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CHAPTER 4
INSTRUMENTATION

4.0 SCALE INSTRUMENTATION

4,1 INTRODUCTION

There are many types of scale instrumen-
tation available to the scale user and scale
manufacturer., There are many ways of con-
verting force into an electrical signal, such as
LVDT's, and Piezoelectric crystals, etc.
However, the most common method of convert-
ing the mechanical force of weight into an
electrical signal is with the strain gage trans-
ducer., This manual will present a general
description of the type of instrumentation
currently available for use with strain gage
load cells. The basic instrumentation princi-
ples presented here are typical to almost any
type of scale instrumentation. In most cases,
the LVDT (Linear Variable Differential Trans-
former), which requires ac excitation, has
the output converted to direct current,
Demodulators are, now, an integral component
of most LVDT's, Many hydraulic scale systems
use strain gage pressure transducers to convert
the pressure outputs of hydraulic load cells
into electrical signals,

The block diagram in figure 4.1, outlines a
basic scale instrument, Power is applied to the
instrument's power supply through a line filter,
The power supply delivers operating voltages to
the amplifier and digital portions of the scale
instrument. The power supply also delivers the
excitation voltage to the transducer(s). The
analog amplifier section receives and conditions
the signal from the transducer(s). This condi-
tioned analog signal can be displayed on an ana-
log indicator; the analog output can be used to
provide some special purpose circuitry with the
weight signal; or, the analog output can be con-
verted to a digital signal, The analog-to-digital
(A/D) converter changes the analog signal into
digital information. This digital information
can be displayed on a digital indicator and the
digital output can be used to provide some
special purpose circuitry with the weight signal,

The various components of this basic scale
instrument will be further described in the
following pages. Cables and junction boxes will
also be discussed as they are an important part
of the instrumentation. Some special purpose
circuitry, such as automatic tare, motion
detection, and instrument outputs will also be
discussed,

4.2 LOAD CELL, CABLE, AND JUNCTION
BOX

4.3 THE LOAD CELL

The load cell is a mechanical structure
which deflects with applied load., This deflec-
tion is sensed by four strain gages arranged in
a Wheatstone Bridge. Two of the strain gages
increase resistance with applied load and two
of the strain gages decrease resistance with
applied load. The net result provides an output
signal which is proportional to the applied load,
However, because of the Wheatstone Bridge
arrangement, voltage must be applied to the
transducer to produce an output signal, There-
fore, the output signal is proportional to the
applied voltage as well as load, Thus it is
important to keep in mind that although the
output signal of the transducer varies in pro-
portion to the applied load, it can also change
when the applied voltage to the transducer
changes,

For more information on the strain gage
load cell see the section in this manual on
Electronic Scales.,

4,4 THE CABLE

Between the transducer and the instrument
there is a length of cable., There is usually a
10 foot length of cable attached to the transduc-
er, Any effects this cable has on system per-
formance is compensated for in the calibration
of the transducer by the manufacturer, How-
ever, in many systems, this length of cable can
be significantly longer. There are usually one
or more junction boxes so the various sections
of the cable between the transducer and the
instrument can be interconnected. It is im-
portant to remember that as the cable length
increases, the cable resistance increases,

The resistance of the cable changes with temp-
erature and this can adversely affect the
accuracy of the overall system. This effect
can be overcome with a six-wire circuit and a
remote sensing power supply,

The cable, of course, must be shielded and
the shield must be connected to the instrument
ground at one end only., Do not attempt to
ground both ends of the cable shield as this will
induce circulating currents (ground loops) into
the shield which will adversely affect perform-
ance of the instrument,
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Figure 4.1. Basic Scale Instrument Block Diagram

Most cables used in this type of work are
rugged and are impervious to moisture and
contamination. For recommendations on spe-
cific cables for use in weighing systems, con-
tact any one of the scale component and scale
systems manufacturers listed in the credits
section of this manual.

4,5 THE JUNCTION BOX

The junction box provides two main
purposes:

a. the means to easily connect one length
of cable to another, and

b. to provide a means of keeping the
environment out of the connections,

It is important that the junction box provide a

tight seal to eliminate moisture and/or corro-
sive fumes in areas of adverse environmental
conditions.

Junction boxes are used when the existing
transducer cable is not long enough to reach the
instrument and for the interconnection of trans-
ducer cables in multiple transducer systems.

In multiple transducer systems, the boxes are
used to connect the outputs of two or more
transducers for presentation to the instrument
as a single input. Connections for any number
of transducers are essentially the same. The
excitation leads are all connected in parallel
and the signal leads are usually connected in
parallel through isolating resistors, The iso-
lating resistors, one in series with each signal
lead of each transducer, eliminate the loading
effect of one Wheatstone Bridge shunting another.
Each junction box is generally equipped with an
input terminal strip for each transducer and an
output terminal strip for connections to the
instrument. In 6-wire systems, the remote
sensing leads of the instrument power supply
are connected to the excitation leads at the
output terminal strip.

General purpose junction boxes are manu-
factured in conformance with JIC (Joint Industry
Conference) standards for electrical junction
boxes and are usually listed by Underwriters
laboratories. They are generally of sheet
steel construction, hot-dip galvanized, and are
protected by a coat of corrosion resistant paint,
The boxes are oil and dust proof and are suit-

able for use in situations similar to those



calling for NEMA 12 type enclosures, The cov-
ers generally have cellular neoprene gaskets
cemented in place with an oil resistant cement.
The covers are secured with external screw
clamps. Mounting flanges are welded to the
exterior of the box, The cables are connected
to the internal terminal strips by passing
through water-tight and oil-tight feed-through
connectors,

When explosion-proof junction boxes are
required, equipment approved for use in
National Electrical Code Class I, Division 1,
locations should be used. These junction boxes
have been tested and found suitable for use in
Class D atmospheres, Explosion-proof equip-
ment is defined by the NEC as '',,.a case which
is capable of withstanding an explosion of a
specified gas or vapor which may occur within
it and of preventing the ignition of a specified
gas or vapor surrounding the enclosure by
sparks, flashes, or explosion of the gas or
vapor within, and it must operate at such an
external temperature that a surrounding flam-
mable atmosphere will not be ignited thereby, "
Installation of explosion-proof equipment must
be in accordance with Article 501 of the NEC,
Refer to the National Electrical Code, Articles
500 through 503, for additional information on
installation and wiring of explosion proof
equipment,

4,6 THE POWER SUPPLY

A variety of voltages are required for the
instrument and transducer. The power supplies
derive these voltages from one or more wind-
ings on the transformer, Each separate wind-
ing requires diodes and filter capacitors and in
almost all instances, there will be a voltage
regulator for each voltage level required.

Since the power supplies are connected
directly to the incoming AC power, there should
be an RFI (radio frequency interference) filter
between the power supplies and the incoming
AC line power., Most instruments have this
filter built in, but it is very important that the
instrument, and of course this filter as a part
of the instrument, be properly grounded,

Power supplies are needed to operate the
various analog and digital circuits in the instru-
ment, The display, depending on the type, may
require a five volt high current supply or a high
voltage low current supply. The digital section
requires a five volt power supply if it is TTL

type or a five to 15 volt supply if it is CMOS
type. The analog section usually requires plus
and minus 12 to 15 volt supplies to operate the
Op-amps.

Refer to figure 4,2, Instrument Power
Supply. The power supply typically requires
115 Vac or 230 Vac, 50-60 Hz input., Input
power enters the instrument through a line
filter where high frequency interference is
rejected. Current flows to the primary winding
of the power transformer through a fuse and the
power switch, The line filter is shown in
figure 4.2 as two chokes and a capacitor.
Different instrument manufacturers use differ-
ént component values in their line filters, and
the component arrangement may vary, Many
instrument manufacturers now use ready-made,
commercially available line filters. Induced
secondary voltages are rectified, filtered and
applied to voltage regulator circuits.

4,7 THE TRANSDUCER POWER SUPPLY

Because the transducer utilizes strain
gages arranged in a Wheatstone Bridge, a power
source must be provided to supply voltage to
two arms of the strain gage bridge. Signal
output from the other two arms of the Wheat-
stone Bridge is applied to the measuring
circuit in the instrument, There is a length of
cable between the transducer and the instru-
ment, The resistance of the cable changes
with temperature (20% per 100°F) and a 50-foot
cable of #22 wire, connected between an
instrument and a 350-ohm transducer, can
cause an error of . 1% in calibration with a
50°F change in temperature, This can be a
substantial error on a system where total
system performance requires a . 1% accuracy.
A remote sensing circuit senses temperature
induced changes in lead wire resistance and
automatically increases or decreases excitation
output to maintain a steady, regulated voltage
level at the transducer,

Figure 4,3 is an example of a transducer
power supply capable of supplying up to eight
strain gage bridges with a well regulated exci-
tation voltage., The power transformer
supplies voltage to the diode bridge where it
is rectified, filtered by the filter capacitor and
applied to the precision voltage regulator. The
regulator is configured as a positive voltage
regulator and has a pass transistor (NPN) for
increased current carrying capability. The
positive remote sense lead is connected to the



positive excitation lead as close as possible to
the transducer, usually in a junction box. The
negative remote sense lead is connected to the
negative excitation lead as close as possible to

the transducer, Any excitation voltage changes
due to cable resistance changes are sensed and
corrected.
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F is the total load cell capacity of the
system,

F is the Tare weight to be cancelled,

E is the full scale output of one trans-
ducer in millivolts - per-volt (mV/ V),

-® -

STRAIN \L FIXED TARE
GAGE RESISTOR

BRIDGE

ZERO ARM
RESISTOR TRANSDUCER
POWER SUPPLY
ZERO
ADJUST
TO AMPLIER

Figure 4.4, Bridge Balancing Circuit

EXAMPLE #1

A single load cell system has 1500 lbs. of
tare weight to be cancelled, The system uses

a 350-ohm transducer with a rated output of 3
mV/V at 10, 000 lbs.,

350 x 10, 000

R, = _ 3,500,000 _

4x1500x 3 18,000

194, 4 K-ohms

Select the closest commercially available
resistor to 194, 4 K-ohms, Use only precision
resistors whose resistances do not vary exces-
sively with temperature changes. Obtaining
the exact value resistance determined in the
equation is not necessary as the fine zero
control circuit will correct for some unbalance,

EXAMPLE #2

Determine the resistor necessary to cancel
a tare weight of 800 Kg, The system has three
240 ohm transducers with a full scale rated
output of 2 mV/V at 5, 000 Kg. The load cells
are connected in a junction box with 2, 500 ohm
resistors in all signal leads.

4-6

The bridge resistance as seen at the
instrument input is:

240 + 2500 + 2500 - 5240 _ 1748, 7 ohras

3 3

R, = 1746.7 x 3(5,000) _ 262 x 10° _
t 4x 8,000 x 2 640 % 102

409, 37 K-ohms

Select the closest commercially available
resistor to 409,37 K-ohms,

4.12 ZERO ARM RESISTOR CALCULATIONS

The zero arm resistor, as shown in
figure 4.4, can be calculated as follows:

R - RbXFtot

z " 4x(Ffsx%Range)xEo

R_ is the unknown zero arm resistor,

Rb is the resistance of the transducer
bridge as seen at the instrument
input. See section on Tare Resistor
calculations to determine the bridge
resistance.

Fiotis the total Load Cell capacity of the
system.,

Ffs is the Full Scale operating live load of
the system,

% Range is the range of zero adjustment
desired for the system., The zero range
is usually about 10% of system full scale,

E, is the full scale output of one trans-
ducer inmV/V.

EXAMPLE #1

Find the value of the zero arm resistor
for a system with a single 350 ohm transducer,
The system will operate with a full scale of
7500 1bs, The full rated output of the load cell
is 3mV/V at 10, 000 Ibs,
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Figure 4.5. Preamplifier Block Diagram

generates a low output impedance pulse. This
pulse controls the opening and closing of the
auto-zero circuit FET switches in the preamp-
lifier by triggering the one-shot multi-vibrator.
This timed opening and closing of FET switches,
in conjunction with associated circuitry, elim-
inates offset voltages in the preamplifier and
produces true signal output at the preamplifier,

The positive pulse coupled across C2Z turns
on transistor Q2 which, in turn, turns off
transistor Q3, The triggering rate and pulse
duration are controlled by the values of R1 and
Cl, and R2 and C2.

10 T0
+15V S1,54 52,53
L +15V

MULTIVIBRATOR Q3 >

C2

—15V —-15V  —16V —15V

Figure 4,6, Auto-Zero Triggering Circuit

4,15 THE FILTER AND BUFFER AMPLIFIER

The output of the signal conditioner usually
passes through a 'low pass'' filter before being
applied to the readout device, or to the analog-
to-digital converter. The purpose of this filter
is to eliminate or reduce unwanted noise signal

without overly slowing down the response of
the instrument to the input signal, In many
cases, an 'active'' filter is used. An active
filter means that a buffer amplifier is used in
conjunction with the filter to improve the
unwanted noise rejection without degrading the
desired signal,

The active filter, shown in Figure 4,7,
eliminates undesirable signal from low=level
pulsating or cyclic loads on the transducers
after the signal leaves the preamplifier, This
is a three=-pole active filter, The signal input
voltage is filtered by a conventional R-C net-
work and applied to Ql, a dual FET, Constant
closed loop feedback is provided by ICl, an
operational amplifier. ICl also acts to restore
the signal level originally presented to the input
of the device, compensating for small signal
losses incurred during filtration, Frequency
response is controlled by the R-C network,

4,16 THE READOUT

The readouts for scale instrumentation are
usually commercially available panel meters.
Analog meters come in all sizes and shapes,
from rectangular to edge meters. Most local
meter distributers are equipped to provide
custom scaling for the meters., For example,
if a scale instrument puts out five volts for a
10, 000 1b, load, a zero-to-five volt meter
would be selected. The meter face would be
marked from zero to ten and a legend would be
printed on the meter face identifying the read-
ings as 'lbs, x 1000'", Analog meters are
available that respond to almost any analog
voltage or current level,



+15V

SIGNAL IN

R4

—-15V

N7

| IC1 46
\E R8

SIGNAL OUT

Figure 4,7. Active Filter Circuit

Digital panel meters are also plentiful,
Digital panel meters, although more expensive
than analog meters, offer the scale user great-
er resolution weight indications. The accuracy
of the digital panel meter is generally much
greater than that of the analog meter. The
digital panel meter also offers the user the
option of a BCD output to drive printers for a
hard copy of the weight reading.

The inputs to the digital panel meters are
usually just under two volts DC or just under
four volts DC, A 4-1/2 digit meter provides
a display of 19999 for an input of 1.9999 volts,
A 3-1/2 digit meter provides a display of 1999
for a 1.999 volt input, A 3-3/4 digit meter
generally displays 3999 for 3. 999 volts input,
The decimal points are programmed by the
user and can be placed between any two digits.
The input to the digital panel meter is usually
accomplished by means of a voltage divider
resistor network which divides down the higher
voltage of the amplifier into a voltage scaled
to a particular reading.

4,17 DIGITAL INDICATORS

Digital weight indicators employ flexible
solid state design to provide a versatile elec-
tronic weighing instrument of the highest
accuracy and reliability. Programmable
features, plug in options, and a number of
accessories provide unparalleled flexibility in
system-oriented digital weighing instrumenta-

tion,

Essentially, the indicator converts the
transducer weight signal into digital weight
information which is processed, displayed and
made available for data distribution. Analog-
to-digital conversion is accomplished by count-
ing groups of pulses during time periods
proportional to the input signal level,

The digital weight indicator processes
digital weight data and displays the weight
information in a readily usable form, eliminat-
ing the need for further manual calculations,
All essential digital logic circuitry is incor-
porated on the instrument's circuit boards,
Optional plug in circuit cards are generally
used to add specialized control of the data and/
or to interface the unit with external devices
and accessories,

The digital weight indicator is made up of
power supplies, signal conditioning preampli-
fier, filter, analog-to-digital (A/D) count
converter, counter and count storage, and
digital display. The power supplies, preamp-
lifier and filter have been discussed in the
previous sections., It must be noted that the
digital indicator requires the best available
front end circuits, Digital indicators can offer
greater resolution and accuracy than has ever
been available before, but the digital indicator
requires an input that is as stable and as
accurate as the indicator must display.

The A/D converter, counter and count

storage circuitry, and the display will be
discussed in the following paragraphs,

4-9
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Figure 4.8, Pictorial Diagram, Dual Slope Integration

required for reference integration is variable
{depending upon magnitude) and is equal to:

(input integration time) x

(analog input voltage, EX)
full scale input voltage

For example: full scale signal input voltage is
5 volts. If only half of the full scale input is
applied to the device,

2.5V
5V

10,000 x = 5,000

The digital readout will indicate 5000 counts,
This variable integration time is, in effect,
displayed as the digital readout,

All data is present in the counter until the
next trigger command which resets the counter
to zero for the beginning of a new conversion,

In determining the absolute accuracy of an
instrument of this type, the error or drift of
the two references used in the integration

process must be considered. A means of get-
ting around this problem is to build a ratio-
metric system. In a ratiometric system, one
reference is used for both the transducer
power supply and the A/D converter, If the
reference voltage changes, then the reference
changes for both, Thus, errors due to the
reference voltage can be dropped from the
overall instrument error consideration, This
approach is used in a situation where we have
a 6-wire system. The two wires that sense
the true voltage at the transducer (remote
sense wires) provide the reference for the
measuring circuit, When the voltage at the
transducer changes due to additional cable
resistance or temperature, or due to changes
in the transducer power supply, the A/D con-
version is automatically adjusted to compen-
sate for this so that no error results,

4,20 THE COUNTER AND LATCH

The counter and latch circuits convert the
series of pulses from the analog-to-digital
converter into parallel digital data, The
counter in a dual slope converter is used for

4-11



both timing and data conversion. The latch
circuit accepts and stores the converted weight
data,

A typical counter is composed of five
identical decades, as shown in Figure 4.9,
Each decade in Figure 4,9 is made up of an
8-4-2-1 binary-coded-decimal (BCD) counter

and a gated latch storage unit., Similar circuits

can be configured to produce straight binary
but, BCD is generally more convenient, The
first counter accepts clock pulses from the
A/D converter and divides the frequency by
ten. The output of the eight-bit is fed to the
next counter decade, The output of all four
bits of a counter decade is fed to the four-
bit latch circuit,

10,000 COUNT
___OuTpuT
RESET ~ _ -
CLOCK R R R R R
¢ +10 ¢ =10 ¢ =10 ¢ +10 —-ic =10
1 2 4 8 12 4 8 1 2 4 8 1 2 4 8 1 2 4 8
[ [ L
LATCH/ENABLE | 4BIT LATCH 4 BIT LATCH 4 BIT LATCH 4 BIT LATCH 4 BIT LATCH
. 1S E E E - E
1 2 4 8 12 4 8 12 4 8 12 4 8 12 48
\AAA v $ \ A vVvVVY \AAA/
LEAST SIGNIFICANT 2nd 3rd 4th MOST SIGNIFICANT
DIGIT DIGIT DIGIT DIGIT DIGIT

Figure 4.9,

The eight-bit output of the fourth digit is
fed back to the A/D converter, (A different bit
may be used by some instrument manufactur-
ers)., This bit is used as a timing indication
during up-integration. The output of this bit
changes state at exactly 10, 000 counts and
signifies the end of the integrator's charge
time, The pulse that occurs at the output of
the bit that is fed back to the A/D converter is
referred to as the "end-of-up-integration®
pulse,

At the precise instant of the end-of-up=-
integration pulse, the counter is reset and the
A/D converter begins down integration. The
counter counts the pulses from the A/D con-
At the end of
down integration, the outputs of the counters
register the weight related data and the fours=
bit latch circuits receive a short duration
enable pulse from the A/D converter, This
enable pulse sets flip-flops in the latch circuits
to produce outputs equivalent to the counter
outputs. This output data is stored until the

verter during down integration.

Counter and Latch

next enable pulse following another A/D con-
version sequence, This data is passed on to a
digital display and/or to the instrument's
digital outputs.

4,21 THE DIGITAL DISPLAY

The digital display converts the data from
the counter and latch circuitry into a visual
indication of weight, The digital display cir-
cuitry will include decoders, drivers and
display elements., The decoders convert the
BCD input data into a form used by the particu-
lar display element, generally decimal or
seven-segment, The drivers provide the
necessary current to illuminate the display
elements. The display elements are generally
nixie-tubes or LEDs.

The nixie-tube is a cold-cathode vacuum
tube that contains ten filaments. Each filament
is in the form of a numeral from 0 thru 9, any
one numeral is illuminated at one time by the
decoder and driver,



*I9pI0q AABDY B YITM POUI[INO dI€
sjuswals rossedoxdosotw ‘01 *y 2and1g ‘wealerp
Moo1q paryidwils 9yl Uy *snq e1ep /UOIIdNIISUT
ue pue ‘snq ssaappe ue {sassng jo sadAj oml Aq
I9Y1980] PO1OOUUOD 9I® SJUSWS[D 9S9YJ °S90IA
-9p 90®II9IUI pUe ‘AJowrow elep B ‘AIOoTUeWU
wexgdoxd e ‘(ngn) 1tun Juisssooad Terjusd

® JO s3518u0D walsds Jossodsoxdordtw oYy,

WHLSAS YOSSEDOUJOUDIN FHL €7°%

*SJUDWINIFSUT
jo sodfy xoyjo ueyl swolshks uoryrsInboe wviep 03
pue swa)sds Joxjuod o3 Zuroeyrojul xoj aiqeidepe
sxow AI[ENSN 2I® SIUSWINIJSUI Paseq I0ssad0xd
~OJOTpy °a9T1sed sjuswedeldod aININy PUe UOTIE]
-Te3}SUT TRTTUT sayew dnjas Jo @s®d SIYJ, °JUSW
-nxjsut oy3 wexSoxd o3 seoyozrms mey e Surssoad
£19x0wr £q powzojaad A[1erousl s1 sjusWNIISUL
z0ssod0oxdorotw Jo SUITEDS PUR UOTIBRIQITRYD

*}50D JoMOT 3e A[Terousd pur SIULWINIISUT
70 sadA3 I9Yyj0 se 93eINDO® S® }SBI] B pUe
‘9T1qeIs 810w ‘I93SBI UOIJBULIOIUL JydIom opraoxd
A11Ra9Ue8 sjuswnNIlsSul 105S900a1dOIDIN °IO
-jndwod eanjerurwi-oadTW ® A[[RIUSSSe opraoad
07 Suranjoeynuewt JINOITO pojeidojur ur syuswdo
-12A9p 318938 9Yj JO 23 BJURADE £OYE} JUSUINIIS
-Ul 97BD8 paseg 10s5900xdoIdTW 2YT,

*juswWnIIsul 10ssed0xd
-oxotw oy} Aq paatnbax JTe axe AI3INdITO yYdjel
pue I19junod pue ‘sisjroaucd A/V ‘sasryrjduwe
1y3tem aqels ATydty ‘szojeinex o8ejToA uorl
-SI09Ig °possnosTp Afsnotasad se sjusuoduwod
juewnajsul Jolew swes oyl o1INboJd SJULWINIISUL
poseq xossoooxdoadtyy “ejep jydrem Lerdsip
pue ‘ojeInoled ‘[OIIU0D ‘saodnpsued} SUISUIS
90107 woay sTeudts 3doodoe YOTYM SJUSTUINIFSUT
9I® SJUWINIISUI Paseq I10Ss2001dOIdTN

NOILVINIWNYLSNI YOSSAHDOIJOEDIN 227 °¥%

*zomod jo junowre itey e 93edIsSSIp 03 SBY 3T 9OUTS
ojexredes A[rexouald st 3ThoIIO ISATIP/I9p0ODOpP
YL °I9}IDAUOD (T/V 9YJ IO I23UNOD 3Y] Jo
jaed e se ouop AfTensn st 3mnoxto Jurxerdiyynuu
oy} ‘olqelleAr MOU s1INDITO pojeaTejur o[edS
o3xer oy YTy °s3181p Lerdstp oyj Ire oATIp O3
posn 3uteq ST I9ALIP dUO 2duls poxo[di[nuu usym
JUSIIND JIIIP OYJ SOUWIT) SATJ O[PURY SN ISATID
oyy ‘erduwrexe zoy ‘Aerdstp 3181p oaly ® UQ

‘puodes xad
89124 puesnoy} may e A[[ensn st Aousnbaug
Surxerdnimyy  *199ySraq zeedde s7181p o1

‘sotousenbeay utelIad 3y °313IP YO®BS JO JJO PUEB UO
BUTYDJTMS 9] 998 J0U S20P IDAISSJO 9Y) OS SWIT)
70 poixod ® asa0 1y31] 2Yy3 soreadsjur ohs uewiny

ay3 A193eUnjaioy °owes oyj surewsda jndino
£yrsusgur 1y81] o8eroa® o913 3By} O UO ST 3T STIYM
aopaey Arreuorirodord usATIp 9¢ 1SNWU puR W]
Y3 30 uomdeay e ATUO I0F UO ST 3IJTP YoeS 3B
sueeow sIyy ‘ATerjuonbos sjuswSes Aerdstp
1eIOADS SALIP O1 POSN ST ISALIP PUB I9PODOSD
U0 JBY] SUBSW YOTUM ‘poxo[dIj[nul soWI}oWos
9I® S1TNOIIO 889U} ‘POSN SIOPODOP PUB SIDATIP
Jo Iaqumnu 9Yyj 9onpax oF, *ojduwils ST 3ITNDIIO JO
od43 s1y3 J0 3deduod ayg °sjaed exow soxrnbax

AT7SNOTAQO YDTYM NIOMIOU I9PODSP PUEB I9ATIP UMO
SIT @a®y jsnw 31T YOBS JBY) SUBOW SIY], °OUWI}
oYy3 e £3131p oYy Jo [1e o3 porydde sT juexand oy

€ra°1 ‘A1300a1p ULALIP 9a® sherdsip suwiog

sodA3 jueaand mo] ‘e8e3[0A YITY B ST I9ALID
Aerds1p 2d43 yusoseonyy eyy, °uorouny SurpoOOp
oy} 03 UOTIIPPe Ul 25eI[0A SBIq Oy ue sextnbeox
ferdstp 1eIsha0 pInbiy oyy °od43 juszano ySiy
‘o8eiToA MOT ox€ sI9ATIp oy3 ‘sAerdsip odA] Juswr
-®e[l} pu® qFT °Y3} JO 2sed oY) uy °SuINUB[q 0I0Z
Burpeet opraoad osye pue puerwrwoo uo Aerdsip
273 Muelq 03 9[qe 9q jsnwr £9Yj ‘SUOIJTPUOD SUWIOS
IS9PU[N °OPOD [BWIDSP IO judswTos-usAass ojerad
-oxdde ayj 0JUT 9POD (THG ' JIDAUOD 01 SR Aq
1snw sAeTdSIP ©59Y] JO YOBS JO SIDATID YT

*UOTIBITWI] STY} POONPOI SAERY JTUN 9Y) JO
sjuowdo[eA9p MIU ‘IsAdMOYy ‘owry osuodssx ur
MmoTs 231nb sem Aerdstp goT 2y ‘yShoyy surys
031 Lerdsip oy purysq qing 3ySi] ® sosn puodas
9Yj) pue UOTjBRUIWIN]IT 3181p o7eds opraoxd o0} woox
oy ut SupySI] [RWIOU Oy S9SN U0 LT OYl
JO SUOTSISA OM] 21® 213YyT *o1exodo o3 xomod
91131T 4194 saxtnbax 31 jey3 1 o8ejueape UrewW
ST ‘UOWIWIOd 9xow Furuwrodaq st Aefdsip TeIsLId
pInbil oYy, *LejdsTp JUSDSOION]I JULWITOS-UBASS
ey3 ‘pue (qoT) Lerdstp-1ersfio-pinb1] oy3 ‘se
yons ‘srqejlear osye 2xe Leydsip 1e3tf1p juswSes
-usA9s 2y yo sadf3 19Yjo Jo roquUNU Y

‘ouo rews e weTqoad STY] 9YBW 2INJes]
1593 AeldsTp ® 9A®Y SJUSWINISUT ([ JSOW eyl
30®y oyl ‘pue qHT °Ys Jo £31Tiqepuedep jusiey
-Ul Y], °UOTIedTpul JySTom 9sTe] ® 398 03 °1q
-tssod ST 3T ‘[T®J JUSWID® U® JO sjuowfos orour
20 3UO JI 3'yj Ul 3Oeq meap ® sey Lefdsip quT
Yl ‘I9A2MOI] °919]0SCO DWIODIQ S9QN] WINNDBA
ST UoWwIOd drowW pur sxow Sutwoossq st Lerd
=SIP QET 9UL °6 NIY} (§ STRISWNU 9y} WLIOT O]
UOTIBUIqUIOD UT SJUSWSSS 9Y) 9)RUTWN]T SISATID
pue sispooap 8y, °uxsijed jylie eandiy e
ut pefuerse sopoip-Junirwe-1ysIy jo sjuswdos
USA9S sUTeIU0D juswele Aerdsip qmT oy,



ue ‘synoato pejealejur (INOggm) drowew
A1uo pesa srqewrnesdord o]qeserd Jo 3SIS
-uoo A11ersusd sjuouodurod LArowowr wrerdoxg
*SU0T3Ed0] AI0WBW SATINDSsUOD UT paduerae
SUOTIONIISUT JO SOTISS © JO SISTSUOD SUIINOI
yoeyg °uorjes2do JUSWINIISUL IOJ SOUIINOI

JO 398 e sox03s Axowowr weadoad a7,

AIOWIAN WVEIDOId FHI S§2°%

*POZI[IqeIS 9ARY ‘JINDIID MDOTD S,JULWNIJSUT Y}
SB YOns fs3INDIIO I2YJO I93fe ATSNOdUBITNIIS
1xels £9U3 €Y} OS SIUDWISTD 9503} SOZI[eIITUI
Teudts uo-aomod pazruoIydULs Y], ‘woIsAs

J085900xdOIDTWI 9Y) JO SJUSWIDTS POZIUOIYIULS
a2y3 [re 03 Teuldts uo-xemod paziuoayduls e
sindjno ‘uan) ur ‘yorym jtun Jurssodoxd TeIIusd
oy3 o3 porrdde st Teuldrs uo xomod e ‘Juewx
-nxjsur ue o3 poijdde 3sa1y st aomod usym

*901A9D 90®vJIojuI ue ysnoxyy Surod

INOYITM ‘JTNDITD J0SS900xdoIdTW 9] O} [RUIS]

-X9 $3IN0JID 03 A[3D09a1p }09UUOD jey] syndjno

pue syndur 939I0STp S®Y OSTe NgD Y °Lao

-WOUWI B}EP 92U} IO IDTADP 9DBJIDJUL UE }D9[9s 0O}
snq ssaappe a2y} o3 sapod satidde ngnH oyg

*uorjeoo] Axowewu IxoU O}
S9ssoJppPe PUt ‘UOTIONJIISUL Y] S9IN09Xd ‘snqg
)P /UOTIONIISUT Y} 0] sotjdde LAzowewr wexd
-oxd ayj jeY) UOTIONIFSUT Y3 Sopodop ‘Arowswu
wexdoad oay] soss2Ippe 31 eyl ST uorrexado Nngn
70 uo13diaosop PaIFI[dWIS=I9A0 Uy °WISAS
J0ss900xdoIOTWu 9Yj UTYITM BIBP SIDISURII
pue sojerndiuewu 3By} JUSWDTD [OIJUOD UTe

o2y} s1 (ngD) 2tun Surssedcoxd TeIULD BYJ,

LINM DNISSADOYd TVIINIED AHI ¥2°F

*UOTJBJUOTUNIFSUT JRUIDIKS WIOIJ SWOD Ued pue
‘preoqhad B woa] ‘pied 3ITNOITIO pojurad e uo
soYDIIMS (JI() SUI[-UI-Tenp woJly aq ued sindur
989YJ, °921A9P O/I I9Yyjou® Y3Inoiyl walsds
zossoooadoadtw ay3 03 porfdde o1e JUSWINIISUT
oy3 Sutwweadoad zoy syndur eyeg ‘uome
-juewnijsut 1e3181p pue Soreur UO SUOTIIDSS OYJ UL
PossnNdSTP sk SUIes ayYjl ax®e SITNDOITD ISJIDAUOD
a /v pue zerpridwe jystem oYy, °(Q/I) 29149p
soezI9jut 1ndino /indut ue ydnoayj weisds I0s
-sodoadoidTwi 9y} 0} POJ PUB IDJUNOD IJIDA
-U0d (I/V 9U3 Ul UOTJRULIOJUT TRITSIP 03 POJIoA
=uo0d ‘uoryoes xoryrjdwe jydtom ayjl £q poaryryduae
PUB POUOIIIPUOD I STRUSIS ISONPSUBIT,

jusowuniIlsul paseqg 10ssad0xdoadIpy 071 *p 2andT g

S1Nd1no v1va
J——— SLNdNI v1va
AV1dSIa
VL1910 L
—
| sne SSM(NF ]
AHOWAW Nd9 AHOWAW
viva N'VH904d

- $N4 V1vYa NOILINYULSNI )

43141MdINY
1H9IIM

0/1 H43INNOD

H431HIANOD d430NASNVHL

asv ( NOY4




*so3ueyn

2oue}sIsoI 93plIq 9SUSS JOU SOOP IT ‘I9AD

-M0Y ‘oATIIsuUSs sanjexrsdwis] jou ST 3T 3By} o5€

-jueApP® 9y} SBY POYILW SIYJ, °IOUOTITPUOD oY)

JO 3INOITO JUNMJITYS. [9AS] 9U3 ur o5e370A 398770

® §® YONS INdIId SUTUOTIPuUOD [eudis o)

Ul 2I9UYMaUI0S 238]T0A 9DUSILFOI B JISSUI 0] ST
UOTJeII[ED YDOYD jO POYISW 9JBUIII[E Uy

*oduelsisax a3priq oyj uo juspuadop

ST 31 ‘03pTIq 9Yj UO JUNYs ® S I10]JSISSI UOT]

-'IQI[ED MOoyd 9y} 9snedog °polSuryd jou sey

I90MPsUBI) SYJ JO 20UBISISOI 9FPLIg SUOISIBOY M)

oY} 31BYJ S9INSUT OSTE JNQ ‘UOTJRIUSWINIJSUT

9y} s3d9yd AJUO J0U UOTIRIQI[ED JuUNYS Y],

(¥ °¥ @anBrg pue [] °§ uoroes o9g) -JyIrom

ex®e} oy3 xoy £310eded oreds jo %08 Inoqe jo Jurt

-peoz jydrem e SUTNITISANS TOISTSOI 9I®) POXIJ

9Uj s®' 2WIBS Y] POJBINO[ED 9q UBD JI0JSISSI

oYy, °Teudls o8elT0oA UmOU e opraoad [[Im

Spes] UOI}RIIOXS @) JO SUO 03 spes] [eudrs ayj
JO 2uO WO} PoT) I03sIsex junys ofuls

°suI9lshs
SurySTem Nue) SE YONS ‘JINOLFIP ST WOIIRII[ED
SI9YMm SUOT}e[[BISUI Ul [nJasn ATrendorgred
ST 3] ‘JULTUNIJSUI 9Y3 JO UOTIBIQI[ED 2Uj JuIlure]
-utew pue JUINDOYD I0F [NFosnh ST uoIOUNJ STY]T,
*I90NPsUBI] Y] UO PBROT B 9je[nwuis o3 xoryrjdure
-2ad oYyj ojut ©3BITOA SOUSISIOI UMOUY B 1I9SUT
03 ST 3InDa10 s1yj 3o osodand oYy °UOIIBRIQITERD
329Yd PI[eD ST 3INDI10 JurTuoTyTpuod [RUITS

SY3 03 poje[eI ST jeyj uomouny Jeioeds v

LINDYID NOILVIELITVO=MDEHD 67 °%

*uoTjoW SULINP JNOpeSI

SJULWINIISUT UR U] O} POSN OS[® ST J030939p

uonjowr oY3 sdwlewog °rojurxd e 3iqIYUI 03

pu® JyII J0JBDIPUI UB UO UIN} 03 posn Apjusnboiy
3T S3INOJTO UOTIDAILP UOROW Jo Indjno ayg,

*soyojIms Jurw

-wezdoxd era o1qeloetes aasn Ljyerouss sT eous

=JI9II1P 9YJ °SUOISISAUOD DAISSOIINS JO ISqUINU

pa1yroeds ' 107 90USISIIIP porzIoads ® UTYITM o4

s8urpeas oyj Sutatnbes pue SUOISIOATOD a/v eart

-8s900ns uo sFurpess Jurtredwos Aq sjuswInIgsUT
TeITSTP UT POASIYD® ST UOTIO939D UOTION

*xojroeded

Suridnoo oy Jo juezano SurSaeyo sesuss o
-109039p oy pue SurBueys st jndyno zeryrdwesad
9y} “uososd ST UOTIOW IDASUSYH *I030839p o1

ojut smo1y Teulis ou pue SurSueyo jou st 3ndino
zotyridwie-oad ay] ¢s3STXO 9[BDS OY) UO UOTIOW OU
USyM °3TNDIIDO 10310939p ' ojul jndino saryrdure
-oad oy3 Surrdnoo sarroedes £q paysidwoooe

ST uorow Juroelep jo poyjew Jolrue uy

°s3INOIIO Te3131p IO

Soreur ur pejusweTdwt 9q URD UOI}O939p UOTION

°LL6T ‘I Aaenuer Jo se so[es }09IIp UL pasnh

so782s uo £11$5900U B SUWIBDOQ UOI}O919P UOTIOW

18U} pue 9IN3RIJ STYJ JO SITWI] POYSI[qeISd

ou3 A1restyroads sTTe3op H§ MOOJpuel 3O 7 °T°7 °S

ydeideieq °SUOIIBUIqUIOD Tojedtput/xojurad

Aue pue soTess MoniIj JojowW ‘swejshs Burysieq

10F PRISPISUOD 9¢ PINOYS UOT}O9}9P UOTIOP

‘POZI[IqeIS SBY S9[OS © WIOIJ POAOWSI IO

‘0] Poppe JYITSM OY3 USYM SOSUSS By} UOTJRIUSY
=NIJSUT UT 2INJLI] B ST UOIID91OP UOTIO

NOILDHLAQ NOILOW 82°%

°seanjeay [eI0ods 989Y] JO SWOS SSNOSIP

TITM TeNUBW 9Y] JO UOTID9S SIYJ, °*SWol1shs

o1eds yo sod4j urejasd ur pearnbex oq Lew

soanjesy osoyy yo swog °suonydo puer seanjes]
Te1oads ute3red Io5j0 sjuowmIjsur Auepy

SHINLVIAL TVIDAJS L2Z°%

*AzowBIN 03111 g /Py oyl ST AIoWeW BJRp SYY I0]

W'Y UOWIWOD Jayjoue ‘Ajuenbesuon © pess,
PSITBD ST UOTIBDO] Ny ® JO IN0 UOTJRWLIOFUT
Suryey °,°11IM,, PSI[ED ST UOIJBOOT VY B OJUT
uorjewIoyul SUMNg °SNQ B}EP/UOTIONIISUT 9Y] UO
UOT}EBDOT JBYj JO 3NO USNe] JO UOIILDOT 1BYJ OJUI
ind oq zoy3re ued eyEp ‘ngy °oYs Lq pesseappe
ST uoTyed0] Ar0oWwoW ByEp ' ULy ‘uorjeisdo
JuswnIlsur Juranp ejep saxojs Ajrrerodwre; yeyy
(NVYg) AI0WoW $590D0® WOPURI B ST JUSWINIISUT
zossovoxdoadtws ® ur AI0WLWI BIED ST,

AHOWHNW VIVA 9Z°%

*90TADD 9DBIISJUI

SNq eleP/UOTONIISUT UR YSNoayj sng elep

/uoTonijsur welshs o3 03 UOT3ONIJSUT POPOD

e soridde pue ‘snq SS9JIpPPE 9} UO SS2JIPPER °2YU)

SOPODSP WOYUJH PRIqRUS 3y °DI NOYJH Puo

serqeus pue [eufdls 9y} s9podop LAIJTNOIID 109798

Azowewt 9YJ, °oOTASP 90BJISIUL Snq ssaJappe

oy} £q 31NOITO 300Tes LzoweW oY 0} poaasIsueI]
ST STq SSOIPPE 9Y} UO SPOD SSIIPPE UV

*}INDIIO 309198 AIOWAW © PUR 90BJISIUT
Snq BIEP /UOTIONIISUT UR ‘9D0BJISIUI SNQ $SOIPPE



°paads y31y je

pojexado axe 1BY] 830BIU0D ABIOI JO 19§ B SSOJID®

zo31oeded © peaa pue 281eYd A]93BUISI[E OF

ST UOTJBRIOST [RUSIS JO poylowi saup °saaijrjdure

Suryerost reroads pue sorjddns xemod op-o03-0p

Suryerost reroods ‘sSurpurm zsurroysuer; Surjeorsy

Sursn £q poysijduroooe ST UOIIRIOST °9DINOS

P231e[OST UB WOIJ oq juarand Surierado oyl 3Byl
saxinbex sediaep peojeasdo juaxand Auep

‘eI G
03 (0T 9Snh 'Y} 1STX9O T[I3S swdlsds swos pue {vwW
02 031 ¥ ‘sdweI[[IW G 03 [ :91® Pasn AJUoOWIUIOD
sandino jusxany °sjndino JusIIND IO 9TRIS 9]
uo soBueyo jyfiom oyj o3 A[reuorrodoad Aiea
jey3 syoao] 28e310A oq ued syndno Zojeur asaYfy,
°guI9jsAs [OIIUOD PUE SISJOUW 9J0WSI SB YONS
‘S90TADD TRUJISIXD AQ osn oy jndino Foreue Jo
od£7 2uo 71897 3® opraoad sjuLWINIISUL 3ISON

SINdILNO DOTVNV €€°%

*UOTIDDIIOD

saygedou x0 2a13Tsod ® Yjoq I0J POsSnN 9¢ Os[e Uwd

sty ‘uorjeifejul umop x93a94u0d 2y3 jo odofs

oyj soSueyo ‘309530 UT ‘SIYJ °3TNDIIO o8eI[0oA

90UBI9JOI I93I9AUOD (T /v U3 ojul Teulis jndino

zoryifdwe ayj Jo swos Jurpedy Aq SIULWNIISUT
swos ul paysi[duIodd®e OSTE ST UOTJBZIIBIUIT

*Suipesa jy31om 9] 95BDIIDIP
10 9§BOIDUT [[TM UYDTYMm 93©)J0A UOTJBITOXD
91] 9SBOIDAP IO 9SBOIDOUI O} PISN 2 UBD [eulls
¥oeq pey oyl °3ydteom oy3 o3 f[reuorjrodoad
25e}110A UOT}E}TOXD OYj 23uBYD 0) PASN ST 3T SIDYM
£1ddns zomod »3ejjoa uOTIRITOXS S} OIUL MOBq
11 Sutpes; pue Teudts aoryrrdwue ayj yo uoryaod

e Suryel £q poysiduwiodde ST UOTJRZIIBSUIT

*A31xE0UI[-UOU

owWIos 93NqIajuod ued wajsds JurySrem xo oyedS

£ JO 2INJONI}S TROTURYDIW 9Y] ‘IDAIMOY {IBOUI]

931nb ATensn pue 91BINOdE AIDA 8I® SIDONP

-suel] °I9onpsueI) oyj Jo jndino oyj 9ziievoUI]

03 Aiessaoou 9q Lew 31 ‘swelsdhs uoljrIqI[ed
se yons ‘swojshs ojeandoe A1ydiy swos uy

NOILVZI9dVINIT IDArgd 2¢ %

*3nox 10 Juroea]

0197 03N® oY} }09UUODSIP A[[BOIJBUUIOINE pPUR
1yStem o8xel © yo uongesridde usppns oyj3 9suss
sxojexedwon *dn pying mous 9Yyj Jo 1ySTem °U3
79oued A[SNONUIIUOD 03 Pasn 9 PTNOD JINIITO Ful
-)D®J] 0I9Z 0JNE Uy °9[BDS 9Y} Ul SIOIIS 9SNED

91-¥%

ued mous Jo dn ping TENPEIS B ‘WI0}S MOUS €
Sutang cordwexe JI0J] ‘So[eDS YONI] IOOPINO Ul
Inyosn ST sTYJ °o[eds e uo JyStom utl so8ureyd
I[BWS [9D0UBD pue I0jTUOW AJSNONUTJUOD 0O}
saojeseduwod pue 3INDJITID OI9Z OTUOJIFOS[S UR JO
osn soyew saanjedy Julydel] OI9Z ojne 9YJ,

ONINIOVYI O¥AZ OILNV I€°%

°SIUSWINIISUL POseq J0ssad0xd
-oxotwx ut [nyasn Lyyerdoadse sI poyleow 3sel STYJ,
*s31TN0a10 01807 JO @sn oyj ySnoayy ejep JyStom
121181 oyj woay pajoeajqns A[1e1tdip oq osye ueod
Suipeax 1e1t81p poyodje] oYy, “Iaryrduwre JerjUS
-xo371p ® ut Teudts goryijdwesad oyj woay poIdeRI}
-qns ST Uayj I93ISAUOD v /(] @Y} jo Indino ayf,
*(v/d) 193194au0> SofeUE-03-T1R1ISIP © OJUL PoF
oq pTnoo uayj Surpeea payodlel 2y °‘uomisod ur
zautejuod Aidwe ayj yitm J03edIpul ayj jo indino
1e3181p oY3 yYdle] pue peds 0} SI I0JBOTPUL 9]eIS ®©
Sutoxez A[reoT1UOI}DATR FO poyrow [eItdIp v

*7ossoA ayj yo 3ydiom 21} UMOUY
oyl ut SUIfeIp JO JIJOUAC dYJ I0J ‘[EIP ISTUISA ®
Y31 1930woTjusjod B IO YDITMS [99YMqUINY] B S®B
yons J0IIUOD POJRIQITED B Ylim padeides oq ued
10I4UOD PUI[q Y] ‘OISZ SPELaI I03edTPUl STEOS
9Yyj TIIUN [OIJUOD SYJ $93©J0I ISSN 9] I3YM
1013u0d purlq ® woxj Teuldis e o3rsoddo 91
-17dwre TRIJUSISIIIP B 03Ul PoJ 9q prnod xarjijdwe
a1y} Jo gndjyno aYyJ, °pPesSn 9q jSNUI SPOY}dW 93U
-x937e ‘seojnutw uej ueyj xo8uof jo sporrsad zo3
PIoY oq 03 2x® s3UIPBOI 9OUDIDISI JYSTOM JT

°0s JO S9INUIWL () I0F 91qei[es oq Ajuo A[rersusld
14 z0310edes oyy uo oBxeyo oy ‘suomnedssad
959Yj) YIIM USAF °SI0}sIsueI) I Iuexind ind
-UT MOT=-RI}[N UYITM PBOI 9 1SNUI SDUSISFSI U3
pue sxojroeded oFeyesa] Moy TeIda9ds asn jsnw
ing 23exado 0] Ases pue MOINb ST 3INDJIIO STYT
‘3yStem jou oyj st gndjno oyg, “Sutpees jySteom
SutSureyo oYz woaj pojdoeIjqns A[SNONUIFUOD ST
o0uUpIoIoI 2Y3 ‘[OSS0A QU] O] PoOppe ST JyYJIeMm sy
‘Jurpeor 3yS1oM JuSIIND SY) WIOIJ SOUSISIDI O]
10BJIIONS PUR.9OUSIDI2I B SB 10310eded oyl uo
o8xeyo oyj 9sn ‘porredoued 24 o3 JyITem aYI YITm
z0310eded ® o8aeyd 03 s1 JuTtOI9Z DTUOIFOSTD

JO poyjeur auo ‘sjuswnijsul Sojeue uy

*SJULWINIISUT [BIISIP PUE SOTBUE YjOg Ul POYSI]

-dwoo0o® 9q UBD 2aN3BIJ SIYJ, °“POPPE JerIsdjew

JO 3yS1OoM 19U 9Yj} 2INSBOW USYJ pue 9[EdS

oY3 uo S[OIYSA JO IouleIuod Ljdwie ue Y3IM 0I93Z

Aerdstp 03 103eDTIPUT 9] 9SNBD 03 I2SN B[eIS 2}
So7qeUs 1'yj 2anjes] & ST SUTOILZ DTUOIIDSTH

DNIOYAZ DINOYLIDIATH 0¢°¥




4,34 DIGITAL OUTPUTS

Many digital indicators offer various types
of digital outputs that are used by remote dis-
plays, printers, control systems and data
acquisition systems. Digital outputs are
available in parallel, in series, and multi-
plexed into series/parallel data, Parallel data
transmission is a multiple wire method, where
each bit of information requires its own wire;
control and synchronizing information is passed
on other wires, This method is only reason-
able when data is transmitted short distances.
Five digits of BCD data would require 20 wires
for data (one wire for each 4 bits per digit),
and several more wires for control signals,
such as; end-of-up-integration; latch command;
and reset command,

Serial data transmission, such as a TTY
loop, uses very few wires, Data is transmitted
by successive current pulses along the same
set of wires, Current loops used for data
transmission are good for relatively long
distance data transmission in that the resist-
ance of the wire does not detract from the
strength of the signal. The current source
compensates for load resistance by supplying
the necessary voltage to keep the magnitude of
the current pulses constant,

Multiplexed data transmission is a combin-
ation of both the serial and parallel methods.
Relatively few wires are necessary. For
example, one system of multiplexing BCD
data uses four wires for data (regardless of
the number of digits), and several control
wires, The four bits of data for one BCD
digit are transmitted simultaneously over the
four wires, then the same four wires are used
to transmit four bits of data for the next digit,
etc. Signals along the control wires are used
to identify the digit being transmitted,
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