Chapter 5
Event Counting



EVENT COUNTING

Evernt counting applications find wide use in industrial control,
measurement and telecommunications creutts. These apphica-
fions are characterized by the need to ¢count ransitions on some
input signal for a specified duration of time. ‘
In a typical Am&513 event counting interface, the input signal is
connactad to the counters sourcs input. The counter is gated on
for a controlled period of time either through the hardware gate
inptet or by softwate command. Insome eperating modes the gate
input can be used 1o save and mast the counder. The countar wil
usualiy be programmed to count up and the Load register will
usually be set to 0 1o facilitate resetting the counter.

Figure 5-1 shows a simple minimum sysiern for event counting.
The courter is operated in Mode D, a repeiifive counting mode
with no hardware gating, The counter's source input i driven by
an extomal signal which is assumed to provide an active-going
edye for each event © be measured. The event accumulation
process starts when the counter is loaded with zeroes. and armed.
After the desired measurement interval, the software can disatm
the counter 1o prevent further count accumulation, save and read
the accurmulated count, or load the counter with 010 prepare fora
new accumlation cycle. Tive OUT pin of the courteris connected
nthe RET 7.5 input of the host AMBOSSA, microprocessor in order
to generate an interrupt if the maxinam count of 65535 binary or
g8 BCD is exceeded. Note that in Maode D, if the madmum
count is exceedad, the counter will continue accurnulating counts
moduio the madmum count, If the courter is operated in Mode A
it will stop after exceeding the maximum count until a new ARM
command s issued © 0t

One Timitation of this event counting technique is the need for
software iming Joops to control the sarnpling peniod. Figure 52
efiminates this requirement by utilizing level gating control on the
event counter and using anocther counter to control the gate input
and hence the sampling period. The event counter is operated in
Mode E ani the period counter is operated in Mode D or Mode J
for aither 50/50 or variabie duty cycle output waveforms. A 50/50
wavelorm (Mode D} can be used 1o altemale between two event
countars, one gated with an active-low signal and the other gated

with zn active-high signal. A variabie duty cycie waveform ts mast
usaful when only one event counter ks used. in either application,

a high signal on the period courter's output intermupts the host
microprocessar through RST 5.5, The processor's mterrupt
routine shoukd read the accumuiated event count and reset the
eventcodtierto 0. An RST 7.5 nterrupt will e issued if the avent
counter resches the maximum count. if the maximum count is
exceeded, the counter will continue to accumulate modulo the
rAaxIimUT count.

The previous example has eliminated the need for software
timing loeps but stll reguires the host processorioreset the event
counter after each sampling period. This operation can be per-
formed autormatically by the hardware gate input if the event
counter is operated in Mode O. Figure 5-3 shows the counter
interconnections required for this operating mode. The sampling
period counter is operated in Mode J and generates an assym-
metric ottput at fixed intervales. Both the low and high times output
by the perod counter should be lenger thant the execution time:
for a single pass through the software used to perform steps 1104
below. The event counters’s gate is driven by this sigrial. Oneach
active-going gate edge, the event counter's contents are Trans-
ferred into the Hold register. On the first aclive-going sourcs
adge after the gate edge, the event counter is reloaded from the
Load register. The event counter will start counting on the se-
cond source edge after apphcation of the gate edge. Secause
the gate edge controls saving the actumulated count and reset-
ﬁngheeveﬂtmn‘th&r,softwareintemnﬁmismtrequm.ma
procassor can access the resulls of the most recent event ac-
cumulation eycie by setiing the Data Pointer and reading the
Hold register comtents as described in the following steps.

1. Testthe period countet's output By reading the Status register.

2. Set the Data Pointer to point to the counter's Hold rogister.
This step loads the Prafotch Lawh with the Hold register's
contents.

3. Read the Hold register.
4. Test the period coumter's output again.
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Figure 5-1. Simple One-Countar Event Countting Configuration



[ the period cotinter's output was low in step T and high in step 4,
an active-going gate edge was applied to the counter during
execution of the software. This could potentially cause a faulty
read operation for either of two reasons. First, parameters
TEVWH and TWHGV in the Amg513 data sheet may have been
viclated whiie sefting the Data Pointer. See Appendix A for de-
tails. Secondly, in an 8-bit bus environment (Master Mode bit
MM13 = 0) the gate edge may ave split the Hold register values
read, with the: low byte read reflecting the old Hold register con-
tents and the high byte read reflecting the new updated Hold
register contents. Therefore, if the period counter output
made a low & high fransition: between steps 1 and 4, steps 1
through 4 showid be repaated: Note that this software muost
be non-interruptible in order to guarantee that the execution of
steps 1 mﬂdmilbel&nsﬁ:anhalfofmepeﬁodofmepemd
counter's output

Note that the event counter is reloaded on tite: first count source
edge afer application of a gate edge. In most applications, a
value of 1 should be refoaded rather than 0, in order to force
agreament between the number of count sources applied and the
accurmuiated court. In other words, since the event counter is
reloaded by the first source edge, the counter contents after this
first pulse shouid Be 1, not O Special care must bo taken in

appiications where a possibility exists that no source pulcas will
be issued 1o the counter between active-going gate edges. As an
tlustrative example, constder a counter whose contents are some
accurlated value K. When a gate edge is applied to the counter,
this value K i fransferred to the Hold register. The counter
contents at this point are unchanged (Le., are equal to K). [n 2
normat count cycle, on the next source edge, the counter woitd
be relcaded from the Load register and would start counting
events, Consider the situation where no source edges oocur
before & second astive-going gate edge s applied. The counter
contents are still K smce no reload has ococurred, and the Haold
register will once again be set to KA value of K has been saved,
even though no source pulses were applied duting the sampling
period. It can be seen that proper operation of this gate-initiated
savefreload cperation requires a mindimum of 1 active-going
source edge between active-going gate edges. Some applica-
tions will be able to guarantee this requirement of at least one
source edge per sampling cyde by virtue of the sigral being
measured. Other applications can avoid reading false values by
tssuing a LOAD conmand i the courtter and then reading the
Hald register after at least two samphng pericds have slapsed. if
the Hoid regester contents equal the Load regicter contertts, no
source pulses are bemng received by the counter.
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Figure 52, Event Counting with Hardware Gating
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Figure 5-3. Event Counting with Hardware Read and Reset

INDUSTRIAL CONTROLLER — A ZBDOO EXAMPLE

A-certain manufacturer of widgets has provided the following part
specification for the large-volume supply of a microprocessor-
based controfler system:

“The handing system ic constructed around 3 chain conveyor.
Uinsorted widgsts are loaded onto one end of the corveyor at
non-equal mtervals, ransported along and unloaded at the far
erd for shipping. Widgets without an identifying mark must be
knocked off the conveyor by an existing hammer mechanism,
previously manualiy activated. A smali area is available 1o incpect
the widget for the identifying rark a short distance from the reject
hammer. The identifying mark flucresces under the action of
ulira-violet Hlumnination of 2 specific wavelength, otherwise the
local area will remain i darkness. The identifving mark, if pre-
sent, is guaratteed io appear within a defined area.”

“The chain conveyor speed s vanable within 2 small known
range. Widgets are presented such that a widget does not ap-
proach the inspaction area untt afterthe precedmg widgethas left
the rejection point. To achieve compatibifity with current manusl
inspection the action of the ammer must be described in terms of
chiain links. The hammer lies A links beyond the inspection point
and must be activated for B links duration to achieve comect
rejection. The hammer should not be active outside this period.
Sensing of chain conveyor speed must be achisved by non-
contact means due to safely regulaions.”

“Readouts must be provided of current total reject number and
the number of rejects per hour. The readings will be rosot every 8
hours or so. Widget throughput is around 600 per hour™
Minimizing the component count prompted the system designers
o use a single AM35713 device to provide all the counting and

timing functions requirad. The mplementaton is fustrated in
Figure 5-4. The following points discuss the varous areas i
more detail.

1. Chain Speed Sensor. Unfortunately, due to the chain con-
struetion, all available non-contact sensors produce a noisy
output in addiiion to an identifiable edge at the start of each
fink_ A rrask pulse is thus required of known maximum dura-
tion since the chain speed is known to lie over a smedl Emge.
Calculations show that synchronization will always be
achieved within 20 links, an acceptable power-up time_

This iunetion is realtzed by operating counter 3 in mode F. An
achve edoe on the link sersor enables counter 2 to count
down from the value stored in the Load register, further gate
inputs (ink sensor oulputs) being ignored wdil the end of
count, or TG At TC the counter waits for a new gate input fo
repeat the cycle, in nommal operation the commencament of
the next ink. The ciock input 1O counter 3 is defined to be 2
suitable mtemal source, depending on the chain conveyor
speed. The TC output of counter 2 cycles =t once per link,
generating the “ink clock™ for the system.

2. Widget Mark Sensor, Due to the large anéa, within which the
fluorescent mark may appear, the optical sensor produces 2
fairly slow pulze in the presence of noise and S0Mz and 120Hz
interference. For this reason, the sensor output is routed via a
high-gain squaring amplifier to an integrator which ic reset at
17msec intervals. The integrator cancels most of the interfer-
ence while providing a clear cutput of a sensed mark. This
output is gated as the integrator reset s applied, generating a
single reject pulse i the mark is identified.

The reset clock is provided by the FOUT autpus, diven froman
appropriate internal source.



2. Hammer Pulse. To achieve correct oparation of the hammear, a

delayed one-shot is required, figgered from the gated reject
pulse. Counter 4 is et to operate in mode L and the reject
pulse apphed to the gato input, thus starting the count. The
counter 4 coci input is programmed 10 TCn-1, the “iink clogk™
cutput produced by counter 3. The Load register contans the
value A, and the Hold regieter contains the value B. Counter 4
T then provides the hammer output of duration B links after a
delay of A links.

. Time-of-Day Clock. A Buitable clock is provided by counter 1
and counter 2 (see time-of-day clocking deccription)-

5. Rejoct Accumulator. The spare cournter 5 is used as a reject

accumeilater, finally freeing all CPU intervention with the
Am9513 operation save for periodic readings to update the
displays, etc. Counter 5 is operated in rode A as a simple
cournter. The source input is programmed {0 be TCn-1, which
is the hammer ouiput of courter 4 providing ohe count per
reject. If countar ovarflow occurs then the retumed count will
be the load register value, nominally zero.

Notice that the antire implementation uses only four extemnal
connections to the Am9513. The listing m Fgure 5-5 provides a
Z8000 Assembly implementation example.
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Figure 5-4. Am3513 Industrial Contraller
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MODULE "VIDGET™;
T Coded for AMZECES

x Tuis file provides a shkort izdustrial comtroller ezample uwsing the
T Am3513 System Timing Controller as a multi-purpose timing and counting

% element.

¥ Varning: Due to the mature of this file it bas not been fully tested.
)4 This file is part of the Am9Si3 Softwvare Applicetions Manmmal,

¥ i{s not copyright and you cam stere it oo ¥hat you like.

CCNET

A_DATA = BFFDEE + ¥ AmS515 data port

A_CTRL = #EFDAE s T AmS513 control pert

CHAIN MASK = 5808 » % Mask pulse for chair sensor Roise

A _LINKS = 42 s ¥ Activate bammer a _lipks after inspection
B_LINES = 7 3 £ ..- for b_liznks durstion

INCLUPE “B:EQUSZ.ISC”

% Listed ip Appemdix 7
INCLUDE "B:ZE8s@@MAC.Z5C”

2 Listed in Appendix 5

LI

DRIGIN SO0%E ;3
WiDGET:
% Reset and initialise the Am3513.
RESET i Z Reset, Load all, set 1€ Bit bus, set data pir
MASTER TOD_1@@EZ,DISABLE,DISABLE,F5,.1¢,0N,BUS_1€,0N,BCD 3
CALR SETTIME i I Get the time of day ¢lock set up

#ODE_REC 3,ACT_EI_?C,DOWN,BCD,MODPE_DEF,F4,RISE,EF_GATE N j
LOAD REG 3,CEAIN_MASY 7 % Chain speed senser

MODE REG 4,7C TOQRGLE,DOVWN,BCD,MODE_JXL,TC_NM1,PISE,HE_GATE_¥ ;
LOAD_REG 4,A_ LINES ¥

BOLD_REGC 4.B_LINES } % Rejlect hammer output

MODE_REG 5,0FF_0C_TC,UF,BINARY,MODE_ARC,TC_KM1,RISE,KC_GATE j
LOAD REG 5,0 7 ¥ ¥igget reject ceunter

CLEAR 3 § % TC outputs must start lov for syne
CLEAR 4 H

AFH 1,2,5,4,5 3 % Time and action starts now

RET H .

Figure 5-5. AmZ8000 Assembly Listing for Controller
5.5




SEITIME:

% Set up c¢hanpels 1 and 2 to time of day mode

MObE_REG I.OTF_OC_TC,EP,BCD,ﬁODE_DEF.FS.PISE'HO.GATE;
MODE_REG Z4,ACT_EI_7C,UP,BCD,MCDE_DEF,TC_NML1,EISE,NO_GATE;
LOAD_REG 1.0 y £ @ here 1s = constant
LOAD REG 2.8 H
LOAD 1,2 5 % Epable TOD counting
LOAD_REG 1,TIME(Z) i Z Corrent time value - notice mo I flag regd-
LOAT_REG 2,TIME 5
LOAD 1.2 i 2 5et the cocrrent time
LCAD _EEG 1,08 ;
LOAD_REG 2.8 5 ¥ RBecall repeat reload values needed
RET H
-READ_IT:

% Boutine to get current sysiem status.

z
% Exit: Rl

X E

SAVE 1,2,5
BOINT 1,HOLD

2

kolds time XX:XX (hrs:min) im 4 T ECD format
kalds current total reject #

¥ Fixr the data

_ H
IN Re,A_DATA 3 £ Read secs, tenths
TEST Re H
JE BZ,EEAD_ITL ? % Tead was ok
SAVE z 7 I ¥e might have missed a carry bit
FEAD ITI:

POIXT 2,EQLL ;
IN Ri,A DATA 3 Z Read hrs, mins
POINT S,HOLD '

iN Rz, A_TETA

% Read current reject total

¥ Required start time hrs, min, secs, tenths

TIME: BITE: USHE,15H,.8,8 3 % ibout the time we.get to work {(S:iGam)

END.

A2

Figure 5-5. AmZB000 Assembly Listing for Controller (Cont.)
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