurement programs are very simple. In Neutrilk production
automated functlonal test and computer assisted calibration of
all products is now standard practice. The programs for these
measurement systems were written by test engineers and
techniclans having little prior experience of computer
programming., Certainly, the time spent on programming results in
reduced measuretment time, and inecreased consilistency. There are
however some new factors to be consilidered which may not apply
during manual measurements.

1.1 Accuracy and Precicsion of Measursments.

The inherent accuracy of the TTHU@2A/o0scilillator measurement system
is not a function of bus control. However, this accuracy and
precision is reflected In the way measured results are returned
from the instrument.

The TTU4@2A 1is designed to give highly accurate measurements of
level and to allow for easy calibratlon of the equipment under
test. For thig reason the dB EXP scale is provided, to allow
getting up of a reference @ which 1is equal to the required
measurement, and making the errors from this level obvious. The
dB EXP gcale is only valid for LEVEL and READ 0OSC functions.

For all other functions uncertainties in the equipment under
test, nolse and inherent measurement errors conspire to reduce
the sccursacy of the result. Fortunately, for these practical
reasons readlings of X-TALK, THD, IMD, ete. are rarely requlred to
an accuracy of better than 2.5 dB. The TTLU@2A is capable of
measurements significantly better than thilis, but meaningless
precigion is not returned for these types of measurement.

The TTUBZA therefore outputs results differently according to the
function and scale as set out below:

FUNCTION SCALE
dB NORM dB EXP VOLTS %
LEVEL 3 digilts 4 digite 3k digits N/ A
READ OSC 1 decimal 2 decimals
THD+N 3 digits N A N/A 2 digits
IMD 1 decimal
FREQ®? The loweyr of 5 significaent digits or 9,881 Hz

The ingtrument will round itsgs internal result to match the
reguired precision.

Example: For an input of exactly +4.81 dBm at 1.3 kHz with no
neasurement error:

"LEVEL; SCALE DB NORM; MEASURE"™ will output "+4.8 d4dBu®"
"LEVEL; SCALE DB EXP; MEASURE"™ will output "4.,81 dBu™

"FREQ?" will output "1.3@0@E3 Hz"
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The accurscy of these meagsurements is ag gstated 1n the TTU@ZA
Operating Manual.

1A.2 Accuracy and Settling Time

Beware .....

Ag 1n all A.C, measurements, a settling time i8 necessgsary between
chahnging a signal and taklng a reading. Both the UNIT UNDER TEST
(UUT) and the TTHUB2A need to settle to a final Ysteady state!
value before the result cah be considered trustworthy. When
manual measurements are made, this 1s automatically done by the
user who hotices that the meter or digital readout 1s changing
and walts for it. Unfortunately computers will only do this i1if
asked.

The importance of settling, and the amount of time spent, is
directly related to the regquired accuracy of the measurement.

In the case of the TTL@EZA, settling time depends upon the
rectlifier in use, the meter scale chosen, and the frequency
selected. It 18 also dependent on the amount of change in
frequency or laevel that 1s8 required, A change of any of scale,
frequency, level, range or fuhnction will require some settling
time.

The frequency counter will ocecasionally count one cycle too many
and glve a wrong reading. A human operator will naturally tend
to lgnore such readings and take the "majority veote" resding.
Sometimes you will be unlucky when working over the bus, and get
an erroneous reading., The same problem can alszso cause the THD
measurenent aystem to nmomentarily tune to the wrong freguenhcy and
give a distortion reading which is not zettled, and therefore
much too high.

The UUT will zlso take time to settle due to the constants within

it. For example a high Q fllter can take geveral seconds to
reach 1ts settled output. Additilonally movement of controls on
the UUT can take time to be effected, In processor controlled

aquipment there 1is a finite time, however small, between an
actlon and a result,.

The effect or delay causged by these factors can be made worse by
chooslng the dB EXP scale when accuracy to 2 decimal places of

dBsg is not really regquired,.

The best approach to settling a result is to take a number of

meagsurements and compare them. When several results are within a
defined error from each other, the result can be considered to
have settled. A gsample programme written in Microsoft Basico is

glven in Appendix A to accompllish thie.

16.5% Out—of—-Fange Measuremsnts

Most controllers, when csalled upoh to take the numeric value of
the string "“Over range", will not report sn error, but simply
return a value of zero. Routines or subroutines to return
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numeric values from the TTH@2A over the bus should input the
results as strings, check for ocut-of-range messsages and flag
them, and only take the numeric value of the string when no out-
of -range megsage 1s detected. See section 1.8, An example of
out-of-range handling 1s shown in line 548 of the sample
programme in Appendix A.

1A.d String Input from the TTAAZA

Some controllers need to Know in advance the maximum length of
string to expect from a device, The TTUL@22A sends back variable
length strings. The longest string at the present time will be
55 characters long, including the end-of-string character(s).
Many contreollers will include the end-of-string character(s) as
part of the gstring returned to the control programme, hence for
example, "Under range" may be taken as 12 characters rather than
the 11 visible, 1f IEEE-488 is in use and a string termination
character has been set on the DIL switches; or 13 characters, 1f
RS-232 13 in use,

Do hot attempt to read a string from the TTUG2A 1f you have not
commanded it to send one. Do not fail to read a string 1f you
have commanded it to send one. Both c¢ircumstances wlll cause the
controller to either hang up or time out.

1B.S Bpeed of sxecution of ftest programmes

Speed of execution 1is limited by several factors:
1) Settling time necesgsary for correct readings.

2} Speed of exXecution of the test programme l1tgelf, usually
a high level langusage.

3} Speed of response of the TTUHE2A to commands, limited by
its internsal programme.

4} Gate time for freduency measurements, which is an
integral number of cycles lasting at least 200 ms. At low
freguencies there may be a significant delay between the
command and the firgt transition of the measured signal
which openg the gate.

5) Speed of communication via IEEE-488 or RS-232.

A few moments'! consideration should reveal that it is difficult
te predict how long a programme will take to run. However, (3)
is rarely more than 68 meg per reading, and (5) 1is even shorter.
IEEE~488 1is normally quicker than RS8-232 - but RS-232 at 96209
baud ig theoretlically capable of transmitting a byte
approxXximately every 1 ms, So even a 2@ character string should
only take about 22 meg including terminators,. In practice the
controller is often incapable of Keeping up with the serial chip.

High level languages, despilite the claims made by the writers of

the Interpreters and compililers, are normally slow to run. Most
high level langusasges have much the same tasks to do, and so they
run at similar speeds. Don't be fooled by names such as "Turbo
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Pascal" or "Lightning BASIC", which imply dazzling speeds. Is
gpeed 18 of the essence to you, do some simple tests to check
performance and see where the time is spent. Most languages have
gsome sort of timer function, Above all, minimise calculation of
floating point numbers, especlally itranscendental functions (e.g.
dB calculations!), unless you have an arithmetic coprocessor or a
fagt central processor.

You willl never get over the fundamental physical requirement to
average ah A.C. slgnal over gome period of time.
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APPENDIX A Programming Example

The following programme sends a sine wave from the oscillator at
@ dBu and 1 KHz. The measurement regult from the equipment under
test 1sg auto-ranged and settled to the required tolerance and the
result is printed to the gcreen. The main programme 1s very
short. All of the lines from 249 onwards are gsubroutines which
would be reusged by an extended main programme,

A detalled explanation of each line is given at the end of the
programme.

12 DEF SEG = &HD@2G

29 INIT%=0

30 ADRX=0

419 LEVEL%=0

5@ CALL INIT%{ADR%,LEVEL%)

60 TRANSMIT¥%=3

7% RECEIVE%=6

80 TTUGZ2A.ADR#=1

98 MAXLEN=88: 'Max length of received string.

122 NSAMPLES%=3:REM No. of samples which must be within
tolerance.,

11@ TIMEOUT% = 18:REM Number of times samples are checked before
timeocut.

12¢ SETTLE.INTERVAL=,2:REM Settling interval, seconds.

138 TOL=.5

14¢ DIM TEMP(NSAMPLES%): REM a variable array to hold
intermediate results

15¢ POINTER%=1:REM Initialise pointer to TEMP() array to 1st

elenent.

169 RESULT$="":ERFLAG¥=1

178 TX$="LEVEL; RANGE AUTO; SCALE NORM: 0OSC LEVEL @y OSC FREQ
1KHZ"

182 GOSUB 248

199 GOSUR 1420

208 PRINT "Measured level is Y":RESULT:" d4msu"

219 GOTC 19d@

228 END

233 REM sk kon ki ok koo kg deor fok Kok g

242 REM Transmit TX$ over bus to address TTL@2A. ADRY%.

250 OP$=""MTA UNL LISTEN"+STR$(TTHOZA. ADRE)Y+" DATA '"aTXg+"' ENDY
268 CALL TRANSMIT%(OP$,STATUS%)

279 1F BTATUS%<>® THEN PRINT "Error code';STATUSY

2828 RETURN

290 REM HRRRdRKRA KRR R Rk Aok R R

383 REM Recelve RX$ over bus from address TTU@2A. ADRY%.

312 RX$=SPACE$ (MAXLEN)

328 OP$="MLA TALK"+STR$(TTLAZA.ADRX)

33¢ CALL TRANSMIT%(OPS$,STATUS%)

34¢ IF STATUSX%<>@ THEN PRINT "Turnround error code";STATUSY
358 CALL RECEIVEX%(RX$, RXLNGY%,STATUSY%)

362 IF STATUSX%<> @ THEN PRINT "Receive error code'";STATUSY
379 RX$=LEFT$(RX$, RXLNGY%)

382 RETURN

0@ REM sskaor s ok ok ook ok R ok sk ok ok o8 sk ok ok ok ok

509 REM - Subroutine to Get a Measurement

510 TX$="MEASURE"
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5280 GOSUB 248:REM Send TX$¢ to TTWo2A.

530 GOSUB 3880:REM Get RX$ from TTHEZ2A.

540 IF LEFT${RX%$,U4)="0Over" THEN ERFLAG%=2 ELSE IF
LEFT$(RX$, 5)="Under" THEN ERFLAG¥=3 ELSE ERFLAGY%=1

558 RESULT=VAL{RX%$):REM Convert pvresult string to a numbebp.

560 RETURN

H70 REM HRRukm ok sk ok ok R kokor skekokok

1909¢ REM - Subroutine to "Settle'" Measurements

1810 COUNT%=¢

1928 GOSUB 508

163@ TEMP(POINTER¥%)=RESULT

142 IF POINTER¥ >= NSAMPLESY% THEN 1G8@

158 POINTER%=POINTER%+1

1262 GOSUB 1588:;REM Wait.

1878 GOTO 1¢2¢

1982 POINTER%=1

1398 IF ABS(TEMP(NSAMPLES%)—TEMP(POINTER%)) > TOL THEN 1128

1129 POINTER%=POINTERZ+1

1118 IF POINTER¥% >= NSAMPLES¥% THEN RETURN ELSE 1690

1129 POINTERX=2:REM Begin to move all samples back one place.

113¢ TEMP{(POINTERY%-1)=TEMP({POINTERY%): POCINTER%¥=POINTER%+1:IF
POINTERY% <= NSAMPLESY THEN 1130

114@ POINTER% = NSAMPLESY%

1159 GOSUB 12892:REM Wait,.

116@ COUNT%=COUNT%+1

1179 IF COUNT% <= TIMECUTY¥ THEN 1920

1182 PRINT '"Settling not achieved"

1198 RETURN

12838 REM #d¥ckkdkdibmdRiorikok ko kkin

15¢9® REM Delay by SETTLE.INTERVAL seconds.

1519 ENTER=TIMER:REM TIMER is seconds since midnight, reset every
midnight.

1520 TIME,NOW=TIMER

153¢ IF TIME.NOW<ENTER THEN 15K@

1549 IF TIME.NCOW >= ENTER+SETTLE.INTERVAL THEN RETURN ELSE 1522

155¢ ENTER=ENTER-(24%60%62):REM Correction 1f we happen to prun
over midnight.

1560 GOTO 1B4@

LINE MO, EAPLANATION

19,.98 Initlalise all the constants required by the CEC PC<>488
card and 1ts subroutines, and the TTH@2A's IEEE-488 address.

189..16@¢ Initialise gettling constants. Create an array to hold
enough samplesg for the settling algorilithm.

172..189 Initialise the TTUL2A to Level function, dB scale, and
auto-ranging.

190..218 Maln loop. Get a gettled result, print it, and loop
round again for ever, This programme can only be ended by
pushing the CONTROL and BREAK keys on the computer.

228 END of Main Programme. This statement 1z not aectually
necegsary, but is as a reminder to the programmer.
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240..,.280 Transmlt TX% over the IEEE-U88 bus to the TTLAZ2A. Seae
the CEC PC<>488 manual for further explanation.

3¢, .388 Recelive RX$ over the IEEE-488 bus from the TTHZZA. See
the CEC PC<>488 manual for further explahation.

508..560 The gubroutine 1o make a measurement. Send the command
"MEASURE" to the TTA402A, then read a reply string from 1it,
Set ERFLAGYX to 1 1f the reading is within range, 2 1if over
range, or 3 if under range.

1886..1198 This subroutine makes NSAMPLES¥ measurements, puts
them in a temporary store and compares them. If all are
within the reguired tolerance of the last one then we have a
result. If net, the samples are moved back ohe place,
another meagurement 1s made and compared with the previous
and so oh. It is a good idea to give up after a while or a
certain number of tries, 1if not the programme will get
trapped here forever. This could happen 1f a very noisy
equipment was being tested. Lines 1168 and 1172 do this by
allowing a maximum of TIMEOUT¥ measurements.

1592, .,1568 Wait SETTLE.INTERVAL seconds. The only complication
ig that the timer function resets to zZero every midnight; if
this happens, line 153¢ detects 1it, and line 1558 subtracte
24 hours (in seconds). This section of programme 1is
virtually independent of CPU speed, and should be used in
preference to "FOR N=1 TO 19¢@9¢:NEXT N" type of delay loops,
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APFENDIX H CCITT 0.3% Demonstration Programme

An explanation of some important points follows the programme.

1? DEF SEG = &HDOGO

20 INIT=0

3¢ ADR¥=0

4o LEVEL%=0

5@ CALL INIT(ADR%,LEVELZ%)

6@ TRANSMIT%=3

70 RECEIVE%=6

88 MAXLEN=82: 'Max length of received gtring,.

g8 GOTO 2K#:REM Skip round the low-level subroutines.

128 REM¥#F#ERRLow level subroutines start hepeodiokkuiksdkkat kokiorkid
118 OP%="MTA UNL LISTEN 1 DATA '""+TX$+"' END"

12@ CALL TRANSMIT%(OP%, STATUSY%)

13@¢ IF STATUSX<>2 THEN PRINT "Error code'";STATUSY

148 RETURN

1HE RN &R R oK o ok e o e o ok b o 3 R o ok 0 s SR R SR RO S R R o R ke sk ke o ke ik ok SOk R ROR SR K
162 OP$="MLA TALK 1"

178 CALL TRANSMIT%{OP%,STATUSY)

1883 RETURN

1G0 REME KRR ok ook o ok ok Sk o o ofe ot e o o 306 ok o ok ol oK sk ol ke ot ot o o oR R Sl sk Ok e ook s i ok s K OR sR R ol R ke ok o
299 RX$=SPACE${MAXLEN)

219 CALL RECEIVE¥{RX$,RXLNG¥,STATUS%)

229 RX$=LEFT$(RX$, RXLNG¥%)

238 RETURN

207 RENM® RN R R R e o o 2R R R o o o o o o R e R R N B R R sk o oK ok s ol sk ol o o o sk SR R R R
258 REM Main programme starts here.

26@ CLS

278 PRINT "Which action do you require: !

2808 PRINT "{(T) Transmit s seguehce

298 PRINT "{R) Recelve a sequence

392 PRINT "(B) Transmit and receive a zgequence simultaneougly!
318 PRINT "(8) Stop and return to BASIC command level"

32% PRINT "{(Q) Quit to DOS"

338 PRINT

3@ INPUT A%

35%@ PRINT

362 IF LEN(A$}<>1 THEN 268

372 IF ASC(A$)>=ASC{"a"'") AND ASC(A3$)<=ASC{("z") THEN

A$=CHRS$ (ASC(A%$)}-32)

38 IF A$="T" THEN OP%=0:GOTC ilg@

398 IF A$="R" THEN OP%=1:GOTO 52¢

3o IF A$="B" THEN OP%=2;GOTO 44p

1@ IF A$=""S™ THEN END

£2¢ IF A$="Q" THEN CLS:LOCATE 1,1:8YSTEM

438 GOTO 266

44¢ PRINT "Which sequence do you wish to transmilt (86..a5)"
458 PRINT

6@ INPUT SEQ%

472 IF SEQ%<@ OR SEQ%>H THEN 4up

482 SEQNO$=MID$(STR${(SEQ%),2):REM Remove the leading blank.
498 TX$="segt"+3IEQNO%

528 1F OP¥%=2 THEN TX$=TX$+'";seqrx"

1@ GOTO 530

528 THX$=""seqrx!

538 GOSUB 118:REM Send the command string, TX$, to the TThe:2.
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54@ PRINT "“"Command sent"

558 PRINT

56@ IF OP%=¢ THEN 82¢

578 GOSUB 168:REM Turn the IEEE-488 bus round to receive.
580 GOSUB 2@@:REM Attempt to receive a zstring.

59¢ REM Since the sequences take 1¢ to 3¢ seconds to run, the
602 REM first attempt will certainly time out & so will have to
619 REM be repeated. Once the first string has been read, the
620 REM others will follow almosgt immediately.

638 1IF STATUS%=8 THEN H8¢:REM Status%=8 indicates a timeout.
648 N¥%=1:REM N% counts the number of incoming strings.

658 PRINT RX$

660 IF N%¥ MOD 20 = @ THEN 70@

678 GOSUB 209:REM Read another string in from the TTH@2,

6890 IF STATUS%=0 THEN N%=N%+1: GOTO 65@

698 IF STATUS%=8 THEN 82 ELSE 8@8

7390 Y¥=CSRLIN

712 PRINT "Press <return> to continue: ";

720 A$=INPUT$(1)

7360 1F A$<>CHR%${(13) THEN 728

742 LOCATE Y%, 1

758 PRINT " ",

766 LOCATE Y%, 1

778 NX%=N¥%+1: GOTO 678

78¢ IF STATUS%=8 THEN 82@

798 PRINT "“Receive evrror code':STATUSZ

8¢ PRINT "Receive statua';STATUSY%

81¢ GOTO 828

829 LOCATE 24,1

832 PRINT "Press <return> to return to menu: ";

842 A$=INPUTS(1)

850 IF A$=CHR$(13) THEN 260 ELSE 84p

The programme ls written for GWBASIC on a PC, communicating via a
CEC PC<>488 card and the IEEE-488 bus. The PC<>488 address in
the PC's memory map is set at &HD2OG. The TTU@2A's IEEE-488
address 18 set at 1 within lines 110 and 16@.

The subroutine at line 118 transmits TX$ toe the TTILRZA. The
subroutine at line 168 turns the IEEE-488 bus round to prepare to
recelve from the TTLUSZ2A, The subroutine at line 288 receives RX$
from the IEEE-488 pbus, i.e. from the TThazA.

Lines 268..438 put up a menu on the screen and select the action
in response to input from the operaton. Lines 44@¢ onwards are
used 1f a seguence is to be sent only, or sent and received.
Operation begins at line 528 1f receive only is selected.

Line 572 turns the bus round ready for reception from the TTLQZ2A.
Line 582 attempts to get a string back. The firgst attempt will
almost certainly fall due to a timeout by the PC<>U88 card, which
would return error STATUSY 8, If so, the programme loops back
repeatedly until success, From then on, strings are received and
printed to the screen in batches of 28, 8o as not to seroll off
the screen before belng read by the operator.

After the last string has been received, the PC<>488 will time
out again; this time, however, the screen is held until the

TTU4@2A Remote Control Operating Manual Rev. 2.0 Page 62




operator presges the <return> key, when control returns to the
top of the loop at line 26@.
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