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ABSTRACT

In this thesis it is attempted to design an Impedance dis-
play device capable of providing a visual display, on an os-
cilloscope screen, the trajectories of the 60-Hz transient
impedance seen at a relaying point during a power system
swing. A digital approach is adopted using the Motorola
Inc. MC6802 microprocessor. The design is built and tested

on a simulated one machine versus infinite bus power system.
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Chapter 1

INTRODUCTION

Since many protective relays work on the principle of
sensing the current and voltage at a relaying point and cal-
culating the 60-Hz impedance seen in a particular direction,
it is useful to plot system apparent impedance as seen by
the relay on an impedance plane. A visual display of this
instantaneous impedance trajectory on an oscilloscope
screen, along with relay characteristics, gives a better
understanding of system performance. From these trajecto-
ries the difference between normal, fault, and swing condi-
tions can be detected.

When a power system "swings", the apparent impedance seen
by a distance relay can be mis-interpretted as a fault con-
dition and cause an undesired trip. A distance relay should
be capable of discriminating between fault and power swing
conditions. It is necessary too that the relay is set for
the maximum expected steady-state loading. A power system
apparent impedance along with an ohmic type of protective
relay characteristic gives a complete picture of system be-
haviour under swing conditions.

The impedance diagram in Figure 1.1 shows two generators

at the ends of a transmission 1line swinging with respect to
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each other. The locus of the apparent impedance as seen by
a relay at point A is shown in dotted line. Point L on this
locus represent the normal steady-state loading of the sys-
tem. As instability develops and one generator ( A ) swings
ahead of the other generator ( D ), this point will drift
along a trajectory defined by the ratio of generators volt-
ages, say EA/ED= 1.1. A distance relay located at A may in-
terpret the swing as a fault, and to avoid this, out-of-step
blocking can be employed. Conversely, a relay may be used
to detect an unstable condition. This is called an out-of-

step E%ipping relay shown in Fig. 1l.1l.



Qut-of-step relay Characteristics

Fig. 1.1 Swing ohm trajectory on impedance plane



Chapter II

POWER SWINGS AND PROTECTIVE RELAYING

2.1
INTRODUCTION TO POWER SYSTEM STABILITY:

Instability of a power system comes about as a result of
attempfing to transfer power from one location to another in
excess of the system capability. This system capability is
known as stability limit and is dependent on the source
voltage levels, the impedance between the sources and sine
of the electrical angle between these voltages assuming all
resistances and saliency can be ignored. The steady-state
limit can be expressed in mathematical form for a two ma-

chine system as:

Pmax
. . X

where the symbols have the following meanings:
P oax. is the maximum power transfered

E is the sending end generator internal voltage
(line to line volts)

E is the receiving end generator internal
voltage (line to line volts)

X is the total reactance between the

generators internal voltages in ohms per

phase;
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Equation 2.1 gives the maximum power transfer for the basic
system shown in Figure 2.1 and this is for the condition
where the angle between sending eand receiving end voltages
is ninety degrees. This equation can be generalised to give

the system power transfer capability

p o= —3 T sin(8) 0 eeeeeeeeseses —e 2.2

where & is the angle of separation between E, andEr .

Plotting this power versus the angle of separation gives
us a very useful power-angle curve as shown in Figure 2.2.
It is often used in preliminary power system stability stud-
ies.

Stability studies are usually classified into three types
depending upon the magnitude and nature of disturbances.
These three types are transient, dynamic, and steady-state
stability studies.

Transient stability studies are aimed at determining if
the system will remain in synchronism and survive a major
disturbance. Major disturbances can be classified as trans-
mission system faults, 1line switching, loss of generating
units, or sudden load changes.

Dynamic and steady-state stability studies are aimed at
the stability of the locus of essentially steady-state oper-
ating points of the system. The distinction between these
three types comes in the degree of detail used to model the

. system machines. Dynamic and steady-state stabilities are
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essentially the same. Steady state problems use a simple
generator model which treats the generator as a constant
voltage source. But in dynamic stability problems the tur-
bine-governing system and the excitation system along with a
synchronous machine model which pro#ides for wvariation in
flux- linkages in machine air-gap is used. The nonlinear
differential algebraic equations for the system can be re-
placed by a set of linear equations which are then solved to
determine whether the set of machines will remain in syn-
chronism following small disturbances from the operating
point.

Transient stability studies are undertaken more often re-.
flecting their greater importance in practice. They in-
volve, in detail, large disturbances which do not permit the
linearization of system non-linear differential and algebra-
ic equations which must be solved by a step-by-step proce-
dure or direct methods. Transient stability problems can be
categorized into two categories:

1. First-swing category which 1is based on a simple ma-
chine model without representation of control sys-
tems. The time period under study is usually the
first few secqnds following system faults.

2. Multi-swing category which takes 1into account a rep-
resentation of machine control systems and more com-
plex machine models to reflect its proper behaviour.
The time period under study extends usually to a

longer period than that for the other two types.
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As was stated before, to show: whether a set of machines
will remain in synchronizm after a disturbance or not, a
colution of the differential equations has to be investigat-
ed.
The fundamental equation which governs the rotational dy-
namics of these synchronous machines in stability studies,
called the swing equation, 1is of second order and can be

written in the form 9

2 H d26

' m e a
Ys at?

where the symbols have the following meanings:

H = stored kinetic energy in megajoules at sync.

speed divided by machine rating in MVA

H __J — g2 R R R R R 2.4
2 S
m

J is the total moment of inertia of the rotor
masses in Kg-m
w is the machine synchronous speed in mechanical

radians per second

S is machine three phase rating MVA

S is the rotor angular displacement in units
consistent with . , e.g. radians.

p is the mechanical input power to the machine
shaft less rotaﬁional losses.

Py is the electrical power crossing machine air-gap

P is the accelerating power, that is, the unbalance



between electrical and mechanical power.
The aforementioned second-order differential eguation can

be written as two first order differential equations

2H dw _
m It = Pm - Pe .................... 2.5
[
dé
—_— = “ W i e 6
It w ws 2

When the swing eguation is solved we thain the expres-
sion for & as a function of time . A graph of this solution
is called the swing curve of the machine. Inspection of
these swing curves for all machines in the system will yield
whether the machines will remain in synchronism after a dis-
turbance or not. A typical swing curve is shown in Figure

2.3

2.1.1 Power System Relaying on R-X Diagram:

Practical system economics and reliability demands that
more and more dependance be placed on system relaying. Be-
cause of this increased dependence on relay performance, re-
‘lays using multiple operating quantities were developed.
These operating quantities are voltage, current and phase
angle. One advantage of these three operating quantities is
that relay characteristics as well as power system condi-
tions can be plotted on the same R-X diagram from which sys-

tem and relay behaviour can be predicted and analyzed.
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These relays are known as ohmic relays. In order to under-
stand the operating characteristics of these relays we must
look into the torque-producirg components, namely:

1. Current component: Torgue is proportional to square

| of current.

2. Voltage component: Torque is proportional to sguare
of voltage.

3. Voltage and current product component: Torgue 1is
proportional to current-voltage product times a func-
tion of the angle between them,

4. Control spring torque.

The general torqgue equation for an ohmic relay can be writ-

ten in the form%

Torque(T) = *K E%+ K. T%% KS.E.If(Y,e)f: Ky, e 2.7

The conventions adopted for this equation are
1. Positive torque for contact closing.
2. Constants K;. Ky K3 and kK, are independent relay con-
stants, -
3. Spring torque, %1’
4. Operating quantities voltage (E), current (I) and 8

is assumed to be constant.

ﬂmaphase'angle between them, are supplied to the relay.
With proper choice of relay constants and associated
signs, different types of relay elements can be developed.

Some of these are tabulated in Table 2.1



Table 2,1 Ohmic relay elements and their torque equations
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Relay Type Choice of Constants Torgque Equation
Directional | K, =K, =K, =0 T = K;.E.I.sin(90+y-0)
element £(v,8) = sin(90+y-6)

2 2
Reactance Kl = l(4 = 0, K2 positive T = KZ'I' + K,.I .X
relay . 3

£(y,0) = sin 0
K3 negative

2
Impedance K, = K, = 0; K>0; K.>0 T=K,.I° - . g
element 5 4 1 2 2 1’
Directional| x, = K, =0; K>0; K,>0 T = K,.E.I.sin(90+y-6
element 2 4 1 3 3 ( 2Y )
with volt. | f£(y,8) = sin(90+y-8 ) -K, .E
restraint 1

The characteristics of these shown on the R-X

diagram in Figure 2.4.

tional element is

although its
R-X diagram.
displays the

tions due to

one

different system faults or for

under different system conditions.

The last item in table 2.1,

relays are

not an ohmic element in

advantage of the R-X diagram

It should be noted that the direc-

the usual sense,

characteristics may be conveniently shown on an

is that it

same characteristics inspite of voltage varia-

the same‘fault

the directional element with

voltage restraint, uses the torgue eguation

T = K,.E.I1.5sin(90+y-8) — Kl'E

3

2

Wherey is the angle of maximum. torque

® 0 80 060800 2.8
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Positive torque will be developed 1i.e. relay operation,
under the condition
2

KS.E'I'Sin(90+’Y-'e)> Kl'E * 6 8 9 & 0 50 2'8a

If we set the equality condition, i.e. operate-restraint

condition, we get

, . 2 '
l\s‘E.I.Sln(90+y—6) = Kl.E s e s s 000 2.8b
1
I.Sin(90+Y_e) = K :E * S & 0 5 0 0 0 0o 2.8C
3

Using the fact that the impedance between a fault location

and the relaying point as seen by the relay is

Z =

e
<

Sin(90+Y—e) ® 60 0000000 2.8d

St

Inspecting this last equation we see that a positive contact
closing torque will be realized whenever the term on the
right hand side 1is greater than the left hand side. This
equation, when plotted on an R-X diagram, is shown in Figure
2.44. This simple plot does not depend on any parameters of
operating quantities but defines the operating characteris-

tics for all values of E, I and phase angle 6.
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2.2 POWER SWING LOCUS ON R-X DIAGRAM:

An analysis of the characteristics of different types of
reiay elements has been explained on the R-X diagram. A
better understanding of the whole power system and relaying
system will be accomplished if both systems are plotted on
one diagram.' From this plot the locus of the ohmic value
seen by a distance relay during power swings will give an
accurate insight into the performance of the relaying sys-
tem. To show the swing locus on the R-X diagram the two ma-
chine system and transmission line representation shown in
Figure 2.5 will be used.

For power flow from point A to point D, the voltage at
point A will lead the voltage at point D. The total current
will lag E\p by the angle of the total impedance between
these two points. For a fixed torgque angle 8 (the angle be-
tween equivalent source voltages),the apparent impedance
seen from point A will fall on a circle which is defined
by this given torque angle. A particular impedance poiht
on this circle 1is entirly dependent on the ratio of voltage
magnitudes at points A and D. Figure 2.5b shows the swing
locus for the system and can be determined geometrically as
shown in reference 3 Appendix III. The centre of this cir-
cle is the vector AO with magnitude

K0 = —oo Ceeerereenees2.9
and
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Arg(R0) = |0.-00s8 R J

where

<
"

is the phase angle between E & 1

(o]
n

is the torque angle

——

The vector AL, which represents the load ohms as seen from
point A, has the magnitude and angle as a function of the

torque angle, to be:

= AD.sin u

AL - Sina . ® * 8 5 000 0 0 00 2.11
and

Argcﬁ) = | e+6+u— 180 s o9 0000000 2.12

where u is given by

COS';U ED/EA - COs 6 e s 0000000 2013

sin u ~ sin § .

Equation 2.13 shows us how point L on the circle diagram
will behave for different source voltage ratios. Assuming
that torgue angle remains constant, the left hand term in
equation 2,13 will increase for increasinglﬂ{EA ratio and,
therefore, the angle will be decreasing which results in
point L moving clockwise along the Swing Circle.

To show how the apparent impedance moves on the R-X dia-
gram due to line switching, the system shown in figure 2.5a
will be used. Assume this system was 1initially running at
synchronous speed with EA/ ED = 1.1, P = Ppand ¢ = 30 de-

.grees. From the p - § curve of Figure 2.6b the maximum



.17

new 30° circle
-~ /
~-
S

A

old 30° circﬁ\

T—
>
+R
/ ~ //
/ ~N -
S— — ___/
Fig. 2.6a Apparent impedznce locus on R-X diagram
A
é, Before switching
0
8 o
hH PW After switching
- e e
2 F 4 +
Q| maxo
p, [T g
CI T4 ./._Z;—- ;
P+ | L- \ i |
o ! t* a ! .
1 1 '
{50 l 18 >
30 60 90 120 150 180

Torque angle
Fig, 2.6b Power transfer . torque angle curve (%)



18
steady-state power transfer before switching line ZL( t<0 )
is equal to %mxo

At the first 1instant of switching, the impedance between
points A and D has increased to AD*. This means that the
power transfer capability is reduced and is shown as Pot.
fhe difference in power, I P is the accelerating pow-
er which accelerates the rotor and the rotor angle advances
to say 5X . For the machine to stay in synchronism, area's

a; and a, have to be egual according to the equal are cri-

terion:
§
X
ﬁpm-Pe)dd = 0
60
where P - P, is the accelerating power.

If the equal-area criterion cannot be satisfied, this
means that 5, goes‘beyond about 120 ( typically ) and the
machine goes unstable. As is seen on the R-X diagram, the
original operating condition is the point L corresponding-to
t=o or ( Power =2Bj ), After line switching the new operat-
ing point is L* which corresponds to the same voltage ratio
(1.1) and torque angle (30 degrees), but the electrical
power output is Pp* . As the torque angle advances towards
Qx, point L¥* moves along the circle EA/ED = 1.1 as shown by
the arrows on Figure 2.6a. I1f the system goes unstable,
this point crosses the approximate transient stability limit
circle, then it continues advancing till it crosses the sys-

. tem impedance line at§x' = 180 degrees where machine A will

be 180 degrees out of phase with machine D.
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In a general case, if the angular separation of the two
machines is maintained constant while varying the voltage
ratio, the apparent impedance will follow a circle which
passes through both points A and D with their centers on the
perpendicular bisector of the system impedance line with ra-
dii and offsets determined by the various values of this
voltage ratio. This family of circles is shown in dashed
lines in Figure 2.7. Another set of circles can be con-
structed by holding the voltage ratio constant while varying
the angular separation. This new family of circles is all
centred on the system impedance line with radii and offsets
determined by the Qoltage ratio and shown in solid line in
Figure 2.7. It should be noted that these two families of
curves are orthogonal. For full details and mathematical
derivation of these curves, the reader is advised to see
reference 4. Note too an interesting circle which is cen-
tred at the system impedance centre and passes through both
points A and D. For any value of voltage ratio, the appar-
ent impedance of the system must pass through this circle as
the separation angle reaches and passes 90 degrees which is

the approximate steady-state stability limit.
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2.3 COMBINED SYSTEM AND RELAY CHARACTERISTICS ON R-X:

In order to use the R-X diagram effectively and for bet-
ter understanding of total system behavior, both relay char-
acteristics and how the system apparent impedance will vary
as system conditions vary, i.e. as system machines go out of
step, must be shown on the same diagram. In order to accom-
plish this, Figure 2,8 will be used. On this figure, only
the approximate steady-state stability limit circle, i.e. 90
degree separation circle and the approximate transient sta-
bility limit, i.e. 120 degree separation circle, and the
swing line for the special case where voltage ratio EA/ED=1

are shown. On the same figure, a portion of the system
impedance line between stations 1 and 2 is to be protected.
First zone instantaneous trip protection for 80 per cent of
the line is provided by a mho element.

We have seen that the system apparent impedance follows a
definite curve during an out-of-step condition or power
swing. This particular curve is dependent on the voltage
ratio and intersects the system impedance line at 180 de-
grees. Let us consider at one instant the system was carry-
ing an interchange of loading eguivallent to point L shown
on Figure 2.8. A fault on the line portion 1-2 will result
in a change of impedance from point L to point F on the line
in practically zero time. On the other hand, during the
first few swing cycles for an out- of-step condition, the

apparent impedance drifts along the curve E,/Ey =1
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relatively slowly as compared to the fault case. If the
offset mho element was set up to block the first and second
zones of the mho relay, these elements would not trip as
long as the out-of- step condition progressed from the ini-
tial separation condition to a 90 degfee to 120 degree sepa-
ration to any point inside the blocking element in a time
which exceeds a predetermined minimum time. This shows that
the blocking element has to pick up before the first and
second zone trip element with a sufficient time for the aux-
iliary relays to operate. But if this time is not enough or
if both the blocking and tripping elements pick up at the
same time, blocking will not be realized. This time delay
has to be sufficiently large to allow for the fastest swings
anticipated and yet be practical to avoid unnecessary trip-
ping.

Since practical system operation and .system conditions do
occasionally force the system to go out-of-step, tripping
relays must detect the out-of-step condition and take the
necessary measures. The basic distinction of an out-of-step
condition can be realized by the fact that the apparent
impedance, as seen from any one point in the system, changes
from a point to the right of the system impedance line to a
point on this line to a point to the 1left of the system
impedance line. This sequence applies for power transfer
from point A to point D as the machine at point A advances

ahead of machine D, Another characteristic of an out-of-
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step condition is that the aforementioned apparent impedance
change takes place over a finite period of time thch is
long as compared to impedance change associated with a fault
condition. An ohmic relay which will recognize these dis-
tinctive characteristics can be a relay with two reactance
elements. Each element has an angle of maximum torgque per-
pendicular to the system impedance line, and an operating
characteristic parallel to the system impedance line with an
adjustable offset for pick-up setting selection. The first
requirement for these settings is that the relay should op-
erate for the fastest slip cycle expected. To know this
maximum slip would involve various system parameters and
should be based on a transient stability study of the system'
undér consideration. A second requirement for these set-
tings is that the relay characteristics should cover the
system impedance plot on the R-X diagram. This means that
any fault on the system should fall between the relay char-

acteristics.



Chapter III

TRANSIENT IMPEDANCE DISPLAY UNIT DESIGN

3.1 DISPLAY UNIT HARDWARE DESIGN:

The transient impedance display unit is a microprocessor
based device which is capable of calculating the apparent
impedance seen at a relaying point using reédily available
input signals. These signals are a voltage signal propor-
tional to the line voltage and a second voltage proportional
to the current in that phase.  The apparent impedance is
outputed in the form of a voltage signal proportional to
line resistance and another voltage signal proportional to
the line reactance. Applying the resistance egquivalent
voltage to the horizontal channel of an oscilloscope and
the reactance equivalent voltage signal to the vertical
channel, the apparent impedance seen at the relaying point
can be displayed on the oscilloscope screen

The central processing unit is the Motorola 1Inc. type
MC6802 microprocessor. Most of the other supporting chips
such as the peripheral interfacing adapters ,decoder, digi-
tal to analog and analog to digital converters are either
manufactured by Motorola or National Semiconductors Inc. The
main reason behind this choice is the availability of the

supporting equipment and facilities such as a main computer

_25_
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system crossassembler and a diagnostic emulator used for
system software development and system debugging.

Fig. 3.1 shows the device hardware function flow chart.
It shows two almost identical circuitry used for both volt-
age and current input signal channeis with differences in
the design of signal conditioning circuits. The voltage
signal is derived from the BICEPS machine 1line voltage
through a potential transformer that provides a 6.3 V
secondary voltage. The current signal 1is derived from the
same phase through a 33 ohms resistor connected across the
secondary terminals of a current transformer wired to the

same line at the same point.

3.1.1 Input/Output Signal Conditioning Circuits:

The analog to digital converter chosen in this design is
the ADCO0804 manufactured by National Semiconductor Inc. The
electrical specifications state that for a +5V DC power sup-
ply to this chip, the input range will be 0V to +5V. This
comes about as a result of two on-chip diodes which are tied
to each analog input terminal,'in) and Vin(-) . For a
zero differential input signal at V_ (7) and VY, (+) the out-
put code will be

[oo0O0O 0000O0]]
and for diferential input =V .digital output code will be

[1111 1111]



(2) Input signal channel {1) Input signal channel
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Signal cond. Signal cond.
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A 4 N
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, 1
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Port B Port B
A y
D/A #2 D/A #1

Y

Signal cond. ‘ ' Signal cond.
circuit circuit
-2.5v t6 +2.5 ] -=2,5v_to +2.
Scope channel B ' Scope chamnel A
(Résistance): v (Reactance)

-Fig. 3.1 System hardware function flow chart
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To achieve this 0V to +5V analog input range the input sig-
nal conditioning circuit shown in figure 3.2a 1is designed.
As was mentioned earlier, the available signal from the
BICEPS line potential transformer is 6.3 V. or -8.9V to
+8.9V peak-to-peak. For the output of the operational am-
plifier (op-amp) to be 0V to +5V, the feedback resistance
to the input resistance ratio will be

R \Y 5

2 _ o) a -
R -_— - V. - 17.82 00.0000000301
1 in

or

0-28R 00....‘..302

Ry 1

and to bias the signal
R =2‘0R l..lto.ooo.3o3

Selecting the input resistance R; to be equal to

R, = 5.6 K Q
will yield
R, = 1.57 KQ
= 3.14 K
R3 Q

Similar arguments apply to the current signal derived from

the current transformer

i T S
R V., 8
1 in
— 000000000304
R2 = 0.625 R1
and setting
R3 = 2 R2

Selecting the input resistance to be
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a) Input signal conditioning

R1=5.6K A
l VVVVY D
6 C
AC input signal 02%4

> R 2y

- 5v

b) output signal conditioning

Ry
o+ 12 v
D Io
A e 2 N7
LM741\\\~6 - To scope
¥C 3 |4 4/
1408 vd
R S
° -12 v
+5 v

Fig. 3.2 Input/Butput signal conditioning circuit
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Ry = 5.6 k&
yields

R, = 3.5 k

R3 = 7.0 k@

3.1.2 System Decoding and Memory Map

The Decoder/Demultiplexer chosen for system decoding is
Texas Instrument type SN74S138. This decoder chip is shown
in Figure 3.3 and provides partial address decoding using
only three.of the high order address lines Al3, Al4, and
Al5, The decoder accepts these three binary inputs, which
are wired to chip select terminals A, B, and C. When en-
abled by proper 'signals on the input enable terminals, it
provides one of eight mutually exclusive active low outputs
(v0-Y7) dependent on the conditons at the tﬁree select in-
puts as shown in Table 3.1. The chip ‘enable terminals are
connected as follows: Terminal Gl is always high (+5 V),
G2B terminal is connected to ground and terminal G2A is
wired to the processor VMA and E terminals through a NAND
gate type DM74LSOON. As a result of this partial decoding
scheme, table 3.2 and memory map Table 3.3 are constructed
to show all on board chips and the address to which each one

will respond.



Table 3.1 Partial decoding function table
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Inputs
_ Outputs
£
Gl G2 C B A YO Y1 Y2 Y3 Y4 Y5 Yo Y7
H L L L L L H H H H H H H
H L L L H H L H H H H H H
H L L H L H H L H H H H H
H L L H H H H H L H H H H
H L H L L H H H H L H H H
H L H L H H H H H H L H H
H L H H L H H H H H H L H
H L H H H H H H H H H H L
*
G2 = G2A + G2B
H = high level
L = low level
Table 3.2 On board chips addresses
Chip Name Chip Address
PIA #1 $ D000-B0O3
PIA #2 $ E00O-E003
EPROM #1 $ F000-F7FF
EPROM #2 $ F800-FFFF
RAM $ CO00-C7FF
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i} 5 —2L8fon g Y510 401cal
| . Ar3 5 1c2B Y6 | 9 ROML 24 cs1 PB0O-PB7| 10-17
8 | Ve ars [ 25 . R . L= 7 J10-17 o,
+5 ¥ M 4 6 4 ]G2a - Y717 221icsg P Data Bus
‘|||||||.~ 351y I AL4 |24 . SN741.138 1
. = ROM2 20|V ., PAO-PA7[2:9  A/D1
Ry =1K 2 |HALT R LT e AVAVAVAT » 5V Wm cB2 B Data Bus
 2AAYAY IED 0 5 1 CB1 R/W
¥V MR, WA 3 122k 33-26 [D0-D7"
N NAANE] RE (R,)
; 7 | — 2D¥T4LS 00N 4 57 JTRQR
R, =1K BA C TRQ ; 38 RSO | 36
2 5 | A0 _IJHB», CPU 9
T s 34 Lo r et RS1 p CPULO
Al s D0-D7 |33-26 25| & Voo | 1
ol 11 1 A2 o MC 6821
@12
EPROM A3 R =
14 | A
25 | E PV 1 ~
4 15 | A6 E {37 €. = 27 PF ss
1647 33 6 _ 34 ﬁmmmaw per sl | S
—l . 36
9117 148 . = 27°pF 7 |TRE 4 RsO
7 138 | TRam
<[ 18 | A9 39 | 2 o
[ RESET |A0___4 Miz ! : 23 |8z R/W1ZL
ALD RESET , a7t | Do.D7
MC 6802 18 | CBL 500 pa7 [229 A/D 2
nm 19 | cB2 Data Bus
m = 10K 10UF +5 V Vee . :
- 22 | c§6  PBO-PB7|10-17  D/A 2
+5 v 24 | CS1 Data Bus
39 1caz
40 lcal
MC 6821

Fig. 3.3 System wiring diagram
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Table 3,3 Memory map for transient impedance display hnit

Memory Location

Reset Vector SFFFF, SFFFE
EPROM #1 SF000 - SF7FF
EPROM 2 SF800 - SFFFF
PIA 42 SEO00 - SEOQO03
PIA %1 $D000 - $DOO03
RAM $CO000 - SC7FF
Not used . All others

3.1.3 MC6802 Microprocessor and Peripheral Connection:

The MC6802 is an eight bit microprocessor. A detailed
block diagram, programming model of thé processing unit and
pin assignment diagrams are given by the (manufacturer Moto-
rola Inc.) in the appropriate data manual. Some of the fea-
tures in this microprocessor chip are:

1. an on-chip internal clock oscillator and driver,

2. a 128x8 on-chip RAM located at hex addresses $0000 to
$007F with the top 32 bytes having memory retention
capability by utilizing the standby power supply,

3. sixteen lines unidirectional address bus, and

4. an eight line bidirectional data bus.
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The programming model for this processor shows that the
MPU has three 8-bit registers, two accumulators, one condi-
tion code register, and three 16-bit registers called 1) in-
dex register, 2) programme counter, and 3) stack pointer.
All are vailable for use by the programmer. The two 8-bit
accumulators are used to hold operands and the results of
the arithmetic logic unit, ALU. The condition code register
contains eight bits of information and only the two highest
order bits are not used and set to ones, the other six bits
are used as testable condition codes for the conditional
branch instructions, Bit number four is the interrupt mask
in this condition code register.

The 16-bit index register stores sixteen bits of memory
address for the index mode of memory addressing. The pro-
gramme counter is a 2-byte (eight bit each) register that
points to the current program instruction. The stack point-
er is a 2-byte (eight bit each) register that contains the
address of the next available location in the stack for use.

Figure 3.3 shows the pin connection and wiring diagram of
this microprocessor interfaced to two peripheral devices and
a decoder. This figure shows that the HALT line is not used
and, therefore, set in the high state for the interrupts to
be serviced. Memory ready is also set high indicating that
the clock seen at the ENABLE terminal E operates in the nor-
mal condition or unstretched. A 4MHz crystal is connected

to pins 38 and 39 and because of the divide-by-four circui-
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try inside the chip, gives an operating clock frequency of
1MHz. The IRQ input is wired to terminals 37 and 38 on both
PIAs. A low level on this input reguests that an interrupt
sequence be generated in the chip. The processor will first
complete the current instruction before it responds to the
interrupt request. At this time,if the interrupt mask bit
is not set, the processor will start the interrupt sequence.

The RESET terminal is wired to the RESET terminal on each
PIA. When this line is low, the MPU is inactive and the in-
formation in all the registers will be lost. When this ter-
minal goes high, the MPU begins the restart sequence by exe-
cuting a routine to initiate the processor from its reset
state. For the restart, the last two memory locations (hex
addresses $FFFE and S$FFFF) will be used to load the program
that is addressed by the program counter. During the res-
tart routine, the interrupt mask bit is set and must be re-
set for the MPU to be interrupted by IRQ line.

Two peripheral interfacing adapters manufactured by Mo-
torola Inc. type MC6821 are shown in fig.3.3. These adap-
ters will appear to the microprocessor as memory locations.
The processor will read a digital word from the input regis-
ter and write a digital word into the output register under
program control. The input digital word is eguivalent to
the analog input into the A/D converter and the output digi-
tal word 1is equivalent to the analog output from the D/A

converter, For a complete discussion of this PIA diagram,



36
initialization and control lines discription, the reader is

advised to see reference 8 pages 212-231.

3.1.4 A/D and D/A Characteristics and Wiring:

Figure 3.4 shows the wiring diagram for the ADC0804 cho-
sen for this application. This A/D can appear like a memory
location or an 1/0 port to the microprocessor and no inter-
facing logic is needed other than the chip select CS termi-
nal. Block diagram and electrical specifications with the
maximum ratings are given by the manufacturer (see reference
6).

This converter works on the successive approximation
principle. It accepts an analog input signal, Vi at the
input terminal and provides a corresponding digital output

signal according to the equation

V.
in

=
n

ref

where Vi.ef is the reference voltage applied to V}ef/Z ter-
minal. The brackets indicate that M is the closest approxi-
mation to within the resolution of M. In binary approxima-

tion form

This equation shows that the output signal M is a binary

aproximation of the voltage ratio
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A/D #1 A/D # 2

1]¢Cs 20 +5 V 1§CS ' +5 V
2 2 |’ CLKR | 19 3 2 |RD CLKR | 19
3 | WR DBO { 18 ( 1sb ) 3 | WR DBO| 18 ( 1sb )
To CPU To CPU
(37) g 4 {CLKIN A DB1 | 17 (37)ge 4{CLK IN A DBl | 17
Ny
5 | INTR D DB2 | 16 - 5 | INTR D pB2 |_16 -
1 p1a1 ® 1 pIa 2
6 | vin (+) DB% | 15 N 6 | vin (+) : DB3{ 15 e
AC, input . 14 4C inpu ——
) 7 | vin(-) DB4 g 3 7 | vin(-) DB4 | 14 P
# a # 3
2 8 | AGND DBS | 13 8 | AGND DBS | 13
1 a 2
9 v 2 DB6 | 12 9 |V /2 DB6 | 12
a 10 | DGND DB7 | 11 10 | DGND DB7 | 11

Fig. 3.4 ADC0804 wiring diagram
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The A/D data bus ( DBO-DB7 ) is wired to the PIA, port A,
data bus. Because the PIA is already memory mapped by the
processor and the data lines are connected to the processor
data bus under program control, both terminals CS and RD are
connected to ground.

The A/D Converter 1is <clocked using the clock in the
MC6802 microporcessor by connecting the CLK 1IN terminal
directly to the E terminal on the processor. By virtue of
this connection the CLKR terminal is left floating since the
internal circuitry will generate the required clock by using
the built-in clock oscillator. Terminal WR is connected to
INTR terminal. This connection with CS connected to ground
makes the A/D run in the free-running mode. To insure
start- up under all possible conditions an external WR write
pulse is required during the first power-up cycle. This
starting process is accomplished by having CS and WR termi-
nals simmultanously low which gives the internal clock sig-
nal combined with the internal starting flip-flop cir-
cuit,START F/F, the responsibility of the start-up process.

The digital-to-analog converter used 1is the Motorola
DAC1408. Figure 3.5 shows the wiring diagram for this con-
verter. The input is an 8-bit digital word via the (Al-A8)
input lines connected to the PIA port B data bus. This di-
gital word 1is the result of the CPU mathematical calcula-
tions representing the resistance and reactance seen by the

impedance display device. Specifications and
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D/A #1
' Range A8 12 (1sb)
control
2 ] CND A7 11
"
-12 V 31V A A6 10
< T 'EE
0.1 uF 9
] 16 | C AS
5V 1K 14 ,Vref(ﬂ # Ad 8
1
a A g; 5 15 ,vref <) A3 7
] 13 Vcc A2 ]| 6
—
BV 4 Al s
Io____;—'
MC 1408

To output sigmal

circuit

D/A #2

1 |Range 12 ( 1sb )
3_ A8
control
] 2 ‘GND D A7111
12 Vv » 3 VEE A A6{10
PIA 1 port l
B 0.1 uF 16 | c aslo PIA\Z pgtt
+5 V 1K 14 |V__ A+ , A4l8 >
‘ VVVVY ] Ve
7
2.2.K 15 ‘\ref(-») 1 A3} 7 ) §
;! vV ¥V WV V¥V o
13 vcc A216 :§
Y IEE——
+5V [
4 Als &
4+— =
. =
To output signal MC 1408 ®
circuit t
| &}
<t
a
L
e
50
i
=%
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characteristics issued by the manufacturer, reference 6,
state that the reference amplifier input current must always
flow into Vref(+) regardless of the reference voltage po-
larity. This terminal,l4, 1is therefore tied to the refer-
ence voltage +5V DC. The reference terminal, V pef/-), is
tied to ground through 2.2k resistor.

Output voltage is obtained by connecting the output ter-
minal pin 4, which provides a current signal going into the
converter, to the output signal conditioning circuit shown
in Figure 3.2b. This circuit uses an operational amplifier
with a feedback resistor R, . This configuration keeps the
output of the MCl1408 at ground potential and the operational
amplifier can generate a positive voltage limited only by
its power supply. The magnitude of the output voltage is
dependent on the digital input and given by the eguation:

v .
_ ref 1 1 1 1 volts
VO R14 . R4 . [: 5 + il + 3 Fovevnnnes + —'25—'-6]

where:

[ a1 a2 ... A8 1] is the digital input

Voef is the reference voltage at Pin 14
Riy is the resistance connectedd to Pin 14
R, is the feedback resistor accross

the op-amp.

A detailed analysis of the output signal and the converter

accuracy is given in Chapter 4.
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3.2 DISPLAY UNIT SOFTWARE DESIGN:

The analog input to the A/D converter is a voltage signal
0V to +5V, This A/D converter puts out a digital word $00
to $FF. The zero-crossing of the input signal to the signal
conditioning circuit is the same as the +2.5V value of the
input signal to the A/D converter which is equivalent to di-
gital word $80 at the output of A/D converter. A software
program was developed to calculate the resistance, reactance
and their locations on the R-X diagram. This programme is
stored in a two ( ZK—byte each ) EPROM memory chips wired

and decoded as shown in fig. 3.6

3.2.1 Peak-Picking and Phase Shift Calculation Subroutine:

Figure 3.7 1is the flow chart for this subroutine. It
starts with initializing the peripheral interphace adapters
at the starting address $F000. Port XA in each PIA is ini-
tialized as an input register and port B as an output regis-
ter. The input register contains the instantaneous digital
word equivalent to the analog input signal, Whenever the
processor detects a change from Voo < §$80 to Vin > $80 it
will be interpretted as zero-crossing and continue to check
for current signal zero-crossing by detecting the change in
Iin<<ﬁsozm I, 2880 During the time of looking for a cur-
rent-zero, a counter is incremented by 1 for each time the

processor branches back to check for current-zero. The num-

ber in this counter, N, is a Hex number equal to the phase

OF MAMITOSA

oA TR

o (RIS 7

ez
e
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T6 CPU Data Bus

Data Bus
“"’5 v A
Voo |24
9 | pQo E Vop 21 24|V DQO | 9 9
10 | DOL A0l 8 gl a0 pQ1 10 10
11| DQ2 P 002 | 1L 11
DQ3 R DQ3 |13 13
141 pQ4 0 A7l 1 Y DQ4 | 14 14
15| Qs u A8l 23 23| A8 A DQ5 | 15 15
16 | DQ6 A9 |22 22 | A9 DQ6 | 16 16
[17] g7 A0[89 19| A10 g7 [ 17
20] — 118 20 | BE CE | 18
1 CE o Decoaiz 20
To Decoder Vss 12 R 3 v 12 To Decoder
(Y7 ) MM 2716 cpU R/MR/H_ M56725 S5
g " (Y6)
/77 77
Adress Bus

DQO
DQl
DQ2
DQ3
DQ4
DQ5
DQ6
DQ7
OE

B %= X O W W m

MM 2716

cC

pr
40

< =

24

A5V

21

23

22

19

18

12

To CPU Adress Bus

EPROM and RAM wiring diagram

Fig, 3.6
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Start
A Y
Initialize Store Ip
PIA 1§2
-4
-
A A vy v
Check v «$80_N° Check v< $80—
Yes " Yes
y v A I
Check v »$80) 1 > Check v > 8022
Yes P
Y v No ) 4
Check i<$80 N = N+l 4 Wait 4167 @
Seconds
Yes
<
L A '
No '*
Check 1>$80 pi N = N+l Sample v = vy
Yes
) 4 v
Store N Store Vp
A b 4
Wait 4176 .
Secondsur Multiply KXN
K= (0.4318)
A L 4
Sample i=I
p End
) 4 p—

Fig. 3.7 Peak-picking and phase shift calculation routine



44
shift in number of laps. After the current-zero is detected
the phase shift 1is stored and then the processor waits for
4167 U seconds {equivalent to 90 degrees) by multiple loop-
ing in a specified loop then samples and stores the PIA §2
input register to give the current peak.

The processor then follows similar steps to find the volt-
age signal peak. The phase shift measurment is then multi-
plied by a constant to give the equivalent value in degrees.

A list of important addresses used by this subroutine fol-

lows:

PIA #1 input register $D00O

PIA #1 output register $D002

PIA 42 input register SE000

PIA 42 output register SE002

phase shift in degrees SCAQ02, SCAQ3
voltage peak value SCAl0
current peak value SCAQ9

After the processor calculates the three variables (current,
voltage,and phase shift) it executes the sine-cosine calcu-

lation subroutine.

3.2.2 Sine-cosine the Phase Shift Angle Subroutine

The algorithms of these subroutines are shown in Figures
3.8 and 3.09. The main idea behind the sine-cosine routine
is that the processor keeps subtracting 90 degrees from the
phase shift angle and continously checking for carry bit

set. When the carry bit set is detected it branches to
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y = B~ 90

Enter Y in >
sine table
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360.- € sine table

Fig. 3.8 Sin/Cos phase shift angle ealculatdtn
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No

Store IX

(found)

Y

Ircrement found

Y

Compare

with table end

ACC.B

Inc. IX

Table End
?

Fig 3.9 Table search flow chart
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execute the table search routine where it calculates the
sine and cosine of the phase angle. The signs are identi-
fied by setting the first bit in the corresponding flag reg-

isters as shown below:

Sign of Sine/cosine Angle location R - X Flag
cosine negative second quad. SCA3B
cosine negative third quad. SCA3C
sine negative third guad. SCA3D
sine negative fourth quad. SCA3E

3.2.3 Resistance-Reactance Calculation Routine

Figure 3.10 is a flow chart for the impedance.calculation
RTN. The program starts by reading the current Ip and im-
posing a minimum value of $20, then multiply this Ip by 4.
The processor then reads the voltage Vb . If vp is equal to
zero, the resistance and reactance values are forced to $00
and outputed in PIA #1 and PIA #2 output registers otherwise

it tests R-X flag to do either resistance or reactance cal-

S V . cos 6
culations: R =
I . 4
vg . sin@
X = 1.4

The sign of the R and X is determined by the subroutine
shown in figure 3.11. The processor starts by putting a
limit on maximum R and maximum X to be equal §$7F. Then it
checks the sign of sine/cosinevand implements the logic giv-

en in the following table.
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Logic table for sign of R & X in four qudrants

lst quad. 2nd quad. 3rd quad 4th quad logic

yes ———— -——- —-———- R+ = $80 + R
X+ = $80 + X
———- yes ——— ———- R- = $80 - R
X+ = $80 + X
-—-= ———- yes -—=- R- = $80 - R
X- = §80 - X
———— ——— —— yes R+ = $80 + R
X- = §80 - X

Where R and X are the previously calculated values and R+,

X+, R-, X- are the adjusted values with corresponding signs.



Yes
< 120
y
Put I_ = 20 No
P
> \ 4
A
Multiply Ix4
YE/vSoKN"
i ‘\\Ev///’
-
b
R=20 Calc. Vpsine Calc. Vpcose
h 4 A A 4
X=0 Calc. R Calc. X
y h 4
Store R Store X
L v A 4
4
End

Fig. 3.10 Impedance calsulation routine flow chart
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Put R
Low Byte =7F

Put X
LOw Byte =7F

v
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R™ = $80 - R R™ = $80 - R R" = $80 +R R" = §80 + R
x*=$80+x X_=$80-.X X .= $80 - X Xt = $80 + X
v Y v v

Fig.3.11 R - X sign determination




Chapter IV

COMPUTATION TECHNIQUE AND ERROR ANALYSIS

The device is designed to work on a 60 Hz system, with no
harmonic content or dc offset, by accepting two voltage sig-
nals with the following ranges:

V. (v) = -8.9v to +8.9v
in

V. (1) -4v  to +4v

in

H

As was mentioned before, these signals are conditioned to

have the ranges

it

V., (v) Ov to +5v

in

V. (i) = 0v to +5v
in

The BICEPS (The Basic instrumental controllable Electrical
Power system) machine rating is;

Full load line current

0.33 Amps

Line voltage 120 Volts

Full load power 40 Watt/phase

From these ratings we get

Impedance at full load = 3640

n
[4a]

I

For a maximum short circuit current £.1.

Zmin = 724

. - 1
under light load condition I =-7r-1£1.

..51_
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Z =1454 Q
max

The impedance range is Z .

< , _—
in zZ > Zmax from which the resis

tance and reactance are calculated.

R = 7 cos ©

Z sin ©

<
]

Sources of errors can be classified into two categories.
The first category is component errors, mainly A/D and D/A
converter errors. The second category is computational er-
rors as a result of multiplication and division routines,

sine table approximations and phase shift calculations.

4,1 A/D AND D/A CONVERTER ERRORS

Since the A/D terminal V., () is grounded and the refer-
ence terminal is floating, the zero digital code will need
no adjustment and will be equivalent to zero analog input.
Also the full digital code,$FF, will be egquivalent to +5V
analog input and no adjustment is needed. Manufacturers
specification gives a full scale error of E%_ LSB at a clock
frequency of 1MHz,

Quantization errors are inherent 1in all digitization
techniques. For A/D converters the minimum quantization er-
ror is the smallest increment of analog voltage to which the
output signal can be approximated. This Quantization error
is given by

AV =
q

where
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\Y is the analog input voltage,
r is the radix (r=2 for binary system), and
n is the number of digits (n=8 bits).

This will give the LSB bit a weight of

S5v

28

Another type of error is the sampling error. This arises

LSB = AVq = = 19.53 mv

from the fact that an A/D converter will look at the input
signal for a short interval and leave it for a much longer
time. In a general case, to minimize sampling error, a sin-
soidal analog input 1is restricted in its maximum freqguency

by the relation

AV
s ——7r
P
where:
%} is the peak input signal,
AT is the aperture time of the converter, and
AV is the resolution voltage.

Since the processor has a clock period of 1 sec, the time

0 8
taken by this converter to count from 2 to 2 is

conversion time = T¢ lusec x 2

The conversion rate is therfore

1
fc " T
c

3906 conversions per second.

For a 60 Hz analog input the conversion rate is thus
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f. = 65 conversions/cycle.
From this conversion rate we can say that the sampling er-

ror for the A/D converter is negligible.

The D/A converter output is a current signal

Io = K ( Ag + zz + 23 Fi et ':;%E“ ) Amps
10 = KxA Amps.
where:

K . ‘ref

Ay isléhe most significant bit MSB

Ag is the least significant bit LSB

A is either 1 or 0

R14 is the resistance connected to the converter at
pin 14

In this design, these components were choosen to have val-

ues
R, = 1K
ref = 45V
K =  5m Amp

The output current and voltage conversion is accomplished
by the output signal conditioning circuit shown in Figure

3.2.

Vo = K . A. R14 volts

The output current for a digital word (00) is = 0 A and for

a digital word (FF) 1is approximately 2 mA.
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I = 0. 005 (— 1 L 1
[o]

Amps

Trim pots R, and R; on figure 3.2b are used for final ad-

justment to give a scaled output voltage to be

Digital Word (HEX) Output Voltage (Decimal)
00 -2.5 Volt
7F 0 Volt
FF +2.5 Volt

The accuracy test done by the manufacturer on this converter
showed that the accuracy is within, ; LSB at 25 degrees C

at full scale output current.

4,2 COMPUTATIONAL ERRORS:

Computational errors can be classified into the following
three different types;

1) Errors in the phase angle calculation process where the
phase angle 1in number of clock <cycles has to be converted
into degrees in hexadecimal number. .

2) Errors due to the sine/cosine of the phase angle calcu-
lation. All entries in the look-up table are approximated
to one byte long hexadecimal number. This approximation has
an appreciable effect for angles between 84 to 90 degrees.

3) Errors resulted from the two-byte by two—byte divide

routine.
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Dividend { 2 bytes)
Divisor (2  bytes)

= Quotient (2 byte) + Remainder (2 byte)

Divide subroutine contributes largely to the total accumu-
lated error in resistance and reactance calculation. This
contribution is a function of the dividend and the divisor
magnitudes. The quotient part of the division result is
outputed to the D/A converter only and the remainder is dis-
carded. The effect of discarding the remainder can be shown
in an example. Assume that the input voltage is fixed at a
value $7F and in phase with the input current signal for il-
lustrative purposes. For @& current signal magnitude equal

to $30, the calculated impedance will be,

$7F _ 128
$30 )16 = O 73 )10

el
I

(2.66 ),

X = 0

The divide routine will discard 0.666 and retain the quo-
tient 2, The maximum R can be calculated by knowing the

minimum allowed value of current signal which is equal to

$20,

R S 1A e - I

max. $20 16 32 10
Rmax. = (4 )10
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This value represents the maximum scale. The discarded val-

ue, 0.666, in the previous calculation gives an error of

0.66 )
4 10

SN

% of full scale = ( 16.65

By taking different magnitudesof the divisor, I, table 4.1
is constructed to show the percentage error in R calcula-
tions. It shows too that the maximum error occurs at mini-
mum value of divisor and is equal to 21.9;, The effect of
this error can be reduced by multi-precision division cal-

culation.

Table 4.1 Error in impedance due to division calculation

Subroutine
Input I Impedance % error of
L
Hex value Quotient Remainder- full scale
$20 $4 0.0
$21 $3 0.878 21,9 %
$22 $3 0.765 19.1 %
$23 $3 0.657 16.4 %
$24 $3 0.555 13.9 %
$25 $3 0.459 11.5 %
$26 $3 0.368 9.2 %
$27 $3 0.282 7.0 %
$28 $3 - 0.20 5.1 %
$29 $3 0.122 3.1 %
$30 $2 0.666 16.66%
$35 $2 0.415 10.37%
$40 $2 0.462 11.50%
$50 $1 0.60 15.0 3
$60 Sl 0.333 8.3 4
$70 sl 0.143 3.5 4
$80 $1 0.0 0.0 ¢

Note: Remainder is listed in base 10
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4.3 PHASE ANGLE, PEAK VOLTAGE/CURRENT CONSTANTS:

To calculate the peak values of both current and voltage
signals, a voltage zero is detected first then the processor
looks for a current =zero by looping in a specified loop.
During this looping process the processor keeps incrementing
a counter by one count for each lap till a current zero is
detected. The number stored in the counter, N, is the meas-
ure of the phase shift . The processor then waits for a
period of 90 degrees by looping in a timing loop for 346
times. This constant is calculated by knowing the number of
instructions, the time needed to execute each instruction in
the loop and the procéssor clock period., The processor then
will read the PIA #2 input register which wili contain the
peak value of the current signal. To calculate the voltage
peak, the processor will look for the next voltage zero-
crossing and waits a time equivalent to 90 degrees as it did
for the current signal except that the constant will be 231,

Since the processor is running at 1MHz frequency, the
clock period is 1 sec, and for a 60 Hz system the count
(N) in number of laps can be changed into degrees as fol-

lows:

® = constant x N.

To complete one lap (one increment in N) the proceésor needs
20 seconds: calculated by knowing the number of instruc-
tions in this loop and the number of clock cycles needed to
execute each instruction.

Since
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46.3 u sec/ degree

20 u sec /degree = 2.3l

the phase angle = 0.4319 x N, 1in degrees

In hexadecimal form,

(0.4319 ), = ( 0.6E90)

Therefore

(o )10 = (0.6E90 ), N

After the phase angle is calculated, the sine and cosine are
found out by the table look-up method.

A sine table for the phase angle was constructed and
written into memory for angles beteen (0)10 to (90)1O de-
grees, (00)16to (SA)16 , in 1 degree increments which makes
the table length equal to (5A) entries. This table is lo-
cated at address SF100 to F15A. The sine of any angle can
be obtained by going to that location. To calculate the co-

sine of the same angle the processor calculates

cos & = sin (90 - & )

by using the same table. As was stated in Chapter 3, the
sign of sine/cosine is indicated by setting a corresponding

" R-X flag " register for each quadrant.
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4.4 ERROR AVERAGING TECHNIQUE:

BEach of the sources of computational errors discussed
earlier contributes to the total error in the output signal.
This total error was found to be an unacceptable percentage
of the total output signal. Therefore, an output signal av-
eraging subroutine was developed. This routine performs the
duty of filtering the errors resulting from the computation
process before outputing the resistance and reactance values
to the peripheral device. This duty is accomplished by av-
eraging 8 samples of calculation. During the device start-
ing process and after a reset signal a stack of 16 consecu-
tive values, 8 for average resistance calculation and 8 for
average reactance calculation, is cleared and the first sam-
ple of R and X is divided by 8 using the logic shift-right
instruction three times. This first sample is stored in the
stack and the PIA output register. The processor then loops
back to calculate the second sample. - After 8 samples'have
been added, the processor outputs the stack sum to the PIA
to give the average value of 8 calculations.

After the processor obtains the first sample in the next
cycle, it subtracts the oldest one from the total sum of the
stack and adds the new one to both the stack and the stack

sum for outputing.



Chapter V

DEVICE TESTING AND CALIBRATION PROCEDURE

To determine the accuracy and performance of this device
two different types of tests were performed. In the first
test the device was subjected to steady state-conditions and

in the second test, to transient conditions.,

5.1 DEVICE TESTING AND RESULTS:

In the first test two steady-state signals where applied at
the input terminals V and I with amplitudes 8.9 Vbﬂ’ at
60-Hz and +4 %*P at 60-Hz respectively. When the device
was reset and running, the output resistance and reactance
where observed on a two channel oscilloscope as a function
of time and shown in figures 5.la and 5.1b. These figures
show that when the device is reset ,t=0, the output R and X
are zero and start increasing in eight steps to their full
values. This is the result of the 8-samples averaging rou-
tine mentioned in Chapter 4. The length of each step is the
time taken by the program to detect the V and I zero cross-

ing and performing the calculation cycle. This time (t ) is

equal to

o+
n

0.2 x 0.2 sec/div

0.04 seconds

..61._



Fig. 5.1a
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Figure 5.2a shows a plot of R versus X for 60-Hz input
voltage signal and a 60.4-Hz input current signal. This
difference in frequency is to simulate continuously variable
phase shift. The amplitude of both signals 1is constant.
The plot in figure 5.2b is an n-sided polygon. The reason
for not being a circle is that the phase shift does not vary
fast enough for the program to calculate new values for R
and X and keep on outputing the same values till a new set
of calculations are made. Another reason is the number sat-
uration due to the multiplication and division subroutines.
The effect of these sources of errors appears 1in fig.5.2d
where the flat sides in the outermost distorted circle are
due to number saturation and the limitation imposed on the
minimum current signal to be $20. Figure 5.2c shows R and X
versus time plot were flat peaks are due to the same rea-
sons.

In the second test, the device was connected to the
BICEPS machine as shown in fiqure 5.3. The current and
voltage transformers are connected to phase 2. Line switch-
ing transients were created by switching the line length
from 1.5pu to 2.75pu. This 1is accomplished by using a
switch, not shown in the figure, to change line length to
one of four different pre-set line lengths. As was explained
in chapter 2, the power transfer capability of the system
will decrease by switching off one of the lines in fig.

2.5a.



Fig. 5.2a
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R§X

time

Fig. 5.2c

Fig 5.2d
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BICEPS Transmission Line Manitoba Hydro
Machine

SWITCH

Phase #1

Phase 2

v ¥

R
. ——» Scope
Z - Display
Unit —-——-bx Screen

Fig. 5.3" Transient test connection on the BICEPS machine
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Following the same argument, the generator was loaded to
0.65pu at a line length of 1.5pu. The corresponding system
operating point on the impedance plane is shown 1in figure
5.4a at point t=0. After line switching to 2.75pu, the op-
erating point was oscillating along the dotted curve as
shown and finally stabilized at t=t . Each dot on this
curve corresponds to one R and X calculation, Generator
loading was increased to 0.68pu at line length of 1.5pu.
After switching to 2.75pu, the system was stable with the
operating point oscillating along the dotted locus as shown
in Figure 5.4b.

To obtain an unstable transient, the generator was loaded
to 0.75pu at line length =1.5pu. By switching to 2.75pu line
length, the impedance locus was displayed on the scope
screen as shown in Figure 5.5b 1in dotted line. The area
shown by the 'unstable' sign 1indicates that the impedance
display device could not generate the proper impedance lo-
cus. A smooth curve as shown on Figure 2.6a is the desired
target. An B8-sample averaging routine was developed, to
filter out the accumulated calculation error, and the device
was tested one more time. One effect of this routine is to
slow down the device response, a penalty for obtaining
smooth curves under steady-state tests as shown 1in Figures

5.2C and 5'. 3ao



Fig. 5.4a Stable transiemti ( p = .65 pu )

t=0

F.ig. 5.4b Stable transient ( p = .68 pu )
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Fig. 5.5blnstable power swing
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5.2 DEVICE CALIBRATION PROCEDURE:

To calibrate the device, apply input sinusoidal voltages
at the specified terminals analoé input (V) and analog input
(I) in Fig. 5.6. The analog input voltage range is -8.9 < V
< +8.9 volts and the analog input current signal is -4 < V

<+4 volts. The input signal conditioning circuits adjust
these signals to the range accepted by the A/D converters
0 <V < +5 Volt).

Trim pots TR3 and TR7 are used for signal biasing. Trim
pots TR2 and TR6 are used to adjust operational amplifier
gains.

The following steps are recommended for troubleshooting
and device calibration:

1. This device runs on 5V DC and 12v DC. Test power
supply circuit in Figure 5.1b for noise and rip-
ple_free power supply |

2. Apply a full scale 60 Hz analog voltage signal (-8.9v
to +8.9v) to terminal Analog input (v) in fiqure
5.1a. A biased signal, (Ov to +5v) should appear on
terminal #6 on the A/D converter #1. If not, check
the input signal conditioning circuit #1.

3. Apply a full scale 60 Hz analog current signal (-4v
to +4v) to terminal Analog input (i). A biased sig-
nal (Ov to +5v) should appear at terminal #6 on the
A/D converter #2. If not, check the input signal

conditioning circuit #2.
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The microprocessor runs at a 1MHz frequency. This can
be checked from terminal E by using an oscilloscope.
The same clock signal shoul appear at pin 25 on PIAs
#1 and #2, if not, check the crystal circuit.
For Chip selection and software changes, the Diagnos-
tic Emulator should be used as follows:

a) Connect the emulator Probe into the microproces-
sor socket.

b) Switch Emulator ON. RESET and CLK indicators
should be off; otherwise check the RESET or Crystal
circuit as required.

c) With the RAMOVERLAY switches in the OFF position
the Emulator display should read $F000 otherwise
check decoder circuit.

d) Wwhen all above points are properly checked and
corrected as required, decoding of the peripheral
devices #1 and #2 should be tested as follows:

First: initialize both PIAs as shown in the software
program, Call memory locations $E000 and $D000 on
the address display. Pressing the Emulator EXAM key
the DATA readout should give the digital word for
each analog input. 1If not, check PIAs and A/D con-
verters.

Second: call memory locations $E002 and #D002 and
push $FF in each. A scope at Analog output (R) and

analog output (X) on Fig. 5.6a should read +2.5 volt,
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if not, check PIAs and the output signal conditioning
circuits for adjustments.

Third: Into the same memory locations, SE000 and
$D000, push $7F, adjust trim pots TR4 and TR8 to ob-
tain a zero volt output on the scope.

Apply the analog input signals (I) and (V) to the de-
vice then press the Emulator RUN key, the device
should run giving the calculated resistance and reac-
tance. If the device does not run repeat steps 1

through 6.



Chapter VI

CONCLUSIONS

1. This device is capable of computing and displaying, in
real time, the impedance seen at a point in a power system.

2. Tests under steady-state conditions with simulated phase
shift indicate that the device is able to generate a smooth
impedance locus in spite of the errors accumulated during
the R and X calculation process (mainly in the divide rou-
tine where the remainder of the division is discarded).

3. Stable transient tests on a model power system resulted
in an acceptable swing locus, but the error was appreciable
during an unstable transient test. Filtering out this error
by an B-sample averaging routine was effective in smoothing
out the impedance locus but resulted in degraded dynamic re-
sponse.

In light of these results, the author would like to re-
comend the following to enhance the device performance and
duties:

1) Develope a software algorithm to plot the actual relay
characteristics on the oscilloscope screen possibly by us-
ing the existing hardware. |

2) Optimize the device performance by implementing mul-

tiprecision divide and multiply calculations.

_74_
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3) Design a digital read-out using the existing software

algorithm as an enhancement to the BICEPS teaching tool.



1)

2)

4)

5)

6)

7)

8)

9)
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acs SUBEND BRANCH IF ANGLE IS < 90 DEGRE

79
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00032 Fa44 BE CAtY LDA A SCA1Y
00033 F447 81 FACO CMP A SFAOO
00034 FasA 27 02 seoQ IERD
00038 FAAC 20 1§ SRA sRig0
OO0O38 FaAE PS8 CA12 2BRO LDA B sCA12
00037 Fa8t F1 FAOO CMP B SFaOO
00038 FaSA 27 02 seo ANGSO
00039 rFass 20 o8 BRA (13X 1
00040 Fass ar ANGSO CLR A
00041 FABS BT CAS STA A SCAtS STORE COSINE 90 DEGREES
00042 F4BC 43 CoOM A
00043 FASD 87 CAYT STA A SCA1Y STORE SINE 90 DEGREES
00044 JMp $rioo JUMP TO IMPEDANCE RTN
ccoas BR180 STA A SCAOS RE-INITIALISE SUBTRACT ROUTIN
ccosas L0A B SCaT12
cocoa7 $TA 8 scaoC RE- INITIALISE SUBTRACT ROUT!
cooas STA 8 $taaa SAVE ANGLE VALUE FOR FUTURE U
©0004d BRA suBi1a0 BRANCH TO SUBTACTY 90 DEGREES
QOO0BO FA4T1 B8 CACI SUBEND LDA A $CAO3 LOAD AGC.A WITH PHASE ANGLE |
00081 FATA TE FS8D JMP ANGLE
00052 F477 BD FS48 SUB1SO JSR sus22 JUMP TO SUBTRACT ROUTINE
00083 FavA 25 22 BCS Jump
00084 F47C B8 CAlY LDA A SCAM
PN 03 MOTOROLA ME8SAM CROSS-ASSEMBLER pacE 2
00085 FATF B1 FAOO CMP A SFAOO
00088 ra82 27 02 BEQ ZERD
00087 Fass 20 24 L1 BR270
000858 F438 F§ CAY2 ZERO1 LDA B $CA1Z
OOOSS FABS F1 FAOO CMP 8 $FAOO
00080 FasC 27 02 BEOQ aNG1so
00081 FASE 20 14 sRA BR270
00082 F480 BF ANG18O CLR B
00083 F4aS51 F7 CA1Y STA 8 SCAtY
00084 Faps 853 coM ®
CCOSS FA®E FT CaAlS STA B SCAlS
©0088 F4SS 7C CAID INC scase
00087 FasE TE F300 JMp $F300 JMP TOD IMPEDANCE RTH
00088 FASE FE CAAA JUMP LDa ® $caaa PHASE ANG.[ 90 ¢ ANGLE ¢ 180
00088 FaA1 8& A LDA A w#$82 i
00070 FaAl 10O ssa
00071 F4A4 7C CAZB INC scais FLAG FOR COSINE 1S NEGATIVE
00072 F4AT TE FS&D JMe ANGLE
00073 F4AL BT CAOB BR270 STA A $SCAOB RE- INITIALISE SUBTRACT ROUT!
00074 F4AD F8 Ca12 LDa B $ca12
00078 FaBO r7 CaoC STA B8 scaoC RE- INITIALISE SUBTRACT ROUTI
00078 FAB3 FT CAAB STA 8 SCaaB SAVE ANGLE VALUE FOR FUTURE U
CO0T7T FABS 20 03 BRA sus27o BRANCH TO SUBTRACT 80 DEGREES
00078 FABS O1 NOP
00079 FaBs o1 NOP
00080 FaBA O1 NOP
00081 F4BE BD FE49 SUB270 JSR sus22
00082 FABE 25 Sa scs FLAG2
00083 FACO BE CA1)Y LDA A sSCAl
00084 FAC2 Bt FAOO EMP A SFAOO
00085 FaCS 27 02 seo 2ERO2Z
N0086 FaTB 20 18 aRA BRISO
J0087 FACA F& CA12 2BERD2 LDA B S$SCAt2
00088 FACD FI1 FAOO CMP 8 SFacO
00088 FADO 27 ©2 sEoQ ANG270
00030 FaD2 20 OF BRA BR380 270 ¢ ANGLE
20091 FADA aF ANG270 CLR A
00082 FADS 87 CAlS STA A scats
00083 £4DS 43 com a
00084 FADY B? CalT STA A SCA1T
00095 F4DC 7C Ca3D INC $CA3D SIN 270 DGREES 1S NEGATIVE
0008E FADF 7E F300 JMp sr3oo -
00097 FAEZ B7 CAOB BRISO STA A SCAOR RE- INITIALISE SUBTRACT ROUT!
00098 F4ES FE CA12 LDA B $CA12
00098 F4ES F7 caAOC STa B Scact RE - INITIALISE SUBTRACT ROUT
00100 F4EB F7 CAAC STa & $CAAC SAVE ANGLE VALUE FOR FUTURE U
00101 FAEE BD FS4)» JSR sus22 JUMP TO SUBTRACT ROUTINE
00102 FAF1 28 30 scs FLAGS
©0103 FAF3 B8 CAtt LDA A SCA1Y ANGLE = 380
00104 FAPE B1 FAOO CMP A SFACO
00105 FAF® 27 02 BEQ 2ERO3
0105 FAFS 20 38 BRA NEWCYL
00107 FAFD #§ CA12 IERG3 LDA P SCA12
00108 FE00 F) FAOO CMP 3 $FACO
00109 FE03 27 02 seo ruG3BO
00110 FEOS 20 28 SRA [ 178
00111 F507 SF ANG360 CLR 8
00112 K806 FT CAY STa B8 scat?
00113 rso8 83 coM ¥
00114 FBOC F7 CAla STA ¥ LG8
s N 03 MOTOROLA MBBSAM CROSS-ASSEMBLER PAGE 23
00118 FEOF 7E F300 JMp $r300
00118 FE12 2¢ 2 LYY NEWCYL BRANCH TO NEW CYCLE
00117 FS14 7C CA3D FLAG2 INC $CA3D SET FLAG, SIN IS NEGATIVE, 3R
00118 FS17 7C CA3C INC scasce SET FLAG, COS 1S NEGATIVE, 3R
00119 FS1a F8 CAAB LDA B SCAAB
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©0120 FE1D F7 CAI2 STA B SCA12 180 ¢ PHASE SHIFY < 270
©0121 FS20 TE FE3A JMp ANGLE2
00122 #%$23 7C CA3E FLAG3 INC $CA3E SET PFLAG, SIN IS NEGATIVE, &7
00123 #$28 7C Calr INC SCA3F SET FLAG MAY BE NOT NEEDE
00124 F528 FE CAAC LDA B SCAAC
00125 FE2C 88 8A Lba A #8852
00128 F32E 10 3.1
00127 FE2F 87 CA12 STA A $CA12
©0128 FS532 TE FEBA JMP ANGLE2
00129 FE3IS 4AF NEWCYL CLR A
00130 %38 OF TAP PUSH VALUE IN ACC.A INTO C.C.
00131 #8237 7F CA24 CLR sScCaz4 INCREMENT SIN-COS FLAGC
00132 FE3A 86 CA12 LPA A $Ca12
00133 FE3D B7 CAO3 STA A $Ca0d
00134 FS40 F8 CAYY LDA B SCA1Y
00138 F5A3 F7 CAO2 STA B $CAO2
OO136 FSAE TE F4&33 JMP susseo JUMP TD STARY A NEW CYCLE
00137 F543 OC sus22 CLC CLEAR CARRY BIT
00138 F54A BS CaoC LbA A SCAOC LOAD ACC.A WITH DATA IN SCAOC
00139 *S4D F8 CAOB LDA 8 SCaOB LOAD ACC.B WITH DATA IN $SFAOS
00140 FS50 BO CAOF SUB A SCAOPF ACC.A - SCAOF
00141 FE53 F2 CAOE SBC B SCAOE SUBTRACT WITH CARRY, ACC. 8 -
©0142 F566 B7 CAt12 STA A SCA12
00143 FS59 F7 CAVI STA B S$CA1Y
00148 FSSEC 139 RTS RETURN FRDM SUBRODUTINE
00145 F5S8D Ot NOP
00146 FSSE O NOP
00147 FSSF 0O NOP
00148 F580 CS8 DO SINTBL LDA B #3DO LOAD ACC.B WITH END OF TABLE
00148 PFES2 FE FAOE LOX SFAOE LOAD IX WITH SIN-COS TASLE ST
00180 F5ES B Caad LDOA A SCA43 LOAD AAC.A WITH DESIRED VALUE
Q0IS1 FEES A1 00 SINTB1 CMP A OO,X
00182 FSBA 26 OF BNE SINTR2
©0153 FEEC EE FF LOX L2 LA {
00154 FSSE FF CAA4O STX $CAsO SCA&1 COMNMTAINS SINE THE ANGLE
00188 F571 39 RTS
©01886 FS72 EV 00 SINTB2 TMP B X
00187 F574 27 04 BEQ SINTB
00158 F§76 ©8 INX INCREMENT JINDEX REGISTER
00158 FET77 T7E FESS JMp SINTB
00180 FS7A 3E SINTEY wal WAIT
i o0181 F5E7B8 7C CAJR FLAGH INC SCA3D
001862 FSTE 7C CA24 INT SCAZS INCREMENT SIN-COS FLAG
00383 FE81 FE CAAA LDA B SCAAA
0o184 F584 BC SA LDa & #3854
00185 F58E 10 SBa
00168 FS87 &7 CAl2 STA A SCa2
©O0187 F584 B6 CAY2 ANGLE2 LDA A SCA12 LOAD ACC.A4 WITH PHASE
00168 FS8D B7 CAAJ ANGLE STA A SCAaal $CAA3 CONTAINS DESIRED VALUE
00169 FS590 BD FEEO JSR SINTBL JUMP FOR SIN-TABLE SEARCH
00170 F893 7D CA24 TST $CAZ& TEST IF SCA24 CONTAINS 28RO
©0t7Tt FS8E 25 14 BNE COSAGL BRANCH TO STORE COSINE ANGLE
©0172 FBE88 F§ CA& LDba P $CAM LOAD ACC.A BY SINE PHASE ANGL
00173 FSOB F7 CAT STA 8 $SCat7 STORE SINE PHASE ANGLE IN MUL
00174 FESE 56 SA LDA A #38a
t $ N 03 MOTOROLA MEESAM CROSS-ASSEMBLER PAGE 4
00178 FSA0 BO LA4D3 SUB A SCAA3
00178 FSA3 87 Cad3l STA A $CAAD
00177 F5A8 7C CA24 INC SCA24 INCREMENY SCA24
00178 FSAS 8D PS80 JER SINTBL JUMP TO SIN TABLE ROUTINE
00178 FSAC FF CAA43 COSAGL STX $Caal STORE COSINE PHASE ANGLE
00180 FSAF F6 Chas Lba B SCA&4 LOAD ACC.B WITH CDSINE PHASE
Qo138 FSB2 F7 LAS STaA B SCane STORE PHASE ANGLE
00182 F5BS 7L Fl00 JMP $F300 JUMP TOD IMPEDANCE RTHN
ooc183 »
00184 F400 ORG $F400
00188 Fa00 0001 SINSTR RMB 1
00188 *
00187 END
SYMBOL TASLE
SIHNSTR F&00 SUSST Fal3s IERS ras ANges Fazms snmise

SUBEND FaTY SUB1aO FA4TY I8RO0 FABE ANGISO PFASO JUMP. FANE
B8R270 FaAA SUB270 Fa&BD ZERD2 FACA ANG270 FADA BR3ISO FaE2
ZERO3 FAFD ANC380 FBO0T FLAG2 PFS514 FLAGI FE23 NEWCYL FS3E
SUB22 FH4d SINTBL FEEO SINTSY F588 SINTE2 FE72 SINTE3 FE7A
FLAGY FE78 ANGLEZ FS8A ANGLE FB8D CUSAGL F3AC




$0 08 0000 48 44 52 18

51 13 rloo 09 BO FA O8 25 68 B! FA OB 22 O3 BS FA O 98
$1 13 r310
$1 13 F320
$t 13 F330
31 13 rF340
$1 13 F380
$t 13 F3so
$1 o8 rivo
$9 03 0000

CB O4 F7 CA 83 70 CA 3A 27 1€ 86 CA 17 87 sA
CB O4 F7 CA 81 78 F3J 80 FS CA 18 F7 CB 02 OF

CB O3 F7? CA 80 B CB O4 87 CA S1 7E F3 a0 OC

1 MOTOROLA MESSAM CROSS-ASSEMBLER PAGE 1

MEBSAM 1S THE PROPERTY OF MDTOROLA SPD. INC.
COPYRIGHT 1974 TO 1878 BY MOTOROLA INC

MOTOROLA MB800 CROSS ASSEMBLER, RELEASE 1.3
MODIFIED 1AMC VER: t.0

00001 Nam IMPED2
00002 Fa00 ORG S$F300
o0003 -
000048 SESESR SNSRI SRINRRBEASEEREER
00008 . s
00008 » IMPEDANCE CALCULATION SUB-RTN =
00007 * .
00008 BEAIEELELSRNIENAESERRISAENSARANRERS
o0008 b
00010 P300 B8 CAOY IMPED LDA A SCAOS LOAD ACC.A WITH 1 - MAX
©001t FI0) B8O FAOR SUB A sraos ACC.A CONTAINS | PEAK
00012 F3O& 25 &8 BCS CHECK
00013 F308 BY FAOR CMP 4 SPFaoB COMPARE I PEAK WITH $20
©0014 FlOB 22 03 BH1 MINIM
00018 F3I0D BS FAOS LDA A s$raos PUSH 820 AS I - MINIMUM
00016 F310 B7 CBO1 MINIM S$STA A $CBOt INITIALISE MULIRTN
00017 FI13 88 04 JUMPY LDA A #S04
00018 F31%5 BT CBO2 STA A $CBO2
00019 F3I18 BD FDAOC JSR MULIRTN JUMP TO MULIRTN
00020 F318 88 CBO3 LDA A SCeO3 LOAD HIM BYTE
00021 F31E BT CAS2 STA A SCASB2 INITIALISE DIVIDE RTWN
00022 F32t F§ CEOA LDA & scCaoO4 LOAD WITH LOW BYTE
00023 F324 F7 CAS3 STA 8 sCas3
00028 F£327 7D CA3A IMPEDY TST $CA3a TEST PLAG FOR FOR RESISTANCE
00025 ¥32a 27 ¢ BEQ RESIST
00028 F32L 88 CA1? LDA A sCa7 LOAD WITH SIN PMASE ANGLE
00027 FI2F BT CBOY STA A $CBO!
00028 F332 Ps CASA LDA B SCasa LOAD WITH ¥V - PEAK
00025 F3I38 F7 CRO2 STA B $cBO2
00030 F333 8D FDAO JSR MUL IRTN
00031 F338 8% CBO3 LDa A sceO)
©0032 F3IJE BT CASO S$TA A $CASO
00033 F341 FE CBO4 LDA B SCB04
00034 F3aa F7 CaSi STA B $CASH
00035 F347 TE FI80 JMmp DiviDE
00038 F344 F6 CAIS RESIST LDA B S$SCAtS LOAD ACC.® WITH COS PHASE ..
00037 *34D FY CHO2 $TAa B 3CBO2
00038 F350 BS CAOA LDa A $ScCaoOa
00039 r353 BO FAOS SUS & SFaocs
00040 F386 28 13 acs CHECK BRANCH TO STOP, SOME THMING IS
00041 F3I58 B7 CASS S$STA A SCASS SOTRE V PRAK
00042 FIS® B7 CBOY $TA A sSCBO!?
00043 FISE 8D PFDAO JSR MUL TRTN
00044 F3I81 F§ CBO) Lba & sCBO3
00045 FI84 FT CASBO STA 8 $CAsOC
00046 FIE7 B CRO4 LDA A SCHRO4
00047 F38a BT CASH STA A SCAS)H
00048 FISD TE FISO Jmpe bivioe
P0048 F3I70 TE FOIB CHECK JMP srozs
[-21-11-] »
20081 F3s0 ORG $Fr3s80
©00S2 FI80 0001 OIVIDE RMS 1
00053 FpAO ORG SPFDAO
00084 FDAO 0001 MULTRT RMD 1
t 1(Pp D MOTOROLA MESSAM CROSS-ASSEMELER PAGE 2
00088 =
00086 END

SYMBOL TaBLE

IMPED  F300 MINIM FJ10 JumMPl F313 IMPEDY F327 RESIST F3aa
CHECK F370 DIVIDE F380 MULIRT FDAO
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$0 08 o000
$1 13 Fraso
S$1 13 F39%0
$1 13 F3A0
$1 13 Fapo
$1 13 F3ICO
$) 13 r3po
$t OF F3EOC
59 03 o000
1 MOTOROLA MESSAM CROSS -ASSEMBLER PAGE 1

MEBSAM 1S THE PROPERTY OF MOTOROLA SPD. INC.

COPYRIGHY 1874 TO 1878 BY MOTOROLA INC
MOTOROLA MEB3OO0 CRDSS ASSEMBLER, RELEASE 1.3
MODIFIED 1AMC VER: 1.0

00001 NAM pIivipE
00002 F330 ORG $raso
00003 *
00004 SERTE SISV EESELENSSENEES SRR PSSR
00008 - L
00008$ = SYSTEM DIVIDE SUSROUTINE »
©0007 . s
00008 AR ERINNESLEEEANRINTANEENEEIERILSS
00009 =
00010 F3I80 BE FAO2 DIVIDE LDS ‘$PAO2 INITIALISE STACK POINTER
0011 F383 FE CAS! LDa B SCASY LOAD ACC.B WITH DIVIDEND LOW
00012 F388 37 rSH B PUSH DIVIDEND LOW BYTE INTO S
00013 FI87 BS CASO LDA A SCASO
00014 F3I3A 38 PSH A PUSH DIVIDEND HIGH BYTE INTO
00015 F388 FE FAOY LoX SFacs LDAD SFAOS® BY SCA , AND SFAQA
00018 F33E AS OO LoA & X LOAD ACC.A WITH DIVISOR HI-BY
00017 F3sC E& ©O1 LOA 8 1.,X LOAD ACC.8 WITH DIVISOR LOW B
00018 F3I92 1317 PSH B PUSH DIVISOR INTOD STACK {LOows
0018 F3I93 38 PSH A PUSH DIVISOR INTO STACK (MIGH
00020 F3I94 34 DES DECREMENT STACK POINTER
0002t F3I9% 30 TSX STORE STACK POINTER IN INDEX
00022 F198 88 O1 LDA A #01
00023 FJee &> ©O1 ST 1, X
00024 F33%4 28 OB Ml prve BRANCH IF MINUS
00025 F3sC 4AC DIvVA INC A
00026 FISD &3 02 ASL 2,x ARITHMETIC SHIFTY LEFT
00027 FasF 89 01 ROL 1, X% ROTATE RIGHT
00028 F3IA1 2B Oa [ 1} o1ve
00029 FlAJ 81 11 CMP A »#017
00030 F3AS 28 FS SNE Diva
00031 F3IAT A7 0O Divs STA a O, X SAVE COUNT
00032 F349 AS 03 Lpa a 3,x
00033 FiaB ES 04 LDa & 4.,X
00034 F3AD EF 03 CLR 3.
00035 FJIAF SF 04 CLR 4,x
00038 Fr381 EO 02 Dive sus B 2.Xx
00037 F3B3 A2 01 SBC A 1,X
00038 FIBS 24 07 aceC DIvD
00038 F3IBY EB ©O2 apd 8 2.X DIVISOR TOO LARGE
00040 FIBE A9 O1 ADC A 1,X
00041 F3I83 OC cLe CLEAR CARRY
©0042 F38C 20 Ot BSRaA bIve
00043 FIBE OO oIvo SEC SET CARRY
00044 FIBF &9 O4 DIVE ROL 4,x%
00045 FJIC1 89 03 ROL 3.x
oo04&8 F3ICI 84 O LSR 1.% ADJUST DIVISOR
00047 FICS &6 02 ROR 2,Xx
00048 F3IC7 BA OO -] -2+ o, .
000AS F3ICS 25 EE SNE DIve
©o0S0 FICH 2 INS INCREMENT STACK POINTER TO CL
00081 F3CC 31 INS
00082 F3C0 I INS
00083 raCE 32 PUL A
00084 FICF 33 PUL B
1D VD MOTOROLA MEZSAM CROSS-ASSEMBDLER PAGE 2
00088 FIDC 7D CA3A T$T SCA3A CHECK FLAGR : 2ZERO
00088 F3ID3 27 o8 sEQ RES!S
00087 FIDS 87 CA32 STA A 3CA32 STORE SYSTEM REACTANCE
0088 FJID8 F7 CA33 5Ta & 3CA3] SYORE REACTANCE HIGH BYTE
©008S F3I0B 20 OC SRaA SIGNXR
00080 FIDD TC CA3A RESIS INC SCA3A
0008t F120 87 CAJO STA A SCAdO STORE SYSYEM RESISTANCE
©COO082 FIEI F7 CA3I STA B SCA3
00083 FIEE £ FI27 Jmr IMPED
00064 F3IES 7E F280 SIGNXR JMP SF280
0008S .
000886 F327 ORG sr327
00067 F327 0001~ IMPED 1 RMB 1
000838 L]
ooo8e END

SYMBOL TABLE

DIVIDE r3so
rasr

oive

plva
RES1S

F385C DIV F3a7 DIvVE FIst DIVD Fase
FIDD  SIGNXR FIES IMPEDI F327



$0 08 0000 48 44 $2 1B

$1 13 F260 81 FA OO 27 07 &8 7F BT CA 33 20 0% F1 FA OC 22 CA
S1 13 F270 F4 B8 CA 3O 81 FA 00 27 O7 &8 7F 87 CA 31 20 O8 2¢
$1 13 F280 F8 CA 31 F1 FA OC 22 F! 7D CA 38 27 14 88 FA 08 04
$1 13 F290 8O0 CA 31 B7 CA 31 F¢ FA O3 FB CA 33 F7 CA 33 20 OF
$1 131 F2A0 44 70 CA 3D 27 14 86 FA O3 FS FA O8 80 CA 31 FO OC
$1 13 F280 CA 33 87 CA 31 F7 CA 33 20 2B 70 CA 3E 27 14 8¢ B8
$1 13 F2C0 FA O8 80 CA 33 B7 CA 33 F6 FA O3 FB CA 31 F7 CA 28
$1 13 F200 31 20 12 B FA O8 PS FA O8 88 CA 31 PO CA 33 87 82
St O8 F280 CA 31 F7 CA 33 7& PF1 SC 68

S8 03 0000 FC

t MOTOROLA MESSAM CROSS-ASSEMBLER PAGE 1

MESSAM I8 THE PROPERTY OF MOTOROLA SPD. INC.
COPYRIGHT 1874 TO 1878 BY MOTOROLA INC

MOTOROLA M6800 CROSS ASSEMBLEAR, RELEASE 1.3
MODIFIED IAMC VER: 1.0

00001 NAM SIGNRX
00002 F280 ORGC sraso
00003 *
00004 BIEEASE RSB IESES ISR ZIS S SIS INEBNIISNASIENESD
00008 bd
00008 s RESISTANCE - REACTANCE SIGN DETERMINATION L
00007 *
00008 XSRS S EEEESES RS IDERESSEEIIIESEEERNFIEEREENTES
000098 L4
00010 F280 B1 FAOO SIGN CMP A SFADO CHECK QUOTIENT HIGH BYTE s 2IE
00011 F283 27 07 BEQ LOBYTE SRANCH TO CHECK LOW - BYTE
00012 F268 88 7F LIMIT LDA A #S37F
00013 F267 87 CAXI STA A $CA3) STORE $7F UPPER LIMIT ON RESI
00014 F28A 20 OF SRA CHEKX
00018 F28C F1 FAOC LOBYTE CMP 8 SFAOC CHECKX OUOTIENT LOW - BYTE s §
QOO01E F28F 22 F& BH1 LIMIT BRANCH IF C ¢ 2 * ©
©0017T F271 BS CA30 CHEKXX Lba & SCA3O
00018 CMP A $FAOO
00019 sEQ HIBYTE
00020 LIMITX LDA A #S$7F
1 00021 STA A SCAX
| 00022 BRA SIGN2
' 00023 HIBYTE LDA B S$CAJY
00024 CMP 8 SFaOC
00028 BH1 LIMITX
00028 S1GN2 TsT $CA3B TEST IF COSINE 1S NEGATIVE
00027 BsEC SIGN3 BRANCH TD TEST THIRD QUADRANTY
00028 LDA A SFaos
00029 F280 BO CA3 SUB A SCA3Y R- s 980 - R
00030 F283 BT CAJ STA A $Cad OUTPUT RESISTANCE TO D/A CONV
00031 F298%8 F5 FAOS LDA B SFAOR
00032 F29% FB CAI1 ADD B SCA3] X+ r $8O0 + X
00033 F28C F7T CA3] STA B 3CA2] OUTPUT REACTANCE TO D/A CONVE
00034 F29F 2C 4 BRA FINISH
00035 F24a!' 7D CA3D SIGN3 ST $CAJD
©0036 F2A4 27 14 BEQ SIGNS TESY FOR SIGN IN THIRL OUDRAN
00037 F2A6 88 FAOS LDA A SFaOS )
©0038 F2a8 FE FACS LDA 8 SFrAOS
©0039 F2aC 80 CAl SUB A 3CAlX)Y R- s 380 - R
00040 F2AF FO CAJ] SUP 8 SCA33 X- & $a0 - X
©00Aat F2B2 B7 CAJN S$TA A SCAaX1 OUTPUT RESISTANCE TO D/A
00042 F283 F7 CA33 $TA £ SCA33 OUTPUT REACTANCE T0 D/a
©0004) F2B8 20 28 BRA FINISH JUMP FOR NEW CVYCLE
©0044 F2BA TD CA3ZE SIGNA TST SCA3E TEST FOR SIGN IN POURTH OUADR
00045 F2BC 27 14 sEC SIGNY BRANCH TO TEST FOR FJIRST OQUAD
00046 F28F BE FAO3 LDA A SFAOSB
00047 F2C02 BO CA3Y SuUs A $CA1I X+ = $80 - X
ooo4ag F2C5 87 CAID STA A SCA3Y
00049 F2C8 FE FAOR LOA B SFAODS
©o00sSC F2CH8 FB CADd1I ADD B SCA3Y R+ = $30 s R
©c005t F2ICE FY CADN STA B SCADJ!Y DUTPUT RESISTANCE TO D/A CONY
000852 F2D1 20 12 PRA FINISH
©0053 F2D3 BE FAOCS SIGN? LDA A SFaos
00084 F2D8 F§ FAOS LDA B SFaOB
1 S G*R8 MOTOROLA MESSAM CROSS-ASSEMBLER PAGE 2
0008E F2D% BE CAZ1Y ADD A $CA31 Re ¢ $830 + R
00086 F2DC F83 CAJ3 ADD 8 SCA33 X+ ¢ $830 + X
00087 F20F 87 CAJ $TA A SCA3!'
000852 F2E2 F7 CAI33 STA B $CA23
©00S9 F2ES TE FISC FINISH JMP $FI8C
00080 .
00081 END
SYMBOL TABLE
SIGH F2¢0 LIMITY F288 LOBYYE F28C CHEKX F271 LIMITXY F279
HIBYTE P280C SIGN2 F2as SIGNY raan SIGNA F28A SI1GNY r202
TINISH F2ES




SO 06 0000 48 44 $2 18

$1 13 FDAG C& O8 F7 CB OO0 FG CB O1 AF 74 CB 02 24 ©O) 18 48 &7
S1 12 FDBO 78 CB 04 72 CB 00 26 F1 B7 CB 03 F6 CB ©4 I8 iC

$8 03 0000 FC

1 MOTORDLA MESSAM CROSS-ASSEMBLER PAGE Y

MESSAM IS THE PROPERTY OF MOYOROLA SPD. INC.
COPYRIGHT 1874 TO 1976 B8Y MOTOROLA 1INC

MDTOROLA M8800 CROSS ASSEMBLER, RELEASE 1.3
MODIFIED JAMC VER: .0

00001 NAM MUL YRTN

©0002 FDAO ORG SFDAO

00003 »

0000A EIERUASERENBEISABSESSETEERENEESESERIEZURASETESS
00008 L

©0008 b MULTIPLY RTN ONE BYTE = ONE BYTE .
00007 »

00008 .lll.‘.'l.l'I...Ill.“'l."llll‘.ll‘...‘lll...
[-2-1-1-2 ] L]

©0010 FDAO C& O8 MULTRYT LDA B #3038 PUT 03 IN 8 REGISTER

00011 FDA2 Fr7 CHOO $TA B 3CBOO SAVE SHIPFT COUNT (08}

00012 FDAS FS C8OI Lba 8 SCBO LOAD MULTIPLICAND INTO ACC.®
00013 FDAS 4F CLR A CLEAR A

00014 FDAS 74 CBO2 $KIP2Z LSR sCBO02 SHIFT MULTIPLIER RIGHY
©0018 FDAC 24 O | 144 sSKIP GO TO SKIP 1 1F CARRY CLEAR
©0016 FDAE 18 ABA ADD ACC,°‘S

00017 FDAF 48 sKIPi ROR A SHIFT PRODUCT MS BYTE RIGHT
00018 FDBO 76 CHOAX ROR 14 1-2) SHIFYT PRODUCT REG.LS BYTE
00013 FDB3 7A CBOO peC 14 1-1-] DECREMENT COUNT

00020 FDAS 26 FI BNE SKIP2 BRANCH If NOT O

©0021 FhB8 BT CBOI $TA A $SCBOD IF © DONE. STORE MS BYTE
00022 FDB8 F§ CB04 LDA B $SCBO4 LOAD ACC.B WITH PRODUCT LS 8Y
00023 FDBE 3¢ RTS

00024 »

00028 END

SYMBOL TABLE

MULIRT PFDAO SKIP2 FDA® SKIP! FDAF

S0 06 0000 43 A& $2 18

$1 13 FDOO TF CC OS 7F CC O8 7F CC 07 7F CC O3 B8 CC 02 F8 2F
$1 13 PFD10 CC O&4 F7 C® O1 B7 €8 02 BD PO AO F7 CC O8 B7 CC 20
S$1 13 FD20 O7 86 CC 02 FG CC ©3 F7 CB ©1 BT CB ©2 8D ¥D AO DE

€1 13 FD30 PR CC ©7 F7 CC ©OT 89 00 B CC O 88 CC O©4 FS CC CO
$1 13 FDsO O1 FT CB O1 BY CB 02 8D FD AOC FB CC ©7 F7 CC 07 78
1 13 FDSO B3 CC O% B CC O8 28 00 89 00 87 CC ©% B8 CC 01 7%
S1 13 FDEO F6 CC O3 F7 CB O1 87 C8 02 BD FO AO FB CC O% F7 &5
$1 0C FD70 CC O8 B% CC OS B7 CC OS5 39 &9

$§9 03 0000 Ft

1 MOTOROLA MBBSAM CROSS-ASSEMBLER PAGE 1

ME3SAM 1S THE PROPERTY OF MOTORDLA $PD. INC.
COPYRIGHT 1874 TO 1876 8Y MOTOROLA INC

MOTOROLA MEB0OO CROSS ASSEMBLER, RELEASE 1.3
MODIFIED JAMC VER. 1.0

00001 NAM MULZRTN

©0002 FDOO ORG S$PFDOO

00003 A

00004 BIEZELLESEERESES PSS ERBINSERININENAREEERNESS

00008 bd

00008 ' s TWD BYTE BY TWO BYTE MULTIPLY ROUTINE .

©0007 .

00008 ARASBERENSEASSEIINEEIBESESRINESRESBATTARRRRRS

oocos L

00010 FDOO 7F CCOS CLR PRODHSE CLEAR PRODUCTY REGCISTER HIGH 8
00011 FDO3 7TF CCOS CLR PROMHS CLEAR PRODUCT RECISTER MIDOLE
©0012 *DOE TF CCLO7 CLR PROMLE CLEAR PRODUCT REGISTER MIDDLE
©0013 rpos 1F CCOB CLR PROOLS CLEAR PRODUCT REGISTER LOW BY
00014 FDOC 86 CLO2 LDA A MULDL® LDAD ACC.A WITH MULTIPLICAND
00018 FDOF F§ CCOS LDA 9§ MULRLD LOAD ACC.B WITH MULTIPLIER LO
00016 FD12 F7 LBO1 STA B MULYD? STORE MULTIPLICAND IN MULIRTN
00017 FD1S B7 CBO2 STA A MULTR! STORE MULTIPLIER

coote FDts BD FODAO JSR MULIRTH JUMP TO MULIRTN SUBROUTINE
©0019 FDIB FT LCOS STAa B PRODLSE STORE PRODUCT LOW BYTE

00020 FDIE B7 CCO? 35TA A PROMLE STORE PRODUCT MIDODLE LOW BYTE
©0021 FD2t B6 CCO2 LDA A MULDLE LOAD ACC.A WITH MULTIPLICAND
00022 FD24 F$§ CCOD LDA B MULRHE LOAD ACC .8 WITH MULTIPLIER HI
00023 FD27 F7 CBOI $TA B MULTDY

©0024&4 ¥fD2A BT C802 STA A MULTR)

0002% FD2D 8D FBAOC JSR MUL IRTHN

00026 FD30 FB £COT ADD B PROMLSE

©0027 FDI3 F7 CCOT7 SYA B PROMLE

00028 FDJIE 8% OO ADC A #00000

©002% FD3& 87 CCoOEB STA A PROMHS PRODUCT REGISTER HIGH SYTE
©0030 FD3IB B8 CCOA LDA A MULRLS

©0031 FDLIE FE CCOY LDA B MULDNMN® LOAD ACC .8 WITH MULTIPLICAND
00032 FDaY F7 CHOY STA B MULTD!

00033 FD&a BT CBO2 S$TA A MULTRI




1

00034
00038
©0038
00037
00038
000390
©0040
oo0A
00042
00043
oco0As
ooo4as
[-1-1-27 ]
00047
o00AS
0004
00080
00081
00082
©00083
00084

MEL R

©0008S
113 1 3
00087
00088
000 ?
o080
[-1-1-1 B
[-1-1-7 ¥4
00083
00084
00088
111 1 3
©C087
00088

$Ym80L

MULDHS
PROMHB
MULIRT

Foa7 8D FDAO JER
FDAA PFB CCO7 ADD B
FOAD F7T CCOY STA B
FDSO B8 CCO® ADC A
FDSJ 87 CCoOS STA A
Fbss 88 o0 LDA A
fD88 83 0O ADC A
FOSA B7 CCoOS STA A
*DSD 88 CCO1 LDA A
FDso F$ CCoO3 LDA B
*D83 F7 CBOI STA B
FDS6 B7 CBO2 STA A
rDs® 8D rDAO JER
FOSC F® CCOB ADD B
FDSF F7 CCOB STA B
FD72 B CCOS ADC A
FD7% 87 CCoOS STA A
FD78 38 RYS
=
cecol ORG
£co1 o001 MULDHB RMB
an MOTOROLA MSASAM
€Co2 oovot MULDLD RMB
€COo3 o001 MULRHE RMB
CCcos o001 MULRLE RMS
CCos 0001 PRODHS RMB
cCcos o001 PROMNE RMS
cco? 0001 PROMLE RMS
tcos o001 PRODLE RMB
cBot onrG
CsOt 0001 MULTDT RMS
CBO2 000! MULTR?! RMS
FDAC ORG
FDAO 0001 MULIRT RMD
-

END

TABLE

CCOY MULDLE CCO2
CCos PROMLE CCOT
FDAOC

MULIRTN

PROML

PROMLE

PACMHSE

PROMHS

#00000

#00000

PROOHB PRODUCT HIGH BYTE

MULDHE

MULRHD

MULTD Y

MULTR Y

MULIRTN

PROMHE

PROMHS

PRODHBE

PRODHD
RETURNE FROM JSR

s$CCcol
1

CROSS-ASSEMBLER PAGE 2

14 1-3]

roao

[T R R R

MULRHS CCO3 MULRLEB CCO4 PRODHB CCOS
PRODLS CCOS8 MULTD? C8O01 MULTRI CRO2
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87

%0 08 00O0C
31 07 rFasc
$1 13 PFis0O
$1 13 F170
$1 13 Fise
$1 13 Fi180
$1 13 Fiao
$t OD F1BO
£9 03 0000

1 MOTOROLA MS8SAM CROSS-ASSEMBLER PaAGE 1

MESSAM IS THE PROPERTY OF MOTOROLA SPD. INC.
COPYRIGHT 1974 TO 1876 BY MOTOROLA INC

MOTOROLA MBROO CROSS ASSEMBLER, RELEASE 1.3
MODIFIED 1AMC VER: V.0

00001 NAM AVERAGE1

00002 F1I8C ORG $SF1s8C

00002 »

00004 ERASEINEEESANRUESSRSEERRTNRY BESEBRNPERERERBANRS
000085 »

00008 s R - X ERROR FILTERING RTN 8 SAMPLES *
20007 =

00008 CSEEESEEBANSRINENEEREAENERDES *susEENISERED
00009 L

00010 F18LC FE C970 LDX $C870 Initialize IX

0001t FIBF 38 C9 LDAa A #3CO

00012 F181 BT C$70 STa A 3C970 Push $C® into $Cs70
00013 F184 86 8B LDA A wSS8E

00014 F188 B7 COITY STA A 3C871 Push $SE into SCa71
00018 F188 F§ CA31? LDA B SCAZ1 Get R - last cadc.
00018 F18C B4 LSR 3 divide R by 2

00017 FI18D §4& LSR 2

o0018 FI18E Sa LSR B

00018 FiEF F7T CO51 STA 8 SCe&1 s R/3

00020 F172 86 CoaD LDA A $SC84D Get R cldest sample
00021 F178 FS C2S8 I10a 8 SCOBS Get R last output
©0022 F178 10 $8a subtr. old. sampile
00023 F179 Fs C981 LDA B SCOS?t Geat nowest sample
oo024 FI17C 10 ABA Add to R - out
00028 F170 B7 CPaD STA A $C84apD Store R - out

00028 Fi8C FE CA3D LDa B $SCA33 Get Last X calc.
00027 F183 B5a LSR bivide by 2

00028 F184 Sa LSR B8

00029 F18% 54 LSR 8

00030 F188 F7 C9SH STA 8 SC9S58 save X - Sample
00031 F189 BE C94aC LDA A SCoaC Get X - last outp.
©0032 F18C Fr§ L9980 LDA B $CRSO Get X oldet sampiles
00033 FI18F 10 s8a Subt. oldest samples
00034 F180 FB [9SS Lba B scss9 Qet newest samplae
00038 F193 18 aga Add to X - out
00036 F194 BT COAC $Ta A sSCoac Save X - out

00037 F197 7F C962 CLR $Ce82 clear sample cnt.
00038 FISL AE O1 SHIFTY LDA & $1,X incr Ix

00039 F19C 7C C982 INC scse2

000480 F18F A7 OZ2 574 A $2,X

00041 riai o9 . bExX

00042 F1A2 BE C982 LDa A SCe62

CO0423 PF1AS% 21 OF CHMP A w#sSOF finish 18 samples
00044 F1AT 27 ©2 8eQ ouTPUT

COC4%5 F1As 20 EF BRA SHIFT

©004E FIAB BS CHAD OUTPUT LDA A SCOAD

00047 FI1AE F8 CHAC LDA B SCoaC

©004L FIBY F7 DOO2 STA B $SDOO2 R - output

C00AS F1B4 B? EOO2 STA A SEOO2 X - output

00080 FiBY? 7E FO28 JMP cYcLe new cycile

0008 »

00052 FoO2R ORGC s$rFoas

00053 PFO2P 0001 CYCLE  RMB 1

[-1-1-2 1) .
1 ASE2A E MOTOROLA MBASAM CROSS-ASSEMBLER race 2
[-1-1-3.% END

SYMBOL TaBLE

SHIFT F18A OUTPUT FI1AB CYCLE Fro2B



[1-1-1-2}
00002
00003
00004
00008
00008
00007
[L-1-4-1]
[L-1-1-3 ]
00010

00011

0000
F200
rF210
F220
F230
F240
F2so
FAOO
FAlO
F100
Fii10
F120
F130
Fl140
Fiso
0000

MOTOROLA MEsSA

M CROSS-ASSEMBLER PAGE 1

MEESAM IS THE PROPERTY OF MOTOROLA SPD. INC.
COPYRIGHT 1974 YO

1876 BY MOTOROLA INC

MOTOROLA MEB80O0 CRUSS ASSEMBLER, RELEASE 1.3
©

F200

F200
F201
202
F203
F204
K208
r208
K207
F208
F209
F204
F208
r2o0cC
ra200
raoe

MODIFIED 1A

NAM

ORGC
.
sxzsassassw
»
» SINE -
-
ssvxssazERE
L]

FCH

FCa

ML VER: ¢,

CONST
$rFr200

B IVIRIIFEEEEEARBEIEZARISS
COSINE TABLE CONSTANTS *
SLEIBEEISARISAEEERBARESBIENTS

$00,304,809,300.,512,316,818,$1F, 324,322

$2C,8$31,335, 839 ,33E 542, $46,340,34F,382

00012

00013

[1-1- A% ]

1 CIN3

00015

F20r
r210
ra211
F212
F213
F214
F213
F218
£217
F21e
F219
rF21a
F218
F21cC
F210
F21¢8
F2F
F220
F2z1
r222
F223
F224
F228
F228
rza27
F228
F228
rza2a
raaes
r2a2c

T

F220
F22¢
Fazr
r230
F231
F232
F233
F234
F23%
F238
r237
F238
F239

FCe

rce

rce

MOTOROLA MEsSA

FCB

$57,85C , 360,564,368 .85C,370,374 120

$78.37C, 380,884 ,8588,3088,88F,393,396,3%4

$9D,341,384 ,SA8, 340, SAL,SB2,385,304,388

M CROSS-ASSEMBLER PAGE 2

$8E . SC1,3C4 ,SC6,3CA,$CC,$CF $D2,3D4 , 8D

88



[-L-1-2X ]

00017

coo18

00018

00020
00021

00022

1 CiN3TY

F23A
F238
F23¢C
F230
rz3ge
F23F
F240
rF241
F242
F243
F244
K248
F2as
F247
F2a8
F249
F24a
F2as
F24C
F240
F24%
F24r
F280
F2%
F252
F283
F254
F288
F2ss
Fa2s7
252
ra2se
rasa
F280
FaoO
Faoo
FaQ
Fao02
Fao3
Faoca
Faos
FACS
rFao?
FacS
Faos
FaOA
FaoB

rce $S0S, 308,908,907, 322,84, 988,393,384, SEC

(44 } SED.SEF ,3FO0,3F2,SF3 P, 358, 8P 7,878,878

L34 } SFA,SF3 SFC . SFD SFD SFE,SFE, SPFF SFF SFF

rcs SFF, SFF,SFF $DO

ORG $Faco
rce $00,300,8CF ,SFF,$00,3E7,801,$54,8380 21

rce $CA,$82,820,3$7F ,$3A4,8F 1,800,800 ,844 22

MOTOROLA MESSAM CROSS-ASSEMBLER PAGE 3

00023
00028

00028

00028

00027

o002

FAOC
Fao00
FAOE
FaoOF
Fat10
LI R R
Fi00
F1o00
F10
Fio2
Fi1o03
104
Fios
F1o6
F107
Fio2
108
104
Fios
FioC
Fi10D
Firoe
rior
LERY-
Fi1t
Fii12
F11)
LERY}
Fi18
LARN ]
F117
Fi1s
LBRE ]
Fiia
LARE
Fyic
Fi1D
Fiie
Fiar
Fi120
129
F122
F122
Fi12a
F128
ri2s
Fi127
Fi128
Fi28

ORG $F100
FCs ©0,01,02,03,04,05,08,07,08,08 240.

[ 44 10,11,12,13,16,185,18,17,18,19

rce 20,21,22,23,24,28,28,27,28,29 280.

FCcB 30,31,32,33,34,38,36,37,33,38 270,

rcs 40,41,482,43,44,45,488,47,48,49 280.

89



00029

1 cinav

00030

00031

00032

F12A
F128
rFi2¢C
r120
F12E
rF12F
F130
Fi31
F132
F13)
F134

F138
ri3e
137
rFi3s
F138
Fi3A
Fi3is
F13C
F130
Fi3e
FI13F
Fr40
Flat
F142
143
LART]
F148
Fla8
F147
Fias
Fl149
Fiaa
Fi1as
FiacC
F14D
FI4E
F14F
Fis50
Fi81
rF1s2
F183
Fi154
F188
1858

FCS $0,851,52,53,854,85,88,87,88,89 290,

MOTORDLA ME8SAM CRUSS-ASSEMBLER PAGE 4

FCO $0,81,82,83,84,85,86,87,88,80 300.

Fce 70,71,72,73,74,78,78,77,78,78 310,

rce 80,81,82,83,.84,385,856,87,88,388 320.

00033
©0034
00038

F187
Fi18s
Fise
Fi18A

rcs $0

END

90



Pbject Programme

NEM PEAKPICK
ORG $Foo00
.

SESENPSEREENINABEEINRENND ssnss ssBaBIRBEERART
. »
» PEAK PICKING ROUTINE & PHASE ANGLE CALCULATION *
. »

LDX (432

$TX sbooo INIT., PIAZ INPUY REGISTERS
LOX *SFroa LoAD 1MD REGC WITH HEX. S$FFOA
$TX $0002 INIT. PIA2 OQUTPUT RELCISTERS
LDX #3004 LOAD IND. REGISTER WITH MHEX. $004
$TX $2000 INIT. PIA1 INPUT REGCISTERS
Lbx #3FFOL LOAD INDEX REGISTER WITH $FFO4
$Tx $SECO2 INIT. PlA) DUTPUT REGISTERS
tox $Fal0 LOAD JX WITH STARTINC ADDRESS { SCo4A
CLR sces CLEAR BYTE COUNTY
CLEAR CLR ©.X CLEAR LOCATION INDICATED 8Y X
INX
INC [ 14 X3 INCREMENT COUNTEP
LDAA SCOE1 LDAD ACC.A WITH COUNT VALUE
CMPL ”$17
M) CLEAR BRANCH TO CLEAR REST OF TABLE
BIGIN Lbs $Fra02 INITIALISE STYACK POINTER ( SCFFF )
(93 4 $FAOO CLEAR INDEX REGISTER
PIA2VL LDAA s$pooo LOAD ACC . A WITH INST. VALUE OF Vv
CMPa S$FAQS COMPARE ACC.A WITH HEX. $80
aw] PIAZVH BRANCH IF MINUS
BRA PrA2VL BRANCH ALWAYS
PIA2VH LDAA s$booo LOAD ACC . A WITH INST VaLUE OF Vv
CMPA $Facs COMPARE ACC.A WITH HEX $80
| 148 PlATIL BRANCH TD CHECK 1 VALUE
BRA PIAZVH BRANCH BACK FOR V CHECK
PLlAYTI. LDAB $EOOO LOAD ACC.B BY INST . VALUE OF
cMPE tFAOS COMPARE VALUE OF ] WITH HEX. $80
aM; P1AYIN BRANCH 1F MINUS
INX INCREMENT INDEX REGISTER
BRA& rlIAYIL BRANCH ALWAYS
Pl1A1INM LDAB $E0O0O LOAD ACC . B WITH INSY. VALUE OF 1
14,14 ] SPAOL COMPARE INST VALUE OF 1 WITH $80
BPL STX 1 BRANCK TO STORE VALUE OF (N}
IN) INCREMENT N ... NENeD
BRA PIATIN BRANCH ALWAYS
5TX1 sTx scacz STORE VALUE OF (N}
LDX $FAOE LOAD IND REG BY $0182
NOP
NOP
DEX DEX DECREMENT INDEX. REGISTER
DEX DECREMENT IND REGCISTER
BNE DEX 1 SRANCH TO DECREMENT IX LOOP
LDAS $EOOO LOAD ACC .3 WITH ‘I’ MLX
s$tTag $Ca0S STORE MAX. VALUE OF
N P1A2Y1 LDAA S$DOOO LOAD ACC.A WITH INST VALUE OF V
CMPR $Faoe COMPARE INST VALUE OF V WITH 880
BM] Piazvz BRANCH TC CHECK V)>SacC
BRA riaz2vi BRANCH ALWAYS
P1a2v2 LDAA SDoOOO LOAD ACC .4 WITH INST. VALUE OF Vv
CMPL  SFAOS COMPARE INST. VALUE OF VvV WITK $30
BPL Lbx1 BRANCH IF VvV > 880
BRA Prazva BRANCH ALWAYS
LDXx1 Lbx $FAO4 LOAD INDEX REGISTER WITH SOE?
oEX2 NDP NO OPERATION
DEX DECREMENT INDEX REGISTER
DEX DECREMENT INDEX REGISTER
DEX DECREMENT INDEX RECISTER
BNE DEX2
LDAL $D00OO LOAD ACC .2 WITH Vv #MaXx
§TaL staos SYORE MAX VALUE OF v
LDAL #S$EE LOAD ACT.& WITHh A& CONSYANT SEE
$YAR S$CCoO1 IRITIALISE MUL2RTN

LDAE #8990
STAS $CCO2
LDAA S$CaO2
$TAR S$CCOD
LDAB S$CAOI
STAB $(CO4
JSR MUL2RTN
tbaa sccos
STAR S$CAOQD
LDAB S$CCOS
S$Ta4B  $CAO2
Jmp SINSTK JUMP TD SINCOS SUBROUTINE

RG $FDOO
MUL2RTN RMB
v . ORGC $Fa00
? . SINSTR RME 1

END




NAM $INCOS
ORG $Fa0O
BEASSEESEIEANSARIUEEBINSSRIIRSRREEERRENRNRENIIRS

» *

L SINE-COSINE PHASE SHIFT ANGLE SUBROUTINE *

° L3

- SRS SN UNEERRIRERNER SIS ESRRSRRNENINSSUBENERRS

.

SINSTR LDS $FAO2 INITIALISE BTACK POINTER
LDAB SFaocOD
$TAS SCAOF STORE $DO ( N:80 DEGREES) FIXED DATA
CLR SCAOE CLEAR MEMORY LOCATION
CLR $CA1] CLEAR MEMORY LOCATION
CLR stailc CLEAR MEMORY LOCATION
CLR $CAD CLEAR MEMORY LDCAYION
CLR SCAE CLEAR MEMORY LOCATIDN
CLR $CATF CLEAR MEMORY LOCATIDN
CLR $CA2a CLEAR SINE-COSINE LDOP FLAC
CLR $CAdA CLEAR RESISTANCE - REACTANCE FLAG
cLR $CAlS CLEAR SEC.QUADRANY COSINE FPLAC

CLR SCA3C
CLR SCA3D
CLR SCAJE
CLR SCADF
CLR SCAL2

SUBSC Lbaa S$CAO2 LOAD ACC . A WITH { N HIGH BYTE |
$TAA SCaAODR STORE PMASE SHIFY (HIGH BYTE) IN SUBRTN
LDAB $CAOQD LOAD ACC .9 WITH { N LDW BYTE )
STAB S$CAOC STORE PHASE SHIFY (LOW BYYE} IN SUBRTN
JSR sub22 JUMP TO SUBTRACT SUBROUTINE

BCsS SUBEND BRANCH IF ANGLE 1S < 90 DEGREES
LDAA S$SCAMN -
CHMPA  SFAOO
BEC 1ERD
L LY BRI1B8O
ZERD LDaB $CA12
CMps  $FAaCO
| 23 ANG9O
BRA BR120
ANGSO CLR2

r STAA  $CAIE STORE COSINE 30 DEGREES
‘ coma .
STAR  $Ca1T STORE SINE 80 DEGREES
* JMP $F300 JUMP TD IMPEDANCE RTN
‘ BRIBC STAA S$CAOB RE-INITIALISE SUBTRACT ROUTINE
! LDAB  $CA12
‘ STAs  $CAOC RE- INITIALISE SUBTRACT ROUTINE
STAE SCAAA SAVE ANGLE VALUE FOR FUTURE USE
BRA  SUB1BO BRANCH TO SUBTACT 90 DEGREES
SUBEND LDAA $CAO3 LOAD ACC.A WITH PHASE ANGLE (N)
JMP ANGLE
SUB180 JUSR  SUB22 JUMP TO SUBTRACT ROUTINE

BCS Jume
Lbaa scat
CMPA SFAOO
BEQ IEROY
BRA BR270
2ERO LDA® S$CA12
CHMPB  SFAOO
BEQ ANG180O
BRA BeR270
ANG180 CLRB
STAE SCA1T

$TAB S$CAIE
INC $CAJB

JMP $F300 JMP TO IMPEDANCE RTN

JUMP LDAE S$CAAA PHASE ANG.( 90 ¢ ANGLE ¢ 180 )
LDaA (217
SBA
INC $CAdB FLAG FOR COSINE 1S NEGATIVE
JMP ANGLE

BR270 STAA SCaOR RE- INITIALISE SUBTRACT ROUTINE
LDAS SCA2
s$TAB  S$CAOC RE- INITJALISE SUPTRACT ROUTINE
$TAB SCAAR SAVE ANGLE VALUE FOR PUTURE USE
aRa sus270 BRANCH TO SUBTRALT 90 DEGREES
noP
NOP
NOP

SUS270 JSR suB22
BCS FLAG2
LDAA SCANN
CMP2A  SFACO
BeQ 2ERD2
BRA GR3I80

TERD2 i1Dag SCA12
cCMrE  SFAOO
8EQ ANG270
BRA BRIBO 270 < ANGLE

ANG270 CLRA
STAA SCA1te

Coma
$TAR SCALT
INC $CA3D SIN 270 DGREES 1S NEGATIVE
JMP $F300
SR38C S$TaA SCAOS RE- INITIALISE SUBTRACY ROUTINE
LDAR $CaI2
STAB SCAOC RE - INITIALISE SUBTRACY RDUTINE
STAS SCAAC SAVE ANGLE VALUE FOR FUTURE USE
JER sus22 JUMP TD SUBTRACTY ROUTINE
BCcs FLAGY )
LDaa $CA1 ANGLE s 380

tMPA  SFAOO




SEQ
BRA
ZERDI  LDAR
cwrs
1 21
[ LY
ANG3ISOC CLRR
STAS
coms
sTap
Jmp

L LY
FLAG2 INC
INC
Lbas
$YAR
JMP
FLAGS INC
INC
Lbas
LDAs
$82
STAA
Jme
NEWCYL CLRA
Tar
CLR
LDAA
s$TAA
LDaB
STAR
JMP
sus22 cLe
Lbas
LDAB
susa
SBCe
$TAR
$TAB
RTS
NOP
NOP
NOP
SINTBL LDaB
LDX
LDAA
SINTB1 CMPa
BNE
LbXx
$TX
RTS
SINTBE2 CMPB

SEC
INX
kL id
SINTBI wa]
FLAGH INC
INC
Lpae
Lbas
$8a
STAR
ANGLE2 LDAA
ANCLE S$TAA
JER
TST
BNE
LDAP
S$TAE
LDA&
susa
$Tan
INC
JSR
SOSACL S$TX
LDAR
$TAB
JMP
.
1.3
SINSTR RMB
.

END

ZERDI
NEWCYL
s$ca12
sraco
ANG3S0O
NEWCYL

s$Ca17

scats
$raoo
NEWCYL
sca3D
$CAdC
scaas
scat12
ANGLE2
$CAdE
$cazr
SCAAC
71y

SCAT2Z
ANGLE2

$CA24
$ca12
$caol
$Cat
$CAO2
sSussSo

s$caoC
scaos
S$CAOF
SCAOCE
$CAY2
S$CAYY

#$0DO

SFAOE
S$CAAD
00, X

SINTE2
#SFF X
SCAROC

WX

SRANCH TO NEW CYCLE
SET FLAG, SINKN 1S NEGATIVE, 3RD QUADRANT
$ET FLAG, COS 1S NEGATIVE, 3RD QUADRANT

180 ¢ PHASE SHIFT ¢ 270

SET FLAG, SIN IS NEGATIVE, &4TH OQUADRANT
SEY FLAC MAY BE NOYT NEEDED *

PUSH VALUE IN ACC.A INTD C.C.R.
INCREMENT SIN-CDS FLAG

JUMP TO START & NEW CYCLE

CLEAR CARRY BI1T

LOAD ACC.A WITH DAYRE IN SCAOL

LOAD ACC.B WITK DATA N SFaOE
ACC.A - SCACF

SUBTRACT WITH CARRY, ACC.B - SCAOE

RETURN FROM SUBROUTINE

LOAD ACC.B WITH END DF TABLE
LOAD IX WITH SIN-COS TABLE STARTING ADDRESS
LOAD AAC.A WITH DESIRED VALUE OF ANGLE

SCA&7 CONTAINS SINE THE ANGLE

SINTED
SINTEY

$CA3E
$CA24
$SCaAn
#$S5A

sca2
sta12
$Caa3
SINTBL
scaza
tOSAGL
[ 1R
$Ca17
ss52

sCaas
$tasd
$Ca24
SINTHL
[ITYF]
scass
scats
$7300

$FaACQO
1

INCREMENY INDEX REGISTER
warr

INCREMENT SIN-TOS FLAG

LDAD ACC.A WITH PHASE

SCAA3 CONTAINS DESIRED VALUE

JUMP FOR SIN-TABLE SEARCH

TEST IF SCA24 CONTAINS 2ERD
BRANCH TD STORE COSINE ANGLE

LDAD ACC.A BY SINE PHASE ANGLE
STORE SINE PHASE ANGLE 1IN MULIRTN

INCREMENT SCAZ24

JUMP TD SIN TABLE ROUTINE

SBTORE COSINE PHASE ANGLE

LOAD ACC.B WITH COSINE PHASE ANGLE
STORE PHASE ANGLE

JUMP TO IMPEDANCE RYN

93



NAM I1MPED2
ORG $Fr300

=
. sssnsasuss
. s
L IMPEDANCE CALCULAYION SUB-RTN »
» s
.
»
1

MPED LDAR §$CAOS LOAD ACC.A WITH 1 - MAX
SUBA S$FaOl ACC.A CONTAINS 1 PERAK
’es CHECK
CMPA  SFAOR COMPARE | PEAK WITH $20
L LB} MINIM
LDARA Sraoce PUSH $20 A5 1 - MINIMUM
MINIM STAA s$CBOY INITIALISE MULTRYN

JUMP 3 LDAA w#S04
$TAA 8CBO2

JER MULIRTN JUMP TO MULIRTN
Lbaa S$CBO3 LOAD HIMW BYTE
$TAA  $Cas2 INITIALISE DIVIDE RTN
LDAB SCBOA LOAD WITH LOW BYTE
STAB S$CAS3
IMPEDY TSTY $CA3A TEST FLAG FDR FOR RESISTANCE DR REACTANCE
| 1.3 RESISY
Lpas SCAT LDAD WITK SIN PHASE ANGLE
$TAA S$CBO)Y
LDAE S$CAS4 LOAD WITKH V - PEAK
STAB $CB02
JSR MULIRTN
LbAA SCBO3
$TAA SCASO
LDAR SCBO4
$TAE SCAS
JMP DIVIDE
RESIST LDAB S$Ca18 LOAD ACC.B WITH COS PHASE ANGLE
sTaB  sSCBO2
LDAE S$CAOL
SUBL SFAOR
BCS CHECK BRANCH TO STYOP, SOME THING IS WRDNG®
$TAA  SCASS SOTRE Vv PEAK
$Taa SCBOI
JSR MULIRTN
LDAB SCBO3J
STAB SCASO
LDAA SCBOG
$TAA $CAS1
JMP DIVIDE
CHECK  JMP sFo2p
.
ORG $Fr3s0
DIVIDE RMB 1
.t — ————— ———— o ———————
ORG $FDAO
MULIRTN RMB 1
M
END
NaM DIVIDE
ORG S$F380
F
RBPEEEREESENDISUEFNESEIERERENEERIERERS
. N
L SYSTEM DIVIDE SUBROUTINE =
L -
BBEBIEEANSNEESSENERREEARSBENRAENERERESD
»
DIVIDE LDS $FAOQ2 INITIALISE STACK POINTER
LDAB SCAS LOAD ACC .8 WITH DIVIDEND LOW BYTE
PSHE PUSH DIVIDEND LOW BYTE INTO STACK
Lpas staso
PSHL PUSH DIVIDEND HIGH BYTE INYO0 STACK
LOX $FAOS LOAD $FAOS BY SCA , AND SFAOL BY $52
Lpaa  x LOAD ACC.A WITH DIVISOR HI-BYTE
Lpag  1,X LOAD ACC.B WITH DIVISOR LOW BYTE
PSHB PUSH DIVISOR INTO STACK (LOWBYTE)
PSHA PUSH DIVISOR INTO STACK {(MIGH BYTE)
DES DECREMENT STACK POINTER
TSX SYORE SYACK POINTER IN INDEX REC.
LoAA  #O1
ST 1,X%
[ L} pive BRANCH 1F MINUS
tiva INCA
asL 2,X ARJTHMETIC SHIFT LEFT
ROL 1,x% ROTATE RIGHY
M) D1ve
tMPs w017
INE DIva
pive $TAA ©0,X SAVE COUNT
LDAA 3.X
LbaE 4 ,X
CLR 3.x
CLR 4.x
pIve suss  2.Xx
sBCA 1, X
[ 14+ DIvD
apoe  2.x DIVISOR TOO LARGE
ADCA 1.K
cLe CLEAR CARRY
BRA DIVE
D1vVD SEC SET CARRY
DIVE apL 4, x
ROL 3.x
LSR 1.x ADJUST DIVISOR
ROR 2.X%
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beC o, X

BNE bIve
INS INCREMENT STACK POINTER TO CLEAN UP
INS
INS
PULA
PULS
ST $CAlA CHECK FLAGE : 2ERO
BEC RES)S
$TAA $CA32 STORE SYSTEM REACTANCE
StTae $CA3Y STORE REACTANCE HIGH BYTE
SRa SIGNXR
RESIS INC $CAdA
$TAA $cado STORE SYSTEM RESISTANCE
sTAB $CAd
JMP IMPED
SIGNXR JMP $F280
»
ORG $Fr327
1

IMPEDY RMB
=

END
NAM SIGNRX
ORG s$ra2so
.
SRS R EE NN A TSNS NSNS ST EIRRERENIRNERRNDES

. s
: RESISTANCE - REACTANCE S$IGN DETERMINATION b
= .

B RS AE SIS SRR ISR IR AN E N AN NI EINESEERREREIREEE

.

S$1CN CMPRA  $FAQO CHECLK QUOYTIENT HIGK BYTE s ZERC
BEC LOBYTE BRANCH TO CHECK LOW - 8YTE

LIiMIY LDAA #87F

S$TAR SCA3) SYORE $7F UPPER LIMIT ON RESISTANCE VALUE

[ 1.7 CHEXKX
LOBYTE CMPB SFaoC CHECK QUOTIENT LOW - BYTE s $7F
BHI LIMIY BRANCH IF C + 2 s ©
CHEXX LDAA SCAdO
CMPa  SFacCO
SEQ HIBYTE
LIMITX LDAA w87F
$TAA $CA3
BRA S1CN2
HIBYTE LDAD S$CA3
CMrE  $FAOC

BHI LIMITX
S$IGN2 TST SCA3S TEST IF COSINE 1S NEGATIVE
BEC SIGN3 SRANCH TO TEST THIRD QUADRANT $SIGK
Lbaa SFaOR
SuUBA  SCAlXY R- 3 $80 - R
STAR SCAYY OUTPUT RESISTANCE TD O/4 CONVERTER
Lbap SFaos
ADDP S$CA3D X+ : 380 + X
STAE $CA33 OUTPUT REACTANCE YO D/A CONVERTER

[ 1LY FINISH
$I1GNK3I TST $CA3D
BEC S$IGNa TEST FPOR SIGN IN THIRD QUDRANT
Lbas SFa0e
LDAE SFAaO3

suBa  $CA31 R- ¢ 880 - R
suse  $CaAl3d X- &+ $80 - X
STAA SCAdN CUTPUY RESISTANCE YO D/A
STAB S$CA3Y OUTPUT REACTANCE 10 D/A
SRA FINISH JUMP FOR NEW CYCLE
$IGNA  TSTY $CAdE TESY FOR SIGN IN FPOURTH QUADRANT
BEQ SIGNY BRANCH TO TESTY FOR FIRST QUADRANY
LDAA SFAOR
SUBA $CA33 X~ & 880 - X

S$TAL $CA23
LDABR SFaQe
ADDE SCA3:1 Re ¢ 880 ¢ R
STAE S$CAJ OUTPUT RESISTANCE TO D/A CONVERTER
BRA FINISH

SIGN1 LPbAa SFao03B
LDAB SFacOSR
ADDA $CA3 R+ + 880 + R
ADDE $CA3] X+ &t $80 + X
$YAA SCAMY
S$YAB SCa3l

FINISR uUmpP $SFIEC

.

END
Ham MUL tRTN
ORC $FDAO

. *
L4 MULTIPLY RTN ONE BYTE * ONE BYTE .
= .
SRS AS LIRSS ERENESNTINERABIIINNREESUIIRTREEDSY
- .
MULIRTN LDAR #SO2 PUT OB IN 8 REGISTER
S$TA & S$CBOO SAVE SHIFT COUNT (08)
LDA & sCBOY LDAD MULTIPLICAND INTO ACC.B
CLR & CLEAR A
SKIP2 LSRR $C802 SMIFT MULTIPLIER RIGHT
[ 144 sSKi1r GO0 YO SKIP 1 JF CARRY CLEAR
ABR ADD atCc,’s
SKIPS ROR & SHIFT PRODUCT MS BYTE RIGHT
ROR SCRoa SHIFT PRODUCT REG.LS BYTE
DEC stBoo0 DECREMENT COUNT
BNE SKIP2 BRANCH IF NOT ©
$TA A SCBOX IF © DONE. STORE MS BYTE
LDAB SCBO4 LOAD ACC .8 WITH PRODUCTY LS BYTE
nTS

END



L

MULDHEB
MULDLB
MULRNKE
MULRLE
PRODHB
PROMHE
PROMLE
PRODLE

MULTD
MULTR)

NAM
ORG

MUL2RTN
$Fpoo

ssenNnss

TWD BYTE BY TWO BYTE MULTIPLY ROUTINE s

SRS IBESAASENANEINARNBEDISISEANEENUNEENDESRS

CLR PRODHS CLEAR PRDDUCT REGISTER HIGH BYTE
CLR PROMHE CLEAR PRODUCY REGISTER MIDDLE HIGH BYTE
CLR PROMLE CLEAR PRODUCT REGISTER MIDDLE LOW BYTE
CLR PRODLSE CLEAR PRDDUCT REGISTER LOW BYTE
LDAa MuLDLE LOAD ACC.A WITH MULTIPLICAND LOW BYTE
LDABE MULRLE LDAD ACC.B WITH MULTIPLIER LOW BYTE
STAB MULTDI STYORE MULTIPLICAND IN MULIRTN
STAA MULTR) STORE MULTIPLIER
JSR MULITRTN JUMP TO MULIRTN SUBROUTINE
STAp PRODLSE STORE PRODUCT LOW BYTE
$TAA PROMLE STORE PRODUCT MIDDLE LOW BYTE
LDAa MuLDLS LDAD ACC.A WITH MULTIPLICAND LOW BYTE
LDAS MULRHD LOAD ACC.B WITH MULTIPLIER HIGH BTYE
STAB MULTD
STAA MULTR:
JSR MULIRTN
ADDB  PROMLE
STAB PROMLE
ADCA #0000O0
STAA PROMNHS PROOUCTY REGISTYER HIGH SBYTE
LDAA MULRLE
LDAB MULDHB LOAD ACC .8 WITH MULTIPLICAND HIGH BYTE
STAB MULTDI
S$TAA MULTR)Y
JSR MULIRTN
ADDR PROMLE
STAB  PROMLE
ADCA PROMME
STAA PROMNB
LDA2 #00000
ADCA #00000
STAA PRODHE PRODUCY HIGH BYTE
LDAA MULDHEB
LDAB MULRNHB
STAB MULTD:
SYAA MULTR!
JSR MUL TRTN
ADDE PROMHE
$TAB PROMHB
ADCA PRODMB
STAA PRODHB
RTS RETURNE FROM JSR
ORG s$ccon
RME 1
RMB 1
RMEB 1
RME 1
RMB 1
RMS 1
RME 1
rME 1
ORC [ 24 1-3]
RMB 1
RME 1
ORGC S$FDAO

MULIRTN RMB

END

1
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NAM AVERAGE §
ORGC L 1A% 14

B3RS IBNENSEOSIETAESINASEENENNEINREINNIERE

» .
. R - X ERROR FILTERINC RTN § SAMPLES .
. .

LDx $C970 INITIALIZE IX
LDAL wSCSH
$TAR SCBTO PUSH SCH INTOD SCH70O
LDAA e#S5E
STAR S$Co7TY PUSH SSE INTD SC871
LDAB $CAXY GEY R - LAST calLC.
? LSRP DIVIDE R BY 2
hd LSRE
LSRB
STAB SC9B1 SAVE R/B
Lbaa SCoap GET R OLDEST SAMPLE
LDas  SCobe GEY R LAST DUTPUTY
$8a SUBTR. DLD SampLE
1L0as s$C9S5) GET NEWEST SAMPLE
ABA ADD TO R - OUTY
STAA $Co4D STORE R - OUT
LDAB S$CAX3 GET LAST X caALC.
LERD DIVIDE BY 2
LSRE
LSRB
STABR SCOSS SAVE X - SAMPLE
LDAA SCPaC GET X - LAST QUTP.
LDAB  SCO®SO GEY X DLDEST SAMPLES
$8a SUBT. OLDEST SAMPLES
LDaB  SCoess GET NEWEST SAMPLE
ABA ADD TO X - OUT
STah SCoaC SAVE X - DpuUT
CLR $COE2 CLEAR SAMPLE CNT.
SHIFT LDAA $1.x INCR. 1X
INC $C962
STAA $2.X
DEX
LDaa SCes2
tMPA  w#SOF FINISH 18 SAMPLES
BEC puTPUTY
BRA SHIFT
OUTPUT LDAR SCHaD
Loap SCeac
STap $D0O02 R - QUYPUT
: sSTaL SECO2 X » oUTPULY
\ JMP CYCLE NEW CYCLE

ORC $Foze

CYCLE RMB 1
]

END
NaM CONSY
ORG $F200

» .
b SINE - COSINE TABLE CONSTANTS .
» -

3SR IINEITLILANNSINSNEISESERORRINE

»
Fce $00,8504 ,3509,30D,%512,816,818 ,81F 824,828
L£4 $2C,$31,835,339,8$3F, 342,846,548 ,84F 853
(44 } $57,85C,860,%584 ,968,86C,870,874
Fce $786,87C.98C,584,388,588,80F ,693,896,892
FCE $90 ,SA1 ,$A% ,SAL,SAB ,SAE SB2 685 582 ,88D
[ 44] $BE SC:,$C4 $C6,SCA,5CC,$CF ,$D2,304,8D7
FCe $DS ,8DB ,SDE, $DF ,SE2,SEA , SEE ,SEE $EA SEC
FCB SED, SEF $FO $F2 ,SFY SFS , SFE . SF7 8F2 SFO
rce SFA,$FB ,SFC,SFD $FD,SFE SFE SFF SFF $FF
Fce SFF SFF ,$FF $00O
oRG $FAOO
FCB $00,$00 ,8SCF ,8FF ,800,8E7,801 884,880
FCB SCA,$82,820,.87F . 854 ,8F1,800,3CH 844
ORG $F 100
FCe 00,01,02,03,04,05,05,.07,08,08
FCo 10,11,12,13,14,18,16,17,18, 19
FCce 20,21,22,23,24,25,28,27,28, 29
rCce 30,31,32,33,34,35,36,37.33,38
FCe 40,487 ,42,483,44 45 46 47,48, 49
Fcs $0,5),%52 863 ,654,55,85,67,88,8°9
rce 60,61,82,63,64,85,85,67,83,89
Fce 70,71,72,73,74,78, 77.78.,7%
FCco 80,81,82,83,84,85,86,87,3¢8,85
FCs 0






