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·~.0 . ABSTRACT 

The solar tracking instrument and control concept investi

gated has application to both line and point focus 

_collectors. 

As detailed in our proposal (offered in response to PRDA-~ 

No. RA01-79-ET21008 and dated May 22, 1978) we consider 

a-digital technology based approach to solar tracking is 

mandatory in order to overcome the inherent problems 

possessed by existing equipment. Such an approach has 

advantage_of providing~- basis for coordinated control 

and management of system requirements for solar concen

trator installations. 

·The digital design philosophy has been pursued from the 

onset.on this contract. Both the circuit design and equip

ment-configuration have been structured to provide flexible 

system capabilities. This flexibility will permit development 

of special capabilities compatible with the existing design 

to meet the needs of future installations without the 

necessity of system redesign. 
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3.0 DESCRIPTION OF PROJECT I 
Development of a tracking instrument and associated con

troller based on digital technology. This equipment 

will be used to test the s~ngle sensor concept for solar 

tracking and insulation measurement and in addition provide 

data on the coordinated control of solar concentrator 

ancillary functions. 

.. 

l ' 3-1 
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SUN'S RAYS~ 

. . . . . ' 
PRISM 

. APERTURE 1 

r'.· 

SENSOR ( PHOTODIODE J 

AXIS OF ROTATION 

4.0 SOLAR· TRACKER 
4.0.1 GENERAL 
As illustrated, the G K Systems Tracker uses a single photo sensor, 
and a rotating aperature to obtain tracking accuracies better than 
1.5 mrads (0.1 degs) .- Peak signal detection is used to eliminate 
tracking of false sources, i.e., clouds, etc. A prism is employed 
to.obtain an extended field of view (150 degs axially - 360 degs 
radially). The tracker digitally measures the Suns displacement 
angle relative to the concentrator axis:, .. and repositions· it incre
mentally. This arrangement permits ·the use of low cost non-servo 
motors. 

The local controller contains microprocessor based electronics, 
incorporating digital signal processing. A single controller may 
be time shared by a maximum of sixteen ·trackers, providing a high 
performance, cost effective solar tracking system, suitable for 
both line and point focus concentrators. 

An installation may have the local controller programmed as a standa
lone· unit or slaved to a central controller. When used with a central 
controller, dynamic data monitoring and logging is available, together 
with the ability to change system modes and parameters, as desired. 

l ... · __ ,_. __ _....;___; ____ '""-----------4--..._
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4.0.2 .SPECIFICATIONS 

TRACKING HEAD 

Tracking Accuracy 
Field of View 

Insolation Level 

LOCAL CONTROLLER 

Input Vc:>ltage 
Input Current 
Addressing 
Serial Port 

,Operating System 
Outputs 
System Parameters 

POSITIONING UNIT 

Switch Inputs 

Digital Inputs 

Analog Inputs 

Digital Outputs 
Motor Drives 

OPTIONS 

Standalope Module 

· Scan Inverter 
DC Motor Control 

Pr.og;ram Modules 

1.5 mrads (<0.1 degs) 
150 degs axially 
360 degs radially 
1% of maximum 

115 VAC, 1 phase, 60 Hz 
1/2 AMP plus Positioning Motor current 
256 unique addresses available 
Synchronous send/receive, transformer coupled 
Real Time, Foreground/Background 
1-16 Positioning Units 
Many are user selectable, if other than the 

default values are desired e.g. 
Tracking Accuracy 
Ephemeris mode insolation level 
T~acking mode insolation level 

2 Travel Limits 
1 Unassigned 
1 ·scan Index 
2 Unassigned 
1 Photo Diode 
4 Unassigned 
3 Unassigned 
1 Scan Motor 
1 Positioning Motor 120 VAC, specify current 
NOTE: Unassigned inputs and outputs are 

. user programable. 

Replaces serial port for ~tandalone inputs 
and outputs 

Used with 12 volt DC systems 
Used with DC positioning motors, 

Specify voltage and current 
User-defined program modules may be added or 

substituted to application programs 

l ... __ ,.-------------------4
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4.1 THE "POINTu SOLAR TRACKING SYSTEM 

4.1.1 

POINT is an acronim for Precision Optical INstrurnentTrackerwhich 

describes the fundimental concept underlying the design. The 

device is an instrument capable of digitally measuring the suns 

displacement relative to a fixed axis with a high degree of 

_precision (1.5 mrads- 0.1 degs.). When used in conjunction 

with it's associated LOCAL. CONTROLLER the TRACKER provides a 

new approach to solar tracking effectively overcoming the inher

ent problems of shadow band based designs. 

THE SYSTEM 

The system is a modular arrangement permitting one central con

troller to be time shared by ~maximum of 256 LOCAL CONTROLLERS. 

These in turn may be each time shared by a maximum of 16 POSI

TIONING UNITS see Drg. No. 100. 

A POSITIONING UNIT comprises all equipment necessary for operation 

of one concentrator drive system, i.e., motor, TRACKING HEAD, 

travel switches and local controls. 

4.1.2 CENTRAL CONTROLLER BASED SYSTEM 

It is anticipated that most medium size and larger solar concen

trator installations will have a mini-computer for controlling 

the process system incorporated in their basic design. This com

puter could be arranged to act as the central controller for the 

tracking· system. Communications with the LOCAL CONTROLLERS would 

be via the SEND-RECEIVE MODULATOR - DEMODULATOR compatable with most 

4-3 l -----.--------------_...;. ____ ..__ WESTLAKE VILLAGE. CALIFORNIA 91361 -----"' 
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CENTRAL CONTROLLER 

SEND-RECIEVE 
MODULATOR-DEMODULATOR 
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POSITIONING 
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mini-computers having a USRT or USART. A central controller pro-

vides the capability of changing operating parameters when the 

situation dictates via entries through the computer's keyboard. 

·It also provid~s dyn~ic data monitoring and logging permitting 

more efficient management of the installation. 

4.1.3 LOCAL CONTROLLER BASED SYSTEM 

For less sophisticated installatiqns the LOCAL CONTROLLER may be 

arranged to operate as astand alone unit. Such an arrangement 

limits the systems capabilities to tracking to pre-established 

criteria without the ability to change parameters, without 

reprogramming. Data monitoring and logging are unavailable with-

out a central controller. Several special purpose inputs are 

provided for external dev1ces, such as clocks, rain detectors, 

hail detectors, etc. 

·····~· 
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4.2 ·.TRACKING HEAD- MECHANICAL I 
4.2.1 GENERAL 

As stated in our proposal the fundamental concept used in the 

design of the test device, ~.e., "A precisely sized aperture 

being rotated with constant angular velocity" .•• was retained 

when the TRACKING HEAD was redesigned. 

The-need to increase the field of view, so that the TRACKING HEAD 

would be capable of scanning "From horizon to horizon along. the 

North-South axis and simultanequsly view the Northern-Southern 

horizon •• ~", was given paramount importance in the final configu-

-ration to ensure that the unit could readily acquire the sun 

regardless of it's and the concentrators orientation, and pro~ 

vide a flexible approach to tracking. 

4.2.2 DESIGN OBJECTIVES 

Increasing field of view 

Two methods of accomplishing this were suggested in the proposal: 

a. Mounting 'the photodiode stationary on the-drum's axis of 

rotation and transmitting the suns rays to it by a fiber optic, 

which would be attached to the rotating drum_. Such an approach 
-·- 0 

could provide a full 360 scanning on the North-South axis, and 

by forming·a lens on the receiving end of the fiber, the 

acceptance angle on the East-West axis might be increased. 

·b •. Devise a prism/lens-fiber _optic arrangement which would use-a 

photodiode mounted in the manner described above. By selection 

l ---------------..;.._-------WESTLAKE VILLAGE .. CALIFORNIA 91361 -....,..---"" 
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of optical materials with suitable index·of refraction, this 

ar_rangement could further enhance the acceptance angle and 

the associated field of view on the East-West axis. 

Tracking accuracy 

Discussions with various _agencies and concentrator manufactures 

prior to the commencement of the design phase indicated that a 

tracking accuracy of ~ 0.1° w~s desirable for most applications. 

The design was predicated upon attaining a tracking accuracy equal 

to or-better than this value. 

4.2.3 DESIGN ACHIEVEMENTS 

Increasing field of view 

The use 9f optical fibers in the manner described in a.) above was 

explored as the initial arrangement that appeared to ·offer the most 

cost effective configuration to attain an increased field of view 

with a stationary mounted photodiode. However, after extensive 

analysis the approach was recognized to be deficient and was 

abandoned •. The major problem encountered was radiation losses. 

These occur when the fibers are bent, and in order to reduce them 

to acceptable level the radius of curvature of the fiber must be 

at least 40 times its diameter. It was determined that radii of 

that magnitude would increase the dimensions and cost of the 

TRACKING HEAD to an unacceptable extent. Once this problem of 

radiation loss and its influence on equipment size was fully

appreciated it was apparent that it would have a similar impact on 

a design embracing the alternative concept b.) outlined in the 

l
.. proposal. The recognition that optical fibers were an 
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undesirable feature in the design prompted the search for 

a prism/lens arrangement which would dispense with their 

need, but still accomplish the desired increase in field 

of view, and simultaneously permit the photodiode to be 

mounted stationary. 

After further study, a prism .with an inclined mirror surface 

to redirect the sun's rays was conceived and incorporated 

into the design. It is clear that this is ·a superior approach 

to the need to achieve an increase in field view, as not only 

does it allow the photodiode to be mounted stationary but also 

it provides some optical gain. 

The arrangement used in the final design is illustrated in 

fig. 4.2-1 

Tracking accuracy 

In order to attain the desired tracking accuracy it was necessary 

to improve. the quality of signals received from the photo and 

magnetic sensors on the TRACKING HEAD as compared to those 

generated by the test device. To achiev~~~his improvement the 

optimum dimensions of both the rotating optical aperture and the 

thickness of the armature passing through the magnetic sensors 

flux ·field were established; and the values obtained were used 

in the design, within the constraints imposed by practical 

manufacturing considerations. 

·*· * * *. * 
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4.3 -FINAL DESIGN TRACKING HEAD I 
. The final design of the TRACKING HEAD is shown diagrammatically 

on drawing 101. 

It will be seen that it_ i$ comprised of the following major 

_components: 

a.. Prism 

b. Motor 

c. Rotor 

d. Photodiode sensor 

e. Magnetic sensor 

f. Housing 

The PRISM see Fig 4.2-l_is mounteqon the ROTOR which is turned with 

constant angular velocity by the hysterisis synchronous MOTOR. 

The PHOTODIODE sensor which is mounted on an adjustable rod is 

positioned adjacent to the PRISM and receives the sun's rays 

entering it's apertured edge via an inclined reflect~ve surface. 

The MAGNETIC SENSOR is mounted on the TRACKING HEAD frame. A soft 

_iron armature attached to the RQTOR cut it's flux field once every 

MOTOR revolution. The HOUSING is made of acrylic tubing. It-

provides bothahermetically sealed enclosure for the components 

and a·mechanical -support for the sensors. 

The-signals generated by the PHOTODIODE and MAGNETIC SENSORS are 

transmitted to· the LOCAL CONTROLLER ·for processing by shie.lded 

cable. Both sensors are provided with adjustable mountings to 

permit optimisation of signals •. 

4-8 L ---------------..;...._-------WESTLAKE VILLAGE. CALIFORNIA 91361 -...,.-----
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4.4 FINAL DESIGN - LOCAL CONTROLLER 

4. 4 . 1 . GENERAL · 

·The LOCAL CONTROLLER is housed ~n a NEMA 12 oil - dust resistant 

enclosure 20 inch high - 20 inch wide - 9 inch deep. See 

drawing 102. 

Input power requirements are .120 volts, 1 , 60 hz. 2 amp maximum. 

-The LOCAL CONTROLLER.comprises the following major components; 

a. .Unregulated power supply - Provides unregulated +5 volts, 

+12 volts, and -12 volts to the control system. 

b. Regulated power supply ~ Regulates the output from a) to levels 

acceptable to logic system devices. (See component specifica-

tions for further details.) 

c. System - Module boards - Both contain logic control devices. 

The SYSTEM CONTROL BOARD provides the basic ~ontrol function, 

. which are standard for all applications. The MODULE BOARDS 

9ontrol the inputs· and outputs,which may vary depending upon 

.' eXternal equipment specified. '!'hey p.lug into the SYSTEM CONTROL 

BOARD,and both have been designed with sufficient flexibility, 

to permit the systems use with most concentrator manufactures 

drive systems. 

Modules; 

1. SCAN ·MOTOR MODULE - Provides both the control function and 

power to the TRACKING-HEAD'S scan m9tor. 

2. POSITIONING MOTOR CONTROL MODULE - Provides a low power 

120 VAC, forward, and reverse supply for a small motor, 

l ... -------------~----------WESTLAKE VILLAGE. CALIFORNIA 91361 ---~-"" 



normally a Position Motor Power Module is slaved to this 

module, to provide drivJ for much l~rger motors. 

3.· SEND·- RECEIVE MODULE -.Provides for communication with a 

central controller in installations were dynamic data 

. monitoring and logging plus the ability to change system 

.modes and parameters is required. In installations where 

these capabilities are not desired the SEND - RECEIVE MODULE 

is replaced with a STANDALONE MODULE (Future) which provides 

the.system with multiple external inputs, clocks, detectors, 

instruments, switches, etc. 

4. EXPANSION MODULE (Future) - Permits controller to be time 

shared by a maximum of sixteen TRACKING HEADS. 

d. Inline Module - A signal con~H tioning device for the PHOTODIODE 

SENSOR signal. 

e. Positioning Motor Power Module Provides power to the 

CONCENTRATOR POSITIONING MOTOR for forward or reverse operation 

in response to signals from the POSITIONING MOTOR, CONTROL MODULE. 

f. Cl Positioning motor phase shift capacitor. 

g. C2 - Scan motor phase shift capacitor. 

h. Terminal blocks - Inputs and outputs from SYSTEM- MODULE.BOARDS. 

(For terminal assignments see drawing no. 2D0044. 

j. Scan motor. receptacle - M.S. receptacle for SCAN MOTOR connection. 

k. Sensor receptacle - M.S. receptacle for PHOTODIODE and MAGNETIC 

SENSOR connections. 

l__ 4-10 
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4.4-.2 SYSTEM - MODULE BOARDS 

I 
The· component layout of the SYSTEM - MODULE BOARDS are shown on 

drawings No. 103 and 104 respectively. They contain a combination 

of integrated and discrete devices. The latter are mounted on 

Adapto~ Plugs which are.shown on drawings No. 105 and 104. The 

Component Lists identify the items by number and indicate the part 

number of the device used. The location of the #1 pin for both 

int~grated devices and adaptor plugs is also tabulated to facilitate 

component replacement. Location of MODULES BOARDS on the SYSTEM 

BOARD are given on drawing No. 106. The co-ordinants given are 

referenced to the SYSTEM BOARD. The appropriate MODULE BOARD pins 

are listed in the Component List. 

4.4.3 INTERCONNECTIONS 

The location of plugs connecting external modules to the SYSTEM 

MODULE BOARD assembly is shown on.drawing No. 2D0044. This drawing 

also shows the terminal block c·onnections for both internal and 

external equipment. 

4.4.4 SCiillMATIC AND CABLE DIAGRAMS 

.Schematic diagrams are provided in Section 5. 3 .. 

l__ 4-11 
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4.4.5 COMPONENT LIST - SYSTEM. CONTROL BOARD 

Identity Device LOcation Identity Device Location 

Ul 4508B AA38 U43 4051B DB19 
U2 4508B AD38 U44 4042B AJ07 
U3 4508B AG38 U45 4011B DF44 
U4 4024B BA44 U46 74LS26 · DH36 
us 4024B BC44 .U47. LF311 CG26 
U6 4001B BE35 U48 LF356 DD38 
U7 4049B BC35 .. U49 4174B .AA13 
us 4585B BE4i ·uso Unassigned 
U9 · 4585B BG41 USl 4503B CB35 
UlO 4585B BJ41 U52 2716 CB13 
un 4049B BJ34 U53 2716 CE13 
Ul2 -4027B BA35 U54 4042B CB04 
Ul3 .. 4013B BG35 . U55 4042B CD04 
_Ul4 4508B AG22 U56 4042B CF04 
Ul5 · 4002B AC04 U57 4042B AG04 
Ul6 .4174B CJ43 usa 4042B AG13 
Ul7 4011B AA04 U59 314 Res. 270 OHM CD27 
Ul8 Unassigned U60 LF356 (inline module) 
Ul9 4506B BD26 U61 LF356 DB12 
U20 Unassigned U62 LF311 CJ04 
U21 4011B BB04 U63 Unassigned 
U22 4538B BD04 U64 Unassigned 
U23 4025B BF26 U65 Unassigned 
U24 . 4013B BH26 U66 4503B AC13 
U25 4503B DB43 

.. ·- U67 =4503B AE13 
U26 '4503B AE04 U68 4023B DH44 
U27 Unassigned lSW 8P Rocker Switch BB26 
U28 Unassigned Jl Jack 1· Power Supply CB44 
U29 4514B AA22 JS Jack 5 Switch Input CD35 
U30 4514B. AD22 JGA Jack 6 index input DHll 
U31 · Unassigned J6B Jack 6B inline mod. DJ04* 
U32 4001R CB27 J8 Jack 8 external .CD44 
U~3 8035 BH05 R7 Potentiometer DB38 
U34 316 Res lOK BF04 Rl8 Potentiometer DH07 
U35 4012B DH28 
U36 4013B DF28 APl Adaptor Plug 1 BB13 

• ,.. -1 • 

U37 4001B DF19 AP2 · · Adaptor Plug 2 BE13 
U38 4049B DD27 AP3 Adaptor Plug 3 CF.37 
U39 4043B DD43 AP4 Adaptor Plug 4 CJ38 
U40 4023B CJ28 APS Adaptor Ph~g 5 DEll 
U41 4013B DB28 AP6 Adaptor Plu_g 6 DE03 
U42 4051B C.Jl9 Xl Crystal 

* CAUTION - Reverse orientation 

. \ 

"~----------------------~---------------4--12 
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4.4.6 COMPONENT LIST - MODULE BOARDS 

Scan Motor Module Send Receive Module 

Identity Device Location Identity Device Location 

Ref. Pin BBOl Ref. Pin AAl 
Ul MCS 6200 BB02 Ul LM741 ACll 
APl Adaptor Plug #1 BB06 U2 LF311 AG02 
AP2 Adaptor Plug #2 BD02 U3 4013B AC19 
AP3 Adaptor-Plug #3 BElO U4 4001B AAll 

.JM3 Module Jack #3 BBlO us 4070B· AC27 
3FU fuse lA U6. 4013B AA27 

U7 2651 AE20 
us 4027B AC02 
U9 4042B AA19 
UlO 4001B AA02 Positioning Motor Control 

Ull 4042B AEll 
Tl Transformer ~odule 

T2 Transformer 
APl Adaptor Plug #1 AH15 Identity Device Location 

AP2 Adaptor Plug #2 . AJ08 
AP3 Adaptor Plug #3 AJOl 
JMS Module Jack #5 AE:o2 

Ref. Pin BB20 
Ul 4001B BB21 
U2 MCS6200 BH34 
U3 4011B BF-21 
U4 4001B BD21 
us MCS6200 BH39 
U6 MCS6200 BF39 
APl Adaptor Plug #1 BB39 
AP2 Adaptor Plug #2 BB29 
AP3 Adaptor Plug #3 BD39 
AP4 Adaptor Plug #4 BE29 · 
APS Adaptor Plug #5 BH29 
JM4 Module Jack #4 BH21 

-.--

l ,. 4-13 
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5.1 BASIC OPERATION: 
. ··.·. 

The angular m~asurement of the· Sun._relative to th~ tracKer's 
axis is basi ca 1 I y de t el~m i lied fl~om th•=- ·. SLI:b t r'ac"fi on 0 f a c"oun tel~ 
value obtaino::·d a·t ·the. rrtOr(t•:::·nt of. ~.;eaK insolation fr·om the counter:' 

·value at the t~m~ ~he·:o~1ics are in) in~ with. the ~racKers 
l~eferenc>? axis. This· :'::;Libt·,~<:~c-tion is lieces!;?.:u~y sinc·e the coLm"tel..; 
value is only rel~tive to th~ instarit~neous oPtical Position. 
Once oPerating this Ph~~e angle is fix~d, bu~ i~ wil 1 chan~e· 
each time the sYst~m scan m6tor is re~ctivated~ Co0nte~ overflow 
corresPonds to erie revolution-of the oPtics~ When in the 
tracKing mode of oPeration th~ Positioni~g ·motor is- ran until the 
error angle has decreased until it is within the tracKirig window.· 

.. " .. 
· Couhtel~ values .:u~e latched in ,<\Ll and AL2t. ,_._.here ALl contains the 
indei value, and AL2·the position at which PeaK insolation 
OCCL\l~s. 

"'· 

·,_ ·+-~~~~-------~+ 
+-- ---------- ...,.:.. -+ .Data B~tss ! POSIT ION INt-; ! 
! MICROCOMPUTOR !--~~*---~-~-~---~~-~--~---->! MOTOR !-->MOTOR 
+---------------+ A. - ... ! DRIVE 

+-----------+· 
Index Strobe-->! ALl Latch f 

+-- -.-.------ -+ - . 

! 

! 
! 

. . .A . +----~----~-+ 

P~aK Strobe---~--~---.!-------}! AL2 Latch ! 

. ! 
. L 

+------:-----+ 
·.A . 

_. __ .:... --- ~:...-- -·- -* 
I 

: ·. 

- . +----~------+ 
+-~~~--+ -! SCAN ! 
!OSC. !------>! ADDRESS 
+------+. ~COUNTER I 

+-----:------,.+ 

Fi~. 5.1.-1 BASIC OPERATION 

+-------------+ 
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. C" ..... 
._) t .L. FUNCTIONAL CONSIDERATIONS: Re: 1D0018 

t1a.nY othe:·1~ functions rr"1Ltst be Pel~fol~med.to imPler.-,•?nt this 
strategy, The following is· a descriPtion of the circuit 
blocKs shown in Dwg, 100018. 

5.2.1 SCAN ADDRESS COUNTER & ADDRESS LATCHES Re: Dwg~ 1C0022 

Contains the scan address counter, and latches ALl and AL2. 
The essentials have been described in. the Basic OPeration Section. 

5.2.2 ACTIVE/PASSIVE Re: - [11.•.'9• 1C0020 

There are two basic machine states. In t~e Active mode data 
acquistion is Performedt wherein the address latches are loaded. 
The passive mode disables this function, and the data contained 
in the latches is Processed. Also in this. mode ihe Analog to 
D i 9 i tal C.Cll~Yel~s ion maY be Pel~ f m~r.-.ed on the F'•:::<.i K I nso l a ·r ion Lev•:- 1 
contained in the SamP l ::::• Hold CaPac it 01~. The transition bet •.•.i.::•en 
th•:-se states occul-·s •.o.1hen th•:- counte1~ valu::: eguHls ti-··,.;:- cornPal~ison 

register value, and the CYcle En~ble is True. When a 360 deg, 
scan is desired, the comParison r~9ister is norm~! Jy set to the 
index value +180 degs. 'The first comParison will set the active 
statet and the second will set the Passive state. Other scan 
limits are similarilY Possible bY set~in9 .anY comParison re9ister 
value, and after the fir~t comparison Centering the A~tive st~te), 
loading anot~er value, at which the transition to th~ Passive state 
is to .be mad.;., 

5.2.3 PROM MEMORY Re; D•.•.'9• 1C0024 

The Prom ME-morY .blocK includes the Proms, address latches, and has 
contain~d in it the ComPa~ison register out~uts, and Status Register 
inPuts. 

5.2.4 SWITCH TERMINATIONS Re: [11.;.,9. ·1C0026 

p,~ov ides PLl l l UP and PLl I I do•.•.•n s•.•J itch i nPu·t · t el~r,., ina t ions. 

5.2.5·SWITCH STATUS REGI~TER Re; D'.•.l9• 1C0025 

This is the inPut re9iste~ for alI Unit •O switches • 

.. 

5.2.6 MOTOR CONTROL REGISTER RE•; DlrJg • 1 C003(l 

OutPul register for. Unit.· #0 motors including ON/OFF, and direction 
of ,~o tat ion. 

,· 
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5.2.7 POSITION MOTOR CONTROL MODULE 

Converts the digital outPuts to the Positioning motor into low 
Po•.• ... :-r AC, 

5.2.8 POSITION MOTO~ POWER MODULE I Re~ [ll.•.lg, ·1C0035 

Converts low Power Positioning motor AC drives into a high Power 
d1~ i ves·. 

5.2.9 SCAN MOTOR MODULE Re: Dws. 1C0035 

Con·vel~ts a digital outPLtt to the Scan u.otol~ into lot•.l POt• ... :-r· AC. 

5 •. 2,10 PHOTODIODE and INDEX AMPS. Ro:-: [ll.•.lg, 1C0028 

The Photo diode amP is an inline transconduct~nce amPt and ihe 
Index amP is a voltag~ amPiifio:-r. 

5.2.11 ANALOG SELECT and'SAMPLE HOLD Re~ [lwg, 1C0027 

Contains the circuitrY to perform analog inPut selectioni Peak 
d•:- t •=-c t ion, 
conver's ion, 
c·aPac i tm~. 

Zero detection, and Performs the ~ctual analog to digital 
for the ~amPled, or PeaK signal, held in tho:- samPle hold 

5.5.12 SIGNAL SYNCHRONIZATION & ADC CONTROL · Re: Dwg, 1C0029 

SYnchroniies asynchronous digital signals with the system clocK, 
an~ has the control circuitrY. for the analog to digital conve~ter. 

5,2,13 UNIT ADDRESS ~nd LOCAL GCLCCT R•::-! ·[li.•.l'::!. '1C0037 

Pel~mits selection of 1 of 256 local unit addl~o::·sses. The• adclr'ess 
is read bY the microcomPuter for local unit select~O~-~hen used 
with a Send/Reco:-ive Module. Local So:-lect decodes I/0 unit address 
#0 to.select onboard rather than exP~nsion circuitry, 

5.2.14 COMMAND DECODE Ro:-: [1:.~•9·· 1C0021 

Performs address decoding for maPPed I/0 oPeration. 
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-,5.2.15 MICROCOMPUTOR Re: Dl•Jg. 1C0021 

Contains the crYstal, microcomPufor, and watch dog timer for 
SYStem contl~o} • 

5.2.16 SEND/RECEIVE MODULE I Re: Dr.~rg, 1C0032t 
. Fig, 5.2-1t2 

Provides sYnchrounous comunications with a qent~al c6ntrol ler~ A 
2DB Chebyshev filter was chosen with 0=.895,· and F=1635.84 Hz, 
having a 3Db attenuation at 1920Hz, and a hi~h pass filter with 
F<-3Db)=480Hz, for a 60Hz reJection of ·-18Db. The combined filter 
has an aPProximate constand delaY of. abou1 184 microseconds, or 

·35,331 for a 1920Hz signal. 

I. 
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5.3 .ELECTRICAL DIAGRAMS 

Below is a list-of-electrical diagrams included in this· section. 

BLOCK DIAGRAM 

100018 D .. "Point" Block Diagram 

SCHEMATIC DIAGRAMS 

IC0019. D Microcomputer 

l,C0020 D Prom memory 

1C0021 E ·Command decode 

1COQ22 D Scan address counter & latches 
·..:.· 

1C0023 D Active - passive 

E Status register & interupts 

1C0025 .D Switch status register 

lC0026 B Switch terminations 

1C0027 E Analog select & sampla hold 

1C0028 F Photodiode & indexarnplifiers 

1C0029 D Signal sync. & A.D.C. control 

1C0030 D Motor control register 

.1C0031 D Power supplies 

1C0032 E Send/Receive module 

1C0033 B Scan motor module (option #1) 

1C0035 D Positioning motor module 

1C0037 A Unit address & local select 

1C0040 B Unregulated power supply 

CABLE DIAGRAMS 

1C004·2 B Sensor cable 

·1coo43 . B. Motor cable 

l .... _·---------------------!j---
6 
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'6.0 POINT OPERATING SYSTEM 

Tho? POINT 0Po?r'clting SYstem is a r~eal tfmefopegi~cii..md./bacKgl~ou11d s.Ysterr•! 
The oPerating sYstem ii comPl~tely interrupt dPiven. Program cYcles as 
as short as 125 msec~ maY be ppogramed. Foregro~nd and bacKgpound 
PP09ram mod~les execute concurrentlY. The o~erating sYstem contains 
a SLt Pel~v i sor-, rnon i t ol~, sc hedu I er"', . a_nd in t e1··rfu P t hand l ers. 

! . 
. . 

Forground Program modules are normal Jy associated with data acguisition, 
and background modules are usuallY used fop .data reduction and outPut. 
Fo~egrbund modules have PrioritY over bacKground modules. APPI ication 
functions are accomPlished by Punning a Program_seguence,-which define 
an operation mode. Each se~uence is SR~cified as a Jist of foreground 

.and bacKground modules, executing ~IT parallel. Sequence execution 
begins with the first foreground module and continues to the end of the 
the list. BacK9round modules are executed during wait Periods in the 
for~groundt or, if needed, after execution of the f6reground.. Each 

·modulo::• cor••Pletes r::·xecution befol"'e the next module in the list (for·ec;.q··ot.tnd 
or bacKeround) is started. Both foreground and background are comPI~ted 
before the seguence is restal"'ted. 

Within the aPProPriate cycle time and tracking Precision, a maximum of 
16 tracKing h~ads <units) and associated outPuts maY be suPPorted._ The 

·unit addresses aPe transParent to aPPlication Program modules through 
the use of subroutines available to the aPPlication Program. 
The operating SYstem suPPorts.several different Program TRAPS,and are 
available to the foreground modules. A Time Qu~ue is Provided bY the 
oPerating system' to Provide a .time delay before the selected function 
is Performed bY the oPerating sYstem. The Tjme Queue has 8 msec 
resolution, and delaYs UP to 8 mins may be used. 

Functions suPPOrted bY the POINT oPel"'ating system include: 

Sel~ i a I Por· t 

I /0 F'r''O t oco I 

-A transformer' couPied·sychron6us send/r~teive Port is 
used for instal lations h~ving a centl"'al controller. 

- Handshaking and I/0 oPerations on ram memorY and I/0 
oPer~tions to and from the serial Port is ~l"'ov{ded. 

- ManY event traPs are provided for suspending foreground 
modules until a sPecified event(s) occurs •. 

Program Sequences- Pr~gram modules (foreground and background) are linked 
together through Program_~equence definition~. The 
modules may be used in differen~~program sequences. 

Prog.Seq.Control - Program sequences can be abortedt truncated, or 
chan~ed bY the Program.modules, 

T i rne Queue• - Performs memorY o~ I/0 oPerations after ·a selected 
d~lav ca msec resolution). 

Module Sch~duling- Fop~ground/background Program modules are dYnamical Jy 
sdi~·dLtl ed. 

·Unit Scheduling. -Tracking units are scheduled and Processed bY the 
Program sequences. 
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. OPerating SYstem.Con'd 

6;0.1 APPLICATION PROGRAM CONSIDERATIONS: 
At Present the sYste~ is used to co11trol a single field sensor, but 
i~·the fature this wil I be exPanded to sixte~n. The Unit Address is 
contained in th•? hig.h cn~d>.?l~ nibble of ACPRG/ 

Foreground and background modules differ in·th~ functions theY maY 
Perform. Since foreground modules normal Jy :are event dePendant, 
Perfor~ing data acquisiton and other associated taskst a maJor Part of 
the time is usual Jy sPent waiting for events to. occurr. Wait looPs are 
not Permitted, waiting is accomPlished -b~ issuing the ProPer Wait TraPt 

-and Passing any r~equil-•.=-d '"'ar··am•::-tel-s ·to the oPel-ating sYstem' this 
distinguishes the foresround from the-background Program modules, where 
Wait T!-aPs c.u~.:;. not Pel-mit ted. 

i·. 
Foreground or background ~egmJnts maY issue Time TraPSt after which 
control returns immediatelY to the issuing program module. A Time 
TraP Performs the sPecified oPeration after the end of the selected 
time Period. The execution of this OPeration maY be determined bY 
a Program module onlY bY testing for the re~ult, or having the time 
queue set a semaPhore. 

All Program modules are terminated bY executing an Erid TraP. The 
next Program module in the Program sequence is then executed. Prosram 
sequences may be truncated bY issuing an End Sequence TraPt or 
aborted, Program Sequence 0 wil I then be executed on the next cYcle' 
after an Abort TraP. 

A Program-sequence ma~ be changed bY anY Program mod~le at anY time. 
The current sequenc~ will c6ntinue to comPle1iont and on the next 
cycle the new sequence will ~xecute. At the end .of the PrQ~ram 
sequencet the next Unit/Program Sequence is. started. With a single 
field sensor, it is the same Prosram sequence, unless it has been 
ch~nged bY Central Control, oPerating sYstemt or a Program module. 

At the two maJor breaKs in the Program sequence foreground to -
backsroundt and background(current sequence) to foregrdund(next 
Program sequence ·of the same unit), a fixed number of Parameters are 
Passed forward in ACTEXAR. The mechanics of this are discussed later • 

. :.~~ -·--
At sYstem initialization a background sequence of Programs must not 
executet since there is as Yet no in(ormation to be processed. 
ACTEXAR has been cleared and Program modules maY test 87 bf PRGLSTAC 
to determine if it is the initial cYiet and execute an End TraP 6r End 
Sequence Trap. 
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' 

POINT SYST_EM OPERATING SYSTEM STATE DIAGRAM 

END TRAP OR INTERRUPT -""------- ~NTERRUPT DR TRAP 
---~------------------>! SERVICE !<---~-~------------~---

INTERRUPT .l ·suPTRF' TRAP 
------------->! ROUTINES !(------------

--------- A ! 
IDLE JUMF' ., JUMP 

--------- RESET/ r ! ! 
A TIMER v 

RETR ! 
--------------' . ~ . 

! _! ____________ _ 

! 
RETR !SUPEF\VISOR! .RETR ! BACKGROUND 

PROGRAM !{------~--------! !--------------->! 
! 

----------. . 
! A ~ ! 

! . .! 

! 

FOREGFWUND 
PROGRAt·1 

JUMP ! JUMP ----------
. I ... ! {-- -·------ ---------}! 
!SCHEDULAR ! JUMP JUMP ! NONITOR , _______ _:_ ___ _ -------------! 

Fi 9. 6.0.1-1 

.. 
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6.0.2 POINT PROGRAM TABLES 

Al.l the Program tables necessary to Perform a program se~uence are 
contained in Page 3(300-3FF> of the Point OPerating ~Ystem Promi 
this is not to be confused with Page B of the aPPlica~ion Program 
pr·om. 

PRGLST is the start of the Program se~uence table. A Particular 
Progr~m se~uence is sele~~ed bY a 6 bit relative addre~s from PRGLST. 
This function is entirelY under control of the oPerating sYstem. The 
entrY in PRGLST is a 1 bYte address relative to PRGTABL. This address 
is a start address of the foreground and background module 
identification.list. Each Pr6gram module ID uses a nibble. 
Foregr6und modules are given first. The background and foreground 
portions are limit~d to sixteen entries max<8 bYtes). If· less than 
.th~ maximum number of entries is made, a NULL entrY must be made in 
the high ord~r rtibblet if the first unused Program module occurs in 
the'low order nibble to NULL nibbles must be used. Each nibble is a 
relative address to ~ither BKPROG or FRPROG. Here the absolute 
starting address of the Program module is stored(!2 bits). AdditionallY 
BKPROG arret FRPROG contain 4 additional bits. Bl2-B14 control· 1he 
number. of bYtes(Parameters) Passed from the OPPosite mbde (foreground 
or background) to the current mo~e. These Parameters are loaded at 
.the start of ACTEXAR towards the end. The Parameters are obtained 
from buffer areas maint~ined bY the oP~rating sYstem. Regardless of 
the numnber sPecified the transfer onlY occurs before the first Program 
module execution of the ,foreground and background Portions of the 
Program se~uence. This transfer is ignored for all other Program 
r.-.odu 1 es. 
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POINT 

SYMBOLS 
A 
AlH 
AlL 
A2H 
A2L 
ACC 
< ACC > · 
ACT 
ALl 
AL2 
AN. 
ANS 

BN . 
CPH 
CPL. 
CPR 
CYF 
[I 

DN 
H 
LUNT 

.MTR 
P24 
PAS 
R 
<R> 
SCAN 
STT 
sws 
LINT 
URD 
USD 
LIST 
LJRM 

· ·UWM 
USY 

· URC 
UCt1 
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REGS,COMMANDS,AND tONVENTIONS 

AND ABBREVIATIONS 

,.~· 

HEXIDECIMAL ADDRESS CHARACTER 
ADDRESS LATCH #l HIGH; CA11-AB>=<DB3-DBO>; READ ONLY 
ADDRESS LATCH #l LOW; <A7-AO>=<DB7-DBOl; REAO ONLY 
ADDRESS LATCH #2 HIGH; <A11-AB>=<DB3-DBO>; READ ONLY 
ADDRESS LATCH #2 LOW; CA7-AO>=<DB7-DBO>; READ ONLY 
ACCUMULATOR; <READ/WRITE> 
HHt D7-DO 
ACTIVE CYF BOOLEAN STATE 
ADDRESS LATCH a!; <A11-A8>CA7-AO>=CDB3-DBO><DB7-DBO>; READ ONLY 
ADDRESS LATCH u2; CA11-A8>CA7-AO>=<DB3-D80)(D87-DBO); READ ONLY 
BINARY ADDRESS BIT N·= 0-7 
ANALOG SELECT REGISTER; <A2-AO>=<DB2-DBO>; WRITE ONLY 
SELECT 1 OF 8 ANALOG SOURCES . 
BINARY BIT N = 0-7 
COt1F.'AF\ISCJN F~EGISTER HIGH; <A11-.~8>=<DB3-DBO>; WRITE .ONLY 
COMPARISON REGISTER LOW; CA7-AO>=<DB7-DBO); WRITE ONLY 
COMPARISON REGISTER; <A11-A8)CA7-AO>=CDB3-DBO>CDB7-DBOl; WRITE ONLY 
CYCLE FF; <BOOLEAN>; READ/WRITE 
HE~IDECJMAL OATA CHARACTER 
BINARY DATA BIT N = 0-7 
HEXIDECIMAL CHARACTER 
LOCAL UNIT ADDRESS; <A3~AO>=CD83-D80); WRITE ONLY 
MOTOR CONTROL REGISTER; CD5-DO>=CDB7-DBO>; WRITE ONLY 
PORT #2 B4; RAM/AIO; .WRITE ONLY 
PASSIVE: CYF BOOLEAN STATE; PAS~AACT 

REGISTER NUMBER; <READ/WRITE> 
HHt D7-DO . 
SCA~ ADDRESS COUNTER CAll-AO) 
STATUS REGISTER; CD3-DO)=(DB7-DBO>; PORT B; READ ONLY 
SWITCH STATUS REGISTER; <D5-DO>=CD87-DBO>; READ ONLY 
UNIT NUMBER; <A7-AO); READ ONLY; ADDRESS SWITCH SELECTABLE 
USRT RECEIVE DATA REGISTER; (07-DOl=CDB7-DBO>; READ ONLY 
USRT SEND DATA REGISTE~; CD7-DO>=(DB7-DBO>; WRITE ONLY 
USRT STATUS REGISTER; CD7-DO>=<DB7-DBO>; READ ONLY 
USRT MODE REGISTERS: C07-DOl=<DB7-DBO>; -READ ONLY 
USRT MODE REGISTERS; CD7-DO>=CDB7~DBO>; WRITE ONLY 
USRT SYNC REGH::'f'ERS; <D7-tJO>=<DB7-DBO>; WRITE ONLY 
USRT COMMAND REGISTER; CD7-DO>=<DB7-DBO>; READE ONLY 
USRT COMMAND REGISTER: <D7-DO>=<DB7-DBOJ; WRITE ONLY 
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I/0 PORTS AND.DESCRIPTIONS 

PORT#l CP17J[P16J[P15J[P14J[P13J[P12J[P11J(P10J WRITE ONLY 
<-~-INT.ENABLES----><---SYSTEM MODE---->· 

SYSTEM MODE 
P10 . cytLt ENAB(E 

:0, C~C~E FF.IS DISABLED FROM TOGGLING, 
1. CYCLE FF TOGGLES ON F'OS IT I VE COMPAE: I SON, 

P11 SAMPLE/HOLD MODE 
O, SAMPLE 
1. PEAK DETECT I ON -· 

P12 "DETECT/INDEX 
O. ADDRESS LATCH #2 
1. -

P13. INDEX DISABLE 

LOADS ON PEAK DETECT. 
INDEX, . 

O. ADDRESS LATCH #1 LOADS- ON INDEX, 
1. DISABLED FROM INDEX, 

INTERRUPT ENABLES 
P14 COMPARISON INTERRUPT ENABLE 
P15 INDEX 
P16 ADC END 
P17 EXTERNAL 

PORT #2 [P27J[P26J[P25J[P24J[P23J[P22J[P21J[P20J 
<UNASSIGN><TRP>RI"IOC--HIGH ORDER ADD--> 

WRITE ONLY 

·~ 

CPL 

CPH 

STT 

P20-P23 PROGRAM MEMORY ADDRESS 2*11-2*8 
IF P24 IS SET SELECTS EXPANSION RAM MEMORY BANKS. 

P24 SELECTS EXTERNAL EXPANSION RAM OR IO COMMANDS 

F
,..,.,. 
L·-• 

o; ENABLES ALL SYSTEM IO COMMANDS 
1, READ/WRITE EXTERNAL RAM MEMORY . . . ·-
TRAP COMMAND IS EXECUTED, THIS BIT iS 
NEVER SET IN THE RAM PORT2 BYTE 

P26 CANCEL RESET, RESET CANCELED BY ALTERNATING THE BIT, 
P27 DISABLE SEND/RECEIVE INTERRUPTS 
COMPARISION REG LOW WRITE ONLY 
C A7 J[ A6.J[ A5 J[ A4 J[ A3 JC A2 J[ A1 J[ AO J ADDR.= 5XtP24=0 
(2*7-----~------------~----~----------------2*0> HRDWRE COM,=5W 
<DB7----~--~~-------------------------------DBO> 
COMPARISION REG HIGH 
[ A11J[ A10J[ A9 J[ A8 J 
(2*11---------------2*8> 
<083-------------~--DBO> 
STATUS REG CPORT 8) 
[ D3 J[ D2 J[ Dl J[ DOJ 
<DB7---------------DB4> 
D4 COMPARISON 
D5 INDEX 
D6 ADC END 
D7 ACTIVE 

~~RITE ONLY 
ADDR.=3XtP24=0 
HRDWRE COM.=3W 

READ ONLY 
ADDR.50tP24=0 
HRDWRE COM, = ~;n 
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UNT UNIT NUMBER READ ONLY 

[ A7 JC .A6 )[. A5 J[ A4 JC A3 J[ A2 JC A! J( AO J ADDR.OXtP24=0 
(2*7--~------------------~---------~--------2*0> HRDWRE COM.=OR . -
<DB7-------------------------------~--------DBO> 

AlL ADDRESS LATCH #l LOW . READ ONLY 
[ A7 J[ A6 J[ A5 J[ A4 ][ A3 J[ A2 JC Al J[ AO J ADDR.~XtP24=0 

. < 2*7 ---- ·- ----- _:_- --------------------------- -i*O > HRDWRE COt1. =2R 
<087------~--------~------------------------DBO> 

A1H ADDF:E~iS I.·~TCH *t1 HIGH ·READ ONLY 
C A11J[ AlOJC A9 J[ A8 J ADDR.1XtP24=0 
<2*11---------------2*8> HRDWRE COM.=1R 
<083-----~----------DBO> 

A2L ADDRESS LATCH.#2 LOW READ ONLY 
[_ A7 J[ A6 J[ A5 JC A4 J[ A3 JC A2 J[ Al JC AO J ADDR.4XtP24=Q 
<2*7~~--------~-----------------------------2*0> HRDWRE COM.=4R 
<087-----~------------------------------·---DBO> 

A2H ADDRESS LATCH #2 HIGH 
C A11JC A10J[ A9 JC A8 J 
<2*11---------------2*8) 
<DB3----------------DBO> 

MTR(N) MOTOR CONTROL REGISTER 

Sl·JS < N > 

ANS<N> 

C D5 JC D4 J[ D3 JC D2 JC Dl JC DO J 
_ . ..-(DB~·---------.:..------------------ -DBCi > 

DO. SCAN MOTOR ON 
Dl. POSITIONING MOTOR ON 
02. POSITIONING MOTOR ROTATION 

0, ClrJ ; 
1. ccw 

D3. APPLICATION PROGRAM FLAG 
D4-D5. UNASSIGNED OUTPUTS 
SWITCH STATUS REGISTER 
C D5 JC D4 J[ D3 J[ D2 JC Dl J[ DO J 
<085--------------~------~------DBO> 
DO. AAUTO/MANUAL 
Dl. STm·J LIMIT 
D2. ACENTER LIMIT . 
D3. TRAVEL L!t-1IT 
D4-D5. UNASSIGNED INPUTS 
ANALOG SELECT REGISTER 
[ 05 J[ D4 J[ D3 J[ A2 JC Al J[ AO J 
(DB5----------------------------DBO> 
AO-A2 ANALOG SELECT READ/WRITE 

o. 
1. 
2. 
3. 

EXTEW-JAL :t:tl 
EXTERNAL :t:t2 
PHOTO DIODE AMP 
INDEX SENSOR AMP 

4. SCAN MOTOR CURRENT 
5. POSITIONING-MOTOR CURRENT 
b-7• INTERNAL HARDWARE 

D3~ TRAP STATUS READ ONLY 
·D4-D5. UNASSIGNED READ ONLY 

.READ ONLY 
ADDR.3XtP24=0 
HRDWRE COM, <lR 

READ/WRITE 
"ADDR.7NtP24=0 
HRDWRE COM.=7W 
HRDWRE COM.=7R 
N=LOCAL UNIT ADDR. 

READ ONLY 
ADDR.8N,P24=0 
HRDWRE COI"I, = 8R 
N=LOCAL UNIT ADDR. 

READ/WRITE 
-ADDR, ANt F'24 = 0 
HRDWRE COt1, =AW 
HRDWRE COI"l, :: AR 
N=LOCAL UNIT ADDR 
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URD USRT RECEIVE DATA FiEGISTER READ ONLY 
C D7 JC ·[16 J[. D5 J[ D4 Jt D3 J[ D2 J[ D1 J[ DO J ADDR.60tP24=0 
(087-~---~----------------------------------DBO> HRDWRE COM.=6R 

UST USRT STATUS REGISTER READ ONLY 
[ D7 H D6 J [ [15 ]( D4 J [ D3 )[ [12 J [ D1 ][ DO J ADDR, 61 t P24=0 

. CD87----------------------------------------DBO> HRDWRE COM.=6R 
DO. TXRDY SEND DATA BUFFER EMPTY 
Di. RXRDY READ CHARACTER AVAILABLE 
(12, TXEMT/DSCHG TRANSMITER EMPTY OR DCD, DSR CHANGE 
[13. 
[14. 
D5. 
D6. 
D7. 

PE PARITY ERROR OR OLE CHARACETER RECEIVED 
OE OVERRUN ERROR 
FE/SYN SYN CHARACTER.DETECTED 
DCD DATA CARRIER DETECT 
DSR DATA SET READY 

READ OR WRITES OF THE STATUS REGISTERS INCREMENT AN INTERNAL 
ROTARY ADDRESS POINTER. THE POINTER IS RESET BY A COMMAND 
REG I STEF: READ. 

URM USRT READ MODE REGISTERS READ ONLY 
C D7 J[ D6 J[ D5 J[ D4 JC D3 J( D2 J( D1 JC DO J ADDR. 62tP24=0 
.{DB7--------~-------------------------------DBO> HRDWRE COM.=6R 

UWM USRT WRITE MODE REGISTERS WRITE ONLY 
C D7 J[ D6 J[ D5 J[ D4 J[ D3 JC D2 JE D1 J·c DO J ADDR. 66~P24=0 

(087-------------------~---------------~----DBO> HRDWRE COM.=6W 
MODE REGISTER 1 · 
D0-1. MODE/BAUD 60=SYN; 1=1Xt 2=16Xt 3=64X ASYN BAUD RATE 
D2-3. CHARACTER LENGTH 

o. 5 BITS 
1. 6 BITS 
2. 7 BITS 
3. 8 BITS * 

04. PEN PARITY ENABLE 
D5. EP EVEN PARITY 
D6-7. STOP BITS ASYNC,O=INVALIDt1=1 ~ITt2=11/2BITSt3=2 BITS 
D6 TRANSPARENCY CbNTROL 

O. NORMAL 
1. TRANSPARENT 

D7. SCS SINGLt CHARACTER SYNC 
O. TWO SYN CHARACTERS 
1. SINGLE SYN CHARACTER 

MODE REGISTER 2 
D0-3. BAUD F~ATE WITH INTERNAL CLOCK 

o. 50 1. 75 
4. i5o s. 3oo 
8. 1800 9. 2000 
12. 4800 13. 7200 

D4.· RECEIVOR CLOCK 
O. .EXTERNAL 
1 INTERNAL 

D5. TRANMITTER CLOCK 
O. EXTERNAL 
1 INTERNAL 

D6-7 NOT USED 

~ 
.O::.t 110 
6. 600 
1. 0. 2400 
14. 9600 

3. 134.5 
7. 1200 
11. 3600 
15. 1920(1 



· URC 

LICM 

USD 

USY 
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USRT COMMAND REGISTERS· READ ONLY 
C D7 JC D6 JC D5 JC D4 JC D3 ~C D2 JC D1 J[ DO J ADDR.63tP24=0 
CDD7------------~-----~------~-----~---~----DBO> HRDWRE COM.=6R 
USRT COMMAND REGISTERS . WRITE ONLY 
C D7 JC D6 JC D5 j[ D4 -JC D3 JC -D2 JC D1_ JC DO J ADDR.67tP24=0 
<DB7--------------------~------~----------------DBO> HRDWRE COM.=6W 
DO. .TXEN. TRANSMIT tNABLE 
[11. DTR DATA TEF\MINAL READY 
02. - RXE RECEIVE ENABLt 

·SYNt 0 TO 1 TRANSITIONS PLACE USART IN HUNT MODE 
D3. 1. . ASYN, SEND BREAK-CHARACTER 

2. - SYNt SEND DLE CHAR BEFORE DATA CHARACTER 
~R ERROR.RESET PE,O£, AND FE 
R'Ts REQUEST TO SEND, "ENABLES OUTPUT MODULATOR 

D4. . . 
[15 
D6-7. OPERATING f•10DE 

O. · - NORMAL .. '-· 
1.. .ASYN, AUTOMATIC ECHO MODE 

SYNt SYN AND/OR DLE STRIPING MODE 
. 2+ LOCAL LOOP BACK 

3. REMOTE LOOP BACK 

USRT-SEND·DATA REGISTER WRITE ONLY 
C D7 J( D6 .]( D5 JC D4 JC D3 J[ D2 J[ [11 J[ DO J ADQR.64iP24=0 
<DB7---~-~------------------~--~-----~------DBO> HRDWRE COM.=6~ 

WRI1ES OF THE SYNC REGISTERS INCREMENT AN INTERNAL 
ROTARY ADDRESS POINTER. THE POINTER IS RESET BY A COMMAND 
REGISTER F\EAD. 
SYNC.CHARACTER REGISTER<S> WRITE ONLY 
( D7. J( [16.]( D5 JC D4 JI 03 J[ D2 J( D1 J( "DO J ADDR.65,P24=0 
<087------~---------------------------------DBO> 1STt 2ND AND 3RDt 

BYTES. 
HRDWri:E COi'-1. =6W 

1. FIRST BYTE IS THE SYN1 CHARACTER 
2. SECOND BYTE IS THE SYN2 CHARACTER 
3. TH I FW BYTE IS THE __ DLE CHARACTER 
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I/0 COMMANDS 

READ EXTERNAL 
LABEL LD. AtXCADDR> 
LABEL LD, A,X@(REG OR A> 
LABEL OPCODE REGtXCADDR> 
LABEL OPCODE REG,(~ (REG OR A> 
LABEL .OPCODE. 
LABEL OPCIJDE 

<INTERNAL MEMORY>,X<ADDR> 
<INTERNAL MEMORY>,X@CREG OR A> 

WRITE-EXTERNAL 
LABEL LDX ( EXTEi=i:NAL ADDR), A 
LABEL LDX <EXTERNAL ADDR>,REG 
LABEL LDX @(REG OR A>tA OR REG 
LDX COMMANDS ARE FOR EXTERNAL WRITE ONLY OPERATIONS 
X<ADDR> EXTER~AL MEMORY ADDRESS READ ONLY ASSUMED 
X@REG INDIRECT EXTERNAL MEMORY·ADDRESStREAD ONLY ASSUMED 
LDX @REG INDIRECT EXTERNAL MEMORY ADDRESStWRITE ONLY ASSUMED 
F.:EG RO-f<l 
A ACCUMULATOR 

INPUT/OUTPUT ADDRESS MAP, P24=0 

+------------------------+ 
READ WRITE ~ 

---------~----------~---! 
·uNIT NUMBEr~ .OX, UNT ox t ACT ! . CYCLE FF ACT I VEt NO PARt1. 
l\DDRESS LATCH #1 HIGH '1 X, AiH 1 X. PAS 
ADDRESS LATCH *1=1 LOl-J 2X. AlL 2X. ALl 
ADDRESS LATCH #2 HIGH 3X. A2H 3X. CPH 
ADDF\ESS LATCH *t2 LOW ~X • A2L· 4X, AL2 
STATU:3 REGISTER 50. STT 50. CPL 
USRT RECIEVE DATA F:EG, 60. URD 
U~3RT STATUS REGISTER 61 t LIST 
USRT MODE nEGI!:iTERS 62. UF:M 
USRT COMt·1AND f"EG I STERS ! 63. URC 

64. USD 
. ! 65. USY 
! 66. UWt1. 

· ! !' 67. UCM 
MOTOR CUN~kUL REGISTER! 7N. MTR<N>! 7N. MTRCN> 

. ·swiTCH STATUS REGISTER! 8N~ SWS<N>! SX. SHC 
9N, * 9X. ADC 

ANALOG SELECT R'EGISTER! AN. ANS<N>! AN. ANS(N) 

\ BX-FX, * · 
BO. LIRE!:! 
CX-FX. · * 

I 

+------------------------+ 

* 
X 
N 

\ 

UNASfi I NGED 
DON'T CARE 

Fig. 6.1-1 

LOW ORDER HEX ADDRESS PARAMETER 

CYCLE FT PASSIVE, NO PARI'l. 
LOAD ADD, LATCH:~:t-1,NO PAF:t·l. 
COMP.REG HIGH 
LOAD f-'\[1[1, LATCH:~:t-2,NO PARt1 
COMP. REG. LOW 

USRT SEND DATA REGISTER 
USRT SYNC REGISTERS 
USRT MODE REGISTERS 
USRT COMMAND REGISTER 
MOTOR CONTROL REGISTER 
ZERO 8/H CAP., NO PARM. 

-START·ADCt NO PARM. 
ANALOG SELECT REGISTER 
RESET USAF\T 
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I 

ALL INTERNAL SOURCE OR DESTINATIONS ARE VALID; USING ACCUMULATOR, 
REGISTERtiNDIRECT REGISTER ADDRESS OF MEMORY, OR MEMORY. ONLY 
I ND I R.ECT HEG F-iTEF< SOUF.:CE AND DEST I NA.T I ON ADDRESSING OF I NTEF.:NAL 
MEMORY IS NOT. VALID,." MACROS ACCOMPLISH THESE FUNCTIONS. 
OPCODES USED ARE-THE SAME AS THE 8048 SET WITH A M SUFFIXED TO 
THE OPCODE. ONLY THE.LD.COMMAND OPERATES WITHOUT THEM SUFFIX. 

TRAPS 
THERE ARE SEVERAL SYSTEM TRAPS._ THE"END TRAP IS USED AT THE COMPLETION OF 
THE FOREGROUND, OR BACKGROUND:PROGRAM. AN ABORT TRAP IS USED TO ABORT• 
A PROGRAM SEQUENCE FROM EITHER THE FOREGROUND OR THE BACKGROUND. A WAIT 
IS USED flY THE FOREGROUND F'ROGF<At1 TO SUSF~END OPERATION UNTIL AN EXTEF~NAL 

~VENT HAS OCCURED. THE WAIT TRAP PASStS A CODE TO THE SUPERVISOR INDICATING 
THE TYPE OF TRAP BEING EXECUTED IN THE ACCUMULATOR AND THE EXTERNAL EVENT 
THAT· WI(L RESUME EXECUTION OF THE FOREGROUND PROGRAM. A TIME TRAP PASSES 
TWO P~RAMETERS IN REGISTERS R2 AND R3CRBO>. R2 IS FUNCTION OPERAND 
DESCRIBING IF A TIME OR EVENT FUNCTION IS TO BE EXECUTED, IF A TIME 
FUNCTION,HIGH~OR LOW TIME MODEt AND A TABLE ADDRESS IN PAGE 3 OF PROGRAM 
MEMORY DESCRIBING THE THE FUNCTION TO BE EXECUTED. AN END SEQUENCE TRAP 
TRUNCATES THE PROGRAM SEQUENCE. 
TRPINTt ACCUMULATOR 
[B7JCB6JCB5J[B4JCB3J[B2JCB1JCBOJ 
<-------TRAP CODE------>< TRAP > 
BO-B! TYPE TRAP 

O. NOT VALID, OR FALSE TRAP 
B7-B2. UNASSINGED 

1. ACTION· TRAP INTERUPT-
B2. UNASSIGNED 

B7-B3. . TYPE ACTION TRAP 
o. END TRAP 
!. _., TIME/EVENT TRAP, R2 AND R3<RBO> CONTAIN PARAMETERS 

EXECUTION OF PROGRAM RESUMES, 

2. 

3. 

2. ABORT ·TRAP; ABORTS PROGRAM SEQUENCE 
3. END SEQUENCE TRAP 

4-31.. NOT ASSIGNED 
SUPER\l I SOR TRAP 
B7-B2. UNASSINGED 
WAIT ~RAP INTERUPT 
B3-B2. UNASSINGED 

B4. COI'1F'AR I SON 
B5. · INDEX 
B6. ADC END 
Bl. EXTERNAL 

TRAP 
~.: . ..;;:. .. -~· . 

UNASSINGEDt OR INVALID TRAPS ARE INTERPRETED AS FALSE TRAPS 
AND EXECUTION RESUMES 
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MONITOR ENTRY CONDITIONS~ 
UPON ENTRY TO THE MONITOR THE ACCUMULATOR CONTAI~S THE ENTRY CODE, 
CB7J[B6J[BSJCB4JCB~J[B2J[B1J[BOJ 

0 0 0 0 0 0 0 0 NOP 
0 0 b. ·0 [ ENTRY CODE J ENTRY OR SYS ERROR-CONDITION . 

[ .1 J SERIAL WORD SENT 
t 2 J .RECEIVE CHARACTER PARITY ERROR 
( 3 J RECEIVE CHARACTER OVERRUN ERROR 
[ 4 J SEND MESSAGE TERMINATED 

·[ ~· J TIMER 
[ 6 J . NOT ASSIGNED 
C 7 J RESET 
·c 8 - F J NOT ASSIGNED 

0 CERROR CODEJ[ UNIT NUMBER J UNit ERROR CONDITION 
[ 1 - 7 . ·J[ 0 - F J UNASSIGNED ERROR CODES 

1 C SERIAL CHARACTER RECEIVEDJ USRT RECEIVE WORD 
ENT.RY LOCATION~ MONITOR IN POINT, MON 

MONITOR EXIT CONDITIONS: 
UPON EXIT FROM THE MONITOR THE ACCUMULATOR CONTAINS THE EXIT CODE. 
[87J[D6J[~5J[84J[B3J[B2JCB1J(80J 

0 
(I 

0 

.. . 
0 ' 0 0 0 0 
0 

(I 

0 0 .[ EXIT 

0 

[ 

( 

[ 

( 

[ 

[ 

[ 

[ 

[ 

1 C EXIT 
[ 

EXIT LOCATION: RMONITOR 

0 
CODE 

1 
2 
:3 
4 

6 
7 
8 
9 

0 
J 
J . 
] 

J 
J 
J 
J 
J 
J 
J 

CODE J 
0' J 

NOF' 
USART SEND/RECEIVE ERROR CONDITION 
RECEIVE PROTOCOL SYNTAX ERROR MSG 
RECEIVE COMMAND SYNTAX ERROR MSG 
RECEIVE OVERLAY ERROR MSG 
RECEIVE PARITY ERROR MSG 
RECEIVE OVERRUN ERROR MSG 
TRANSMIT OVERRUN ERROR MSG 
PROGRAM STATE ERROR MSG 
~VENT QUEUE FULL 
PROGRAM SEQUENCE RECYCLE 
CENTRAL CONTROL MESSAGE-
SYSTEM RESET COMMAND <NOT AN ERROR>. 

IN POINT,SUP 



SCHEDULAR ENTRY AND EXIT CONDITIONS: 

ENTRY LOCATION: SCHED IN POINT,SCH 
EXIT LOCATION: SCHSUPER IN POINT.SUP 
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ON ENTRY THE ACCUMULATOR CONTAINS A EXECUTION CODE 
ENTRY CODES: 

O, ACTIVE PROGRAM HAS ENDED 
1. EXECUTE ACTPRGDN 

1, FETCH NEXT ACTIVE PROGRAM IN THE SEQUENCE 
2. IF ACTIVE PROGRAM SEQUENCE DONEt DELETE RETURN FROM STACK 
3, IF ACTIVE PROGRAM DONEt 

1. SET ACTIVE PROGRAM DONE 
_2, DELETE RETURN FROM THE STACK. 

4 •. IF BAD STACK 
1. INACTIVE PROGRAM SET DONE 
2. INACTIVE END OF STACK=O . 
3, STACK POINTER=O 

2. ACCUMULATOR CONTENTS ON EXIT: 
O, NORMAL EXIT 

. 1, ACTIVE PROGRAM SEQUENCE DONE 
2, ACTIVE·AND INACTIVE PROGRAM SEQUENCES DONE 
3. ERROR, ACTIVE PROGRAM SEQUENCE ALREADY DONE - . 
4, BAD STACK 

1. ACTIVE PROGRAM IS SUSPENDED, OR FINISHED 
1, EXECUTE ACTINACT 

1. SWAP /,CTIVE PROGRAM FOR INACTIVE 
2. IF BAD STACK 

1. NO S~.JAP 

2. INACTIVE PROGRAI'1 SET DONE 
3. INACTIVE END OF STACK=O 
4. STACK POINTER=O 

2. ACCUMULATOr\ CONTENTS ON EXIT: 
o. NORI"1AL EXIT 
1. NOT USED IN ACTINACT 
2. NOT USED IN ACTINACT 
3. NOT USED IN ACTINACT 
4, BAD STACK -

2,· RESET PROGRAM BEQENCCG USING PRGLSTUO 
1. EXECUTE RESCHED 

1. IF 87=0 CLEAR THE BUFFER AREAS 
2. - REINITIATE STACK 
3, RESET BCKPRGt AND FRGPRG 

2~ ACCUMULATOR CONTENTS ON EXIT: 
O, NOT USED IN RESCHED 

PROGRAM 

,., 
·Lt. 

1. NOT USED IN RESCHED 
ACTIVE AND INACTIVE 

3, NOT USED IN RESCHED 
4, NOT USED IN RESCHED 

PROGRAM SEQUENCES DONE 



I 
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· INTERRUPT ROUTINE CONDITIONS: 

SYTEM RESET 
EXIT IS MADE THROUGH THE TIMER INTERRUPT ROUTIN£. F1 IS THE 
ONLY INDICATION A RESET HAS BEEN PERFORMED 

ENTRY LOCATION: 1. 0(!<) HEX 
ENTRY CONDITIONS: 1. RESET INTERRUPT 

EXIT CONDITIONS: 1. MEMORY BANK 0 SELECTED 

EXIT LOCATION: 

- TIMER INTERRUPT 

2. TIMER INTERRUPTS ENABLED 
3.· TIMER ON 
4. EXTERNAL INTERRUPTS ENABLED 
5~ USART INITIALIZED 
6. US ART CLIJCK ON · 
7. PRGSTAT; ACTIVE AND INACTIVE PROGRAMS=DONE 
8. STACK POINTER=O 
9. 

10. 
11 •. 
12. 
1. 

RAM MEMORY CLEARED 
DISABLE EXTERNAL INTERRUPT 
EXTERNAL RAM CLEARED 
EXTERNAL I/0 CLEARED 
RRESINT IN POINT.SUP 

ENTRY LOCATION: .1. 007 HEX 
ENTRY CONDITIONS: 1. TIMER INTE~RUPT 

EXIT CONDITIONS: 1. MEMORY BANK 0 SELECTED 
2. REG BANK 1 SELECTED 
3. TIMER INTERRUPT RESET 
4. REG BANK 1 SELECTED _ 
5~ R3=ACCUMULATOR OF INTERRUPTED PROGRAM 
6. EXTERNAL I/0 OPERATIONS SELECTED 
7. ACCUMULATOR=INTMSG5 

EXIT LOCATION: 1. RTIMINT IN POINT.SUP 



.-. . . -~ . . 

' . I 
I 

INTERRUPT ROUTINE co"NDiTiONS ·cON'D 

.. 
' ' . ' ... :·_ . ~ ": . . . : ... : . . :.~ . 

EXTERNAL INTERRUPT 
... . ~ . 

.. ··. 

· · ENTRY. LO.GATio"N: 1. c)o3 .Hfx .. 
. ENTRY CONDITIONS:-·!~ *INT=Ot "EXTERNAL INTERRUPT 

. ,', 

·,. 
. .. ~ . 

. ··. . : ..::.. . AND 
UST Bl=!t U~ART CHARACTER RECEIVED . 

-· OR 
·-~·-s. UST B0=1~ USART CHARACTER SENT 

OR 
-4. STATUS INTERR8PT 

"it_: STT BO A PORT! a4=1t COMPARISON INTERRUPT 
OR 

. _-;;:. 

2. STT B1 A F'OR-T1 B5=1t INDEX INTERRUPT 
OR 

3.. STT B2 A PORT 1 ·B6= 1 t ADC END INTERRUPT 
. 5. TRAP INTERRUPT ANSO B3=1 

OR 
.. . . 6. FALSE INTERRUPT <NONE OF THE.ABOVE> 

EXIT CONDITIONS:· 1. MEMORY BANK 0 SELECTED 
2. REG BANK 1 SELECTED 
·3. R3=ACCWMULATOR OF INTERRUPTED PROGRAM 
4. EXTERNAL t;b OPERATIONS SELECTED 

lEXIT LOCATION: 1. IN POINT.INT 

· .. ··; : 

... :" 

,...: .·, .. 

1. USTREC CUSART CHARACTER RECEIVED> 
'EXIT CONDITIONS: 
1 •. _A(:CI.,.It1_1)LATOR=UST 
OR 

2. ·USTXMT <USART CHARACTER TRANSMITTED> 
EXIT CONDITIONS: 

BIT= 

2 •. ANSO < B3 > = 1 
OR 

2. RFLSINT <FAL~E INTERRUPT> IN POINT.SUP 
. EXIT CONDITION: 1. ACCUMULATOR=O 

' 
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·'INTERRUPT ROUTINE CONDITIONS CON'D 

. I 

USTREC INTERRUPT, USART CHARACATER RECEIVED INTERRUPT 

ENTRY LOCATION~ 1~ USTREC, IN POINT.~NT 
ENTRY CONDITIONS:_ 1~ R3=ACCUMULATOR OF INTERRUPTED PROGRAM 

2. ACCUMULATOR=UST 
1. UST 81=1, USART CHARACTER RECEIVED 

AND 
2. UST B4=1, RECEIVE OVERRUN ERROR 

OR 
3. UST B3=1,· RECEIVE PARITY ERROR 

OR 
4• UgT *B4 V *B3=1, URD=VALID RECEIVE CHARACTER 

EXIT CONDITIONS: 1. R3=ACCUMULATOR OF INTERRUPTED PROGRAM 

.. 

ANQ 
2. MESSAGE PREAMBLE OR ERROR 

·1• ACCUMULATOR=O, PREAMBLE 
OR 

·2. ERROR 
·1. ACCUMULATOR=iNTMSG2, PARITY ERROR 

OR _ 
2~ ACCUMULATOR=INTMSG3, OVERRUN ERROR 

. EXIT.LOCATION: 1. RUSTERR IN POINT.SUP 
OR 

3, CHARACTER RECEIVED 
1. ACCUMULATOR=B7+ASCII CHARACTER 
EXIT LOCACTION: 1~ RRECINT IN POINT.SUP 

USTXMT INTERRUPT, USART CHARACATER SENT INTERRUPT 
'-"" 

ENTRY LOCATION~ 1. USTXMT, IN POINT~INT 
ENTRY CONDITIONS: 1. R3=ACCUMULATOR OF INTERRUPTED PROGRAM 

2. ACCUMULATOR=UST 
1. UST B0=1t USART CHARACTER SENT · 

3, CHARACTER IN XMITCHR 
~. XMITCHR=O TERMINATE TRANSMISSION 

OR 
2. XMITCHR/=0 SEND XMITCHR 

EXIT CONDITIONS: 1. R3=ACCUMULATOR OF INTERRUPTED PROGRAM 
AND 

· 2. ACCLJMULATQR=INTt1SG1t CHARACTER. S.ENT 
OR 

3. ACCUMU~ATOR=INTMSG4, TRAMISSION TERMINATED 
EXIT LOCATIO~: 1. RSNDINTt IN POINT.SUP 
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INTERRUPT ROUTINE CONDITIONS CON'P · 

TRPINT INTERRUPT, TRAP-INTERRUPT 

ENTRY LOCATION: 1. TRPINT, IN POINT.INT 
ENTRY CONDITIONS: 1. R3=ACCUMULATOR OF INTERRUPTED PROGRAM 

B1-BO. TYPE TRAP 
O. FALSE OR INVALID TRAP 

B7-B2. UNASSIGNED 
1. ACTION TRAP 

B2. UNASSIGNED 
B7-B3. TYPE ACTION TRAP 

O. END TRAP. 
1. TIME/EVENT TRAP 

1. R2CRBO>=FUNCTION PARAMETER 
2. R3CRBO>=TIME PARAMETER 

2. ABORT TRAP 
3. END SEQUENCE TRAP 

4-31. UNASSIGNED 
2. UNASSIGNED 

. 87-82. UNASSIGNED 
3. WAIT TRAP 

.B3-B2. UNASSIGNED 
B7-B4. TYPE OF WAIT TRAPS ISSUED 

B4. COMPARISON TRAP 
85. INDEX TRAP 
B6. ADC END TRAP 
B7. EXTERNAL 

2. ACCUMULATOR=ANSO 
3. ANSO(B3J=1 

EXIT LOCATION: 1. RTRPINT, IN POINT.SUP. 
EXIT .CONDITIONS: 1. R3=ACCUMULATOR OF INTERRUPTED ~ROGRAM 

AND . 
2. ACCUMULATOR=TRPMSG1t END TRAP 

OR 
3. TIME TRAP 

1. ACCUMULATOR=TRPMSG2, ENTRY MADE 
OR 

· 2. ACCUMULATOR=B4+TRPMSG2, QUEUE FULL 
OR 

4. ACCUMULATOR=TRPM~G3t ABORT TRAP 
OR 

5. ACCUMULATOR=TRPMSG4t END SEQUENCE TRAP 
OR 

7. WAIT TRAP 
1. ACCUMULATOR=[R3CRBO>AFOHJ+TRPMSG7 
2. PORT1=CPORT1AOFH)+[R3(R80)AFOHJ 
3. P1=CPORT1AOFH)+[R3CR80)AFOHJ 
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INTERRUPT ROUTINE -CONDJTIONS CON'D 

- STTINT INTERRUPT, STATU~ INTERRUPT 

. / 

- . 

ENTRY L.OCATION: .1.- STTINT, IN POINT. JNT 
ENTRY CONDITIONS; ~. R3~ACCUMULATOR OF INTERRUPTED PROGRAM 

2. ACCUMULATOR=INT. DISABLE BIT=CSTT*16)APORT1AFOH 
'3. RO=PORT1 ADDRESS- . 

EXIT CONDITIONS: 1. R3=ACCUMULATOR OF INTERRUPTED PROGRAM 
2 •. PORT1=PORT1<+>INT.DIS 
3. ACCUMULATOR=IN~.DIS+B3+INTMSG7 

S3:=PORT1AFOH=CdNTINUEING INTERRUPT 
EXIT LOCATIO~: 1. RSTTINT, IN POINT.SUP . ·.::.·. 
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SUPERVISOR ENTRY CONDITIONS: 

RRECINTt ENTRY AFTER USART RECEIVE INTERRUPT 
UPON ENTRY TO THE SUPERVISOR THE ACCUMULATOR CONTAINS THE ENTRY CODE. 
[B7J[B6J(B5J[B4J[83J[B2J[B1J[BOJ I 

1 [ SERIAL CHAFIACH~ nECE I VED J USRT RECE I;VE WORD 

RSTTINT, RSNDINT, ~TIMINT, RUSTERR, AND RFLSINT 
ENTRY AFTER STATUSt USART SENDt TIMERt USART ERRORt OR fALSE INTERRUPT 
UPON ENTRY TO THE SUPERVISOR THE ACCUMULATOR CONTAINS THE ENTRY CODE. 
IB7JCB6J[B5JCB4J(B3JCB2JCB1J[80J 
{CONTEXT SENSITIVE-><-INT CODE-> 

ACCUMULATOR CODES 
B2-BO. TYPE INTERRUPT. 

0. NO ACTION REQUIREDt OR FALSE INTERRUPT 
.1. SERIAL WORD SENT INTERRUPT 
2. RECEIVE PARITY ERROR 
3. RECEIVE OVERRUN ERROR 
4. SEND MESSAGE TERMINATED 
5. TIMER INTERRUPT 
6. UNASSIGNED 
7. STATUS INTERRUPT. 

B3. INDICATES A CONTINUING STATUS INTERRUPT 
B7-B4. TYPE.STATUS INTERRUPT 

84. COMPARISON INTERRUPT 

RTRPINT 

85. INDEX INTERRUPT 
B6. ADC END INTERRUPT 
B7. EXTERNAL INTERRUPT 

SUPER~ISOR ENTRY POINT AFTER A TRAP 
(B7JEB6J[B5JCB4J[B3J[B2J[B1JCBOJ 
<-CONTEXT.SENS. ><--TRAP CODE---> 

B2-BO TYPE TRAP 
o. FALSE TRAP 
1. END .TRAP 
2. TIME TRAP -

B7-B4. TIME TRAP CONDITION CODE 
o • ENTRY MADE 
1. . QUEUE FULL 

3. ABORT TRAP 
4. ENn SF.QUEI\IC£ TRAP 
5-·6. UN ASS I GNE·D TRAP. 
7. l.JA l T TRAP TRAP 

B7.,..B4. WAIT TRAP PARAMETER 
B4. COMPARISON TRAP 
85. INDEX TRAP 
B6. ADC END TRAP 
B7. EXTERNAL Tf~AP 

B3 =0 



--
SUPERVISOR ENTRY COND fT IONS-_ CON' D: 

SCHSUPER 
ENTRY AFTER SCHECULAR ROUTINE 
ACCUMULATOR CODES: 
(l, NOF<MAL EX IT: 
1; ACTIVE PROGRAM SEQUE~CE DONE 

PACE6-22 

2. ACTIVE AND INACTIVE PROGRAM SEQUENCES DONE-
3. ACTIVE P~OGRAM SEQUENCE DONE 
4. BAD STACK 

RMONITOR 
ENTRY AFTER MONITbR RbUTINE o 

ACCUMULATOR CODES:. 
CB7JCB6J[B5J[84J[B3J(B2J[B1J[BOJ 

·o (I 0 - 0 I) 0 (I NOP I) 
-. (I (I 0 0 [ EXIT CODE J US ART SEND/RECEIVE ERROR CONDITION 

[ 1 J RECE.IVE PROTOCOL SYNTAX ERROR MSG 
[ .., 

·-' J RECEIVE COMMAND SYNTAX ERROR MSG 
c .3 ] RECEIVE OVERLAY ERROR MSG 

_( 4 J RECEIVE PARITY ERROR MSG 
[ C' 

·-· ] RECEiVE OVERRUN ERROR MSG 
[ 6 J TRANSMIT OVERRUN ERROF\ MSG 
[ 7 J PROGRAI'l STATE ERROR t·mG 
[ 8 J EVENT C~UEUE FULL 

-[ 9 ] PROGRAM SEQUENCE RECYCLE 
(I 0 0 1 [ EXIT CODE - ] CENTRAL CONTROL 1'1ESSAGE 

[ -- I) J -~YSTEM RESET COMMAND <NOT AN ERROR> 
EXIT LOCATION: F\-MON I TOR_ IN POINT. SUP 

.. ~ .. 

. ..~ 

/ 
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SYSTEM REFRESH OPERATIONS 

--· -----
CERTAIN ITEMS REQUIRE PERIODIC REFRESHMENT IN ORDER TO AVOID 
LOOSING CERTAIN FUNCTIONS OR HAVING A SYSTEM.CRASH. 

1.· 

2. 

3. 

. 4. 

. ~·. 

I 

CANCEL RESET FUNCTION I 
BIT P26 IS COMPLIMENTED IN ORDER TO RETRIGGER THE RESET MONOSTABLE· 
AND ABORT A SYSTEM RESET. 

R. THE BIT IS COMPLIMENTED ON TIME ENTRY TO THE MONITOR 
ENABLE EXTERNAL INTERUPTS 

R. ENABLED ON EACH TIME ENTRY TO THE MONITOR 
ENABLE TIMER INTERRUPTS 

R. ENABLED ON EXIT FOR SUPERVISOR 
ENABLE CLOCK TO USART · 

R. ENABLED ABOUT EVERY 32 SECONbS FROM MONITOR, 
WHEN TIME EQUALS X800 HEX. 

INITIALIZE USART 
R.INITIALIZED ABOUT EVE~Y 34 SECONDS FROM MONITOR, 

WHEN TiME EQUALS XOOO HEX, IF NO USART RECEIVE 
ACTIVITY, OR IF SEND ACTIVITY HAS BEEN DETECTED 
IN THE PRIOR 34 SECOND PERIOD AND THERE HAS NOT 
BEEN A SUBSEQUENT SEND TERMINATION 

/ 
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POINT INTERNAL RAM-ME~ORY ALLOCATION 
+~--------------------~--~----~--~---------~-~--~-----------------~--------+ 
!0, RO ACT ! REG. !20.-PORT #1t PORT1!40.~FORWRK---- +0-!60.-EVEQUE------0-! 
!1. R1 AC~ BANK'21. VECTOR. ~41,------~---- +1-!61, 
!2, R2 ACT 0 !22. * !42.-MSGBUFFO-- +0-!62, T/EtA 1 
!3, R3 ACT r· .!23,· USARt XMITCHR !43,--~-------- +1~ 63, OPER 
!4. RO'INACTi R4 )24~ TIMER TIMVALL !.44.-FRBUFFO--- +0- 64, T/EtA 2 
.!5, R1'IN1\CT! .R5. !25,.· TIMER TH1VALH !45, FOREGROUND +1 65, OPER 
!6, R2'INACT! R6 .!26. SNDRECST. !46, BUFFER +2 66, T/EtA 3 
!7.-R3'INACt--R7~-!27, ·sRCOMMSG !47~ U~IT #0 +3 67, OPER 
!8,-TOP-----------!28._ SRPARM1 .!48. +4 68. T/E,A 4 
!9. !49,.· ·+5 69, OPER · . ! ! ~29 • . SRPARM2 

. ! A. ! -- !2A. 
!28. 

PRGLSTLIO 
-PRGLSTAC 

+6 6A, 
+7" 68. !B, 

!C. 
-! [1,. 

! !2c; 
!2D. 

DROPIN 
DROPOUT 

!4Ai 
!48. 
'.4C+"· 

4[1, -.----------
+8 .6C, EVENT QUEUE 6 
+9-!60, 2BYTES PER 

!2E. WINDOW 4E, '-BlWUFFO-.-
4F, ·BACKGJ;:OUND 

+0-!6E, ENTRY 
-t-1 !6f, 

-, 
I ! E, 

!F. 
!-10. 
! 11. 
!12. 
!13. 

! .·f2F.-MSGBUFF--- +0-
!STACK!30,----------- +1-
!. t31,ICPRG:UNT•PROG• 

50. BUFFER· 
51. UNIT #(l 

+2 !70,TIME/EVENTtADDR! 
+3 !71.DPERAND 

! - !32,ACPRG:UNT•PROG• ""'"' ._, .,::. . +4 !72. 9 
! !33.-ACTEXAR--- +0- . +5 ! 73. 

14. !34. ACTIVE +1 
53. 
54, +6 ! 7 4, TIE, A ! · A 

15, !35; PROGRAM +2 .55, +7 !75, OPER 
16, ! !36, EXECUTION ~3-!56, .+8 !76, T/E,A B 
17.--BOTTOM-------!37, AREA +4 !57,----------- +9-!77, OPER 
18.-RO-SYS-------!38, +5 !58, * 78, T/EtA c 
19, Rl SYS ' REG 139, +6 !59, * 79, OPER 
1A, R2 SYS ! BANK!3A, +7 !SA, * 7A, T/EtA D 
18, R3 SYS ! 1 !3B. ~a· !~B. * 78, OPER 
1C,ACTACC R~ !3C.-~--------- +9-!5C, * JC, T/EtA E 
1D,INACTACC! R5 !30,-BCKWRK---- +0-!50, * 7D. OPER 
1E,PRGSTAT !. R6 !3E.. +1 !5E, * 7E, T/EtA F 
.1F.OPSTAT ! R7 !3F.·,: ________ .,.. __ +2-!5F, * .7F.-OPER--~-------! 

+------.:..-----------~--~----------------------------------------------------+ 
* UNASSIGNED 

fig. 6.1-2 

PRGSTAT PROGRAM STATUS ADDR. 1E 
[ 87 J[ B6 J[ 85 J[ B4 J[ 83 J[.B2 J[ B1· J[ ·BO J 
< FIB><DONE>< PROG STAT><UINT><FIB END. OF STACK> 

B0-82 F/B END OF STACK 
END OF STACK FOR INACTIVE PROGRAM 

83 UNINT FOREGROUND UNINTERRUPTABLE 
84-85 PROGRAM STATUS, STATUS Of INACTIVE PROGRAM 

O, FINISHED, INDICATES. THAT INACTIVE PROGRAM HAS ENDED, 
1. SUSPENDED 
2. WAITING· 
3. SCHEDULED 

86 DONE, SCHEDULAR INDICATES ACT~YE PROGRAM SEQUENCE HAS ENDED, 
87 F/B INDICATES ACTIVE PROGRAM 

0. BACKGROUND ACTIVE 
1. FOREGROUND ACTIVE 

' 
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. RAM CON' D 

OPSTAT OPERATING SYSTEM STATUS ADDR. lF 
c··B7 J[ B6 J[ 85 H B4 J[ 83 J[ B2 J[ B1 J( .. BO J 
<---UNASSIGNED~--><RtC1><SNDA>S.MODE<CHAR MODE.} 

B0-81 

B2 

I .. 

RECEIVE MODE 
O. 1ST ADDRESS CHARACTER ~ECEI0E· MODE 
1. 2ND ADDRESS CHARACTER RECEIVE MODE 
2. MESSAGE CHARACTER RECEIVE MODE 
3. CHARACTER AVAILABLE RECEIVE MODE 
SEND NODE 
O. SEND MODE IDLE 
1. CHARACTER SENT 

B3 SEND ACTIVITY 
USED TO GAURANTEE THAT.SEND ACTIVITY TERMINATES 
O. BIT CLEARED BY SEND TERMINATION 
1. BIT SET BY MO~ITOR WHEN SEND ACTIVITY DETECTED 

84 RECEIVOR IDLE 
USED FOR LONG RECEIVOR IDLE PERIODS TO GUARANTEE THAT 
THE RECEIVER IS NOT DEAF, 
9• BIT CLEARED BY MONr·roR 
1. BIT SET BY RECEIVER ACTIVIY 

ACPRG AND ICPRG ADDR. 32 AND 31 
ONE BYTE EACH, CONTAINING THE CURRENT UNIT NUMBER AND PROGRAM NUMBER 
OF THE ACTIVE OR INACTIVE PROGRAM SEQUENCES. THE PROGRAM NUMBER 
IS A RELATIVE NIBBLE ADDRESS INTO EITHER FRG-LST OR BCKLST. 
ACPRG AND.ICPRG . 

( B7 J( 84 JC 85 J[ B4 J[ 83 J[ 82 J( 81 J[ 80 J 
<------UNIT NUMBER-----><~---PROGRAM NUMBER----> 

PRGLSTUO ADDR.· 2A 
PRGLSTAC ADDR, 28 
PR~LSTUO IS MOVED TO PRGLSTAC AT THE END OF A PROGRAM CYCLE~ 
PERMITTING PROGRAM MODULES TO CHANGE THE PROGRAM SEQUENCE 
IDENTIFICATION OF THE PROGRAM LIST THAT WILL BE USED TO FILL 
FRGLST AND BCKLST. PRGLST IS LOCATED IN PAGE 3 Of. PROGRAM 
MEMORY. 

[ B7 J[ 86 J[ 85 J[ 84 J[ B3 J( 82 JC-81 J[ BO J 
CNIR >< NA ><-----------PRGLST ID--------------~ 
B0-86. RELATIVE ADDRESS INTO PAGE 3 OF PROGRAM MEMORY FROM. 

86. 
87. 

THE START OF THE PROGRAM LIST. FOREGROUND AND .BACKGROUND 
SECTIONS ARE TERMINATED BY A NULL ENTRY, 
NOT ~.SSIGNED 
NOT INITIAL RUN· 
o. INITIAL RUN OF THE PROGRAM LIST, AS LOADED '8Y THE 

·MONITOR. 
1. SET TO ONE AFTER THE FIRST CYCLE BY THE SCHEDULAR. 
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RAM. CON'D 
. \ 

ACTEXAR ADDR. 33-37 
FIVE GENERAL PURPOSE BYTES USED BY THE ACTIVE PROGRAM DURING EXECUTION 
AS RAM MEMORY. THIS AREA AT THE TIME OF EXECUTION BELONGS TO A PARTICULAR 
UNIT# AND EIT~IER THE FOREGROUND OR BACKGROUND PROGRAM. 
THE AREAS ARE CLEARED BY THE SCHEDULAR BEFORE THE 'FIRST' 
EXECUTION CYCLE OF THE PROGRAM SEQUENCEt AND MAY BE TESTED BY THE 
FOREGROUND OR BACKGROUND PROGRAM TO INDICATE THIS CONDITION. 

FORBUFFO AND BCKFUFFO ADDR. 56-5A AND 58-5£ 
UNIT 0 FOREGROUND AND BACKGROUND BUFFER AREAS.-THE APPOPRIATE AREA IS 
LOADED BY THE SCHEDU!.AR FROM THE ACTEXAR AT THE.TERMINATION 
OF THE RESPECTIVE PROGRAM SEQUENCE. THESE AREAS MAY BE USED FOR 
FOREGROUND/BACKGROUND COMMUNICATION. THE AREAS ARE CLEARED BY THE 
SCHEDULAR BE~ORE THE 'FIRST' EXECUTION CYCLE OF THE PROGRAM SEQUENCE. 
AND MAY BE TESTED BY THE FOREGROUND OR BACKGROUND PROGRAM TO 
INDICATE THIS CONDITION. 

MSGBUFF ADDR. 2F-30 
MESSAGE BUFFER SET BY THE OPERATING SYSTEM OR CENTRAL CONTROL 
UNIT AS A MESSAGE TO THE .FOREGROUND OR BACKGROUND PROGRAM. CURRENTLY 
WITH ONLY ONE FIELD UNIT MSGBUFFO IS NOT BEING USED. THE MESSAGE 
BUFFER IS USED AND CLEARED BY THE APPLICATION PROGRAM. 

MSGBUFFO ADDR; 53-54 
MESSAGE BUFFER ASSOCIATEO WITH UNIT#! IN A MULTI UNIT ENVIROMENT, 
NOT CURRENTLY USED. 

EVENQUE . ADDR. 60-7F. 
EVENT QUEUE HAVING SIXTEEN ENTRIES MAXIMUM, TWO BYTES PER ENTRY 
TIMER/EVENT FUNCTION BYTE #1 

[ 87 J( 86 J( 85 J[ B4 J[ 83 J[ 82 J[ 81 J[ BO J 
<~-------EVENT QUEUE ENTRY--------->< ·LIH>< TIE> 
BO-B7. =0 EMPTY ENTRY 
BO. · TIME/EVENT EVENT MODE NOT CURRENTLY SUPPORTED 

O, TIME FUNCTION 
1. EVENT FUNCTION 

81. LOW/HIGH TIME MODE 
O. 8 MILLESECOND RESOLUTiON 
1. 2.048 SECOND RESOLUTION 

B2-B7. RELATIVE TABLE ENTRY INTO EVENTGUE 
EVENTQUE IS A TABLE ~ONTAINING THREE BYTES PER ENTRY, 

.DEFINING THE ACTION TO BE TAKEN AFTER A TIMER/EVENT 
OCCURANCE 

TIME/EVENT OPERAND BYTE #2 
ONE BYTE OF TIME OPERAND, TIME RANGE DETERMINED BY BYTE #lt ·Br·· 
1. 8-2,048 MSEC,,8 'MSEC RESOLUTION, +0-8 MS ACCURACY 
2. 2.048-524.288 SECS, 2.048 SECS RESOLUTION, +0-8 MS ACCURACY 
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RAM CON'D 

SNDRECST ADDR. .40 
SEND/RECEIVE STATES , 

.[ B7 J[ B6· J[ B5 J[ B4 JC B3 JC B2 J( ~1 JC BO J 
I 

<SRM ><----SNOSTATE----><-SUBSTATE-><~RECSTATE-> 
B1-BO. RECEIVE PROGRAM STATE 

O. PROMPT MODE 
1. COMMf.;ND MODE 
2. PARAMETER MODE 
3. FINISHED t10DE 

B3-B2 SUBSTATE , 
SEND STATE 2 

O. EXECUTE 
1. 1ST NIBBLE REPLY 
2. 2ND NIBBLE REPLY 
3. ETX 1SEND STATE 

B6-B4. SEND PROGRAM STATE 
0. IDLE MODE 
1. ACKNOWLEDGE MODE 
2. EXECUTE 1'10DE 
~. TERMINATE TEXT MODE 
4. TERMINATE MESSAGE MODE 
5. TERMINATE SEND MODE 

B7. SRCOMMSG MODE 
0. COI11'1AND MODE 
1. MESSAGE t10DE 

SRCOMMSG ADDR. ~1 
SEND/RECEIVE ERROR MESSAGE BITS 
C B7 JC 86 JC BS JC B4 J[ B3 JC B2 J[ Bl JC 80 J 
CC/E ><---~--~----CONTEXT SENSITIVE------------> 
COMMAND MODE 

IF B3 OF SNDRECST=O 
RECEIVE MODES 1 AND j 

82-BO. NUMB£~ OF RECEIVE 
_SEND MODE 2 

PARAMETERS TO BE STORED 

84-BO. 2ND NIBB~E REPLY MESSAGE 
B?-84. COMMAND OPCODE 

.. 

IF B3-0F SND~ECST=l 

.MESSAGE MODE 
83-BO. HIGH ORDER NI~BLE OF REPLY 

87-84. TYPE MESSAGE MODE 
O. ERROR MESSAGE MODE 

. B3-BO. MESSAG~S 
0. NO OP 
1.. RECEIVE PROTOCOL SYNTAX ERROR MSG 
2. RECEIVE COMMAND SYNTAX ERROR MSG 
3. RECEIVE OVERLAY ERROR MSG 
4. RECEIVE PARITY ERROR MSG 
5. RECEIVE OVERRUN .ERROR MSG 
6. TRANSMIT OVERRUN ERROR ~SG 
7. PROGRAM STATE ERROR MSG 
8. EVENT QUEUE FULL 

1 •. CENTRAL--CONTROL MESSAGE MODE 
.• O. SYSTEM RESET COMMAND <NOT AN ERROR> 

' . 
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RAM CON'D 

PORT1 ADDR.. 20 
RAM IMAGE OF PORT! 
C B7 J C -B6 H B5 J [ B4 J C B3 lC B2 H B1 J C BO J 
<- .... ----:_:----:-..:.:---P-ORT #1 -DEF It~-I T I ON---·--,...:...--------> 

VECTOR . ADDR. 21 
- RAM IMAGE OF PORT1 

[ B7- J[ B6 J[ B5 J[ 84 J[ B3 J[ B2 J[_ B1 J[ BO J 
<-------GENERAL ~URPOSE ADDRESS VECTOR~--~-----> 

COMREG -· ADDR. 22 
RAM IMAGE OF USART COMMAND REG <UCM> 
[ B7 J[ 86 JC B5 J[ 84 J[ 83 J[ B2- J[ B1 J[ 80 J 
<----------~---VCM DEFINITION----------------~-> 

XMITCHR ADD~. 23 
USART ASCII TRANSMIT CHARACTER 
C ·B7 -J C -86 J [ B5 J [ B4 J C B3 J [ B2 J C 81 J [ 80 J 
:<-NA-><------~---~-ASCII CHARACTER--~----------~> 

TIMVALL ADDR. 24 
LOW-BYTE TIMER-
[ B7 JC-8~ J[ 85 J[ B4 J[ B3 J[ B2 J[ 81 J[ BO J 
<--------~-----------TIME---------------------~> 

TIMVALH ADDR. 25 
HIGH BYTE TIMER 
[ B7 J[ B6 J[ B5 J( B4 J[ 83 J[ B2 J[ 81 J[ 80 J 
<-~------------------TIME----------------------} 

SRPARM1 ADDR. _42 
SEND/RECEIVE-ERROR MESSAGE BITS 
[ B7 J[ 86 J[ B5 J[ 84 J[ B3 J[ 82 J[ 81 J[ 80 J 
<-- ----------SEND/RECEIVE P-ARAME-TER--·-----------> 

SRPARM2 ADDR. 43 
SEND/RECEIVE ERROR MESSAGE -BITS _ 

. . ,· 

[ 87_J[_ 86 J[- 8~ J[ 84 J[ 83 J[ 82 J[ 81 J[ 80 J 
<------------SEND/RECEIVE PARAMETER-~---~------> 

. { 
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POINT OPERATING SYSTEM PROGRAM MEMORY MAP 

+-----------------------------~---~~---~--------·-~--------+. 
SUBMODULE/ · . ! MODULE, ! ADDF:ESSES - . <HEX ) ! AVAIL •. ! 
MODULE .! ;:.s, RE.QUIRED ··, BEGIN END TOTAL ! MEMORY ! 
----------~--+-~~---~~~-~--+---~--------------~-!--------+ 
POINT. INT ·! . . . . 0000 0131 . 0131 
POINT.SCH ! · ' ' 0140 02C6 0186 OOOF 
PAGE3 SUBPG3. ! 0300 0400· 0100 003A 
POINT.MON ! ·0400 --O~EO OlEO 0000 
POINT.SUP !-0640 06F6- OOB6 0060 

! SUBROUTINES ! SUBPG3 ! 071E 0800. ·OOE2 0028 ! 
·!========================================~======~======~==! 

SYST£1'1 PROM. SUBTOTAL~, 072F . OOD1 

1--~-~----------~-------------------------------------~---
' PAGEB· . ! ASBPG3 ! OBOO OCOO 0100 0300 

.! SUBROUTINES ! ASBPG3: ! OEEB 1000 01~5 ! 02EB 
! ·= ::: :: :: :: :: :: = :: :: :: ::: = = :: = :: = :: :: = :: :: :: = :: :: :: :: :: = :: :: :: :: = ::: = :: ::.:: = =·= :: :: :: = :: :: :: :: = :: :: :: = 

APPLICATION PROM SUBTOTAL 0215 05EB 
!------------~----~---------------------------------------

TOTAL OPERATING·SYSTEM TOTAL. 094.:.1 i)6BC 
+-------------~---~--~----------------~----------------~--+ 

NOTE; PAGE3 AND PAGEB ARE ONLY PARTIALLY USED. 

fig. 6.1-3 



. . 

PAGE 6.:..3(1 
' . I 

' 

STACK LIMITATIONS:-FOREGRONDt BACKGROUND, AND SYSTEM PROGRAM 
1. SUBROUTINES MA~ ONLY BE NESTED TWO ~EEP IN- F/B/SUPER/SCHED/MON,. 
2. SUBROUTINES MAY ONLY BE ONE.DEEP IN INTE~RUPT ROUTINES, 
3. INTERRUPTS ARE ENABLED IN FOREGROUND, -BACKGRdW~Dt AND SCHEDULAR, EXCEPT 

SHORT FOREGROUND PROGRAMS WHICH MAY BE SPECIFIED UNINTERRUPTABLE, 
4. INTERRUPTS. I~ THt ~ONITO~ MAY 'oNLY BE ENABLED WHEN NO SUBROUTINES 

ARE BEING EXEtUTED; AND WHEN THE ACCUMULATOR, REGISTERS, AND Fl 
ARE NOT BEING USED, ONLY THE CONDITION CODES ARE SAVED ON THE STACK. 

5, A WAIT TRAP MAY ONLY- BE EXECUTED IN THE FOREGROUND. 

PRGTABL PROGRAM TABLE 

TABLE OF FOREGROUND AND BACKGROUND STARTING ADDRE~SES. THE 
PROGRAM ID FORMS A RELATIVE ADDRES~ INTO THE TABLE, 

PROGRAM-MEMORY ADDRESS=300~t PAGE 3· OF PROGRAM MEMORY, 
!<-~---~-~---~---------TWO BYTES~----------~--------->! 
!-----------------~--------------------~--------------! 

ID ! PROGRAM CODE· ! HIGH ORDER ADDR! LOW ORDER ADDR! RELATIVE 
!-~-~----~~----------+----------------+-------~------~! ADDRESS 
!<D15><D14><D13><D12>!<A11>< 7 --7-><AB>!<A7>~-----><AO>! 

00 0 BCKGND EOF 0 0 !. 00 
0 T. T 

OF 

.T I . BACKGFWUND 
! PROGRAM 

ENTF\IES 1£ 
-----~--------------+------------~---+-~-------------! 

10 .(I 

u T :T 

1F 

! FF~GND EOF 0 
T ! FOREGROUND 

! F;ROGRAFI 
! ENTRIES 

0 20 

3E 
+-------------------7--~----------~~------------~-----+ 

AO-A11 
D12-D14 

_F_ig, 6.1-4 

PROGRAM STARTING ADDRESS 
BACKGROUND, NUMBER OF BYTES TO BE TRANSFERRED FROM 
THE FOREGROUND OR BACKGROUND BUFFER AREA FRBUFF(N)/ 
BKBUFF<N> TO THE OPPOSITE COM AREA BKGNDCOM OR FRGNDCOM 
FOR Tf :E F 1 F:;;ST F'HDGF\Af1 OF A. FOF\EGRDUND OF:;: BACKGHOUND . 
PROGRAM SEQUENCE. 

D15 1. U: FOREGROUND PROGRAM UNlNTER~UPTABLE 
2. BACKGROUND UNASSIGNED = 0 

ID00-10 EMPTY ENTRIES. USED FOR EOF PROGRAM SEQUENCE 

. ,. 
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EVENTfJUE EVENT QUEUE EX~CUTION TABLE· 

. . 
TABLE OF SINGLE OF'EF:ATIONS TO BE EXECUTED UPON THE OCCURANCE 
OF AN EVENT IN THE EVENT QUEUE •. -·" 

. PROGRAM MEMORY = PAGE 3· OF APPLICATION.PROGRAM .MEMORY. 

!<------------~--~~~--THREE BYTES--~-~-..-..-~-------------~-~---! 
!------------~---~--------~---------------~~-----------------! 

· ! BYTE #3 ! BYTE #2 ! BYTE #l . ! 
ID ! DESTINATION ! SOURCE ! FUNCTION RELATIVE 

!-------------+--- 7 ---------+----------~---------~---~--------! ADDRESS 
! < A8-- -·---- AO > ! < A9-- ----- --:\0 > ! < D 7--- D6} <t15- -- D4 > < D3- -- D2 >< D1- ··-DO > ! 

00 NOT VALID ' NOT VALID ' NOT VALID 
01 ADDRESS !ADDR.OR IMED,! DEST. 'SRC, N.A. OP CODE! 00 
.02 · ! . <X3 

! . ! 

+---------~--~~~~------------------ ..... -------------~---------~-+ 

Fig, 6.1-5 

ID 00 IS NOT PERMITTED SINCE THE MONITOR USES A NULL ENTRY TO INDICATE 
AN EMPTY QUEUE ENTRY. 

BYTE •1. FUNCTION 
01-DO. OF' CODE 

O. !'lOVE 
1. OR 

1. NOT APPROPRIATE ron PORT2 DESTINATION 
2. AN[I 

1. NOT APPROPRIATE FOR PORT2 DESTINATION 
3.- xm~ · 

1. NOT A~PROPRIATE FOR PORT2 DESTINATION 
D3-D2. NOT ASSIGNED 
D4-D5, SOURCE MODE 

o.- r;o 
1. EXTERNf\L RAM 
2. INTEHNAL-RAM 
3. IMMEDIATE, THE VALUE IS CONTAINED IN BYTE2 

PAGE THREE WHERE THE IMMEDIATE OPERAND IS LOCATED 
D6-D7. DESTINATION MODE 

t), I /0 
1 •. EXTEF~NAL t=::AM 
2. INTERNAL n/~1"1 
3. F'DFa 1 OF: 2 

BYTE ~2 SOURCE ADDRESS OR IMMEDIATE DATA-· 
BYTE #3 DESTINATION ADDRESS 

1. IF PORT DESTINATION. 
1. PORT 1 IF BYTE n3=0 
2. PORT 2 IF BYTE a3 NOT=O 

. ,. 
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PO~NT CENTRAL CONTROL COMMAND 

PAGE 6-32 
I 

' I . 

+------------~--~---------~---~---------------------7-------------+ 
!OPCODE.!NUM.! 2ND PARM. ! 1ST PARM !NMEMONIC! ACTION·JAKEN 
!HEX tPARM1 SRPARMl ! SRPARM2 ! ! 
!-~---- ----!~---------~!---~-------!-------~-------------------~-
! 00 0 ! . I . COMNOP NO OP 

01 0 ! SYSRES SYSTEM RESET 
02 2 ADDRESS READ CNT RIRAM READ INTERNAL RAM 
03 ~ ADDR~SS DATA WI RAM WRITE INTERNAL RAM ~ 

04 2 ADDRESS READ CNT RXRAM READ EXTERNAL RAM 
05 ~ ADDRESS DATA WXRAM ! WRITE EXTERNAL RAM k 

06 ~ "ADDRESS READ CNT RXIO I READ EXTERNAL I/0 L ! . 

07 2 ADDRESS DATA WXIO WRITE EXTERNAL I/0 
OB 1 PORT a DATA I OPRT OR PORT. 

. ! 09 2 PORT • DATA APRT AND PORT 
OA ~ ~ FUNCTION OPERAND WEVQ EVENT QUEUE ENTRY 
6B 0 ! ! RPSW READ PSW 

+----------------------------------------------------~------------+ 

Fig. 6.1-6 

/ 
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- POINT SEND/RECEIVE TIMING 
I 

- I . 

- -
~INIMUM BIT SYNCHRONIZATION IS ACHIEVED BY RECEIVING A BINARY Olt OR 10 
IN THE BIT STREAM, IN PRACTICE PROfER BIT SYCHRONIZATION IS ACQUIRED BY 
INSERTING A MINIMUM OF ONE- ASCII.NAK CHARACTER AS A FILLER WHICH HAS 
SUFFICIENT ALTERNATE ONES AND ZEii'OES BEFORE ANY SYNC, CHARACTEf;~S-• THE 
COMBINATION OF A£TERNATE:DNES AND ZEROES ELIMINATES ANY LOGIC TRANSITIONS 
AT BIT BOUNDARIESt- AND GAURANTEES UNAMBIGUOUS BIT SYNC, THE TRANSMISSION 
FROM THE CENTRAL CONTROLLER TO THE FIELD UNIT USES THE STANDARD 7 BIT - -
ASCII TRANSMISSION CONVENTION, STX IS USED AS THE MESSAGE SYNC CHARACTER. 
t1ESS,~,GES AF:E TEF:1'1I NAT ED \-JI TH E-T X, ED'( IS U:3ED -TO RETURN THE USAF:T TD THE 
HUNT 1'10DE. 

MESSAGE SYNTAX, CENTRAL CONTROLLER TO FIELU UNIT 
' - ~ 

SINCE THE COMI'11JNICATION IS- SYNCHiiONOUS IN NATURE "NAK" CHARACTEf~S 1'1AY 
BE U~PREDICABLY INSERTED BY THE USART INTO THE MESSAGE STREAM, THE 
FIELD UNIT MUST THEREFORE IGNORE THEM, 

-!<~-UNIT ADDRESS--->!<--------COMMAND------~>! 

NAK,,,,NAKtSTXtH HEX ~DDtL HEX ADD,$,CiHEX COMMAND> 
tASCII OR t HEX PARMtA-oR H PARM,,,, ,,s,c ••• ,,ETXtEOTtNAK •• 

$ COMMAND OR MESSAGE DELIMITER 
HEX CHAR ASCI1 3Nt WHERE N IS A HEX{DECIMAL NUMBER 

' 
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FIELD UNIT REPLY 1'1ESSA.GE SYNTAX 

PAGE 6.:..34 
I 

. I 

SINCE THE COMt·1UNICATION ·IS SYNCHRONOUS IN NATURE "NAW' CHARACTERS MAY 
BE UNPHED I CABLY INSERTED BY THE tiS(-tRT INTO THE f1£_SSAGE STREAM t. THE 
CENTRAL CONTROLLER-MUST THEREFORE IGNORE THEM. 

MSG : = "NAK" t F:EPLY 
REPLY-:= "ACK"tREPLY 
F\EF'L Y ~ = "ACK" , PAf~M
REF'LY ; ::: TEF:M 

PARM" := 2H£X,PARM 
. PARi·i ; = 2HEX t "ETX .. I REPLY 
. TERM : :: .. ACJ{ .. I .. EOT .. I "j\JULL" 
TERM : = "C.~N", "EDT", "NULL" 
2HEX := LNIB;HNIB 
£NIB·;= 3tHEX CHAR 
HNIB := -3tHEX.CHAR 

·SEND NAK REPLY 
~ORMAL COMMAND ACKNOWLEDGE, NO REPLY 
NORMAL COMMAND ACKNOWLEDGEt WITH REPLY 
·EN~ MESSAGE TERMINATE-

SEND PARAMETERtGET NEXT PARAMETER 
REPLY PARAMETERS,TERMINATE TEXT 
NORMAL MESSAGE TERMINATION 
ERROR MESSAGE TERMINATION 
E{YTE~- REPLY 
LOW ORDER NIBBLE 
HIGH' ORDER NIBBLE 

MESSAGE SYNCHRONIZATION AT THE CENTRAL CONTROLLER IS ACHIEVED BY THE 
FitLD CONTROLLER SENDING TWO CONSECUTIVE NAK'S. BIT SYNCHRONIZATION 
AT THE CENTRAL CONTROLLER RECEIVER IS GAURANTEED SINCE THE TRANSMISSION 
CLOCK IS GENERATED THERE FOR THE ENTIRE INSTALLATION~ AND THE FIELD 
CONTROLLERS DECODE THIS CLOCK FROM TH£ SEND LINE. DUE TO FILTERING 
THERE IS HOWEVER A CO~STANT TIME DELAY BETWEEN THE SEND BIT STREAM 
AND THE RECEIVE BIT STREAM. 

+------------+ - RECEIVE LINE 
! !(~--~~-*---------------~*------------< 
! CENTRAL ! A A ADDITIONAL UNITS. 
! . CONTROLLER . ! ! . SEND LINE - - . ·1 

!--~---7---~--*----------------*-------> 
+~-----------+. ,. 

v v· _. 
+-:- -.-.--.------ -+ +------------+ 
L FIELD ! FIELtr . 

UNIT . ! · ! UNIT 
! .. -#1 

+ -- ·--:- · ... - ""- -· ... -· ... + . I '. . .....•........... , ... + 

fig. 6.1-7 

SEND/RECIEVE FIELD CONTROLLER 

SINCE THE SEND/RECEIVE IS INTERRUPT DRIVEN, THE MONITOR MUST INITIATE 
SEND MESSAGES BY MAKING A CA~L TO XMITINT. THE INTERUPT ROUTINE NOW 
GONTINUES THE TRANSMISSSION. THE SUPERVISOR WILL REQUEST NEW CHARACTERS 
TO BE LOADED IN XMITCHR AS REQUIREti. THE MESSAGE IS TERMINATED BY. 
LOADING XMITCHR WITH ZERO.· 
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6.2 GENERAL: 
Each sPecific oPeration mode is a se~uence of individual Programs 
oPerating in the fciresround and background, {hat give the desired 
r·esults, aftel~ execution. Each se<:Juence l~E·Po::•ats ind>?finc:tteJy. 
until changed bY a reset condition' ceniral controller, or a 
Pl-·o9raw rftOdul e.· 

7hese Prosrams are assembled and linked at locatidns 600-1000 hex. 
Page B <BOO-BFF> is reserved f~r tables that can be Lllied bY the 
SUPERVISOR and Prograw m6dules, 

A program se~uence is an ordered se~uence of program modules used to 
achieve a·desired result. 

The Program module is the fundamental Program unit. In different 
-

Program se9uences the order, number; and s~ecific mod~l.es·are chansed 
to ~edifY sYstem Performance, 

The~e are rotarY seguences that Periodical Jy rePeat. 
number of Parameters ~7 max) maY be transferr0d from 
Portion of 1he se~uence to the background, and also 
to for·egl"'dLtnd. 

A Pl~o-al~art".ab 1·::
the for····? '3r'(.iUncl 

fl~Or;; .b<3L l< 91-·0Ltnd 

The aPPlication Program modules also have a 
·long MSGBUFFO used for' PrinciPIY semaPhores, 
Parameter storage, 

message buffer two bYtes 
but-~Jso can be used for 

Each Prosram module adcl~tional Jy owns the accumulator and RO-R3t this 
is in additon to ACTEXARt and m~Y als6 be·used to Pass Parameters 
between Program modules within the foreground or bacKground ~ortion 
of the Prosram ~e9uence. 

The 8048 familY of microProcessors has a rotarY stack li~~ted to eight 
levels, and does not Permit pushing of Parameters ·onto it. The 
aPPlication Pro':n~ar.-.s al~e limitedt b.Y necE·ssitYt to nesting of 
subroutines to two deeP • 

. 6.2.1 PROGRAM SEQUENCES 

Program Sequence oO Power UP or Idle Program sequente loads default 
Parameters on initial Passt but oiherwise idles. 

Pl~ogl~ar.-. Se~w?nce :u1 System Initializcqion :h:l P•:::·r"'for'rH tl~~H::king, Th•.:
Prosram sequence will autumatical Jy switch to 
Program Sequence #4 if- there is sufficient 
insolation f01~ t;~acKinst if not it wi II exo?c:utE' 
Prosram Se~uince •2 <Clock Mode), and if there is 
a fdul 1 cundition il will return to Program 
S·=-~ uenc E.' #I). 

Program Se~uence •3 Stow concentrator. 
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· APPLICATION PROGRAM ST~TE DIAGRAM 

·.I IPRG' 
------------ in ~tow 

PROGRAM INITIAL !<------------------
SEQUENCE ! PROGRAM Central- Command 

0 ! - - - - - - - - - - - - ._ -

<-------PROGRAM SEQUENCE 1----------> 
'RDSNR' 
'FILTERS' 'ONEPASS' 

! Centr'a I 
v 

----------- warmuP -----------
!DATA ctone EQUIPMENT 
!ACQUISITION!<-------~--! INITIAL-
!FILTERING ! IZATION 

Set End Seer 
Tl~ap not 

Command 
~NPHG' 

Pr'og. !_. 
Seer •.. ·· ! 

2 ! 
comPleted 

<-~--~~--PROGRAM SEQUENCE 4---------> 
'RDSNR', ! 
'FILTERS' V 'TRACK' 

!DATA !(------~----! 
I 

! ACQUISITION! I TRACK 
!FILTERING !-------~-->! 

SUNF > DF\OP IN 

'CLKDR' v SUNF < DF-:OPOUT 

EPHEI'1EF\ I El 

!. 

PROGF\At1 
SEQUENCE 2 

! TRACK ! 
f 

----------- .v 

fig. 6.2.1-1 

! 

v 

I -STOl-J PFmGRAt-1 
.SEC~UENCE 

3 
! CONCEN
! TRATOR · 

" not in 
! StOI.•J 

---- . PQ~; i t ion 

.. 
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' 
6. 2. 2 APF'L I CAT I ON PROGRAM· MODULE DESCF.: I PT I.ONS · 

IPRG - Initial Pl~0':3l~am FOl~egl~o"und · 1'1odu I e 
De.scl~ i P t ion: 

. Initialization is Pel~fcu~-rr.ed. 

A .1 901~ i t hrrr: 
If initial eyelet. 

Load de f a.Lll t. .. v a·l Ltes into DF:OP IN t DROPOUT t and WINDOW, 
o·t h~?l"l.•.d set. 

NPRG - Ni9ht Program 
Descr'iPt ion~ 

Stows the concentrator. 
A l gol" i t hm ~ · .. ·~· 

If not in. stciW POSitiont 
Run Positio~s motor in directi6n of stow 

0 t hE:•l~l.•.d S>? t.· 

Set ProS~ram Sequence o, 
Position.motor .is shut OFF. 

ONEPASS - One Pass Foreground Module 
DescTi Pt {on: 

SetuP conditons to Perfo~m tracking, 
A l 90Pi thm: 
If initial eYelet 

Run Sc.:\n t1otol~, 

Issue Tim~ TraP to set semaPhore after delaY Period. 
If not initial ~Ycle and NO s~maPhoret 

I~sue End Sequence TraP to truncate Prosram Se9uence 1. 
0 t he1~~,.1 i set 

Set Passive Modet 
I~sue Wai~ TraP for Index. 
Add 180 ~ess to Index value, ahd ldad ComParison Resiste~. 
Set P0o~ram Sequence 2. 

RDSNR - Read Sensors 
Desci~i Pt ion: 

Foreground Module 

/ 

Acquires ansular Position, and insolation level data. 
Algorithm: 
Set Passive Statet 
Wait for Activ~ State bY issGin9 ComParison TraPt 
Wait for Passive State bY issuin~ Comparison TraPt 
Add 180 degs to Index valuet and load ComParison Resistert 
CnnvP.l'"' t Ar.kh·-.=::·ss La. t'r.: h data to r•? J at i ve. pos i t i orH 
Add Position OFFSETt 
Pel" f Ol'"'fl'l An<:J. J os to Digit a J convel'"'S ion on Insolation L.::·vo::·l : 
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APPLICATION PROGRAM ~ODULt FUNCTIONS con'd 

FILTERS- Digital Data Fil.ters. 
Do::•scr' i P t ion: 

Filters Angular Position·D~ta and .I~~dlation Level 
A l gor'i thm.! 
If .Insolation L:ev_el not ,_._rithl.n _-1 ir1ri.ts1 

s~:-t ov-er:- t- I Ql.o,l v a I l.t"e in SUNF" I 

S~t- BETAF E>9Ual to zero 
If Insolation !~vel NOT equal to OVERFLOW 

Fi I t•::l~ an<:=JUli:l.l~ Posit·ion d-:::tta1 gE•no::·r--ate BETAFt 
F i I t e1~ i nso I at ion I ev.:- l , <;;to;:.n.:?J~a t e SUNF 

TRACK - Track Concent~ator Back~round Module 
D•::-scr--i P t ion:· . · · ·"-

Track concentrator' to l•.•ithin WINDOW value. 
A l gor' i t hm: 
If SUNF < DROPOUT, 

Set Program Sequence 2t 
-Exit 

If Manl.ta l 1'1i.)do::· 
StoP ~ositionin9 motort 
Exit• 

If BETAF > Continous Run Limit 
Run Positi6nin~ motor in a~ProPriate direction, 
Exit 

If Position Motor ON, 
If _no Time Event Pending (error) 

. S·t OP mo t:o1~ t 
Ex.i t 

0 t h•.?l~l.o,l i se, 
Exit 

0 t ho?}''l_o.l i S•':? 1 

CalculatE- :Pc.isitioi"J9 r.-rotol'"' ~-·un time ·i-orm l.JINDm--J Vc\luet 
Run Posit-ion-motor in aPProPriate direction 
Issue Time TraP to stoP motor after calculated do:-lay 

CLKDR - EPhemeris Tracking Background Module 
Desc: 1~ i P t ion: 

Periodical Jy run Position motor, to maintain ~PProximate 
alignment with the SUN. 

Al9oPithm: 
If SUNF > DROPIN, 

Set Pro9Pam Sequence 4 
Exit. 

If Manual 1'1ode, 
StoP ~o~itioning motor, 
Exit. 

0 t hen•.li SE'" t 

RePos i 1 ion cone en t ~~at or aft e1~ do:- t a·.Y. 
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APPLICATION PROGRAM RAM MEMORY MAP 

+-------------------------------~-----------7-----------+ 
!BUFFER fACTEXAR !REL. ! ITEM ! TRANSFERRED ! 
!ADDR, ! ADDF~, !ADDR. I· 

+-------+--------+-------+------------+----------------~-+ 

FRBUFFO ! 44 ! 33 l +0 ! NEWBETA H. ! To Back9rbund 
45 34 ! +1 NEWBETA L. To Background 
46 35 +2 NEWSUN No 
47 36 +3 OFFSET No 
48 37 +4 una~si9ned No 
49 38 +5 un~ssi~hed No 
4A. 39 +6 unassigned -! No 
48 3A +7 unassigned ! No ! 

! 4C 38 +8 unassigned No 
! 4[1 3C ! +9 unassigned No 

"+-------+--------+-------+------------+-----------------+ 
BKFUFFO 4£ ! 33 ! +0 ! NEWBETA H. ! From Foreground ! 

4F 34 +1 NEWBETA L, From foreground 
50 35 +2 NEWSUN No 

r 51 36 +3 BETAF H. No 
1::"., 
... > .. :: ! 37 +4 ! E-:ETAF L. No 
53 38 c.-

+·-' . ! Pi t--lo 
54 39 +6 P" . ..:.. No 
Co:" ._, ... > 3A +7 P3 No 
56 38 +8 SUNF No 
57 3C I ! +9 AV.GDF'L No 

+----------------------~---------~----------------------+ 
FiSt. 6.3-1 

APPLICATION PROGRAM PROM MEMORY MAP 

+---------~------------~-------------------------~------+ 

! SUBMODULE/ ! t10DULE; ! ADDi=<ESSES ! AVAIL. ! 
~ MODULE ! as re~uired ! .BEGIN END ! MEMORY ! 
+------------+---~-------~-+-------------------~:--------+ 
., · IPRc.; 0800 . 0.91C 001c· ! ! 
. ! -NPRG 

ONEPAS 
FILTERS -1 

! RDSNF\ 
PAGEB 
TF\ACK 
APPSUB 

·! APPTBL 

0Per. Sys, ASBPG3 

0820 084C 
0860 08BB 
08[10 099F 
0980 O"A4B 
OBOO qcoo 
ocoo OCBC 
OE08 OEE1 
OEEB OFEO 

002C 0004 
0058 ! 0014 
OOCF ! 0015 
009B 001.1 
0100 0085 
OOBC 0000 
OOD6 · 014F 
OOF5 OOOA 

ENVTQUE ! APPTBL OFE·o 1000 0020 I_HJIJIJ 

. ! 

==========================-z===========================! 
APPLICATION PROM TOTA~ .0584 I 024C I. 

-+--------------7-----------------------------~----------+ 
Fig,_ 6.3-2 

."'\ 

NOTE: PAGEB and EVNTQUE are onlY Partial Jy used. 
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8AM MEMORY DEFINiTONS 

NEWBETA MEASURED POSITION BUFFER ADD~. 44, 4E 
H. ACTEXAR DFFSET +0 ACTEXAR ADDR,. 33 

[ 87 J[ 86 J[ B5 J[ 84 J[ 83 J[ B2 J[ Bl J[ BO J 
HIGH BYTE OF ANGULAR DISPLACEMENT VALUE MEASURED IN 
RDSNR AND PASSED TO BACKGROUND. 

NEW BETA 
L. 

MEASURED POSITION 
ACTEXAR OFFSET +1 

BUFFER ADDR. 45, 4F 

[ 87 JC B6 J[ B5 JC 
LOW BYTE OF ANGULAR 
RDSNR AND PASSED TO 

ACTEXAR ADDR. 34 
B4 J[ B3 J[ B2·JE B1 J[ BO J 
DISPLACEMENT VALUE MEASURED IN 
BACKGROUND. 

NEWSUN .MEASURED INSOLATION VALUE 
ACTEXAR OFFSET +2 
C 87 J[ B6 J[ 85 J[ 84 J[ B3 
INSOLATION LEVEL MEASURE~ IN 
?ASSED TO BACKGROUND • 

. OFFSET POSITION OFFSET 

BUFFER ADDR, 46t 
ACTEXAR ADDR. 35 

J[ B~· ..::. ][ 81 ] [ BO J 
RDSNF~ AND PASSED. TO 

BUFFER ADDR. 47 
ACTEXAR OFFSET +3 ACTEXAR ADDR, 36 

50 

[ B7 J[ B6 J( B~ J[ B4 J[ B3 J[ 82 J[ 81 J( BO J 
POSIT I ON OFFSET., t"1A Y BE t-lOD IF I ED BY CENTRAL C:Oi\lTf~:JL, 

THE DEFAULT VALUE IS O, 

BETAF FILTERED POSITION BUFFER ADDR. 51 
H. ACTEXAR OFFSET +3 ACTEXAR.ADDR. 36 

C 87 J[ 86 J[ 85 J[ 84 J[ 83 J[ B2 J[ 81 J[ BO J 
HIGH BYTE OF FILTERED NEWBETA. 

BETAF FILTERED POSITION BUFFER ADOR. 52 
L. ACTEXAR OFFSET +4- ACTEXAR ADDR. 37 

·[ B7 H B~ J C 85 JC B4 J[ W-:1 H 8"7. J [ B1. J C BO J _ 
LQW BYTE OF FILTE~ED NEWBE1'A, 

P1 POSITION FILTER PARAMETER BUFFER-ADDR. - c.-.-. 
•• )Q. 

ACTEXAH OFFSET c· +--· ACTEXAR ADDR. 38 
. [ B7 ][ 96 J [ B5 ][ 84 ][ B3 ][ B''' .:::. ][ B1 ] [ 80 J 
BETAF FILTER F'ARAI"1ETER 

P" ..:.. POSITION FILTEr.: F'ARAt·1ETER - BUFFER ADDR, 54 
ACTEXAR OFFSET +6 ACTEXAR ADDR. 39 
[ B7 ][ 86 ] [ B5 J[ 84 ][ K3 J [ B":• ..:. ] [ B1 ][ BO J 
BETAF f'ILTE:R F'AF-~At1ETER 
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RAM MEMORY DEFINITONS con'd 

P3 POSITION FILTER PARAMETER 
ACTEXAR OFFSET +7 
[ 87 ][ 86 f[ 85 ][ 84 ][ 
BETAF FILTER PARAMETER 

BUFFER A[l[tR. 55 
ACTtXAR ADDR. 3A 

I 

B3 .J[ B2 J( Bl JC 80 J 
1 . 

.. 
SUNF FILTERED INSOLATION VALUE BUFFER ADDR. 56 

ACTEXAR OFFSET +8 ACTEXAR ADDR, 38 
[ 87 J[ 86 J[ 85 J[ 84 J[ 83 J[ 82 J[ Bl J[ BO J · 
FILTERED NEWSUN. 

AVGDPL MEAN AVERAGED DISPLACEMENT BUFFER ADDR. -57 
ACTEXAR OFFSET +~ ACTEXAR ADOR. 3C 
.[ 87 ][. 86 ][ 85 )[ 84 )[ 83 )[ 82 ][ 81 )[ 80 J 
MEAN AVERAGE OF THE POSITION CHANGEt OR 
ANGULAR POSITIONAL VELOCITY. IT IS USED IN 
THE CALCllLATION OF -BETAFt WHERE IT IS USED 
AS PARAMETER CONTROLLING THE ADAPTIVE .FILTER 
F'OF\T I (JN, 

MSGBUFFO UNIT #0 MESSAGE BUFFER ADDR. 42 
[ 87 J( B6 J[ 85")[ 84 J[ 83 J( 82 J[ 81 J[ BO J 
<MTRQ><UNA ><--WINDOW--><----UNA---><-SJNF LSB-> 

WARM COUNT · B(-1) 8(-2) 
ADDR. 43 

[ B7 J[ 86 J[ 85 J[ B4 J[ B3 J[ 82 J[ 81 J[ 80 J 

c:----------------UNASSJGNED-------------------> 
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7.0 PROJECT EVALUATION 

7. 0.1 GENERAL 

The Statement of Work, attachment B of the Contract indicates that 

the Proposal should be used as "the basis for technical approach," 

.••• "to be applied under this contract,"~ ... etc. 

To establish a foundation for Project Evaluation. the objectives 

delineated in the Abstract of the Proposal were reviewed. The 

salient items are: 

a. Systems approach to design . 

. b. Management and Control of both Tracker and auxillary equipment. 

c. Measurement of Suns Position and 'Insolation level. 

d. Ove~come inherent problems of multi-sensor null type trackers. 

7.0.2 SYSTEMS APPROACH· 

Taking a Systems Approach at the hardware design stage develops 

a product.which is adaptable to all foreseeable requirements. The 

resulting configuration is normally a basic· unit ·which provides the 

fundament~! features necessary for all applications and modules, 

which may be added or removed as necessary, to meet the varying 

special requirements that may be encountered; This modular 

approach is also desirable in the software design so that it too 

can.be adapted to differing applications with the minimum of change. 

Such modu.larity of both hardware and software exists in the "POINT" 

tracking system. 

7.0.3 MANAGEMENT AND CONTROL 

In anni~inn ~n providing the control functions for a maximum of 

sixteen POSITIONING UNITS, the CONTROLLER was designed to provide l 7-1 
..., __ ....__ _____ ;..._ ______________ WESTLAKE VILLAGE. CALIFORNIA 91361 _____ ..,.. 
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a variety of .unassigned inputs and outputs (see Specification . I 
page 4-2 for details) which may /be used for Management and 

Control of auxillary equipment· .. Th~_ purpose to which they may 

be applied is flexible, and specific assignments may be accomplished 

by programming the microproc~ssor in the case of the LOCAL 

CONTROLLER based system, or keyboard entries in a central controller 

based.sys:tem. 

7.0.4 MEASUREMENT 

Solar tracking is a dynamic activity and therefore for. the-Peak 

Detecting, Single Sensor concept to be establishec as superior to 

existing technology it is necessary that the measurements of the 

Sun's position and insolation level made by the Tracking Head be 

suitable in both timing and accuracy for convertion into commands 

to the device which keeps the concentrator focused on the Sun. 

7.0.5 OVERCOMING INHERENT PROBLEMS OF EXISTING TRACKERS 

To demonstrate that the Peak Detecting, Single Sensor technology 

is a superior approach to tracking, it is merely necessary to 

show that a tracker designed to that concept, will discriminate 

and ignore light sources which confuse multi-sensor null type 

trackers (shadow band). It is clear that the elimination of need 

to balance two analog circuits, and the suitability of digital. 

technology for overall system control are significant advantages 

that accrue from this approach but in the final analysis the 

-ability to track accurately and reliably must be the criteria 

by which a tracker is evaluated • 

l . 7-2 
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· 7.0.6 . METHODOLOGY 

The Tracking System was connected to the Demonstration Unit 

·.described. in appendix II. This unit simulates· the dynamic operating 

· conditions for a line focus concentrator and provided the means 

of displaying the systems Tracking Capability,measuring it's 

d_ynamic Tracking Accuracy and also it's Field of View. 

7.0.7 TRACKING ACCURACY 

The "POINT" system accomplishes .solar tracking in incremental steps. 

The Microprocessor is programmed to respond when the concentrators 

axis is displaced on either side of the Sun by a preselected angle. 

The CONTROLLER repositions the axis in the appropriate direction 

beyond the Sun where it dwells, until the next command. Together 

these angles, which may be altered if desired, form a traCking 

"Window". 

Tracking accuracy is dependent on the resolution of the data ~eceived 

by the CONTROLLER from the TRACKING HEAD. The "design objective" 

for this parameter was +0.1 degrees or better, i.e. a tracking 

"WINDOW" 0.2 degrees wide. It was decided that to obtain the 

"design objective" accuracy "the least significant bit" should 

represent a maximum of 0.05 degrees in axis displacement. In 

practice it has been established that the use of this value results 

in an accuracy of +0.05 degrees. 

If desired the tracking "WINDOW" can be arranged to either lead 

or lag the concentrator's axis permitting intentional defocussing. 

The "offset" can either be entered by an operator via the keyboard 

7·-3 l ---:--:--------------------- WEST:LAKE VILLAGE. CALIFORNIA 91361 
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.in a·central Controller based system or-automatically by an 

external sensor in both Cent~al ~nd Local Controller based 

systems. The value is progratninable .. and may be changed in 

0.02 degree increments to a maximum of 3.2 degrees leading 

.or lagging. 
! 

The "offset" capability may be used for: 

a. Precise tr~cking alignment 

b. Emergency defocussing 

c. Temperature control or a combination of these as desired. 

7.1 RESULTS 

7.1.1 TRACKING ACCURACY 

A series of Accuracy observations were made over a period of one 

month. These observations took place under conditions varing 

-froin cloudless clear sky to cloudiness where the sun was observed 

.. 
or partially obscured 90% or th~ time. The observations were 

made at varing times throughout the day, the earliest at 8:30 A.M. 

and the latest at 4:30P.M. when the sun is blocked by a local 

.obstruction. The system performed reliable under all of these 

varing conditions acquiring the sun when activated and tracking it 

with an accuracy of bet;.t.er than + 0.1 degrees when i-t was· vi sable 

and remaining within 0. 75 degrees (the programmed amoun·t) wheri. it 

was obscured. 

7.1.2 FIELD OF VIEW 

The Field of View was measured at noon on a cloudless day.: The 

results obtained cut! shown on Fig. 7.1--1. It will be sean that 

l ~4 
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the measured value to the Polar Horizons is 131 degrees as compared 

· to the calculated value based o) optical fundimentals of 148 degrees. 

The total Field of View of the Tracking Head is shown diagramati-

cally in Fig. 7.1-2. 

7.2 CONCLUSIONS 

It has been demonstrated that the Single Sensor, Peak Detecting 

method of track~ng the sun is a superior approach for both Line 

and·point focus concentrators. It offers the. advantages of precise 

tracking, insulation level and traGking error measurement, dyna-

mically modifiable tracking limits and offset adjustment. 

In addition, the "Point" Control System provides unassigned inputs 

and outputs both analog and digital for control of ancillary equip-

ment. 

l 7-5 
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7.3 ENHANCEMENTS 

7. 3. 1 . LoCAL . CONTROLLER - HARDWARE 

it is possible to increase the·tracking accuracy by utilizing the 

"three existing data "bits" currently unconunitted. This would entail 

changing the asynchronous cou~ters to synchronous counters, and 

running them directly from t~e crystal oscillator or phase lock loop. 

The necessary data latches currently exist. At present a simple 

peak detection circuit is used, it wil.l be necessary to augment 

. . 
this with a signal differentiating circuit and a more precise 

magnetic ·index sensor. However, the design for the magnetic sensor 

exists, and it will be a standard feature in future models. In 

addition there are some associated software changes that would heed 

to be implemented. 

7.3.2 LOCAL CONTROLLER - SOFTWARE 

Several enhancement-s are being made to the Operating System,. to 

.. 
redUCe it IS OVerhead, and SirnpJify the 0perat.i0n. 

By adapting some of the Application Program modules, it will be 

possible to extend the operation to Point Focus systems. 

7.3.3 TRACKING HEAD - HOUSING 

The prototype tracking head was ·fabricated from conunercially 

available materials which were cut and machined as necessary to 

mak.e the individual components. It was discovered during testing 

that the. cast acrylic tubing, used as protection from the environment, 

_had imperfections (ripples) which on occasions distorted the Sun's 

rays. When this occurred the equipment continued to track to the. 

2:_0.1 degree value, but would tend to hunt until the imperfection 

l__ .. _· __________________ w_a_s __ n_·_o __ l_o_n_g_e __ r __ i_n __ t_h_c ___ s_u_n_'_s~ray path. 
WESTLAKE VILLAGE, CALIFORNIA 91361 ------

7-.6 
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·on future ·models the acrylic housing would e~ther be polished 

to remove the ripples, or alternatively the housing would be 

made from .scientific glass tubing. 

7.3.4 TRACKING HEAD - CONFIGURATION 

The prototype tracking head was fabricated to investigate the 

P~ak Detecting concept and for practical applications it will 

be necessary·to repackage it in a form more convenient for 

installation, field maintenance and adjustment. See fig. 7.3-1.-

It can be seen that in this arrangement the motor and· signal 

connections are both located at one end and access to the prism, 

magnetic sensing head, motor and other components is possible by 

removing .either the transparent or metal cover without disturbing 

the mounting. 

7.3.5 FIELD OF VIEW 

The present 131 degree field of view is adequate all point focus 

concentrators and line focus concentrator which are orientated on 

a North-South axis. For line focus concentrators with East-West 

. orientation the field of view needs extending to a minimum of 

170 pegrees. This can be accomplished optically by modifying 

the prism. 

l ,. 7-7 
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-

0001 
OOOA. 
OO.tO 

'0020 
0020 
0040 
oooc 
OOOF 

0003 
001C 
001(1 
OOlE 
001F 
0020 
0021 
1)023 
0024 
002~~ 

0026 
0027 
--- ""?8 

002A 
0028 
002C 

_ 002D 
002E 
002F 
0031 
0032 
0033 
003[1 
0042 
0044 
004E 
0060 

000.1 
0002 
0003 
"0004 
0005 
,-,,-.. -,6 

'7 
0(h')1 
0002 
0003 
0004 

F'AGE 1 
8048 ASSEMBLER V02 - ..,. - - - - - - - - .. M -- - - - - ....., - - - - - - - - - - - - - -I • 

FUTUREDATA -___ _: ____ _ 

' 

- . 
***********************************************************~ . 
;SYSYMTBL 

;SYSTEM CONFIGURATION INFOR~ATION 
_NUMUNITS EQU 1 ;NUMBER OF TRACKERS PER CONTROLER 
LACTEXAR EQU 10 ;LENGTH OF PROGRAM EXECUTION AREA 
NUMEVQ EQU 16 ;MAX NUMBER OF EVENT QUEUE- ENTRIES 
LPRGLST EQU 32 ;LENGTH PROGRAM LIST TABLE<65 MAX 
LEVNTQUE EQU. 32 ;LENGTH EVENT QUEUE OPERATION TABLE<129_ MAX 
LPRGSEQ EQU 64 ;LENGTH PROGRAM MODULE SEQUENCE LIS1' TABLE 
NUMCOM EQU X1 0C 1 ;NUMBER OF COMMANDS=NUMBCOM IN SUBPG3 
RECYCPER EQU X1 0F 1 ;PROGRAM SEQUENCE RECYCLE PERIOD MASK 

;INTEHNAL RAM 
REG03 EQU 
ACTACC FQU 
INACTACC EQU· 
PRGSTAT EOU 
OPSTAT EQU 
PORT! EQU 
VECTOR EQU 
XMITCHR EQU 
TIMVALL EQU 
TINVALH EQU 

SNDRECST EQU· 
SRCOM!~1~3G ElllJ 
SRPARM1 EQI.,I 
SHPARi12 EQU 
PRGLSTUO EC.~U. 

PRGLSTAC DJU 
DROPIN EQU 
DROF'LJUT EQU 
WI NDm~ EQU , 
MSGBUFF E:GU 
ICPRG EQU 
ACF'RG EQU 
ACTEXAF: EQU 
ACTDIGFL EQU 
MSGBUFF (: EQU 
FRBUFTO EQU 

BKBUFFO EQU 
EV.El~UE · EQU 

ASS I GNi'1ENTS 
X' 03 1 

X1 1C 1 

X1 1D 1 

X1 1E 1 

X1 1F 1 

X1 20 1 

X 1 21' 
X1 23' 
X I 24 1 

Xl'"'")i:-1 
..:-· .. ). 

X 1 26' 
X'27 1 

X'2B 1 

X 1 29 1 

X1 2A 1 

X1 2B' 
X1 2C 1 

X .. 2D 1 

X 1 ~F 1 

X1 31 1 

X'32~ 

X'33' 
X1 3D' 

X I 42 1 

X 1 44'
X14E1 

X'60 1 

;NO CURRENT EXTERNAL RAM 

; t1ESSAGE EQUATES 
INTMSG1 £QU X I 01' 
-INTMSG2 EC~U X I 02 1 

INTMSG3 EQU X 1 03 1 

INTMSG4 EOU X 1{>41 

I NTMSG~; EQL:I X1 05' 
INTNSG6 E.C~U X I 06 1 

. 

INTMSG7 fQU X'07 1 

TRPI'1SG.1 EQU X'01 1 

TRF'1'1SG2 EQU X'02 1 

TRF'i'1SG3 EfJU X'03' 
TRF'I"ISG4 EQU X' 04' 

;RAM ADDR REG3tRBO 
;FOREGROUND ACCUMULATUR 
;BACKGROUND ACCUMULATOR 
;RAM ADDRESS 
;OPSYS STATUS BYtE 
;RAM F'ORT#1 .BYTE 
; RETUF~N VECTDF~ ,t:\DDF;:£·SS 
; USART Xl"ii T CHAR 
;TIMER VALUE LOW BYTE 
; T I 1"1£R V/1LUE HIGH BYTE 
;SEND/REC PROG STATES 
;SEND/REC ERROR MSG BITS 
;SEND/REC PARAMETER #1 
;S£ND/REC PARAMETER #2 
;PROGRAM LIST UNIT#O 
;ACTIVE PROGRAM LIST 
;ENTER TRACK MODE 
;ENTER CLOCK MODE 
;MAX TRACK ERROR-
;ACTIVE MESSAGE BUFFER 
;ADDR FRGND COM, AREA 
;ADDR BKGND COM. AREA 
;FdREGROUND UNIT•,PROG# 
;ACTIVE POSITON DIGITAL FILTER 
:UNIT#O MES~·AGE BUFFER 
;FRGND BUFFER UNIT#O 
;BKGND BUFFER ·UNIT•O 
; ST.;-IRT OF EVENT QUEUE 

.;SERIAL WORD SENT 
;RECEIVE PARITY ERROR MSG 
;RECEIVE OVERRUN ERROR MSG_. 
;SEND MSG 7ERMINATED 
;TIME INTERRUPT MSG 
;UNASSIGNED 
;STATUS INTERRUPT MSG 

. ; END TRAF' !·!SG 
; TIME TRAP. 1'1~3G 
; ABORT TRAF' 1'1SG 

;END SEQUENCE TRAP MSG 



., 
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FUTUREDATA ~---~---

·ooo7 
oi 

._ .. )02 
0003 
0004 
0001 
(1002 
0003 
0004 
0005 
0006 
0007 
0008 
0009 
0010 

0002 

o·oo2 
.. 

0003 
0015 
0006 
0018 
·- ·- 04 

0000 
0001 
0002 
0003 
0004 
0005 
0006 
0007 
0000 
0009 
OOOA 
OOOB 

0000 
0000 
0010 
0010 
0020 - 0020 
0030 
0030 
, .. ,, ... , :..1.c) 

40 
(1(15(1 

CH) ::;o 
0060 
0061 ' 

TRPMSG7 EQU 
SCHMSG1 EQU 
SCHMSG2 EQU 
SCHI'1SG3 EQU 
SCHMSG4 EC~U 

MONMSG1 EQU 
MONMSG2 EQU 
MONMSG3 EQU 
MONf1SG4 EQU 
MONt1:3G5 EQU 
l'iONI'1SG6 EQU 
MONt1SG7 EQU 
1'10NM!3(::;t3 EQU 
MONt1SG9 EQU 
MONRESI'iG EQU 

;POINT TF\AF'S 
SUF'TRP EQU 

X '.07 I 

X'Ol' 
X'02' 
X'03' 
X'04' 
X'Ol' 
X'02' 
X'03' 
X'04' 
X'05' 
X'06' 
X'07' 
X'08' 
X'09' 
X'10' 

X' 02' 

; WAIT TR:\P 1'1SG 
;ACT SEQ DONE,DELETE FROM STK 
;ACT/INACT PROG SEQ DONE 

· ;ERROR,ACT PROG SEQ DONE 
;ERROR, BAJ STACK 
;RECEIVE PROTDCOL SYNTAX ERR 
;RECEIVE ·COMMAND-SYNTAX E~R 

; RECEIVE OVERL/-)Y EF\ROR · 
;RECEIVE PARITY ERROR MESSAGE 
;RECEIVE OVERRUN ERROR MESSAGE 
;TRANSMIT OVERRUN MSG 
;PROGRAM STATE ERROR MSG 
; QUEUE FUL~ ERROR 1'1:3G 
;PROG.SEQ RECYCLE SEMAPHORE 
;SYSTEM RESET MESSAGE 

;SUPERVISOr TRAP 
~TO REENTER INTERRUPT STATE 

;CONTROL CH.~R/\CTER EQUATES 
STX EQU 
ETX EQU 
NAK EQU 
ACK EQL.J· 
CAN EQU 
EDT EQL) 

X'02' 
X'03' 
X'l~•' 
X I 06' 
X'18' 
X I 04' 

; STX CHARACTEF~ 
;ETX OR EOM CHAR, 
;NAK CHAF\ 
; ,t·,CK Ci-f,;RA:::TER 
;CAN OR SO CHARACTER 
; EOT CHAr;: 

;COMMAND EQUATES 
COMNOF· EQU 
SYSRES EQU 
RIRAM EIJU 
WI RAM EQU 
RXRAM E!)U 
WXRAM EQU 
RXIO EIJU 
WXIO EQU 
nPRT EQU 
WPRT EQU 
WEVQ EQU 

RPSl..J EQU 

. ; EXTERNAL I /0 
LINT EQU 
ACT E!)LJ 
A1H EG.U 
PAS EQU 
AlL EQU 
ALl EQLJ 
A2H EQU 
CPH EQU 
A2L EQU 
11L2 
STT. 
CPL 
URD 
LIST 

EC~U· 

EQU 
EC.~U 

EQU 
EQU 

X'OO' 
X'Ol' 
X'02' 
X'03' 
X'P4' 

X I 05' 
X'06' 
X I 07' 
X'08' 
X I 09' 
X'OA' 

X I OBI . 

;NO OF' 
; SYSTEI'1 RESET 
;READ INTERNAL RAM 
iWRITE INTERNAL RAM 
;READ EXTERNAL RAM 
;WRITE EXTERNAL RAM 
;READ EXTERNAL I/0 
;W~ITE EXTERNAL I/0 
.; READ PORT 
;WRITE PORT 
;EVENT QUEUE ENTRY 
;READ PSW 

HARDWARE ADDRESSES 
X'OO' ;RO FIELD UNIT ADDR 
X'OO' ;WO CYCLE FF=ACTIVE 
X'lO£ ;RO ADDR.LATCH•l HIGH 
X' 10' · - ; l·JO CYCLE FT=F'~\SSIVE 

. X'20' ;RO ADDR~LATCH•1 LOW 
X'20' 

X I 30' 
X'30' 
X'40'. 

. >: ' 40' 
X I 50' 
X I ~:iO I . 

X'60' 
X'61' 

;WO LOAD ADDR LATCH#! 
;RO ADDR.LATCH#2 .HIGH 
;WO 87-B4 COMP REG HIGH 
;RO· ADDR,LATCH#2 LOW 

· ;WO LOAD ADDR LATCHu2 
;RO 83-80 STATUS REG 
;WO·CO~P REG LOW 
;RO USART_RECEIVE REG 
;RO USART STATUS REG 



0062 
------ ')3 -

,4 

0065 
0066 
0067 
0070 

0080 
0080 

0090 
OOAO 

. 
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. : . 

URM EQU .X'62' ; RO. USAF~T MODE REGS 
URC EQU )( I 63 I - ;PO. USAFn COI'1Mr'~ND r=-.:EG 
USD EQU. X I 64' ;·l..JO: USART SEND REG 
.USY EQU X' 65' ·; 1-JO US ART SYNC REGS 
UWM EQU X I 66' ·: ;WO USAR MODE REGS 
UCM -EQU X'67' ; 1-JO US ART COM MAr-lO REG 
MTRO EQU X'70' ; RIW MOTOR CONTRCL F~EGISTEF~ UN I T:nO 
*MTR1 EQU -X' 71' ;'R/W UNASSIGNED UN I T~:ti 

. *MTR2 EQU X'72' ;R/W UNASSIGNED UNIT#2 
*MTR3 EQU X'73' ; R/vJ UN ASS I G!'--iED UN I 1'#::3 
i(·MTR4 EQU X'74' ;R/W UNASSIGNED UNIT#4 
*MTR5· EQU. X'75' __ ; R/l.~ UNAS~:i I GNED UNIT#!:; 
*MTR6 EQU X'76' -; R/W UNASSIGNED UNI T:u6 
*MTR7 EQU X I 7 7 I ;R/W UNASSIGNED UNIT~:t7 

-*M'I'F\8 EQU X'78' -~1 R/l..J UNASSIGNED UN1T:tt8 
*MTI::-.:9 'EQU X'79' ;R/W UNASSIGNED UN IT~:t9 
*M'I'RA EQU X I 7A-' ; R/W UNASSIGNED UNIT:t~10 

*MTRB EQU X' 7B' ; R/1-J UNASSIGNED UNIT:n11 
*MTRC EQU X'7C' ; R/l..J UNASSIGNED UNIT:s:~:1;~ 

*MTRD .EQU X'7D' ;R/W I.:JNASS I GNED UNIT#1.3 
*MTRE EQU X'7E' ;R/W UNASSIGNED UNIT:a:~14 

*MTRF EQU X'7F' ;R/W UNASSIGNED UNIT~:t1!'5 

SHC EQU X I 80' -; wo ZERO SAMPLE HOL[) CAPACITOF\ 
swso EQU X'80' ;RO St·Jl TCH STATUS REGISTER UN! T~:tO 
*SWS1 EQU · X I 81' ;RO UNASSIGNED UNIT#! 
*SI-JS2 EQU X'82' ;RD UNAS:3 I GN£[; UN IT~:t2 
*SWS3 EQU Xi83' ;RO Ut·-.IASS I GNED U!\!I T:tt-3 
*St.-JS4 D~U X'84' ;RO UNASSIGNED UNITn4 
*SWS~; EQU X I 85' ;RO UNASSIGNED UNIT*~~; 

*S~JB6 EQU X'86' ;RO UNl-1SS I GNED UNIT#6 
*SWS7 EQU X I 87 I ;RO UNASSIGNED UNIT:n7 
*SW_S8 EQU X'8f>' ;RO UN.CiSS I GNED UNIT#8 
*SWS9 EQU X'89' ; RO UNASSIGNED UNIT:n9 

- *Sl..JSA EE~U X'BA' :Ro UNASSIGNED UNIT~*A --
*SWSB EQU X'8B' ;RO UNASSIGNED UNIT#B 
*SWSC EQU X'8C' ;RO UNASSIGNED UN IT*J:C:; 
*SWSD . EQU X'8D' ;·Ro UNASSIGNED UNIT"*D 
'*·St..JSE EOU >:I BE I ; RfJ I.INASS I GNED UNIT#£ 
*SWSF EQU X'8F' ;RO UNASSIGNED UNIT*~=F 

*** EC~U X'90' ;RO UNt\SS I GNED 
ADC EQU X'90' ;WO START ANALOG TO DIGITAL CDN\l, 
ANSO EQU X'AO' ; R/1.-J ANALOG SELECT REGISTE:P UN!T#O 
*ANSi EQU X'Al' ; R/w UNASSIGNED UNIT#l 
*ANS2 EQU X1 A1' ; RlvJ UNASSIGNED UNIT#2 
*ANS3 EQU X'A1' ;R/W UNt~ss I GNED UNI 'T'H3 
-~t·ANS4 EOU X'A1' ; R/t,.J UNASSIGNED UNIT#4 
*ANS5 EQU X'Al' : R/W_ UNASSIGNED LJNITtt~i 

*ANS6 EQU X'Al' ;R/W UN/~ss I GNED UNIT#6 
*ANS7 EQU X1 A1 1 ; R/W UNASSIGNED UN! 1'*~7 
*ANS8 EQU X ,.A 1' ;-R/W UNASSIGNED UNIT#B 
*ANS9- EQU X,. Al' ; R./W UNASSIGNED UNIT#9 
-lE·ANSA E!JU X'Al' ; R ii.-J UNASSIGNED UN I T~:tl 0 -

-KANSD EQU X1 A1' ; R/1.--J UNAS:=> J GNFD UNI'I'*~11 

*AN::3C EOU X'Al' ; R/1-J UNASt3 I GNED UNIT~:~: 12 
*ANSD EQU X-' A!' ;Rn..J UNASSIGNED UNIT:tt13 
*ANSE. EQU X ,-Al' . ; R/.t.-J UNASSIGNED UNIT:'* 1.4 

' *ANSF EQU X I A!' ;R/W UNASSIGNED UNIT*~l6 
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A1H 0010 ·AiL 0020 A21:L ___ ... 0030 .. A2L .(H)4c) -
or 
i\. 0006 ACPRG. 00::32· ACT 0000 -ACTACC 001C 

~LJ'DlGFL 003[1 ACTEXAR 0033 ADC 0090 ALl 0020 
AL2 0040 ANSO 00/l.O .BKBUFTI~ 004£ CAN 0018 
COMNDP (H) C)(! CF'H. ·oo3o CPL 0050 DROPIN 002C 
DROPOUT 002[1 EDT 0004 ETX , 0003 EVEQUE. 0060 
FRfiUFFO 0044 I.CPRG 0031 INACTACC 001[1 I NTI'1SG1 0001 
INTMSG2 0002 INTMSG3 0003 INT1'1SC4 ·- 0004 . I NTI'1SG5 000!3 
INTMSG6 0006 INTMSG7 0007 LACTEXAR OOOl'"t LE'vN·tQUE 0020 
LF'RGLST 0020 LF'RGSEQ 0040 I'JON1'1SG1 0001 110NI'1SG2 000:2 
MONMSG3 0003 MONMSG4 0004 MONt1SG5 -0005 MONt1SG6· 0006 
MON!',1SG7 0007 1'10N1'1f3G8 0008 1'10NI'1SG9 0009 !·,10Nh:ESt·1G 0010 
MSGBUFF 002F MSGBUFFO 0042 MTRO 0070 NAK 0015 
NUMCOM oooc NUI'-1EV!] 0010 NUMUNITS 0001 o~=·!:3TAT 001F 
PAS 0010 POF\T1 0020 PRGLSTAC 0028 PRGLSTUO 002A 
F'HGSTAT 001£ RECYCPER 090F REG03 0003 F~: IRAI'-1 0002 
RPF<T ·ooos RPSl.J OOOB RXIO 0006 RXRAM (l(li)4 
SCHI'1SG.t 0001 SCHI'-1SG2 0002 SCHI'1SG3 0003 SCHI"1SG4 l)(H)o::j. 

SHC 0080 SNDRECST 0026 SRCOt1MSG 0027 SRF'AR~H 0028 
SRF'ARM2 0029 STT oo~;o STX 0002 SUPTRP 0002 
SvJSO 0080 SYSRES 0001 TIMVALH 0025 T IM\.!o'-\LL 0024 
TRPMSG1 0001 TRF'MSG2 0002 TRF'NSG3 0003 TRF'i·1SG4 0004 
TRPI'1SG7 0007 UCM 0067 UNT (l(l(l(l URC 006::..1 
URD 0060 URES OOBO URM 0062 USD 0064 
UST 0061 USY 0065 UWM .(H)66 VECTDR 0021 
WEVC.~ OOOA WINDOW 002.E WI RAM 0003 WF'HT 000'7 

0 0007 WXRAt1 0005 XMITCHR 0023 
NL• .c:RRORS 

\ 
\ 



OEOB 
OE52 
OE58 
OE73 
OE82 
OEBO 
0£98 
OEAF 
OEBA 
OECC 
QOOO 

8048 ASSEMBLER V02· -~-~--------~--~--~-----~-------, ' 

;APPADD,G 
;FILE USED FOR SUBROUTtNE LINKAGE-

;7HIS ADDRESS FILE MUST BE UPDATED WITH 
;CHANGES IN APPSUB.S 
;FUTUREDATA DOES NOT 
;ALLOW GLOBAL SYMBOLS IN THE 8048 ASStMBLER 

;ADDRESSES CON~AINED IN APPSUB.S 

TRUNADP EOU X'EOB' 
CLRWRD EQU X'E52' 
SSUB EQU X'E58' 
FMINUS EQU X'E73' 
FPLUS EQU X'E82' 
FASR EQU X'E80' 
FTRUN EQU X'£98' 
FRNDOFF EQU X'EAF' 
DSADD EQU X'EBA' 

.DSSUB EQU X'ECC' 
END 

<' 

PAGE 1 
FUTUREDATA 
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CLRWRD OES2 .DSADD OEBA DS_§Lif!_ __ :OECC ·· 
:NUS OE73 FPLUS OE82. FHNDOFF OEAF 

~ .. wLJE·:·· OE!:·8 TRUNADF' OEOB 
NO ERRORS . I .. . , . 

I 

PAGE. 2 
FUTUREDATA 

FASR 
·fTRUN 

OE8D 
OE98 
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PAGE l 
FUTUREDATA 

0000 

OBOO 

OBOO 

OBOO 0000 
OB02 0008 

_-(lB04 2008 
OB06 6008 
C g B009 
( __ A 
OB20 

0820-0000 
i)B22 500A 
OB'24 D038 

-OB26 OOOC 
OB:28 

. 0840' 
OB40 60 
0841 63 
OB42 66 
OB43 6A 
OB44 AO 
OB45 

OB60 

7AF'F'TBL•S' 

PRNT 
ORG 

' - . ~ 

·- . 

GEN 
X' BOO~--

· ;PAGE3-_IN -APPLICATION PROGRAM MEMORY 

******************* 
PRGTABL EQU * . 
iPRGTABLE: NIBBLES 0-2 CONTAIN THE STARTING ADDRESS OF 
7THE APPLICATION PROGRAM. MODULE. B2-BO 'OF NIBBLE a3 
;IS T~E NUMBER OF BYTES TO BE TRANSFER TO THE OPPOSITE 
;BUFFER CFRBUFFO dR BKBUFFO> AT THE TERMINATION OF THE 
;FOREGROUND OR BACKGROUND SEQUENCE. THE VALUE ONLY HAS 

- ; SIGN IF I GANCE IF IT I :3 THE -LAST r·lODULE OF EITHER THE 
;FOREGROUND OR BACKGROUND. 83 IS USED TO INDICATED AN 

· ;UNINTERRUPIBLE FOREGROUND MODULE, IT IS UNASSIGNED 
;FOR BACKGRbUND MODULES. 

FRPROG 

BlCPROG 

·£QU. * 
716 ENTRIES MAXt INCLUDING DUMMY 

DC 
DC 
DC 
DC 
DC 
ORG 
EOU 

B ( X I 0000 i ) 

B (X I 0800 I ) 

BCX'0820 1 > 
B ( X' (l,L36(ll ) 

B ( X' 09BO I ) 

X'B20' 

* 

o. 
1. 
2. 

4. 

·NAME. 
DUI'lMY 
IF'HG 

NF'RG 
ONEF'AS 
RDSNF: 

.~16 ENTRIES-MA~~ .1NCLUDING DUMMY 
. . 

7 

DC 
DC 

.. [fc-
; . . . , 

. DC 
: ORG 

B ( X I. 0000 I ) 

B<X 1 0A50 1
) 

B<X'38DO' > 

B(X'OCOO') 
X'B40'. 

NA1'1E 
. 0. DUi"1MY 
1. CLKDR 
2 •. FILTERS 

NEWBETA 
NE~JSUN 

3 TRACK 

******************* 

ADDR, 
000 
800 
820 
860 
9BO 

ADDR. 
(l(H) 

A 50 
8[10 
+0 
+2 
BOO 

DATA 
0 
0 
(I 

t) 

(l 

DATA 
0 
0 
3 
2 
1 
0 

;PRGLST IS A INDEX TABLE CONTAINING THE START ADDRESSES 
;-IN PAGE3 OF FR~LST/BCKLST PROGRAM SEQUENCEs· 

REC 1 D 

REC'D 

~32 ENTRIES CURRENT MAXIMUM· 64 ENTRIES MAXIMUM
;POSSIBLE NUMBER OF ENTRIES 

PRGLST EOU 
DC 

. DC 
DC 
DC 
DC. 
ORG 

•• 
PRGSEQO,AND.X'OOFF' INITIAL PROG SEQUENCE 
PRGSEQ1,AND,X 1 00FF 1 SENSOR INITIALIZATION 

. PRGSEQ2. AND. X I OOFF I - CON I TRATOR CLOCK. DF~ I VEN 
PRGSEQ3,ANO.X,.OOFF' STOW CONCENTRATOR 
PR~SEQ4.AND.X'OOFF 1 TRACK CONCENTRATOR 
X'B60 1 

******************* 
;PROGRAM SEQUENCES, FOREGROUND SEQUENCE FIRST, THEN 
; BACKGRUUND f;EC.~UENCE, EACH USES A ZERO .r:OF' TERI'IINATOR 
;EACH PROGRAM SEQUENCE HAS AN ADDRESS ENTRY IN PRGLST 

; EACH FOREGROUND OR BACKGROUND SECTION MAY HAVE 
; A MAXIMUM OF-16 ENT~I£S WHICH EQUAL B BYTES 

F'F\GSEQ EQU * 



OB60 
so 01 
61· 00 

OB62 00 

0863 
OB63 43 
0864 00 
OB65 00 

0Bb6 
OB66 04 
0867 00 
OB68 12 
OB69 00 

OB6,t>, 
·· OB6A .02 

OB6B 00 
O.B6C 00 

OB{:.[I 

oB~"o. 
OBAO 04 
O.!:'Ml (H) 
--- \2 32 

~3 00 

8048 ASSEMBLER V02 --------------------------------
PAGE 2 

FUTUREDATA 

PRGSEQO EQU 
DC 
DC 

DC 

PRGSEQ1 . EQU 
. DC 

DC 
DC 

PRGSEC~2 EQU 

PRGSEQ3 

. PRGSEQ4 

DC. 
DC 
DC 
DC 

EQU 
DC 
DC 
DC 

ORG 

EQIJ 
DC 
DC 
DC 
DC 

. ' . 
' ' 

'* \ 

X'Ol_' 
o· 
0 

* X ,--43' 
0 
(l 

* X? 04' 
0 
X'12' 
0 

~ 

X'02' 
0. 
(I 

X'BAO' 

* X I (>4 I 

0 
X'32' 
0 

~IPRC INITIAL PROG SE~ 
--; FO'R-GND PROG 1 -

;EQF FORGND PROG SEQ 
;EOF.~CKGND PROG SEQ I -
;ON~PAS,RDSNR TRACK !NIT 
;FORGND.PROG 3t4 
;EOF FORGND 

·; EOF\ BCfCGND 

;RDSNRtBFILTERtCLOCK DRIVE 
·; FORGND F'ROG 4 
;F.OF· FORGND 
;BCKGND PROG 2,1 
;EOF BCKGND 

I 

;NPRG STOW COLLECTOR 
; FORG/'-JD PROG 2 
;EOF FORGND 
;EOF BCKGND 

;RDSNRtBFILTERtTRACK 
;FORGND PROG 4 
; EOF FOF-'iGND 
;BCKGND PROG 2t3 
; EOF: BCKGND 

;INSERT ADDITIONAL TABLES HERE 

;END OF PAGE3 X'BFE' DON'T USE THIS LOCATION 

.. 



OBA4 

OFDD 

OFEO 32 
OF£1 F1 
(lf"£2 .70 

OFE3 31 
OFI::4 08 · 
OFE~> .70 

OFE6 "B1 
OFE7 80 
Of"EB 42 

OFE9 

8048 ASSEMBLER V02 

.. QRG_ 

--------------~---~-----~-------' . 
' 

X'FEO' 

·PAGE 3 
FUTUREDATA 

PEVNTQUE CONTAINS O~ERATIONt FUNCiiON~, AND ADDRESSES 
.;WHICH ARE ADDRESSED BY EVENT QUEUE OPERATIONS. 
·.;64 ENTRIES MAXIMUM 

EVNTC.~UE' gQU. *-3 
~QUEl~ANDt· MTR(O) 83i82tBl=O, ~TRCO)A(X'F1') 
·;AND !MEDIATE DATA WITH I/0 

DC X'32',X'F1'~MTRO 

;QUE2=0Rt MTRCO) D3=1t MTR<O>vCX'OB') 
;OR !MEDIATE DATA WITH I/0 

DC X' 31' t X' 0.8 I ~-r"1TRO 

:;DUE3=0R, MSGBUFFO D7=1t ·MSGBUFFOvCX'BO' > 
;OR I~EDIATE DATA WITH INTERNAL RAM. 

DC X'Bl'tX'BO',MSGBUFFO 

*******~*********** 
;SYSYMTBL 

F'RNT GEN 
******************* 

END 

..... 



.. 

' 
8043 ASSEMBLER V02 ·----~----~------~-!--~--~-----~~ 

•• H 0010 AiL 0020 A2H·--.- _· (>()30 ... 

K 0006 ACPRG 0032 .ACT 0000 
ACTDIGFL 003[1 ACTEXAR 0033 ADC 0090 
AL2 (1040 ANSO OOAO Bl{BUFFOj . 004E 
CAN 0018 COMNOP 0000 CF'H ( 0030 
DROPIN 002C DROPOUT 002[1 EDT 0004 
EVEQUE 0060 EVNTC:~UE ·OFDD FRBUFfO 0044 
ICPHG 003i INACTACC OOiD I NTI'1SGi .. OOOi . 
I NTI'1SG3 0(H)3 INT1'1SG4 0004 I NTI'1~3G5 0005 
INTMSG7 0007 LACTEXAF~ OOOA LEVNTQUE.· 0020 
LF'RGf:3EQ 0040 1'10NMSG1 0001 1"10NMSG2 .• 0002 
MONMSG4 0004 MONMSG.5 0005 MON1'1SG6 0006 
1'10f,JMSG8 0008 MOI\11'1:::JG9 0009 1'10NF.:ESMG 0010 
MSGBUFFO 0042 MTRO 0070 NAK 0015 
NUMEVQ 0010 NUI'1UN ITS 0001 OPSTAT 001F 
PORT! 0020 F'RGLST OE\40 F'RGLSTAC 002B 
F;RGSEQ OB60 Pr-~GSEQO OB60 F'RGSEQ1 OB63 
F'F\GSEQ3 OB6A PF\GSEQ4 OBAO F'RGSTAT 001E 
RECYCPER OOOF REG03 0(>"03 RIRAt-1 0002 
RPSW OOOB RXIO 0(>06 RXRAt1 0004 
SCHMSG2 0002 SCHMSG3 0003· SCHI'1SG4 0004 
SNDRECST 0026 SRCOMMSG 0027 SRPARM1 0028 
STT 0050 STX 0002 SUPTRP 0002. 
SYSRf~S 0001 TIMVALH. 0025 TIMVALL 0024 
TRPMSG2 0002 TRF'I'lSG3 0003 TRPNSG4 ·0004 
llf~M 0067 -· UNT 0000 URC 0063 

ES OOBO URM 0062 USD 1)()64 
UbY 0065 UWM 0066 VECTOR 0021 
WINDOW 0(J2E WI RAM 0003 WPRT 0009 
WXRAI'-1 000~· XMI.TCHR 0023 

NO ERRORS· 

-

PAGE· 4 
FUTUREDATA 

A2L . 0040 . 
ACTACC OO!C 
ALi 0020 
BKF'ROG OB20 
CF'L 0050 
ETX 0003 
FRPRDG OBOO 

"INTMSG2 0002 
INTNSC6 0006 
LPRGLST 0020 
MON1'1SG3 0003 
MONMSG7 0007 
!"1SGBUFF 002F 
NUI'1Cot1 oooc 
PAS OOiO 
PRGLSTUO 002A 
PRGSEQ2 0866 
PRGT1\BL OBOO 
RPF<T 0008 
SCHMSG1 ·0001 
:3HC 0080 
SRPARM2 0029 
swso 0080 
TRPt1SG1 0001 
TRPMSG? 0007 
URD 0060 
UST 006i 
WEVQ (H)OA 
WXIO 0007 



I 
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PAGE 1 
FUTUREDATA 

(l(l(l(l 

0800 
0800 

+Oaoo 
... oaoo 
+0800 B82B 
t-0802 FO 

0803 F215 
080~i 

+.' ·5 
i"l'~'' .. '5 
+0i305 B82C 
+0807 B050 

0.909 
-i-0809 
+0809 
~-0809 B82D 
+0808 8040 
oeon 

+0.30[1 
1-0BOD 

.+080D 882D 
+-OBOF B040 
0811 

+0811 
+0811 
+-0811 B82E 
+0813 B003 

081. ~. 2301 
0817 

+·0817 35 
+0818 BA20 
+-081A 05 
+0818 00 

;IPRG 

. ; FUNCTION~ 
; INPUTS: 
;OUTPUTS~ 

PRNT 
ORG 

.· 
11/24/80 

GEN 
X' BOO' 

IPRG - Initial Program CYcle 
PRGLSTAC B7 Cinital Program cycle) 
DROPIN 
DROPOUT 
1.-JINDOW 
Ace, r;:o ; DESTFWYS ~ 

;DESCRIPTION~ IPRG- If. initial. Program cYcle loads default 
values into DroPin and DroPout. Otherwise' 
waits until central control thanges the Program 
seque•nco:~. 

IF'RG EQU -l<-

LD Ai <PRGLSTACJ 
SELMAC MDV, A, CPRGLSTAC) 
OPRM MOV,AtPRGLSTAC 
MDV RO,#PRGLSTAC 

; get initial 

;RO OR R1 LOST 
;RO LOST 

cscl.::· 

t10V A, @RO ;LEVELl OF'CODE Rt <MEM> 

ENDIF'RG 

JB7. ENDIPRG 
LD.: CDFWPIN>, *~=IDF\F'IN 
SE~MAC MDV+ <DROPINl,•IDRPIN 
OPMIMD MOY,DROPINt#IDRPIN 
I''IOV' RO, ~DROPIN 
1'10V @RO, ~'I DF\P IN 
LD CDROPOUT)t#!DRPOUT 
SELMAC MDV, CDROPOUTJ,•IDRPOUT 
OPMIMD MOV,DROPOUTt#IORPOUT 
MDV ROt#DROPOUT 
MDV @RO,~IDRPOUT 
LD <DROPOUTJ,oiDRPOUT 
SELMAC MDV, CDROPOUT),•IDRPOUT 
OPMIMD MOV,DROPOUT,•IDRF'OUT 
MDV . RQ,oDROPOUT 
MDV @RO,•IDRPOUT 

.LD <WINDOW>••IWINDOW 
SELMAC MOV, <WINDOW>••IWINDOW 
OPMIMD MQV,WINDOW,#IW)NDOW 

·MDV RO,•WINDOW 
MDV @RQ,#IWINDOW 
1'10V A, •ENDT 

;not initiJ! cycle 

;RO LOST 
;RO LOST 

;RO LOST 
; RO J_.OST 

;RO LOST 
;RO LOST 

;RO·LOST 
;RO LOST 

TRAP 
DIS 
m~L 

· TCNTI ;START CRITICAL REGION 

.EN 
·NOP 

***iii·** *·X·****** 
; SYSYI"1TBL 

P2t#X'20' 
I 

PRNT GEN 
* ** * * *'** * * ~· * ** 
*******~·'!!·***'*·-:!· 

;END CRITICAL REGION 

,. I APSYM'i'BL 



D81C 

8048 ASSEMBLER V02 

.. 

PRNT GEN 
**************· 
********~***** 
;APPADD.G 

PRNT GEN 
**~*****~***** 

END 

.PAGE 2 
FUTURE DATA 



AlH 
iRTT 

H'-· ,'ACC 
ALi 
BCKWRJ~ 

CLRl-JRD 
Df~OP IN 
END I pf:;:G 
ETX 
FORWRK 
FTRUN 
INACTACC 
INTMSG4 
IPRG 
L.E'v'NTI:JUE 

· MONt·iSG2 
1'10NMSG6 

·· ~10NR£SMG 
Nf\I{ 
NUMEVC~ 

Pi 
PORT! 
GUE1 
REG03 
RUNDLY 
SCHr1SG1 

L ... ARM2 
SUNF 
TIMVALI-·1 
Tf~F·MSG3 

TTRP 
u::;:n 
LIST 
WARM 
WEVQ 
wxro 

NO ·EF\RORS 

8048 ASSEMBLER V02 --~-~-------------~--~---------~ 

0010 
0011 
001C 
(1(12(1 

oo::m 
OE52 
002C 
0815 
0003 
0040 
0£98 
001[1 
0004 
0800 
0020 
0002 
·0006 
0010 
00.15 
0010 
0038 
0020 
0004 
0003 
00(18 
0001 
OOBO 
0029 
003B 
(l(i25 
0003 
0009 
0060 
0(>61 
0004 
OOOA 
0007 

.AlL 
ACK 
ACTD:CGFL 
AL2 
BETAF. 
COt1NOP 
D_ROF'OUT 
ENDSEQ 
E'v'£QUE 
FPLUS 
ICPRG 
INTMSG1 
I NTI'1SG5 
ISTT 
LF'RGLST 
MONI"1SG3 
MON!1SG7 
MSGBUFF 
NEWB:ETA 
NUt1UNITS 
F•':• ..:.. 

PRGLSTAC 
Ql...i£2 
RIRAM 
RUNLIM 
SCHI"1SG2 
SNDR.ECST 
SSUB 
SUPTRP 
TIMVALL 
.TRPMSG4 
UCM 
URES 
USY 
WATADC 
WINDOl..J. 
WXRAM 

0020 
0006 
003[1 
0040 

.1)(136 
0000 
002[1 
0019 
0060 
0£82 
0031 
0001 
0005 
0008 
0020 
0003 
odo7 
002F 
00~33 

0001 
0039 
002B 
OOOA 
0002 
0070 
0002 
0026 
0£58 
0002 
0024 
l)(l(lo::j. 

0067 
OOBO 
006!'5 
0043 
002£ 
0005 

A2H 
ACF-;-RG ---
ACTEXAR 
ANSO 
BKBUFFO/ 
CPH ( 
DSADD 
ENDT · · 
FASR 
FRBUFFO 
IDF~PIN 

INTMSG2 
-· INT1'1SG6 

I WINDOW 
LPRGSEC~ 

MONI'1SG4: 
MONMSG8 
MSGBUFFO 
NEWSUN 
OFFSET 
P3 
F'F.:GLSTUO 
QUE3 
RF'RT 
RXIO 
SCHMSG3 
SRCOMI"lSG 
STT 
swso 
TRPI"1SG1 
TRF'MSG7-
UNT 
UHM. 
UWM 
WATCGr·1P 

l.J I RAt1 
XMITCHR 

·0030 .. 
0032 
00~-33 

.OOAO 
004E 
0030 

·OEBA 
0001 
OE8D 
0044 

_(H) 50 
00(12 
0006 
00(13 
0040 
0004 
0008 
0042 
0035 
0036 
003A 
002A 
OOOE 
0008 
0006 
0003 
0027 
0050 

·0080 
0001 
0007 
0000 
(l062 
0066 
0013 
0003 
0023 

PAGE 3 
FUTUREDATA 

A2L 
-ACT 
ADC 
AVGDPL 
CAN 
CPL 
·DSSUB 
EOT 
FMINUS 
FRNDOFF 
IDfiPOUT 
INTMSG3 
INTMSG7 

LACTEXAR 
MONMSG1 
MOhiMSG~; 

MONNSG9 
MTRO 
NUMCOt1 
OPSTAT 
PAS 
F'RGSTAT 
HECYCPER 

·RPSW 
RXRAM 
SCHMSG4 
SRF'AR1"11 
STX 
SYSRES 
TRPt·1SG2 
TRUNADP 
URC 
usn 
VECTOR 
~JAT HJ!) 
WF'RT 

0040 
OOQO 
0090 
003C 
0018 
00 ~~(l 
OECC 
0004 
r)£73 
OEl\F 
0040 
0003 
0007 
OOOA 
0001 
000!:"· 
0009 

.0070 
oooc 
001F 
00.10 
001£ 
OOOF 
OOOB 
0004 
0004 
00213 
0002 
noo.t 
(i(i()2 

OEOB 

0064 
0021 
002:3 
0009 
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0000 

0820 
0£-120 8820 
082? ~~308 

0824 30 
0825· .FO 
0826 .39 
0827 

+0827 
+0827 
+0827 8880 
+-0829 80 

0:32A 1234 
2C 323B ,,.... 

- __ LJ:. 

+082E 
+082E 
+082E B870 
+08~:30. 80 

(1831 4306 
08:33 90 
0834 2::101 
0836 

··I (1836 .35 
+0837 8A20 
+0839 05 
+OEUA oo· 
083B 
083B 

+083B 1 

+0133B 
+083E1 B870 
+Oi~30 80 
083E ~;3F9 

0840 90 
084! 

+0841 
+0841 
~ - -- +1 B82A 
... ~ ,., 

..::;. ·B080 

0845 2301 
0847 

+0847 ::15. 

;NPRG 

PRNT' 
-ORG 

GEN· 
.X'820I-_ 

11-24-80 

... ; FUNCTION: _. .. 
; INF'UfS: 

NF'RG ..;. Night ppQgl~arr. 

· ; OUTPUTS: 
;CALLS: 

Positioning Motort Rotation 
-SWSTAT 

;DESTROYS: 
·;DESCRIPTION: 

ACCt RO_, Rl 
NPRG - Stows the mirror onlY 

NPRG 

NPOUT 

ENDNP 

EQU 
MDV 

·MDV 
XCHD 
MOV 

· · OUTL 

-IE· . .,, 

ROt#PORT1 
At #!E)TT 
At I~RO
At!ERO 
PitA 

LD X A, < S~JSO > 
SELMAC MOVXtAt CSWSO) 
OPRM MOVXtAtSWSO. 
I"IOV ROt #S~JSO 
MOVX t;, @RO 
JBO NF'OUT 
JB,i ENDNP 
LD AtXCMTRO) 
SELMAC MOVtAtXCMTRO> 
OPRM MOV~,A;Nt~O 

· MOV ROt•MTRO 
MOVX At r~RO 

DRL At#X'06' 
· 1'10V X I~F\0 t A 

. MDV At•ENDT 
TRAP 
DIS 

,ORL 
EN 
NOP 
EQU 
LDX 
SELMAC 
OPRt-1 
MOV 

TCNTI 
P2t #X'2<)' 
I 

At ( MTRO) 
MCJVXtAt Ct1TR0) 
MOVX' A, 1'1TR9 
ROt ~t.t1TRO 

A~ I~RO 

. A'. X I F9 1 

initial status 
; store low nibble 

get Por~t 1 
outPut status 

:read switch. status 

; RO OR R1 . LOST 
;RO LOST 
;LEVELl OPCODE R, CMEM> 

r.·.anua i mod.e, ,_;.1,'1 i t 

sto•.~• l iwi t 
get motor status 

; RO LO!:IT 
.;LEVEL! OPCODE Rt CMEM) 

motol~ ONt CCW 
do it 
set end traP code 

;START CRITICAL REGION 

;END CRITICAL REGION 
; Tw~n 1'1o "t ol~ OFF 

;RO.OR R1 LOST 
;RO LOST 
;LEVELl OPCODE Rt CMEM) . I''IOVX 

ANL 
l'lOVX 
LD · 
SELMAC 

~!!ROtA 
CPRGLSTUO),•X.1 80' 
MdV, CPRGLSTUQ),aX'80' 

r.-.otor OFF 
OLI t PLI t -i t 

Prog se"''*~o . 

OPMIMD MOVtPRGLSTUOt•X!80' ;RO LOST 
;RO.LOST 1'10V RO I *I:F'~;:GL.STUO 

MDV 15!ROt :tt:X I 80' 

MDV 
TRAP 
DIS 

At:#ENDT 

TCNTI 

not initial cYc l r:::· 

set end traP code 

;START CRITICAL REGION 

.-, 
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.,_,-,a.·tB BA20 
+ iA 05 
+0B4B. 00 

(I 

084C 

ORL 
EN 

--NOP 
*****-IE·*** *-l(·'*· * * 
·; SYSYt·1TBL . 

PF\NT 
***-IE•********** 
**'**'*'**·lE·****** 
; APSYt1TBL 

P2t:UX'20' 
I 

'GEN 

PRNT GEN 
***'*'****•M--l!:-·ll--li-** 
* * ** '*' * ~·-)f * ** -!(· **' 
;APPADD.G 

PRNT GEN 
******"j(•**'*'***-1(- ·. 

END 

/ .. 

:·END CRITICAL REGION 

I 
! 
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8048 ASSEMBLER V02 , 1 FUTUREDATA -·---------------- ·----r-------------7-------------

.. • H 0010 AiL 0020 A2_f_:l ____ (1030 .. A2L 0040 
JF\TT 0011 ACK 0006 ACF'FiG 0032 'ACT 0000 

ACT/:ICC 001C ACTDIGF'L 003[1 ACTEXAR. 1)033 ADC 0090 
·ALi 0020 AL2 0040 ANSO (>OAO AVGDPL oo:Jc 

BCKWRK i)(>~-3[1 BETAF 0036 BKBUFFd 004E CAN 0018 
CLRWF\D OE52 COMNOP 0000 CPH f 0030 CPL oo~;o 

[lf-WPIN 002C DROI=·(JUT .002[1 DSADD OEBA DSSUB OECC 
ENDNP 083B ENDSEQ 0019 ENDT ·- 0001. EDT 0004 
ETX 0003 EVEr;iUE 0060 FASR OE8D FMINUS OE7:3 
FORWRK 0040 FF'LUS OE82 FRBUFTO 0044 FRNDOFF OEAF 
FTRUN OE98 ICF'RG 0031 Im~PIN - 0050 'IDRPOUT 0040 
INACTACC 001[1 I NTI'1SG1 0001 I NTI'1:2G2 0002 INTMSG3 0003 
INTr·1SG4 0004 INTMSG5 0005 INTNSG6 0006 INT1"1SG7 0007 
ISTT 0008 I WI NDD~J 0003 LACTEXAR OOOA LEVNTC-lUE 0020 
LeF~GLST 0020 LF'RGSEQ 0040 MON!'1SGl 000.1 MONt'1SG2 0002 
MONI'1SG3 0003 MONMSG4 oqo4 MONMSG5 0005 MONMSG6 0006 
I"ICH·JMSG7 '0007 1'10NI"JSG8 0(>08 1"10i .. JI'1SG9 0009 1'10NRESMG 0010 

.. 1'1E;GE:UFF 002F MSGBUFFO 0042 1"1TRO 0070 I\IAK 0015 
NE'WBETA 00~33 NEl·WiUN O<Y-35 NF'OUT 0834 NF'IiG on2o 
NUI'1CDM oooc NUME'v'Q 0010 NUMUNITS 0001 OFFSET oo:l6 
OF'S TAT 001F Pi (H~>38 F·2 0039 P3 003/~ 

PAS 0010 PORT1 0020 F'RGLS'(AC 0028 PRGLSTLJO 002A 
PRGSTAT 001E QUE! 0004 CiUE2 OOOA QUE3 OOOE 
RECYCPEF{ OOOF REG03 0003 RIRAM 0002 'RPRT 0008 
RPSW 0008 RUNDLY 0008 RUNLIM .0070 r~x 1 o 0006 
~·YiiAM 0004 SCHMSG1 0001 SCHI'i:3G2 0002 SCHMSG3 0003 

-~MSG4 0004 SHC 0080 SNCtRECST 0026 SF:;oCOI'11'1SG 0027 
SF~P/',FiM1 0028 SRF'ARr12 0029 SSUB OE58 STT 0050 
S'fX 0902 ~3UNF 003B SUF'TRP 0002 swso '0080 
SYBFiE.S 0001 TIMVALH 0025 TIMVALL 0024 TRF'MSGl oocu 
TFiF'~1SG2 0002 TRF't-1:3G3 0003 TRPMSG4- 0004 TRF'MSG7 0007 
TRUN/1DP OEOB TTRP 0009 UCM 0.067 LINT (H)(l0 
w~c 0063 UFW 0060 URES OOBO· UR!1 0062 
USD 0064 LIST 0061 USY 0065 LJWM 0066 
VECTOR 0021 WAf~M 0004 ~JATADC 0043 WATCOMP 001:3 
WATIND 0023 WEVC~ OOOA WINDOW 002E WI RAN 000:;3 
WPHT (JU(l9 WXIO (l(H)7 WXRAM 0005 Xt·1I1'CHR 0023 

NO .EF\RORS 

r 
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FUTURE DATA 

0000 

OA50 
0,~50 B96b 
OA52 

;CLKDR 

;FUNCTION: 
;INPUTS: 

;OUTPUTS: . 
7 . 

; CALLS:
;DESTROYS: 

PRNT 
ORG 

; DESCF\ I F'T I ON: 

• 7 

.. , 

CLKDR EC~U 
t•IOV 
LDX 

. 
10-8-80 

GEN 
X'A50' 

CLKDR - Clock Drive Module 
MTRO <01=POSIT.MTR ON,D2=ROTAT.tD3=INIT.STATE> 
DROPIN 
SUNF 
EVE QUE 
MTRO <Ol:POSIT.MTR ON,02=ROTAT.,03=INJT.STATE> 
PRGLSTUO, if SUNF > DROPIN value 
EVE QUE 
NONE. 
Accumulator, and RO 
InitiallY the Positioning motor is off, the 
Pro9ram w~its the OFF Periodt sets the motor 

On and waits the ON Period. The sequence then 

If SUNF is equal to or greater than DRO~IN the 
Program sequence is chang~d to the track mode 
of OPeration. The oPer~tion is onlY Performed 
in STATE #1, and the Pending time traP is 
deleted from EVEQUE, 
MTRO contains the entrY code 
EntrY States: Responses: 
0. 01=0 Positioning Motor Initial State 

·o2=0 Rotation 1. Set 02=1 
03=X 2. 03=0 No ~hange 

II legal Condi1ions: 
. 1. Current time traP 

1. 01=0 Positioning Motor 
D2=1 Rotation 
03=0 State xsition flag 
llleeal Conditions; 
1. No Current time traP 

2. 01=0 Positioning Motor 
D2=1 Rotation 

3. Wait Time·TraP 
03}1 

1. Clr time ·traP 
Motor' Off '-'-'a it 
1, Non•? 

1. Exe•cu te S H:\ t e (l. 

Motor Off xsition 
1. 01~1 Motor ON 

D3=1 State xsition flag 2. D2=N Rotation 
3. 03=0 No change 

I; 1 ega 1 Condit ions: 
1. Current time traP 

3. D1=1.Positioning Motor 
D2=X Rotation 
03=0 State xsi~i6n flag 
II legal Conditions: 

3. Wait Ti~e TraP 
[11}0,[12)0 

1. Clr time traP 
1'1o tor"' ON ,_._.a i t 

1. None· 

1~ No Current time traP 1. Execute State 0 

* R1t#EVEQUE 
At <SWSO> read switch status 



.. 
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FUTUREDATA --------

+0A~i2 

+A":o2 
+~:>2. B880 
+Ot-,54 80 

OA5!"::i B870 
OA57 12AD 
0.~59 80 
OA5A 32A3 
OA~5C ~:i273 

OA5E B100 
OA60 80 
OA61 4304 

. OA63 53f5 

QA6!"::i 90 
.. OA66 BB~·El 

Ot-\68 BAOA 
OA6A 

+0A6A 
+0A6A 
+ 
+0A6A 2309 

0/\6C 
+0A6C :::l!"::i 
+ )[I 8/\20 
+ ,f O!"::i 
+0A70 00 
OA71. 44A6 

OA73 
"OA73 728F 

OA75 F1 
OA76 C65E 

OA78 
+0.'\78 
+0A78 
+0A78 B82C 
+0A7A FO 

Oi\78 37 
OA7C 

+0A7C 
+0A7C 
+OA/C B83B 
+0~7E bO 

0f-\7F 17 
OA80 f2A6 

12 
..... (lfl82 
+0Ai32 
+0A82 8870 
+0;~.':\4 2301 

• I ' • . ' 

1'10VXtAt <SWSO) 
MOVX, A, swso-- ---: R(r OR R1 LOST -
RO,~SWSO :RO LOST 

SEL1'1AC 
OPRM 
MOV 
MOVX 

.f':lOV. 
At@RO . :LEVELl OPCODE Rt CMEM> 

JBO 
1'10VX 
JB1 
JB2 

ROt :ni'1TRO i 
CLKDR4 (: MANUAL MODEtScan MTR onlY 
Ai I~RO. 
CU{[;F-:3 
CLKDR1 

• ;. get. rnotol~ st<:ltus 
NO ACTION 
Q)~ 2 

: Entr·y State 0 Initial Stato:· 

. : statE< 3 
; : !5-t ate 1 

[11', [12=0 

CLKDRERF\ MOV 
l'"lOVX 
ORL 
ANL 

MOVX 
MOV 
1':10V 
LD 
SEL1'"1AC 
OPF\I t·1D 

1~•::-•:=-n t 1~ Y POint 
(~!R1, *''0 
At (~FW- · 
A f *1: X I 04 I . 

At;f;i:X'f5' 

I~ROt A 
R3t:t!:X'58' 
R2,ttQUE2 
At*~=TTRP 

. 1'10\/ t f\ I #TTRP 
t10V t t-., #TTRP 

t10V A, #TTRP 
TRAP 
DIS TCNTI 
ORL P2t#X'20' 
EN I. 
·NOP 
JMP CLKDREX 

from states 1 and 3 
clr anY event queue entrY 
get motor'' status 
set D2=1 Rotation 
set D3=0 Xsition 

1 set Dl=O Mtr OFF 
; store new rntr status· 

180 sec's to mtr ON 
event queue Parm 
MTRO D3=1 .Xsition 

;START CRITICAL REGION 

:END CRITICAL REGION 
leave 

:EntrY State 1 or 2 
CLKDR1 EQU * . ; . not· in i t i a l c Yc l t:· 

,JB3 CLKDR2 statE< 2 
;Entl'''Y StatE· ;t, 

t-10V 
JZ 

NormallY no ACTION 
A,I:§!R1 
CLKDF~ERF~ 

check for event queue entrY 
Error no. event queue entrY 
r•? in i t i ate 

CLKDR1A LD At (DROPIN) 
SELMAC MOVtAt <DROPIN> 
OPRM MOVtAtDROPIN 
1'10V ROt #[ll~:OPIN 
MOV At 1:2RO 
CPL A 
ADDM A, ( f5UNFf 
SELMAC ADDtAt <SUNF> 
OPRM ADDtAtSUNF 
I''IOV ROt#SUNF 
ADD At@RO 
INC A 
JB7 CLKDF\EX 

;RO OR R1 LOST 
;RO LOST 

:LEVELl OPCODE Rt CMEM> 
1's CPL DROPIN .. 
SUNF-DROPIN-1" 

: RO OR R1 LOET . 
; RO LOST 

:LEVELl OPCODE Rt <MEM> 
_; SUNF-DROPIN 

SUNF<DROPIN KeeP clocK mode 
state verificatiori as •3 

:SUNF>DROPIN-1, Set Prograrn seque~ce to ·tracK rnode 
LDX JMTRO>~~X'01' 1 scan moror onlY 
SELMAC MOVX, <MTRQ),#X'Ol' 
OPMIMD MOVX,MTRO,wX'Ol' :RO LOST 
MOV RO,aMTRO :RO LOST 
MDV A1#X'Ol' :ACC LOST 



+AL-..!36_, 

S7 
o-t=-,89 

+0AB9 
+0AB9 
+0A8'7 
+.OP18B 

OA8D 

OP18f. 
OAHF 
OA91 
OA93 

OA9~:; 

OA96 
OA98 
OA9A 

+0A9A 
+0A9A 
+ 
+0~8A 

(J.~~9C 

+ 'C 
-+!JA'iD 
-t-OA9F 
+0f~AO 

OAA1 

OAA3 
O/\A4 

·oAA6 
i).'\A8 

.. +OAA8 
+0.'\A9 
+O,t)AB 
!i-OAt<\C 

OAAD 
OAAF 
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90 
'8100 

882A 
BOB4 

44A6 

8.100 
4302 
~5:3F3 

90 
BB7D 
8(\04 

2309 

:35 
BA20 
05 
(H) 

44A6 

F1 
C65E 

2301 

35 
8A20 
05 
00 

8001 
4478 

MOVX 1:9RO ~ t-1 
MDV @Rl,t~:O . ·~ clr anY event 
LD <PRGLSTUQ),~X 1 84 1 

SELMAC MOV, <PRGLSTUQ),aX 1 84' 
OPMIMD MOVtPRGLSTUO,•X 1 84 1 ;RO LOST 

;RO-LDST 

; Er1t rY 
CLJWR2 

MOV RO,•PRGLSTUO 
MDV IE!RO, *!:X I 84 I 

JMP CLKDF~EX 

State 2 
EQU -!!· 

MDV IS!R1 t #0 
ORL l>tt#X 1 02 1 

f\NL At*"X 1 f3 1 

MOVX (f!fW I A 
MDV R3t#X'7D 1 

MDV R2t ttl~UE1 
LD At *t.TTRP 
SELMAC 1'10V, A, t~:TTRP 
OPRIMD i•IDV t·A, *~TTRF' 

MOV Att~:TTRP 
TRAP 
DIS TCNTI 
ORL P2~*"X 1 20' 
EN . I 
NOP 
JMP . CLKDREX 

Program sequence 4 
not initial cYcle 
TRACK Dr i v·~ 
leave 

clr:anY event queue entrY 
D1=1 turn mtr on 
[12=0 l~otat ion 
D3=0 no xsition 
store new mtr status 
1 sec wait to mtr OFF 
turn mtr OFF event 

MTRO D3tD2tD1=0· 

;START CRITICAL REGION 

;END CRITICAL REGION 
leave 

; En t 1~ Y S t a t e 3 , Normal Jy no ACTION 
CLKDR3 MDV 

;Exit 
CLKDREX 

JZ 

MDV -
"n~AP. 

DIS 
DHL 

.EN 
NOP 

·;Manual override 
CLKDR4 · l"lfJV 

JMP 

**********if"*** ;SYSYMTBL 

At@R1 , checK for event queue entrY 
CLKDRERR Error no event queue entrY 

~-·e i n i t i a t e 

At :t~ENDT 

TCNTI 
F'2t#X 1 20 1 

I 

IS!RO' :j:~ X I 0 1' 
CLKDF\lA 

SET END TRAP CODE 

;START CRITICAL REGION 

;END CRITICAL REGION 

sc~n motor MTRO onlY 
checK Pro<:~ Se·q 

PRNT GEN 
-M· * * {{· -l:l· *if·*·!*-* if·*-!(·* 
* ~-* * * ****-lit·*·!!-*•* 
:APSYMTBL 

F'RNT GEN 
*** *'*·~' * *if•* ~·*** 
****-)( ·~'*''*'*'*'**** 
;:APF'ADD.G 

l 
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·-· 8048 ASSEMBLER V02 ' . FUTUREDATA ·---------------- --------------------------------' - . 

A1H 0010 AiL. 0020 A2H 0030 A2L 0040 
ORTT 0011 ACK 0006 ACPRG 0032 ACT· 0000 

ACTACC 001C ACTDIGFL 003[1· ACTEXAR 0033 ADC 0090 
AL.t 0020 AL2 0040 ANSO QOAO AVGDPL 003C 
BCKWF\K 003[1 BETAF 0036· BKBUFFO 004£ CAN 001.8 
CLKDR OA!50 CLKOR1 OA73 CLKDR1A 0A78 CLKDR2 OA8F 
CLKDF\3 OAA3 ·cLKDR4 OAAD C:UWF~EF:R OA5E CLKDREX OAA6 
CLRWRD 0£52 Cot1NOF' 

.. 
0000 CPH 0030 CPL 0050 

DFmPIN 002C DROPOUT 002[1 DSADD OEBA DSSUB OECC 
ENDSEQ (H)i 9 ·ENDT· 0001 EDT 0004 ETX 0003 
EVEQUE 0060 FASR 0£8[1 -· FMINUS OE73 FOF<WRK 0040 
FPLUS OE82 FRBUFFO 0044 FRNDrJFF OEAF FTHUN 0£98 
ICPI"\G 0031 IDRPIN 0050 IDRF'DUT 0040 INACTACC 001[1 
INTMSG.1 0001 INTM$G2 0002 I NTM::3G3 0003 INTMSG4 0004 
INTNSG5 0005 INTI'1SG6 0006 INTMSG7 0(H)7 ISTT 0008 
I t.J IN DOW 0003 LACTEXAR OOOA LE'-JNTC~UE 0020 LPRGLST 0020 

LPRGSEQ ·0040 t10NNSG1 0001 t·10NI"iSG2 0002 MONt·1SG3 0003 
MDNMSG4 0004 MDNI'-1SG5 0005 1"10NMSG6 0006 f10NI"1SG7 0007 
MONI'1SG8 0008 MONMSG9 0009 MONRESMG (i010 MSGBUff 002F 
MSGBUFFO 0042 1"1TRO 0070 NAK 0015 NEW BETA 0033 
NEI-JBUN 003!:i NUMCOI'1 oooc NUt1EVQ 0010 NUt1UNITS 0001 
OFF'SET 0036 OF'S TAT 001F P:t 0038 P2 00:-39 
P'"" ,::) ·003A PAS OOJO F'ORT1 0020 F'RGLSTAC 002B 
PRGLSTUO 002A PRGSTAT OOlE QU£1 0004. nul7:::~ 000/\ 
l~UE3 OOOE RECYCPEF~ OOOF -REG03 0003 R I Rt1t·1 0002 
RPHT 0008 FWS[..J OOOB RUNDLY 0008 RUNL It1 0070. 

[0 0006 RXRP..M 0004 SCHI"1SG1. OOOl SCHMSG2 0002 
.:JL·i-ii'1SG3 0003 SCHMSG4 0004 ~)f-1C 0080 SNDF<ECST 0026 
SRCOI'-1MSG 0027 SRF'AF<I'-11 0028 .SRPARM2 "0029 SSUB OE~;e. 

STT 0050 STX 0002 SUNF 0038 SUF'Tf;:p 0002 
Sl.JSO 0080 SYSF{ES 0001 TIMV/\LH 0025 T I M\lALL 0024 
TRPMSG.l 0001 Tf~F'MSG2 0002· TRF'MSG3 0003 TF~Pi1SG4 0004 
TRPME:G7 00(!7 TRUNADP OEOB TTHF' 0009 UCt1 0067 

-uNT 0000 URC· 0063 URD 0060 URES OOBO 
URt1 0062 USii 00,64 UST 0061 USY 0065 
U[..JM 0066 VECTOJ::; 0021 ·.WARM 0004 WATADC 004:3 
WATCU~1F' 0013· t.JATI ND 0023 WEVC-l OOOA WI NDOl.J 002£ 
WI ~~At"! 0003 ~~F'HT 0009 WXIO 0(>07 WXHAM 0005 

·XMITCHH 0023 
NO ERROR~3 
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FUTUREDATA 

0000 

08b(l 
0860 

+0860 
+0860 
+0860 882.8 
+0862 FO 
0863 F7 

>4 E672 
' .. '006 

+0866 
+086[· 
+0t366 .8842 
+0868 r·o 

01369 F290 
086B 
086B ,2319 
086[1 

+0860 35 
·t OB6E 8A20 

.. +0870 (1~5 

+0871 00 
0872 

_.0872 
+0872 
+0872 
-r0Bl2 8842 
+0874 20 
+0l375 537F 
+0877 20 

0878 2308 
087A 

+0i37A 
+' .A 
+ 1A 8820 
+007C AO 

087[1 39 
OB7E 

+087£ .• 

;ONEPAS 

PHNT 
ORG 

. ' 

GEN 
X'860' r 

; F01~gr•ound Module :t~:i - Both TRACK and CLOCK 
;FUNCTION; ONEPAS - One Pass; First time set-uP 
;INPUTS; PRGLSTAC<B7>tMSGBUFFO<B7) 
;OUTPUTS: ALl= Ind•?'X. Posit ion. 

MTROtBO=l B~an Motor On 
P13 Index Di~ablet <PORT1tB3>=0 
ANSO=Pho~o Diode 

; CALLS; 
;DESTROYS; 
;DESCRIPTION; 

None 
ACC, F:O t R2 t R3 
~erforms alI startuP functions modes' enab l·::·s 

ONE PAS 

ONEPAS1 

ONEPAS2 

EQU 
LD 
SELNAC 
OF'F~i'-1 

MDV 

* At <PRGLSTAC) 
t10V t A, ( PRGLSTAC > 
1"10V t At F'F:GLSTAt 
ROt *WRGLSTAC 

1"10V At t~RO 
RLC A 
JNC ONEF'AS2 
LD At <MSGBUFFO> 
·sFLMAC MOVtA; CMSGBUFFO> 
OPRM MOVtAtMSGBUFFO 
MOV ROt#MSGBUFFO 
MDV A, t~F\0 
JB7 ONEPAS3 
EQU * 
MOV At#ENDSEQ 
TRAP 

;get initial eye bit 

;RO OR R1 LOST 
·; RO· LOST 

;LEVEL! OPCODE Rt <MEM> 
7B7>CARRY 
; in i t i a I c YC I e 
; l~ead r.-.sg f l a<:~s 

;RO OR R1 LOST 
;R(l LOST 

:LEVELl OPCQDE Rt <MEM> 
:scan.mtr warmtset Parm's 

;END SEQUENCE TraP 

DIS 
ORL 

TCNTI :START CRITICAL REGION 
F'2t.UX'20' 

EN 
NOP 
EQU 
ANLM 
SELI"!AC 

·:END CRITICAL REGION 

* <MSGBUFfO),aX'?F' ;set B7=0 Mt~ not_warm 
AN.Lt <t'IS_GBUFFO) I :J:J:X' 7F' 

OPMIMD ANLtMSGBUFFOt•X'7F' ;RO·LOST 
; R(l LOST jvjQ\.-' HOI ~~1"1~:3L~UUI- FO 

XCH At t:£!F:O 
ANL At#X'7F' 
XCH 
MDV 
LD 
SELMAC 
OPMR 
MOV 

At@RO 
f-\t_#ISTT 
( POF\T 1 ) t A 
1'10V, ( FORT 1 } , A 
MOVtF'ORT1tA 
ROt <~PORT 1 

MDV t:!:!RO,A 
OUTL F'.ltA 

;Set INIT $tatus 

; RO OR R1 I..,OST . 
;RO LOST 

>LEVEL! MOV <MEM>,R 

LDX 
SELMAC 

<MTRO>,:J:J:X~01' ;turn on ~can mritor 
1'10VX t ( MTRO), :t:tX I (11' 
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FUTUREDATA 

+087E 
-+ 7E B870 
+vt~oo· 2301 
+0882 90 
0883 8AOE 
0!.-385 BB04 
0887 2309. 
0889 

+0889 35 
+0!3BA 8A26 
+0B8C 05 
+08BD (H) 

088E 0468 

0890 
0.'3.90 

+0890 
+()890. 
+0890 B820 
+(1.~392 20 
+0893 ~i3F7 

+0895 20 
0896 99F7 
OB98 

+089El 
+0898 
+ '8 B810 
+...-,_, iA 90 
089B 232:3 
089[1 

+089[1 35 
+0~19E 8A20 
+08AO 05 
+00A1 00 

08A2 
+08A2 
+00.-\2 
+08A2 B810 
+08A4 t30 
08A5 D308 

__ 08A7 
+08A7 
+08A7 
+08A7 B830 
+0-9A9 90 

llHAA 
+08AA 
+08AA 
+08AA BB20 
+08AC 80 

ID 
+ ___ I[! 

+0.9AD 
+08AD B850 
+08AF 90 
0880 

ONEF'AS3 

OPMIMD MOVXtMTROt#X'Ol' 
.1"10V RO,t~:MTRO 

MOV At#X'01' 
l"lOVX I~RO ~A 

I 

;RO LOST 
;RO LOST 

;ACC LOST 

;set EVENT QUE#3 
; War'fl'' UP 

"MOV 
t10V 
MOV 
TRAP 

R2,~QUE3 

RJ t •t.JAF.:t·1 
At•TTRP ;set time traP messa9e 

DIS 
ORL 
EN 
NOP 
JMP 
;Scan 
EQU 
ANLI'-1 
SELMAC 

TCNTI 
P2,#X'20' 
I 

;START CRITICAL REGION 

;END CRITICAL REGION 
ONEPASf ;End Sequence TraP 

Moto~ Warm initialize Parameters 

* 
~PORT1)t#X'F7' ;index disabletB3=0 

ANL, <PORT1>,oX'F7' 
OPMIMD ANL,PORT1t•X'F7' ;RO LOST 

;RO LOST MDV RO,ePORT1 
XCH At r~RO 
ANL At #X'F7' 
XCH Atf~RO 

ANL Plt#X'F7' 
LD X. <PAS ) t A ;set Passive mode,No 
SELMAC MOVXt <PASJtA 
OPMR MOVXtPAStA ;RO OR Rl LOST 
MDV ROt#F'AS · ; RO LOST 
MOVX I~RO, A ;LEVELl .MDV CMEM>tR 

"MDV At•WATIND ;wait traP for index 
TRAP 
DIS TCNTI ;START CRITICAL REGION 
ORL P2t•X'20' 
EN I 
NOP ;END CRITICAL REGION 
;LOAD INDEX VALUE-t-180 deg's in COMPARISON REG 
LDX AtCAlH) ;get index High 
SELMAC MOVXtAt CA1H> 
OPRM. MOVXtAtAlH ;RO OR R1 LOST 
MDV ROt•AlH ;RO-LOST 

Par~ms 

MOVX At@RO ;LEVELl OPCODE RtCMEM> 
XRL At#X'08' ;add-180 Deg's 
LDX <CPH>,A ; load comP.reg High· 
SELMAC MOVXt <CPH>tA 
OPMR MOV~tCPHtA ;R(i· OR Rl LOST 
MDV ROt#CF'H ;RO LOST 
I"I"OVX 1~1~0, A ; LEVEL 1 1'10V < 1'1EM > , R 
LDX At CAlL) ;get index Low 

. SELMAC MOVXtA~<AlL> 
OPRM MOVXtAtAlL. ;RO OR Rl LOST 
MOV ROt#AlL ;RO LOST 

·MOVX At@RO ;LEVELl OPCODE Rt.CMEM} 
LDX <CPL>tA ;~oad index ·Low · 
SELMAC MOVXt <CPLltA 
OPMR MOVX,CPLtA ;RO OR Rl LOST 
MDV RQ,•CPL ;RO LOST 
MOVX @ROtA ;LEVELl MDV C~EM),R 
LD <PRGLSTUO),#X'02' ;select Program sequence #2 
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FUTURE DATA 

+0.9BO 
., DO 
_,_,_,.:~Bo· B82A 
+08K? E~()(l:~ 

OBB4 2301 
OBB6 

+08B6 35 
+0ElB7 8A20 
+08B9 05 
+08BA (l(l 

Ol3BB 

SELMAC MOV, <PRGLSTUO),aX'02' -· ---- -
OPMIMD MOV,PRGLSTUO,•X'02' ; RO LOST 
.MOV RO,•PRGLSTUO 
"MDV (£RO.t :t:f: X I 02' 
. J'10V A, •ENDT 
TRAP 

. DIS 
ORL 
EN 
NOF' 

* ** ·1-!- ·!!- ** *·!!-* -~HHHE· 
; SYSY!'-1TBL 

TCNTI 
P2, ;j: X I 20' 
I 

PHNT GEN 
*****-!:(·* lE-*"*•***·li· 
**•!!- *"* * ·lol- *•)(-** ·JE- ** 
; APSYt1TBL 

Pf~NT 

********•lE-:lE·*-M•** 
***·~·*-*****"* l{·** 
;APF'ADD.G 

PRNT .GEN 
* * * -lt· * -li!· -liE·**·)(- -M· ·)(-* * 

END 

;RO LOST 

/ ; END Tr'aP 

:START CRITICAL REGION 

;END CRITICAL REGION 

i 

.. 
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All-! 0010 AlL . 002(1 A2H -0030 A2L 0040 
JRTT 0011 ACK 0006 ACPRG 0032 ACT· 0000 

,.,._, .·r-.cc 001C ACTDIGFL 003[1 ACTEX.t=1R 0033 ADC 0090 
AL1 0020 AL2 0(140 ANSO OOAO AVGOPL 003C 
BCK~.JFm 003[1 BETl\F 003b. BKBUFFO 004E CAN 0018. 
CU~WRD OE52 cm•lt.JOP 0000 CPH 0030 CPL 0050 
DROP I t--.1 002[: :DROPOUT- 002[1 DS1\DD C>EBA DSSUB OECC 
ENDSEQ (i(l19 E:NOT (l(li)j_ EDT 0004 ETX 00_03 
EI/EQUE 0060 FASF; OEBD FMINUS 0£73 FORt·JRK 0040 
FPLUS OE82 FRBUFFO 0044 FRNDOFT OEAF FTRUN OE9B 
I CF'F\G 0031 IDRPIU 0050 -· lDRPOUT 0040 INACTACC 001[1 
INTMSG1 0001 I i'-JH·!!:3G2 0002 INTI'1SG3 000~:3 INTMSG4 0004 
INTi''if:;G5 0005 INTr·1r::G6 (1()06 INTt'1~:JG7 0007 ISTT 0008 
I [..J I NDOW 0003 LACTEXAR OOOA LEVNTC~UE 0020 LPRGLST 0020 
LPf=i:Ct3EfJ 0040 MONI"1E:G1 OOO.i MONI"'!-DG2 0002 MONI"1SG3 0003 
MONMSG4 0004 MOI'm~:3G5 0005 1"10NMS.G6 0006 1"10Nt1SG7 0007 
i"i D N l"t:; G a .oooe t1m~t1SG9 0009 MONF\Ef\MG 0010 MSGBUFF 002F 
t"!SGE~UFT(>. 0042 ·M·TG:Ci 0070 NMC 0015 NEWBETA (1033 
NEH~3LIN 003~:: NUt'ICCWi . oooc NUt1EVQ 0010 NW-'lU~\f I T[-3 0001 
OFFSE'r 0(136 ON£F'N::i 0860 ONEPASl 086B ONEPAS2 OH72 
ONEf·'fiS3 0890 OF'S TAT 001F Pl 0038 P2 0039 
P3 003A PAS 0010 PORT1 0(12(} PRGI,.STAC 002B 
PF\GLSTUO 002A PRGSTf-\T 001E l~U£1 OO(i4 QUE2 OOOA 
QUE3 OOOE RECYCPER ooor- REG0~3 0003 RIRAM 0002 

HF'F<T 0008 RF'Sl·J OOOB -f~UNDLY (l(H)8 F.:UNL I t"f 0070 
1:~_x IO 0006 RXG:r\f'-1 0004 SCHI"1SG1 0001 SCHMSG2 0002 

r·1r;c3 0003 SCH!'-·;::::G4 0004 SHC 0080 SNDnECST 0026 
___ :OI"1MSG 0027 SRF'Ani-'i l 0(l2l:3 SRPARM2 0029 SSUB 0£58 
STT 00~~0 STX 0002 SUNF ·oo3B SUPTf:::F' 0002 
swso 0080 S't'SF~~ES 0001 T11"1Vt'~LH 0025 TII"1VALL 0024 
TRPI·1SG1 0001 -TRPJ"1SC2 0002 TRPM~_:;G3 0003 TRF't"1SG4 0004 
Tr::Pt··tSG7 0007 TRUI'JAOP OEOB TTRP 0009 Uct·1 0067 
UN"!' 0000 URC 006~3 URD 0060 URES OOBO 
UF.:M 0062 USD .. 0064 UST 0061 USY 006!5 
UHM 0066 VE.CTDR 0021 l.JARM 0004 WATA[IC 0043 
HATCOI"1P 0013 l.--JAT IND 0023 ·J.JEVQ OOOA WINDOW 002E 

· WIF:t1M 0003· t·JPRT 000? t·JX I 0 0007 WXRAM 0005 
XMITCHR !)(123 

NO Ef:::f~CJF\S 

. / 
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PAGE .1 
fUTUREDr;TA 

0000 

(1980 

:o 
+li'?'BO 
+0980 
+09BO Bl-370 
+0982 80 

0983·430.1 
09B5 90 

09B6 
09B6 

+(IC_}[~6 

+ )6 
+·-· .• Jc, B810 
-:-09B8 9(1 

(l9B'7 
+09B9 
+09B9 

; RDSNR -

·;FUNCTION: 
{INPUTS~ 

•-
. 
' . 
; OUTPUTS:· 

PRNT GEN 
ORG X I 9BO.' 

~DSNR - Read Sensors 
ALl - Address #lt index Position 
APFLAG- Cin ACTEXAR+O> 

· INDEX DI_SABLE - 0 
CYCLE FF - Passive 
APFLAG - <Bl. first Pass flag) 
NEWBETA - n~w error angle <ACTEXAR+2t +3) 
NEWSUN - ne0 sun level <ACTEXAR+!) 
CYCLE FT ··- Fass i v•: 

-;CALLS: 
;DESTRUYS~ 

;DESCRIPTION~ 

INDEX DISABLE 0 
BET/~~ SUNLVL 
All 
RDSNR - Checks scan ·moto~ warmt then reads 

Pointing error angle <NEWBETA), and 

•., 

RDSNR EQI...I 
LDX 
SELMAC 
OPF-:M 
MOV 

i nso l at ion 1 o:-ve 1 ( NEl..JSUN) • _ S•? t s 
1st Pass flag to 'continuing' before 
..:.>xiting. 

* 
At < t1TRO) 
MOVXtAt <MTRO) 
MOVX I A'· MT.tW 
ROt#MTRO 

;insure scan mtr ON 

;RO OR R1 LOST 
;RO LOST 

t1DVX At I~RO ;LEVELl OPCODE Rt <MEMl 
ORL 
MOVX 

- ·f !. 

-7 

.,.., 
·7. ~. 

At#X'Ol' 
JE!ROt />, 

WAIT FOR COMPARISON ENTER ACTIVE STATE 
ACQUIRE POSITION OF PEAK SIGNAL AND PEAK ANALOG 
LEVEL 
ON NEXT COMPARISON, REENTER PASSIVE STATE 

;DESCRIPTION: BETA sets UP for PEAK DETECTION, Sets Modes, 
ANALOG SELECT= #2 <Photo Djode), BETA Zero's 
SAMPLE/HOLD. CaPacitor, and sets Passive. Loads 
COMPARISON REGISTER ~nd st~rts SYNC COMPARISON 
TRAP, to start--PEAK CYCLE <Active/Passive 
Enabled), Runs Peak .Detection cycle <Ends with 
2nd ComParison Trap), Read Resultst ComP~re 

and Calculate NEWBETAt and calculate New ANTI 

.. 
1 

BETA 

INDEX (Disable Active/Passive CYcle), 

EQU * LDX (PAS) I A ; set· Passive 
S.ELMAC t-'IOVX, (PAS) , A 
OPMR MOVXtPAStA ; RO OR Rl LOST 
MO\-' ROt t!:F'AS ; R<) LCJST 
MOVX I~RO I A ;-LEV£L1 !'10V ( t'1EM) t R 
LDX ( SHC) I A ; Zel~o S/H Cc\Picator' 
SELNAC t-10V X t ( ~3HC) I A 
OP!·1R MO'v'X, SHCr r\ ;RO OR Rl LO!:)T 
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_,_,"lc;;B9 8880 
f.:[: 90 

0'7'BC 
+09BC 
+09BC 
+09BC BBAO 
+09BE 2302 
+09CO 90· 

09C1 8820 
09C3 2303 

0'JC5 AO 
09C6 39 

t)9C7 2313 
09C9 
-~09C9 35 
+09CA 8A20 
-r-09CC 05 
+09CD (H) 

_(l9CE ~~313 

·09DO 
+09DO :-, C" ·:.) ._) 

-l )1 8A20 
~- \_1-l ~~~~ o~; 

+09D4 (H) 

09D5 8820 
09D7 230t-\ 

09D9 AO 
09DA ::!9 

09[1[1 
.+09DB 
+09[1[: 
+09DB B810 
-t:09DD ElO 

09DE [1:308 
O'i'EO 

+09EO 
+09EO 
+09EO 8830 
+09E2 90 

09E:-3 
+09E3 
+09E3 
+ :3 8820 
-f ...... ..::5 80 

09f.6 
+09E6 
+09E6 
+09£6 Bl35(i 

MDV . ROt#SHC .;RO LOST 
MOVX @ROt~ ·;LEVELl MDV <MEM>tR 
LDX <ANSO)t#X'02' ;Photo Diode InPut 
SEU·1AC MOVX I ( ANSO) t #X I 02 I 
8PM I 1'1D. 1'10V>; t ANSO t #X I 02 1 

; RO LOST 
1'10\' .. 
MOV 

.t10VX 
Hov 
MOV 

MOV 
, C:UTL 

; l_o,IC:\ i t 

MOV 
TRAP 
DIS 
ORL 
EN 
Nop· 
; 1.o.1a it 
MDV 
T'RAF' 
DIS 
ORL 
EN 
NOP 
1"10\J 
1'10V 

F\0, t:=r'\t.JSO 
At#X 1 02 1

. 

@F.;O t A 
ROt ~*PORT 1 
At #X I 03'. 

IERO t f1 
PitA 

.. ·::-

;RO LOST 
;ACC LOST 

; load P1 and PORT1 
;BO Cycle Enable=! 
;81 S/H mode=l Peak 
;82 AL2 LOAD MODE=O 
;B3 Index Disable=O 
; l Oc\d PORT 1 
:outPut it 

for ACTIVE state 
At i:i:WATCOI'"1F' 

TCNTI ;START CRITICAL REGION 
F'2t :f.tX'20 1 

I 
;END CRITICAL REGION 

for PASSIVE .state 
At#WATCUMP :ComParison traP for 

TCNTI 
P2t:UX'20' 
I 

ROt tWORT1 
At"*X 1 0A 1 

;PeaK D•?tection 
;START CRITICAL REGION -

;END tRITICAL REGION 
~ D i s.::\b l ~'? C.Yc: l e 
_; BO CYcle Enab l e=O 
;Bl S/H ~ode=! P0ak 
;B2 AL2 LOAD MODE=O Peak 
;B3 Index Disable=! 

=M6V @ROtA ; load PORT! 
OUT:.. Pit A 

;LOAD INDEX VALUE+180 de9 1 S in COMPARISON REG 
·LDX At (A!H) ;get index High 
SELMAC MOYXtAt <A1H> 
OPRM · MOVX,AtAlH . ;RO OR Rl LOST 
MOV ROt"*AlH ;RO LOST 
MOVX At@RO 
XRL 
LDX 
SELMAC 

At~*X 1 0B 1 

< CP~O, A 
MOV X t ( CPH > , A 
1'10V X , CPH 1 /1 

· ROt :t-~:CPH 
OF'i'iF\ 
I"IOV 
1'10VX 
LDX 

I~!ROt A 

SELNAC 
OPRM 
t10'v 

At.CA1L> 
1'10VX, -'~, <AlL> 
1'10VX, l\1 AlL 

I'"'IIJVX At I§H(l 

LDX ( CPL) t A 
S.ELMl\C MOVXt < CF'L) t A 
OPMF: MO'v'X, CF'L t l1 
1'10V ROt:~:tCPL 

;LEVELl OPCODE Rt <MEM) 
:add 180 D>?9 1 S 

; load comP re9 Hi9h 

;RO OR Rl LOST 
. ; RO LOST 
;LEVELl MDV CMEM),R 
; get . index Lo~•.l 

;R(l OR Rl LOST 
;RO LOST 

;LEVELl OPCOUE Rt IMEM) 
; l oacl i nclex Lo1 .. .1 

.- ; RO OR F\1 LOST 
;RO LOST 
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FUTUREDATA --------

+09E8 90 

·-· '.:..9 5428 

09EB 
+09EB 
+09EB 
+09EB 8833 
+09EL1 AO 

09EE 18 
09EF FB 
09FO AO. 
09F1 CB 

09F2 
. -f·09F2· 
+09F2 
+09F2 B836 
+09F4 r-o 
09F5 97 
09F6 F7 
09F7 AB 
09F8 27 

9 Et,FC 
·J3 37 

09FC AA 
09FD-B802 
09FF [:90:~ 

(1,•;01 . [1482 
OA03 £!833 
OAO~; D482 

OA07 
OA07 

+0A(l7 
+0A07 
-J-Oo<-'\07 B890 
+0A09 90 
0f~0A 2343 

\oAoc· 
+OAOC' 3 ::; 
+ClAOLI HA:2U 
+OAOF 0~5 

+ Ol\ 1 0 00 
OAl.t 54:28 

3 8[1.03 
OA15 ::J(l 

(l/\16 ~;:_:;f" 0 
(!AlB CcdC 
OA1A BBFT 

, M·ovx 13i!FW t A 
;CONVE~T TO· RELATIVE POSITiON 

CALL SUBMATH 

LD·· CNEWBETA>,A 

. ;LEVELl MOV CMEM),R 

:calculate rel. Position. 
· ; AL2 r1li nus ALi 

·: ACC=B15-B8 
:R3=88-BO 
; stor·e 815-88 

.-SELMAC f"HJV, < NEWBETA), A 
DPMR MOVtNEWBETAtA 
1"10V RO, •NEWB.ET A· 
MOV @f;:o, tt 
INC RO 

l"lOV A,R3 
MOV (~ROt A 
[rEC FW ._.,. 
:ADD POSITION OFFSET 

;RO DR R1 LOST 
;RO LOST 

:LEVELl MDV <MEM),R 

;get B8-BO 
; stor·e NEWBETA+1 
; l~e.s t m··o? RO 

;ConVert 1/4(1/!0)Deg's to 1/16(1/10)[1eg's 
LD At<OFFSET) 
SELMAC MOV,At (OFFSEi> 
OPRM · MOVtAtOFFSET ;RO OR Rl LOST 
MDV ROt#OFFSET ;RO LOST 
MOV. At@RO ;LEVELl OPCOOE Rt~MEM> 
CLR C 
RLC A 
MOV' R3tA 
CLR A 
JNC *+3 
CPL A 
MDV R2tA 

. 1"10V RO, #2 
·MDV R!,:tt2 

CALL FPLUS 
MOV RO,#NEWBETA 

· ~Ct\LL FPLUS 
;CONVERT.~EAK LEVEL TO DIGITAL 
SUNLVL EQU * 

LDX <ADC>tA 
8EU·1AC 1'10V X , ( t\DC) ' A 
OPMR MOVX,ADCtA 
MOV RO; :l:tADC 
MOVX I:§!F\Ot A 
MOV A,oWATADC 
TRAP 
DIS TCNTI 
ORL P2t#X'20' 
EN I 
NOP 
CALL SUBMATH. 

;times 2tsave sign 
;save it 

; addr·. R2 
; add1~. R2 
·; t i mE-s2 = t i r!'1es4 

;NEWBETA+4<0FFSET> 

:start A/D conversion 

; RO OF< Rl LOST 
;RO LOST 

;LEVEL! MDV CMEM),R 

;wait for END ADC 
;START CRITICAL REGION 

;END CRITICAL REGION 
;calculate ADC value 
;AL2 rfrinus ALl 
; ACC,;B15-Bl:3 
;R3=DB-BO 

;DELETE Nibb l •:?S (l 

I'IOV. ROt ~"'x ·· 1.')3" 

and 3,Restructure to· 1BYte 
; adell"', R::l 

I 

XCHD A, J::~l:;:o ;R3=ValueNibblesReversed 
ANL At~X'FO' :delete LoNibble 
JZ SUNLI.IL1 
MOV R3t *~X IFF' ;Overflow set value=FF 
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OA1C 
1C FB 

- .. 1D-· 47 
OA1E 

+0A1E 
+0/\1£' 
+0A1E 
+0A20 
0.~21 

01\23 
+0A23 
+0A24 
+0A26 
+0A27 

OA28 
OA2E' 

+0A28 
-~c).6..2E} 

BB35 
(;(l 

2~301 

35 
El/:,20 
05 
(H) 

+0A213 .8820 
+OA:;u~ [10 

- . 2B 47 

~C AA 
OA2D 

+0A2D 
+0A2D 
+0A2D 
+0A2F 

Ot--.30 
OA31 
(JA33 

OA34 
OA35 
OA36 
OA37 
OA38 

B810 
80 

.4•7 

8802 
~J(l 

37 
2A 
~~·.~ 7 
AB 

+oA38 
,..OA::iF~ 

+t)A38 B830 

0;\3B 47 
OA~·3C ~!9 

OA3D 
+Of.\ 3D 
+0M3D 
+ .-.. 1[1 [(fl40 

-·:· 3F BO 
OA<~O · 47 
0;.-~41 B801 
OA4::l 80 
(l,<\44 9 7 '/ 

EQU 
i10\J 
St~AP 
LD 
· SEU·1AC. 
OPMR. 

· 1"1dV 

* At F\3 
A 
<NEWSUN>tA 
-~10V I ~ ~JH~S~N) , A I 
110V I NE.l.JSdN! A I 

RO,#NEWSUN 

;ProPerNibbleAJignment 
>store it 

> FW OR. Rl LOST 

MD'·./ :JRO I A 
;RO LOST 

>LEVELl MDV <MEM),R 
;end TRAP 1"10V A I ~*ENDT 

TRAP 
DIS 
ORL. 
EN 

-NOP 

TCNTI 
P2,*!:X'20' 
I 

;START CRITICAL· REGION 

;END CRITICAL REGION 

i. 
I 

;SUBROUTINES 

SUBNATH 

;CALCULATE PEAK POSITION RELATI\..IE TO INDEX· 
;Subtract Peak-Index <AL2-AL1) 12 bits 
;afte0 nibble moves 
EQU * 
LDX A,(AlL) · 
SELMAC MOVXtAt <AiL> 
OPRM MOVXtAtA1L 
1'10V' RO,=I*A!L 
MD\' X At @RO 
SWAP A 
MOV R2tA 
LDX At <AlH) 
SELMAC MOVX,A, CA1H> 
OPRM 
MOV 
1"10VX 
SWAP 
~10V 

XCHD 

CPL. 
XCH 
CPL 
t-lOV 

MOVXtAtAlH 
ROt ~*AlH 

A, (~RO 
A 
RO,#X'02' 
At!E!RO 

A 
AtR2 
A 
R3tA 

LDX At ( ,t.)2H) 
SELMAC MOVXtAt <A2H) 
OPF;r1 i1DV x, ,:, , A'2H 
NOV ROt=~*A:2H 

MOVX At •~RO 
S~~AP A 
MDV Rl,A 
LDX At <A2L> 
SELMAC MOVXtAt (A2L> 

. OPRM MOVX,A;A2L 
t10') ROt ti:A2L 
NOVX Atl!mO 
SW1~P A 
1'10V 

· XCHD 
CLR 

ROt#X'01' 
At@RO 
c 

1 9E:· t i.nd•?X l o•.•.• 

1 RO OF\ F:1 LOST 
;RO LOST 
;LEVELl OPCODE Rt <MEM) 
;reorder bYtes and nibbles 

· ; RO OR Rl LOST 
;RO LOST 

;LEVELl OPCODE R, <MEM> 
:reorder bytes and nibbles 
; addi~. R2 
:swaP low nibbles AtR2 
;A=High BYtetR2=Low BYte· 
;A=l'sCPL Hieh Byte 
;A:Low BYtetR2=1'sHigh BYte 

;R3=1's CPL Low BYte 
; get PEl\K high 

; RO OF;: R 1 LOS'r' 
;RO LOST 
;LEVELl OPCODE Rt <MEM> 
;reorder bYtes and nibbles 
; sav•? it 
; get PEAK l o•.~.1 

:RO OR Rl LOST 
; RO LOE)T . 

;LEVELl OPCODE Rt <MEM> 
;reorder bYtes and nibbles 
; add,-·. R 1 
;A=LoBYtetR!=HiBYte 
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OA-4"5 A7 
11<\46 7B 

47 AB 
(.l,<."\48 F9 
OA49 7A 
o.~4A 83 

OA4B 

·cPL. 
ADDC 
.MOV 
-MOV 

.· .. AtiDC 
· · RET 

*-*·*-=***~'{!•***'*** 
;SYSYMTBL 

c 
A,R3 
R3,A 
AtRl 
AtR2 

PRNT GEN 
'*'*'**'*'***'*'* :~·*** 
·lH!--Xo ·>HHHH•<- -ll{--):;· ~-* -1-: X-

;APSYMTBL 
PRNT GEN 

**-K ·X·**~-**·IE-*·*** 
***.j(·,'!-*-l>:**'*·*·l!-iE-ii· 
;APPADD.G 

F'RNT GEN 
******•*·******·lE

Et'-!D 

, 

/. 

/. 

;C=l for 2's CPL add 
· ; AL2-AL1 I o•.•f 

;R3=LoBYte Differ~nce 
.. ; '3t?t HiBYtt? 

;A=HiBYte Dif1erence 
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AlH 001(1 AlL 0020 A2H 0030 A2L 0040 
'- r.··'')F::TT (1011 ACK 0006 A C F'F\G ---- 0032 .ACT (1(10(1 

r,f\CC (H) j_ C ACTDIGFL oo:-3D ACTEXAR 0033 ADC 0090 
ALi 0020 AL2 (1(14(1 ANSO OOAO AVGDF'L 003C 
BCKWRK (1(13[1 BETA ·o9B6 BETAF / 0036 BKBUFFO 004E 
Ct-'\N 0018 CLRirJRD OE52 COt1NOP ( 0000 CPH 0030 
CPL 00:50 DROF'II'J 002C DROPOUT (1(12[1 .DSADD OEBA 
DSSUB OECC ENDS£0 001.9 ENDT 0001 EDT (1(1(14 
ETX (1(1(1~:3 EVEQU£ 0060 FASR ! 

(1£8[1 FMINUS OE73 
FOR~JFIK 0040 FPLUS OE82 FRBUFFO 0044 FT-:NDOFF OEAF 
FTRUN OE9H ICF'RG (1(131 I DRP I f'.J 0050 IDRPOUT 0040 
I N,~,c:;TACC 001[1 INTI'iE:G_1 0001 INTI'1SG2 0002 INTt-1SG3 (1(1(13 
INTMSG4 0004 INTW)G5 0005 INTI"13G6 0006 INTI"1SG7 0007 
ISTT 0008 I ~.J I NDOW 0003 LACTEX.CiF: OOOA LD/NTQU£ 0020 
LF'RGLST 0020 LF'RGSEQ 0040 1"10Nf"1~)Gl 0001 1'10NI"1SG2 0002 

. MONME:iG3 0003 MON~'iSG4 0004 MONMSG~;. (1(1(15 MONME::G6 0006 
MONMSG7 .0007 1"10NI"1SG8 0008 1'10Nt1SG9 0009 l'lONRESMG (1(11(1· 

.1"1SGBUFT 002F' 1'1SGBUFTO (1(142 MTRO 0070 NAl{ 0015 
NEWBET/:0.. 00:33 NEl.JSUN 0035 NUNCOI'1 OOOC NUI'1EVQ 001(1 
NUMUNITS 0001 OFFSET 0036 OPSTAT 001F P1 (1(138 
P" ..:.. 0039 P3 003t-\ PAS 0010 PORT.:t (1(12(1 
PF\GLSTAC 002B F'RGL.:3TLJO 002A PF\GSTAT 001E QUE1 0004 
c~U£2 OOOA Gii..J£3 (1(1(1£ RDSNF:;:- 09BO RECYCF·ER OOOF 
REG0:-3 0003 RIFUV'I (1(1(12 RPRT oooa .RF'SW 0008 
RUNDLY 0008 I~UNLIM 0070 RXIO 0006 RXRAM 0004 
SCI-·If"!SG1 0001 ·SCHt,iSG2 (1(1(12 SCHMSG3 '0(H)3 SCHMSG4 0004 
Qi-lf~ 0080 SNDHECST 0026 SRCOt·11'1SG (1(127 SRPARM1 0028 

ARM2 0029 SSUB OE~;a STT 0050 STX 0002 
!3UHMATH OA:~'28 i3UNF ·(H)3B SUNLVL OA07 SUNLVLl OAlC 
SUF'TF::F· (l(H)2 swso (1(18(1 SYSREt! (1(1(11 T I 1'1'vM .. H 0025 
TIMVf-\LL 0024 THPt·lSG.:t ooo·l TRPMSG2. 0002 TRPMSG3 0003 
TRF'N~3G4 0004 TRF'!'1EiG7 (1(1(17 TF\UNA[:F' OEOB TTRP 0009 
UCI'1 (1(167 UNT (10(10 URC· 0063 URD (1(16(1 

URE:S OOBO UFo:M (1(162 USD OOf.:-.4 LIST 0061 
USY 0065 UWM 0066 VECTOR 0021 WARM 0004 
WATADC 0043 WATCCI1'1P 0013 WATHJD 0023 ·WEVQ OOOA 
WINDOW 002£ W IRAI"l 0003 WF'RT 0009 WXIO (1(1(17 
WXHl1i'l (1(1(15 XMITCIIr\· .0023 

NO ERRORS 

. ~ 



0000 

OBDO 
08DO 
0[',[12 
---~[14 

~15 

08D{J 
08[17 
(18[16 

- (l8[IC/ 
08DB 
08DC 
08DE 
08EO 
08£2 
08E4 
(J.3E6 

PAGE 1 
8048 ASSEMBLER V02 ------------------~------------- FUTUREDATl~ 

B935 
B82D 
FO 
97 
67 
C:7 
61 
E~ (."~,£:~ 

Fl 
(l:340 
E6E6 
BHT 
Bi3T3 
[14~;2 

;FILTERS 

PF:NT 
ORG 

;PROCEDUHE~ 
;INPUTS: 
;OUTPUTS~ 

;CALLS~ 

7DESTF.:OYS~ 
;DESCRIPTION: 

, -

7· 

FL TSt.J 

FLT:3W1 

FLTSW2 

EQU 
MDV· 
MDV 
l'lDY 
CLR 
F\:RC. 
CPL 
ADD 
JNC 
1'10V 
ADD 
JNC 
MDV 
MOV 
CALL 
EOU 

....... 

: : .. 

·GEN 
X'8DO' 

12-19-80 

FLTSW- Filter switc~ 
NEt-...ISUN 
NEWSUN <- FF hex, 

if CO hex < NEWSUN 
NEWBETA <- 0000 he~' 

if .CO h•?X NEWSUN < 1/2 DROPOUT 
NOl"H? 

ACCt r::o; R1 -
If the insolation level is greater than CO 

·CO hE· X 01~ less them 1/2 t h.:· DROPOUT VALUE, 
don't drive the filter. The ADC is set so 
there is riever an insolation level greater 
than CO hext for ~alues greate than CO hex 
set NEWSUN equal to FF hex to indicate an 
ovel" f I o•.•.1. 

-lil· 

R1, :~:~:NEWSUI'-J 
RO, *~DROPOUT 
A' I~RO 
c 
A. 

A 
Atf5!R1· 
FLTSl..J1 
At I:§!R1 

;get DROPOUT 

;A=1/2 DROPOUT 
71's CPL 1/2 DROPOUT 
;NEWSUN-1/2 DROPOUT-1 
;NEWSUNCi/2 DROPOUT 
; •3e t NEl.JSUN 

At#CO-X'CO' >.AND.X'OOFF' 
FLTSW2 ;SUNF<CO hex,ho overrange 
I~FU' :t:•X IFF' 
RO, :ttNEl.JBET A 
CLR!--JF.:D 

* 

;overrange NEWSUN <- FF hex 
71/2 DROPOUT<NEWSUN< CO hex 
;NEWBETAC-0 (2 bYtes) 
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;PROCEDURE: 
; INPUTS: . 
; OUTPUTS; 
;CALLS: 

;DESTROYS: 
; DESCF\ I PT I ON: 

; . 
. 7 

; 

·' 

, ' 

BFILTER- Filter for BETA ·<error angle) -- --··------ . -
NEWSUN, NEWBETA, BETAF, Plt -p2, P3 

_BETAF, Pit P2t. P3 
· FPJ.US, DSADD, DSSUB, FASR, FRNDOFF, 
FTRUN, TRUNADP I 
All i 
BFILTER- Perfdrms a·3 Pole, 3 zero low Pass 
· f i I t •?l~ on inPut NE.~JBETA and f i I t e1~ Par'af!'re t •:::·i~s. 
Plt P2t P3 and generates outPut BETAF. 
FILTER EQUATION:. 
YCZ)/X(Z>=Y<Z>W<Z>IW<Z>X<Z> 

3 .2 
.1 

* ---------------
16 3 2. 

Z 1.5Z +'Z-.25 
WHERE: 

-1 -2 -3 
W<Z>=XCZ)+1.5WCZ>Z -W<Z>Z +.25WCZ>Z 
ANDt 

-1 -2 -3 
16Y<Z>=W1Z>+W<Z>Z +W<Z>Z +W<Z>Z 
BETAF=1/16YCZ) 
EXPRESSING ALL VALUES RELATIVE TO BETAF: 
PI=CNEW~ETA-BETAF>. 
W<Z>Z=WCO)=F'O+BETAF 

-1 
W<Z>Z =F'l+BETAFCZ> 

WC2)Z =F'2+BETAFCZ> 
-3 

W<Z>Z =P3+BETAFCZ) 
P0=1/4PI+1.5P1~P2+1/4P3. 

-1 
D=BETAFCZ)Z-BETAF<Z>Z ,DisPlacement 
D=1/4CPO+Pl+P2+P3> 

-·1 
BET~F<Z>~BETAr<z>Z +D 

-1 
P3<Z>=P2<Z>Z ~D 

-1 
P2CZ>=Pl<ZlZ ~D 

.. -1 
P1CZ>=P6<Z>Z -D 



08E6 

08E6 
o·e.Ea 

" , . ., 
.... \ ......... ~C 
08EE 
08FO 
08F2 
OBF4 
08F6 
08F8 
08FA 
08FC 

OBFE 
0900 
(1902 

0904 
090.!::. 

. 090[~ 
090A 
090C 
090E 
0910 
0912 
0914 
(-. 6 

09J.B 
(lCJ 1 f.i 
091C 
091£ 
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B8:.:j3 
8936 
[1473 
B93C 
D40D 
B93A 
D4E:A 
D4HD 
[1938 
D4BI\ 
D4BD 
D4AF 

D4B.~ 

B9:-39 
D4CC 

B902 
[1.:-1-98 

F.l938 
D4BA 
B'73·? 
D4BA 
B93A 
D•tBA 
D48D 
D4BD 

D4AF 
D903 

I 
[1498 
f)El36 

•· 7· .. 
7 

. . . 
. , . 

~--------------~----------~----------

! ·---~------------~--------
! ! 
! ! 
! ! _:.._ __ . __ _:.:.....:_..:. !'1. ~! ! -1 ! ! • 25! 
! ! ! 

·vvv A A 

X-> ! SUM! .... *-> ! Z < -1 > ! -*- > ! Z < -1> ! -*- > ! Z ( -1 > ! -·*- > ! SUt1!- > Y 
! ~JO ----- ! Wl ----- ! W2 ----- W3 

! 
! 

Y->!1/16!->BtTAF 

! A A A 

I ! ! ! 
l -~-..:. __ .,.: _______ ! ! 

---------------~--~------- ! 

BFILTER EQU * 7CalculCJ.te PO 
7Do.fractional math 

MOV. 
t·10V 
CAI..:L 
MOV 
CALL 
MOV 
CAL( 
CALL 
MOV 
CALL 
CALL 
·CALL 

RO,:f:I:NEWBETA 
R1,nB.ETAF 
FMINUS 
R!J:~tAVGDPL 

TRUNADP 
R1,:tJ:P3 
DSADD 
FASR 
Rlttl:P1 
DS.~DD 

FASR 
F'RNDOFT 

;Do integer math 

;PI<NEWBETA>=NEWBETA-BETAF 
;adaPtive truncation Parm • 
; TJ~u nc at.:-

7add F'3 
;div by 2t=l/2PI+l/2P3 

;add Pl 
; d i v t..1_'/ 2 

·; <R0>=1/4F'I+.5P1+1/4P3 

CALL· DSADD ;~dd P1t=l/4PI+1.5P1~1/4P3 
MOV . R1,ttP2 
CALL DSSUB ;sub.P2t=1/4PI+1.5P1-P2+1/4F'3 
7PO=l/4F'I+l.~P1-~2+114P3 
MOV Rlt#2 .·;temP. R2 addr. 
CALL FTRUN _;truncate R2=POt -128<PD<+127 

;Calculatl? BETAF' 
MOV Rlt*~=Pl 

CALL DSADD 
MUV Rl t :tr.F'2 
CALL DSADD 
MO'v' Rl, #F'3 

-CALL DSADD 
CALL FAf:m 
CALL FASR· 

CALL FRNDDFF 
MOV R1 t. *1=3 
C.4LL FTRUN 
MOV RO,#BETAF. 

;add P1 

;add P2 
.. 

fadd P3 
; eli v, bY 2 
; <R0>=1/4(P0+P1~P2+P3> 
;ctisPiacemerit value 
; l~ound off va I u•:-
;-temP R3 add1~. 
_;truncate R3=D, -128(F'0<+127 



Ofi20 

I'")'? ..... · ,_.._ 

0924 
0926 
0927 
. 0928 
092A 
092B 
092C 
092[1 

092E 
0930 
0932 
0934 
0936 
(lCJ3.S 
093A 

093C 
.. 093D 
+093[1 
-H)93D 
+093[1 
+093F 

40 
; . ,. i 

0942 
0943 
0945 

-(l946 
0947 
0948 
0949 
094;<\ 
094B 
094[! 
094£ 
094F 
0950 
0952 
0953 

., 

. . 
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D4BA 

B93A 
8839 
FO 
Al . 
B938 
Fl. 
AO 
FA 
Al 

B903 
B83/'l 
[1458 
f!839 
[145.3 
Be;38 
D458 

8'--·-· 

B83C 
FO 
F7 
FO 
67 
E646 
9r: 

·-· l'IA 
FB 
F7 
FB 
!-.::,7 
E64E 
8~; 

7A 
9~5 

B653 
17 
AO 

CALL DSADD 
; Pel~ form time correlation 

MOV Rl1#P8 
MDV RO, t~P2 
MOV At (~RO 
MOV r:§!Rl t A 
~10V R 1, :i*P 1 
MOV f1t IE!FU 
MOV r~ROt A 
MOV AtR2 
NOV @R1, A 

jBETAF<O>=BETAF<l>+D 

; RO=P2, R1 =F·3 · 

;P2->P3 . 
;Rl=P1tRO=P2 

;P1->P2 
1 9•?t POt R1=F'1 
;PO->Pl 

;Rereferance Pn's 
t10V 

t 0 CUl"Teil t 
Rlt:t:t3 

BETAF 
;R3=DISPLACEMEN'f 

MDV 
CALL 
MDV 
CALL 
MDV 
'cf'\LL 

ROt :t~:P3 
SSUB 
ROt*~=F'2 

SSUB 
ROt *~Pi· 

;single preci~ion SUB 

;single precision SUB 

SSUB ; s i nsl e Pl~ec is ion SUB 
. -;Caucu late nr::-w 

CLR 
averaged disPl~cement value AVGDPL 

LD 
SELMAC 
OPRr1 
1"10\' 

FO ;FO=O no roundup 
A, ( ;~VGDPL) 

. MOV t. A, ( AVGDPL) 
t·10V, 1\, AVGDF'L ;RO OR Rl LOST 
ROt:H:AVGDPL ;RO LOST 

MO'v' /", (~!RO ;LEVELl OPCODE Rt <MEM) 
; sav•? sign RLC 

MO'-..l 
RRC 
JNC 
CPL· 
MDV 
MOV 
RLC 
t10V 
RRC 
JNC 
CLR 
f'IDDC 
CPL 
JFO 
INC 
MOV 

A 
At r:qRO 
A 

->!-+3 
FO 
R2t 1':.o 

AtR3 
1\ 
AtR3 
A 
*+3 
FO 
AtR2 
FO 
*+3 
A 
I~ROt A 

;get AVGDPL 
;div by 2 
; no POLtndu P 

;set rounduP fla9 
;save 1/2 AVGQPL 
;~et DisPlacement 

; saVE." s i 91'1 

;get DisPlacemen1 
. fdi V bY 2 

;rounduP in ADDC1 no FO 
;add Prior rounduP, if ·anY 
;F0=1 no l~OL.tndUP 

; no i~oundLtP 
. ; FO r·ouncluP 
;store it 
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09~;4 

0954 
i-0954 
+09~·.:.1 
i-0954 B835 
t-0cr~;6 FO 

(Yi57 37 
0958 C698 

(>95A en 
0958 B93D 
.•. ,.._~,[! 

+ ;[I 

+09~5[1 

+095[1 B83B 
f.09~5F FO 

0960 .F7 
09.'-:-1 f.~, A 
0962 27 
0963 F7 
0964 :2A 
0965 F7 
0?66 AB 

-0967 FA 
0968 F7 
0969 AA 
O':U:JA A1 
096B 19 
096c· 

+096C 
+(>96C 
t-096C BB42 
+096£ FO 
o9t.r ::,::-JF"C 
0971 30 
0972 . ~;30~! 
( .. , . .,...,,~ 48 
( r::-

·-· ·AB 
0976 A1 
0977 C9 

0978 B802 

' . 

;PROCEDURE; 
;INPUTS; 

SUNFLT - Averase sun level 
NEWSUN - New value 
SUNF - Old valu~ 

: 7 
; OUTPUTS: . 

MSGBUFFO B!,BO = SUNF B<-l>tBC-2> 
SUNF - Averased insolation level 
MSGBUFFO BltBO = SUNF BC-l>tBC-2> . ; 

;CALLS: F ASH I FPLUS. 
· ; DESTROYS:· · All 
· ; DESCF\I PT I ON: FiJter is YCO> = 314 Y<l> + 1/4 X 

Wher~ 1 X - Preserit inPut 

SUNFLT tQU * . • 
; Don't . f i 1 t •::·r if NEWSUN > CO he:x. 

LD At CNEWSUN) 
SELMAC MOVtAt <NEWSUN> 

Y<O> - Present outPut 
Y<l> - Past outPut 

OPRM MQV,A,NEWSUN ;RO OR R1 LOST 
. ··MDV RO,#NEWSUN ;RO LOST 

MOV At@RO ;LEVELl OPCODE Rt <MEM> 
CPL A 
JZ SUNFLT1 ;NEWSU~ > CO hex• errur 

;Assemble ~omPlete SUNFt in R2t3 and BCKWRK 
CLR · C 
MOV Rlt•BCKWRK 
LD At < SUNF) 
SELMAC· MOVtAtCSUNF) 
OPRM MOVtAtSUNF ;RO OR R1 LOST 
MDV RO,~SUNF··- ;RQ LOST 
MOY A,@RO ;LEVELl OPCODE Rt <MEM> 
RLC A 

·.MDV R2t A 
-CLR A 
-RLC A 
XCH AtR2 

. RLC A 
~: 1'10V R3t A 

MOV AtR2 
RLC A 
MOV R2tA ;R2t3=ASL (2) SUNF 
MOV IP.Rl, A 
INC Rl :Rl=BCKWRK+l 
LD At <MSGBUFFO> ;se~ SUNF B<-l)t <-2) 
SELMAC MOVtAt CMSGBUFFO) 
OPRM. MDVtAtMSGBUFFO ;RO OR Rl LOST 
MDV . ROttiMSGBUFFO ;RO LOST 
MDV At@RO ;LEVELl OPCODE Rt <MEM> 

. ANL A, #X' FC' · 
XCHD A,@RO ;clr B!,O-
ANL At#X'03' ;B(-l)tBC-2) onlY 
ORL AtR3 
I"IOV 
t10V 
DEC 

;Calculate 3*SUNF 

R3, ;.\ 
i:§!Rit A 
Rl. 

MOV ROt#2 

.;R2t3=SUNFtB7-B(-2) 
;BCKWRK~SUNF,B7-B<-2>. 

· ; R1 =BCKl.JRK 

·; addr R2t 3 
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097A [14(:32 
'7C [14£:\2 
17£· D48D 

098(1 [148[1. 

0982 B935 
(1984 F.t 
0985 6B 
(1986 AB 

0987 B942 
09B9 5~-Jc)3 

09HB 41 
098C ::.l1 

098[1 27 
098E 7A 

- 098F .AA 

099(1 [148[1 
0992 D4BD 
0994 Ffl 
0995 

+099~; 

+099t; 
+099 ~. H83D 
-l ---·::n AO 

78 

0998 2301 
099A 

+09f-/(.:; ~j!) 

+0'7'9B 8A20 
+099[1 05 
+099£ (I (I 

099F 

CALL FPLUS 
__ CALL. FF'LUS 
CALL FASR 
CALL FAf.JR ; R2_, 3=3-lE·SUNF 

;Calculate 3*SUNf+NEWSUN 
MDV R1,:~:~:NEWSUN I 
MOV AtiE!R1 1 

; get NEWSUN 
ADD AtR3 
MDV R3tA I 

; Load r"::-•.•.r SUNF 8 ( -1 >, ( -'2) in MSGBUFF B1t0 
MDV R1t•MSGBUFFO ·-
ANL- At #X I 03' ;B(-1), (-2> onlY 
iJRL Ati~Rl_-.-
XCHD A,@R1 ;store B<-1>, <-2> 
;Add carrY to SUNF B7-BO 
CLR A j 

ADDC 
MDV 

;Calc•-tlate 3/4 
CALL 
CALL 

A,R2 
R2tA 

SUNF.+l/4 
FASR 
FASR 

MDV At F~3 

NEl-JSUN 

LD < SUNF) , A 
SELMAC MOV,(SUNF>,A 
OPMR MOVtSUNFtA 
MDV RO,uSUNF 
MDV @iOtA 

SUNFLT1 EQU -*· 
; End of r.-.odu l•::

MDV 
TRAP 
DIS 
ORL 
EN 
NOF' 

***-li-·**-l(•***"*'*·** 
;SYSYMTBL 

At#ENDT 

TCNTI 
P2t#X'20' 
I 

F'RNT GEN 

**********~"**•* * *** -!'!· * -~ -~- ·!(· ·)l- '*" * -~ *. 
; APSYI"ITBL 

PRNT GEN 
**"*****•*•****** . 
* ** *** * * * -)i· -)!- -)!- ** 
;APPADD.G 

F'RNT GEN 

END 

-,. 

;R2t3=1/2NEWSLIN+3/2SUNF 
;R2t3=1/4NEWSUN+3/4SUNF 

;RO OR Rl LOST 
;RO LOST 

;LEVELl MDV <MEM>,R 

;START CRITICAL REGION 

;END CRITICAL REG.ION 
.. 

----..:..---
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A1H 0010 AlL 0020 A2H 0030 A2L 0040 
JRTT 0011 A-CK 0006 AtPF\G 0032 ACT- 0000 
fACC 001C ACTDIGFL 0(>3[1 ACTEXAR 0033 ADC 0090 

ALi 0020 AL2 0040 ANSO OOAO AVGDPL 003C 
BCKl.JRK 003[1 BETAF 0036_ BFI-LTER o"8E6 BKBUFFO 004E 
CAN 0018 CLmJF:D (l£52 COMNOP 0000 CPH 0030 
CPL 0050 :DROPIN 002C DROPOUT 002D DSADD ()EBA 
DSE)UB OECC ENDSEQ 001'-/ ENDT 0001 EOT 0004 
ETX 0003 EVEQUE- 0060 FASR OE8D FLTSW 08[10 
fLTSl..J1 08E2 FLTSW2 08E6 fMINUS 0£73 FORWRK 0040 
FPLUS OE82 FRBUFFO 0044 -· FRNDOFF OEf~F FTRUN OE98 
I CPF;b- 0031 IDF\PIN 0050 IDRF'OUT 0040 INACTACC 001D 
INTt1SG1 0001 INTMSG2 0002 INTMSG3 0003 INTMSG4 0004 
I NTt-1SG5 0005 INTM~;G6 0006 INTMSG7 0007 ISTT 0008 
I WINDOW 000.3 LACTl~XAR OOOA LEVNTQU£ 0020 LPiiGLST 00.20 
LPRGt.:Ec~ 0040 t10NMSG1 0001 MONMSG2 0002 MONMSG3 0003 
t10NMSG4 -0004 MONMSG5 0005 MONI'-1SG6 0006 MONMSG7 0007 
1'10NME:c;8 0008 Mm~!·iE:G9 0009 MONF:E:::IMG_ 0010 MSGBUFF 002f 
MSGBUFFO 0042 l"lTRO -0070 NAK 0015 NEW BETA 0033 
NEI-JSUt\1 0035 NlJMCOt1 oooc NUMEVC..:l 0010 NUMUNITS 0001 
OFFSET 0036 OPST,.'IT 001F Pi 0038 p? ·- 0039 
P3 003A. PAS 0010 F'ORTl 0020- F'r~GI.,.STAC 002B 
F'RGLSTUO 002A F'RGSTAT 001£ QU£1 0004 QU£2 OOOA 
QU£3 OOOE RECYCF'ER OOOF REG03 0003 RIFMM 0002 
-RPRT 0008 RF':3W OOOB -RUNDLY 0008 RUNL !1·1 0070 
RXIO 0006 RXF..:At1 0004 SCHI'1~~G ~- 0001 SCHMSG2 0002 
---·IMSG3 0003 SCHMSG4 0004 SHC 0080 SNDRECST 0026 

:Qf'"it·1E:G 0027 SF\P/'F~f11 ·0028 SRF'AF:M2 0029 SSUB OF58 
STT 0050 STX 0002 SUNF 00~-3B SUNFLT 09!"::~4 

SUNFLT1 (1998 SUF'Th:P 0002 -- s·~so 0080 SYSRES (l_(l(li. 

T I MVf~LH 0025 · T 1 1"1V.~LL 0024 TRPt·1SG1 (H)(>i TRPI'1SG2 0002 
TRPi•iSG3 0003 TRF'MSG4 0004 TRP1'1SG7 0007 TRLJN/-,DF' OEOB 
'rTRP 0099 UCM 0067 UNT 0000 URC 0063 

--
URD 0060 URES OOBO URM 0062 LJSD 0064 
U3T 0061 USY 0065 UWM 0066 VECTOR 0021 
l.JAF..:M 0004 l..J,6, TADC 0043 ·. J.JATCOMP 0013 WATIND 0023 
HEVQ OOOA· l.JINDOW 002E WI RAM 0003 WF'F~T (1(1(19 
WXlO 0007 WXRN-1 0005 XMITCHR 00£~3 

NO ERRORS 
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0000 

ocoo 

ocoo 
+OCOO 
+OCOO 
+OCOO BB3B 
+0C02 FO 

!)3 37 
._ ........ )-=:1· 

+0C04 
+OCO.:..; .. 
+0C04 B82D 
+0C06 60 

i)C07 F218 

OC09 
+0C09 
+0C09 
+0C09 BEI6Ci 
+OCOB BOOO 

OCOD 
+OCOD 
+OCOD 
+OCOD B870 
+OCOF 2301 
+.OC11 90 

OC1 :? 
+0C12 
+0812 
+0C12 BB2A 
+0C14 H082 

OC16 84B~5 

lEI 
... __ 18 
+0C1El 
+0C18 Bl380 
+0C1A 80 

OC1B 12/\6 

:TRACK 

.. PHNT 
DRG 

GEN 
X'COO' 

. ;. 

; FUNCT I. ON: 
:INPUTS~ 

:OUTPUTS~ 

; CALLS: 
; DEE>TFWYS: 

I 
.TRACK.~ Track Concentrator mod01e 
BETAF 
SUNF 
MTR<O> 
DROPOUT 
MTR<O> 
PRGLSTUO, i f- SUNF. not • >DROPOUT 
EVE C-lUE 
N6n12 
ACC, F: 0 , R 1 , R2, R3: 

;DESCRIPTION: 

TRACK EQU * ;Test fa Program Sequence Change 
LD At CSUNF>· 
SELMAC MOVtAt <SUNF> 
OPRM MOV,A,SUNF ;RO OR R1 LOST 
MOV' ROt#SUNF ;RO LOST 
MOV At@RO ;LEVELl OPCDDE Rt CMEM) 
CPL A ;1's CPL 
ADDM At <DROPOUT) ;DROPOUT-SUNF-1 
SELMAC ADDtAt <DROPOUT) 
OPRM 
MDV 

ADD, f.,, DROPOUT 
ROt#DROPOUT 

ADD A, (~!RO 
JB7 TRACK1B • 

;RO OR R1 LOST 
; fW LOST 

;LEVELl OPCODE Rt <MEM> 
;SUN~>DRQPOUT, ~eep Track Mode 

;Set Program sequence to clocK drive mode 
LD <EVEQUE)t#O ;clear anY EVEQUE entrY 
SELMAC MDV, <EVEQU£),#0 .. 
OPMIMD MOV,EVEQU£,#0 ;RO LOST 
MDV RO,#EVEQUE ;RO LOST 
MDV I~RO, #0 
LDX < MTF:O), #X' 01' _;scan MTR ON onlY 
SELMAC MOVX, <MTRO),aX'01' 
DPMIMD MOVXtMTROt#X'Ol' ;RO LOST 
MOV ROt#MTRO ;RO LOST 
MDV At#X'Ol' ;ACC·LOST 
t10VX IS!RO, A 
LD <PRGLSTUO>,aX'82' 
SELMAC MOV, <PRGLSTUO),#X 1 82' 
OPMIMD MOVtPRGLSTUOt:t~:X'82' ;RO LOST 
MDV ROt#PRGLSTUO ;RO LOST 
MDV iERO,:t~:X'82' 

.JMP TRACK1j ;Exi.t 
TRACK1B LDX At <SWSO) :read switch status 

SELMAC MOVXtAt (SWSO> 
OPRM MDVX,AtSWSO ;RO OR Rl LOST 
MOV ROt#SWSO ;RO LOST 
MDVX A,@RO ;LEVELl OPCODE R, <MEM> 
JBO TRACKlO ;Manual Mode 
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tD 85 
OC1E .. B936 
OC20 B83D 
OC22 D4~;2 
OC24 Fl 

OC27 D482 
OC29 E142E 
OC2B D473 
OC2D 95 
OC2E 

· OC~2E BAFF 
OC30 FO 

·(lC31 -9636 
OC::i3 18 
OC34 FO 
oc:-:1~; AA 
OC36 2390 
OC~-3E: 6A 
OC39 E646 

oc:3B 2307 

OC3D B641 
oc:-w D304 
OC41 

+0C41 
+OC.:.H 
+0C41 B870 
-+0C43 ~JO 

OC44 84AB 

OC46 

OC46 BAOO 
OC4Ei 

+0C48 
... oc4E! 
+(IC48 BB2E 
+0C4A FO 

OC4B AB 
OC4C B802 
OC4E B902 
OC50 D482 
OC5.2 D4.92 
OC54 B83D 

:0 D473 
l.-~---8 FO 
OC59 F29B 

oc~;B 

.,.oc:.B 

TRf~CK1 

TRACK2 

; COnvt.•l~ t Angu l a~~ c:·rP_Qr~___tg Ao.so lute 
CLR FO 
MDV Rl,aBETAF 
~OV RO,•BCKWRK 
·cALL CLRWRD 
MOV Att!!Rl 
JB7 TRACK1 
CALL FPLUS 
JMF' TRACK2 
CF-'\LL FM I NUS 
CPL FO 
EC.~U * 

· ; .Soul~c E· 

7 D•?s t ina t ion 

/·~ CLR 2 by t E·sBCKWK 
;get msbYte BETAF 

. ; BEATF negative 
· ; BE.TAF Pos i t i ve 

;BETAF 
;F0~1 error negative 
;BCKWRK=!BETAF! 

; Test .i f El~r·or· is gl~ea tel~ than Continuous Run L i r.-r i t 
; C= 1, . if ! ERROR! > RUNL I M 

TRACK3 

; RO=BCI~WRK 
MOV R2,#X'FF' ,; De f au I t Errm~ va I ue 
MOV Atf!i!RO 
JNZ TRACK3 ; va I Lte >255 
INC RO ; addr· I s.bY t e 
MOV At t!!RO 
MOV 
MOV 

R2tA ;~alue<256 
. At#(O-RUNLIM>~AND.X'OOFF' 

ADD AtF:2 
JNC TRACK5 7fime track mode 

;Continous Ruri, if !ERROR! >RUNLIM 

TRACK4 

MOV At•X'07' 

JFO 
XRL 
LDX 
SELMAC 
OPI'1R 

TRACK4 
At#X'04' 
( t1TRO) I A 
MOVX t ( i'1TRO), A 
MDV X, l""ITFW, ~~ 

1'10V RO, aMTRO 
t10\JX IEROt A 
JI'1P TRACK11 

7Fine tracK, if !ERROR!<RUNLIM 
TRACK5 EQU . * 

;scan 1'1TR < 0) On 
; POSit MTR<O> On 
.; l-ot at MTRCO) ccw 
; e,-.,_,c}r' n•:::•9a t i ve 
; l~ot at MTR<O> cw 

;RO OR R1 LOST 
; RO LOST · 

;LEVEL! MOV <MEM>tR 

;Convert WINDOW in 1/4(1/10) to 1/16(1/10)De9's 
MDV R2t•O 
LD At <WINDOW> 
SELMAC MOVtAt (WINDOW). 
OPRM MOVtAtW~NDOW 

MDV RO,•WINDOW 
t10V A, ff!RO 
t1DV R3tA 
MOV RO,:tl:2 

. MOV R1, *"2 . 
CALL· FPLUS 
CALL FPLUS 
MOV RO,•BCKWRK 
CALL Fl'l I NLJG 
MDV Ad£!RO 
JB7 TRACK8 

; !ERROR ANGLE! >WINDOW 
LDX At <MTFW> 
SELMAC MOVXtAt<MTRO> 

;RO OR F\1· LOST 
;RO LOST 

;LEVELl OPCODE Rt.<MEM> 

;addr R2 
; .c."l.ddr R2 
:2<WINDOW> 
;4<WINDOW) 
:addr !ERROR ANGLE! 

·; '3€' t s i gn .b i t 

; !ERROR ANGLE!<WINDOW 

;get Po~it MTR sta~s 
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+0C5B 
4 :;B B870 
+Ut_;:)[l·· 80 

OC5F: 32A1 

OC60 
+0C60 
+0C60 
+0C60 8860 
+0C62 to 

OC63 96A6 

OC65 
+OCt~::>· 

+0C6~:; 

+0C6~'5 1:.:842 
+0C67 FO 
·OC6e .47 
OC69 17 
OC6A ~;303 

OC6C C676 
OC6E 47 
OC6F 20 
OC?O 53CF 
OC72 60 
OC73 :;~() 

'4 8485 

OC76 
+OC76 
+0C76 
+0C76 BB2E 
-r-OC78 -FO 

OC79 97 
OC7A 67 
OC78 7B 
t)C7C 1-\B 
OC7D 27 
OC7E ?A 
OC7F 96A6 
OC81 FB 
OC82 030.9 
OC84 F6A6 
OC86 AB 
OC87 DA04 
OC/::1'7' :2:.::10/ 

OCBB B68F 
OCHD D304 

F 
+' F 
+0C8F 
-rOCBF 8870 
+OCCJ:t CJO 

OC92 2309 

TRACK6 

TRACK7 

. ·.-. OPHM MOVX tAt MT~_Q _____ ; f:q_ OR Ri· LOST 
.-MOV ROt~MTRO ;RO LOST 

MOVX At@RO ;LEVELl OPCODE RtCMEM> 
JBl TRACK9 ;Moj6r ON 

I 
;Posit. Motor OFF f 
LD A, ( EVEQUE) 17 r.-.us t NOT have EVEWJE e:•n t 1~.Y 
SELMAC MOVtAt <EVEQUE> 1 

OPRM MOV,AtEVEQUE iRO OR Ri LOST 
MOV ROt#EVEQUE ;RO LOST 
MOV A,@RO ;LEVELl OPCODE Rt <MEM> 
_JNZ TRACK10 ;there is an entrYt RESET 
:Increment !ERROR .ANGLE! >WINDOW count 
LD AtCMSGBUFFO> 
SELMAC MOVtAt CMSGBUFFO) 
OPRM MOVtAtMSGBUFFO ;RO OR Rl LOST 

.MOV ROt#MSGBUFFO 
I'"IOV ·A, I~Rd 
SWAP A 
INC A 
ANL At•X 1 03 1 

JZ . TRACl{6 
SWAP . A 
XCH At r~RO 
ANL. At :tt.X I CF 1 

ADD . At r~HO 
XCH At r:5!RO 
JMP TRf\CK13 
;ComPute Run.Time 
·;R2tR3=4<WINDOW) 
LD At <WINDOW> 
SELMAC MOVtAt <WINDOW> 
OPRM MOVtAtWINDOW 
MOV ROt#WINDOW 
MOV At@RO 
CLR C 

"RRC- A 
ADDC AtR3 
MUV H3tA 
CLR A 
ADDC AtR2 
JNZ TRACK10 
MDV AtR3 
ADD At *~=RUND_L Y 
JC TRACK10 
MOV R3tA 
MDV R2t#QUE1 
f10V At#X 1 07· 1 

JFO 
.XHL 
LDX 
SELf•IAC 
OF'MH 

TRACIU 
A I #X I(!.:~ I 
C MTF\0) , A 
I'IOVX t ( 11TRO) I A 
f'1Q'v1X! t'lTROt A 

MOV RO,#MTRO 
MOVX !~RO, A 
Mov A, #TTm=· 

7F\O LOST 
; LEVELl OF' CODE. R t ( fv1Et1) · 

;A=Ot if .count was 4 

1:restore nibble Positions 

; stor·.;:· n•?W count 
:Exit 

; RO OR F\1 LOST . .. 
;RO-LOST 

;LEVELl OPCODE Rt CMEM> 

.. ; • 5 <WINDOW) 
· ; l~oundo f f 

7R3=4. !:•<WINDOW>-

; OVERFLOVJ. EXIT 
_;get MTR run time 
;add MTR run ~elaY time 
; OVERFLm..J, EXIT 
; s t o1~e l~Lln t i m•? 

;scan MTRCO) On 
; PCJS i t MTF~ ( 0) On 
.;rotat MTRCO) CCW 
; El~l-·ol~ NE:· 9C\ t l. ve 

. ;rotat MTRCO) CW 
; Run MotOI~ 

; RO CJF\ R1 LOST 
;RO LOST 

;LEVELl MDV <MEM),R 
1tirf•e tJ~aP 
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OC94 
-l =74 3""-·-' 
-1 - -· i ~; . filQO 
+0C97 <Y5 
+0C9El 00 

OC99 84AF 

OC9B 
OC9B 

+0C9B 
+0C9B 
+0C9,8 8870 
+0C9D f:"',(l 

OC9E 37 
OC9F ::.l2A6 

OCA1 
+0CA1 
+OCAi 
+0CA1 8860 
-t-OCA3 FO 

OCA4 9bAF 

OCA6 
OCA6 

+0CA6 
+ 16 
+- __ \6 B870 
+OCAf.\ ~.7:~~~() 1 
+OCAA 90 

OCAB 
OCAB 27 
OCAC 

+OC/-\C· 
+OCAC 
·!'"OCAC B860 
+OCAE AO 

... OCAF 
OCAF 

+OCAF 
+OCAF 
+OCAF B842 
+0CE:1 FO 

OCB2 ~53cr 

OCB4 t;(l 

. 
OCB~; 2301 
OC87 

+OCE-:7 r~ 1:" 
,_:j ·~) 

+.-.. ~·:ca 8A:20 
+ 'A 05 
+OCBB 00 

. ; . . 
' ' 

TRAP 
D.IS TCNTI ·----;-START· CRITICAL HEGION 
ORL P2t~X'20' 
EN I 
-NOP 

· JMP TRACK12 
; ErD CRITICAL REGION 

; !ERROR ANGLE! <WINDOW 
TRACKS - EQU . * 

TRACK9 

LDX A, <t1TRO) 
SELMAC MOVXtAt <MTRO) 
OPFit1 
NOV 

t·10\.IX t ~~, MTFW 
ROt#MTRO 

MOVX ,to.,, @RO 
CPL /-1 

· JBi 
; Posit 
LD 
SELI"lAC 

.TRACK10 
Motel~ ON 
At <EVEQUE> 
MDV t A, < EVEl~UE > 

. ;get Posit MTR staus 

. ; RO OR Rl LOST 
; RO Lm3T 
;LEVEL! OPCODE Rt <MEM> 

; t1TR OFF 

·;Must have EVEQUE entrY 

OPRM MOVtA,EVEQUE ;RO OR R1 LOST 
MDV ROt•EVEQUE ;RO LOS1 
MDV At@RO ;LEVELl OPCODE Rt <MEM) 
JNZ TRACK12 ;There is an entry, EXIT 

;Manual MOde or !ERROR ANGLEI{WINDOW motor off 
. TRACK10 EQU * 

LDX · <MTRO),oX'Ol' ;Scan Motor ON onlY 
SELMAC MOVXt <MTROlt•X'01' 
OPMIMD MOVXtMTROt#X'Ol' 
MDV ROt ~:~MTF~O 
~OV At•X'Ol' 
I"IOVX I~HO t A 

:Clear anY EVEQUE entrY 
TRACK11 EQU * 

CLR ,._, 
LD < EVEQUE) , A 
SELMAC MOVt CEVEQUE>tA 
OPMR MOV,EVEQUEtA 
MDV RO,aEVEQUE. 
MDV r~ROt A 

;Clear !ERROR ANGL! >WINDOW count 
TRACK12 EQU * 

LD At <MSGBUFfO) 
SELMAC MOVtA, <MSGBUFFO) 
OPRM MOVtAtMSGBUFFO. 
MDV ROt#MSGBUFFO 
MDV /\1 @F\0 

1 RO LOST 
;RO LOST 

;ACC LOST 

;RO OR R1 LOST 
;RO LOST 

' . 

:LEVELl MDV <MEM>,R 

;RO OR Rl LOST 
; RO L0~3T 

;LEVELl OPCODE RtCMEM) 
ANL .A,~*X'CF' ;cleaJ~ B5tB4 
MDV @R0;/1 

; Ex i J · 
TRACK13 "MDV 

THAP 
DIS 
ORL 
EN 
NOP 

* -lE·* -ll£·* *·:E--lf*"*-~·** -x
;SYSYMTBL 

PRNT 

At#ENDT 

TCNTI 
P2t :l*X I 20' 
I 

GEN 

; s ten~.::- i ·t 

;START CRITICAL-REGION 

;END CRITICAL REGION 



OCBC 

I -
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******~******* 
************** 
;APSYMTBL 

PRNT GEN 
'************** 
************** 
;APPADD.G 

PR~T GEN 
. ~~************ 

E~D 

·.~ 

.PAGE 5 
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·-------- 8048 ASSEMBLEF~ V02 -------------------------------- FUTUREDATA --------' . • I 
; 

' 
A!H 0010 .AlL 0020 A2H 0030 A2L 0040 
-- )RTT 0011 .ACK 0006 ACPR&---- 0032 ACT 0000 

rACC 001C ACTDIGFL 003[1 ACTEXAR 0033 ADC 0090 
ALl 0020 AL2 0040 ANSO OOAO AVGDF'L 003C 
BCKl.JRK 003[1 BETAF-. 0036 BKBUFF'/ 004£ CAN 0018 
CLRL-mD OE~i2 COMNOP 0000 CPH 0030 CPL 0050 
DFWPIN 002C DROPOUT. 002[1 DSADD , OEBA DSSUB OECC 
ENDSEC.:) 0019 ENDT 0001 EOT 0004 ETX 0003 
EVE QUE 0060 FASR 0£8[1 Ft'1INUS ·- 0£73 FORWj;;K 0040 
FPLUS- 0£82 FRBUFFO 0044 FRNDOFF' OEAF FTRLn.J 0£98 
ICPRG 01)31 I DF~P I I'J (H) !5(1 IDRPOUT 0040 _INt~CTACC OOlD 
INTI''ISG1 0001 INTt·1SG2 0002 INTMSG3 0003 INTMSG4. 0004 
INT~1SG!::i 0(H)5 INTMSG6 0006 INTMSG7 0007 ISTT 0008 
!WINDOW 0003 LACTEXAF\ OOOA LEVNTi~UE 0020 LPRGLST 0020 
LPRGSEO 0040 MONMSG1 (H)(lj_ f'10NMSG2 0002 MONI''ISG3 0003 
MONNE;G4 0004 t10Nt1SG~i OOO~i 1'10NMGG6. 0006 MONt1SG7 0007 
MONMSG8 0008 1"10Nr1SG9 OQ09 MONRESNG 0010 MSGBUFF 002F 
MSGE!UFFO 0042 MTRO 0070 NAK 0015 NEWBETA 0033 
NEl.JSUN 0035 NUMCOI'-1 oooc NU1'1EVQ 0010 NUi'lUNITS (H)(l1 
OFFSET 0036 OPST1\T 001F Pl 003.9 F'" . ..:.. 0039 
P3 003A PAS 0010 POHT1 0020 PRGLSTAC 002B 
F'F<GLSTUO 002A PRGEn'AT 001E QU£1 0004 QUE2 OOOl~ 

QUE:-3 OOOE RECYCPER OOOF REG03- 0003 RIRAM 0002 
RF'RT 0008 RPSW OOOB RUNDLY 0008 RUNLI t·1 0070 
RXIO 0006 RXRAM 0004 SCHI'"1SG1 0001 SCHf't3G2 0002 
SCHt'lSG3 0003 SCHI'1E.:G4 0004 SHC ·0080 SNDRECST 0026 
~i-·~Of'11'1SG 0027 SRPARI'-11 0028 SRF'AF\'M2 0029 SSUB OF: 58 

I 
00 ~.:i(l STX 0002 SUNF 003B SLJF'TRF' 0002 

swso 0080 SYSRES 0001 Tif'1VALH 0025 T Ii'1VALL 0024 
TRt\CK OGOO TRACK1 OC2B TRACKlO OCA6 TRACK11 OCAB 
TRACK12 OCAF TRACK13 OCB5 TRACK1B OC18 T~~ACK2 OC2E 
TW\CK~l OC36 TRACK4 OC41 TRACKS OC46 TRACK6 OC76 
1'RACK7 OC8F TRACKt3 OC9B TRl\CK9 OCA1 TRPI•1SG 1 0001 
TF<Pt1SG2 0002 TRPM;~Ga 0003 TRPI'1SG4 0004 TRPMSG7 0007 
TRUN/\DP OEOB TTRP 0009 UCI'l 0067 UNT 0000 
UFiC 0063 URD 0060 URES OOBO URM 0062 
USD 0064 UST 0061 USY 0065 u~m 0066 
VECTOF\ 0021 WARf·1 0004 l..JATADC 0043 WATCOI'1P 0013 
WATIND 0023 WEVQ OOOA vJINDm.J 002£ WI HAM 0003 

-- WPRT 0009 l..JX IO 0007 l.J XRlif1 0005 XMITCHR 0023 
NO ERRORS 
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0000 

IB a .. -
·-· ..... ._. _ _.~c I:-o 

OEOD F210 
OEOF '?5 
0£10 
0£10 .F1 
(1£11 F217 
OE13 C62F 
OE15 07 
0El6 ~!7 

0£17 F7 
OE10 [1?00 
OE1A BAtE 
OE1C F7 
OE1D E633 
OE.1.F F7 
0£20 £633 
OE22· F7 
OE23 E633 
(i£25 B980 
OE27 l;-7 
OE2f.l E631. 
O:E2A 8.9CO 
OE2C F7 
OE2D E631 

F H~JEO 

:1 -GAFF 
0[~:33 F(l 

OE34 B637 
(1[36 ~~-: 7 
(l£37 5A .• 

;APF'SUB,S 

. ; TRiJNAm'=· 

F' f11\1 T 
ORG 

· ; SUBROUTINE: · 

;INPUTS: 

;OUTPUTS: 
. ; 

;CALLS: 
; DEE:TROYS: 
; DESCRIPTION:. 

. ; 

TRUNADP CLR 
MDV 
JB7 
CPL 

TRUNADP1. EGU 
MO'v' 
-JB7 
.J·Z. 
.DEC 
CPL 

TRUNADP2 RLC 
,MDV 

MOV 
RLC 
JNC 
RLC 
.JNC 
RLC 
JNC 
MDV 
RLC 
JNC 
t10V 
RLC 
JNC 

TRUNADP:-i t10V 
TF~UNl\DP4 1'10V 
T R lJ N 1\ [)F' ~; f'1Cl \/ 

JFO 
CF'L 

TRUNADP6 l\NL 

. . . . . ' 

GEN 
X I EOB'. 

TRUNADP - TRUNCATES A 2 BYTE VALUE TO 
10t8t7t-Or 6 bitSt including Si<:.3l"lt 
RO - P_Q i h t er to wsb.v 2 b.Y t e souPce; 
and c.h:-s tina t ion 
R1 is a Pointer to AVGDL. 
AVGDPL - Averaged disPlacement value used 
to detE·l~min•.?-' thE· l•:::·vE•I of tJ~uncation. 

<RO> <- +31>.<R0))-32 , if +5)1\VGDP.L)-5 
<Ro>· <- +63)(F\0))-64 t if +9>AVGDPL>-·9 
<RO> <- +127HR0.»-128t if +17>AVGDF'L>-l7 
<RO) <- +51l><R0»-·512t if +16<1,\.'GDF'L(--16 
None 
ACCtR1~R2tFO 
This subroutine is used· as a Pa~t a·f. an 
adaPtive filter'. To reduce the effect of 
non-correfated noise. It Perforws an 
adaPtive truncation • 

FO 
At!ERO 
TRUI'U\DF'1 
FO 

* A, IE!R1 
TRUNADP2· 
TRUNADF'3 
A 
A 
A 
Rit:UX'OO' 
R2, ,~x' FE' 
A 
TRUNADP5 
A 
TRUNADP5 
A 
TRUNADP5 
F-Ut:j:j:X'801. 
f\ 
TRUNADP4 
Rlt#X'CO' 
A 
TRUNADF'4 
F\1, tJ:X I EO' 
R2, ,~~x' FF • 
At:E!RO . . 

TI~UN/~DP6 

A 
AtR2 

;FO=ltO=Pos.,Neg 

; get AVGDF'L · 
; ne gat i ve nLtrfrb•?l~ 

; 0 not r.-r.::\ P PE·d 
;symetrical +t- numbers 
;uniform bit testing 
:87->C 
7lsb.Ytt- rriC:\SK 
; wsbY t •? mas I< 
;gr::·t B6 
;10 Bit truncation 
; get B5 
710 Bit truncation 
; get· B4 
;10 Bit truncation 

.; ge~ B3 
; ·8 Bit truncation 

; t:.:t-=- t [.:2 
.. ;7 Bit tl~uncation 

; lsb.vtet6 Bit 'tl~uncation 

;HiS.IJ.Jitt.• ffldSk 

. ; get lirsb.Y t .:· 
7 POS i ·t. i V•? nurr'r.O>?l~ 

; B15·-B8 MASK 
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FUTUREDl\ TA 

OE3t) 9643 
3A 18 

v.~:.3H FO 
OE3C B63F 
OE3E ~l7 

OE3F 59 
OE40 C8 

.(l£41 C651 

0£43 FA 
0£44 37 
O.E45 B648 
OE47. 37 
OE48 AO 
OE49 18 
0£4.~ F9 
OE4E! 37 
OE4C B64F 
OE4E :::J7 
OE4F AO 
OE50 C8 

.OE51 83 

OP:>2 27 
0£!::;3 AO 
OP54 18 
OE5.5 AO 

OE56 C8 
c)E:57 A3 

OE!:;a Fl 
0£5•=-) 37 
OE5A 17 
OE5B r~A 

JNZ 
. INC 
MDV 
JFO 
CPL 

TRUNADP7 ·ANL 
DEC 
,JZ 
:must 

·TRUNADP8 I"'JOV 
CPL. 
JFO 
CPL 

TRUNADP9 MDV 
INC 
MDV 
CPL 
JFO 
CPL 

.TRUNADF'A MOV 
DEC 

TRUNADPB RET 

: CLRl.JRD 

: sum;:our r NE ~ 
:INPUTS: 
: OUTPUT!3~ 
:CALLS: 
: DESTROY!3: 

CLRWRD 

;SSUB 

CLR ' 
MDV 
INC 
MOV 
DEC 
Rt:;r 

· : SUBROUTINE: 
; INPUTS: . 
;OUTPUTS: 
: CALI..S: 
:DESTROYS~ 

;DESCRIPTION: 

; 

SSUB Mov· 
CPL 
INC 
MOV 

. . 
TRUNADP8 
RO 

· ; fi1Lt5 t t r•LtnC ate 

A, IE!RO 
n-;:UNADP7 
A 
AtR1 
RO 
TRUNADF'B 

tl~uncate 

A, F~2 
t'\ 
TRUNADP9 
A 
f!:!RO, A 
RO 
AtR1 
A 
TRUNADPA 
A 
~~Ro, A 
F\0 

; get I sJ;lY t .:.• 
;positive numb12r 

;B7-80 rcra5k 
; l~o::-s t Ol~o::· F\0 
; no tl ... Ltncat ion 

;J:i15-88 mask 

; POS • nLtrti.b•:?l~ 
; liE'9• "flUffibE•I~ 

; I oad msbYtt? 
; adc:l1~. I s.b~ t •:.=:· · 

; B7 -BO mas I< 

; Pos. numb:? I ... 
; neg. nurf1bE•l ... 
; load lsbYt•::• 
; l~es t Ol~e Fo:O 

CLRWRD - sets 2 bYtes e9ual to zero 
RO - Pointer ·to 2 bYte destination 
<RO>, <fW+l) < -0 
None 
ACC 

A 
@ROtA 
RO 
I~ROt A 
RO 

; CRO> <-0 

; < RO+ 1 > < -0 
; , ... E•s tore FW 

SSUB - single Precision subtractibn 
RO - Pointer tb 1 bYte source 
( RO) = ( RO > - ( FU ) 

Nono::·
ACCtR2,FO 
<R0>=-128 if CRO>-<Rl><-128 
<R0>=+127 if <R0>-<~1>>+127 

(F\0)=(17\0)-(fil) 
OVERFLOW CHECKED 

At 1:1R1 
A 
A 
R2~A ; saVf2 2' 5 CPL 



.-.··-"'iC 
.I) 

0[5£ 
OE5F 
OE60 
0£61 

OE63 

(l£64 
0£65 
0£66 
OE68 
0£69 
OE6A 
OE6B 

0£6[1 
OE6F 
OE71 
0£7:2 

0Ei'3 
0£74 
0£75 
0£76 
!)Ei7 
0£78 
OE79 
OE7A 
OE7B 
OE7C 
(J£7[1 
OE7E 
OE?f 

. 0£80 
0£81 
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FUTUREDATA --------

FO 
[11 
F7 
r·o 
a .. -

·-· F664 

95. 

6A 
AO 
B672 
F7 
FO 
D1 
F'27.2 

fl07F 
f672 
10 
83 

18 
19 
F1 
37 
97 
A7 
70 
AO 
C9 
CB 
F'i 
37 
70 
AO 
83 

SSUBl 

SSUB2 

;FMINUS 

. MOV At I~RO 
XRL At@R1 .:o~Posite signs? 
RLC A 
MOV · At @F\0 .. · ; get va.l ue 
CLR FO -. 
JC SSUBl ;signs oPPosite Possible ov! 
;si~ns are the opPosite no overflow Possible 
CPL FO 
; OPPOS it 0::• S i 9l'1S t Possible overflow 
A[i[l At R2 
MOV 1~FW t A -· 
JFO SSUB2 
RLC A 
MDV At (!!!RO 

. XF\L At I~Ri 
JB7· SSUB2 
i 1:-'•?SU l t 
MOV 
JC 
INC 
HET 

OV•?I~ f l CJI.•.I 

IE!ROt :t!:X' 7F' 
SSUB2 
I~RO 

-~ . 

; S t Or:'€• I~•?SU l t 

; never ove1~ f l o~·.t 
fsave sign 
; get l~esu l t 

4sign didn't change 
C=1 {f Positive overflow 

7Preload max.Pos. 
; Pos i t 1 ve over f l 0'.'-' 
;C=Otnesative underflow 

;SUBROUTINE~ 

;INPUTS~ 

FMINUS - Double bYte substraction 
RO - Pointer to msbY minuend 

;OUTPUTS: 
;CALLS: 
; DESTFWYE;: 
;DESCRIPTION: 

FMINUS . INC 
---INC 

;FF'LUS 

MOV 
-. CF'L 
·-CUi 

CPL 
ADDC
MDV 
DEC 
DEC 
MOV 
CPL 
ADDC 
MOV 
RET 

; SUBF\C1UT I NE: 
; INPUTS: . .. , 
;OUTPUTS: 
;CALLS: 

Ri - Pointer to msbY subtrahend 
in rrr i nLtend 
FRNriOFF- --
ACCtR2 
( RO) < < RO ) - < H 1 ) 

RO .7 Point to lsbY's 
Ri 
At@Ri 
A 71's CPL lsby <R1> 
c 
c ;C=l 
At@RO ; 2' s CPL add 
I~ROt A ;save i t 

R1 ; adct1~. msby's 
RO ; add1~. msby' s 
,; , I]!R1 ;A=msb.Y(F\1) 
A ; 1' s CPL ms.by < fU > 
A 1 IE!RO 7 A=2' sCPLrrrs.bY 
fE!HO t A ; sav~.:- i , 

FPLUS - Double .. _byte addition 
RO - Pointer to msbY A 

'RL- Pointer tb msbY B 
in.< (HO> >. C==A+_B 
Non.:· 



0£82 
0£83 

.0£84 
0£85 
(1£86 
(l£87 
OE88 
OE89 
OE8A 
OE8B 
OE8C 

[I 

V.\-UE 

OE8F 
0£90 
0£91 

·(l£92 
0£93 
0£94 
0£9~· 

.0£96 
OE97 

l. ~- '8 
OE9.~ 

OE9fl 
OE9C 
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18 
19. 
FO 
61 
AO 
CB 
C9 
FO 
71 
AO 
83 

FO 
F7 
FO 
67 
AO 
18 
FO 
67 
l-\0 
C8 
83 

B.17f 
FO 
18 I 
F2Af., 

;DESTROYS: 
;DESCRIPTION: 

FPLUS· INC 
INC 
t10\-·' 
ADD 
MOV 
DEC 
DEC 
1'10V 
ADDC 
l'liJV 
RET 

7FASR 

. ;SUBROUTINE: · 
; INPUTS: 
; OUTPUT~:>: 
;CALLS: 
; DESTROYS~ 
; DESCR I F'T I ON:: 

FASR MDV 
RLC 
MOV· 
RRC 
MOV 
INC 
MDV 
RRC 
MOV 
DEC 
RET 

;FTRUN 

;SUBROUTINE: 
. ; INPUTS: 

:OUTPUTS; 

;CALLS: 
;DESTROYS: 
; DESCR I F'T I ON:_ 

FTRUN MOV 
MOV 
INC 
JB7 

ACC 
<RO><<RO>+CR1> 
NOTE: Doesn't check for_overflow 

Ro· 7Point to lsby's 
R1 
At IERO 
At I~R1 
r:E!ROtA ; s t Ol~e I sb.v 
RO 7 Point • r.-.sby' s 
F\1 
At IT~RO 
At r:E!R1 
I:€!ROt A ;store msbY 

FASR - Double b.vte arithmetic shift right 
RO - Pointer to msbY 
( RO) < - ( FW) I 2 I c (- BO 
Non~? 

ACC 
<RO)((R0)/2 

AtiERO ; 9•? t sign 
A ·;B7>Ctsi9n extension 
At IERO ; 9>?t msbY 
A ;ASR msbY 
IERO,A ; s tal~•? (i"ISbY 
RO ; l sb.Y 
A, r!:!RO ; 9et lsbY 
A ;ASR lsby 
@ROtA ; s t ol~E· lsbY 
RO ; res tol~e RO add1~ 

FTRUN - Truncat~s a 2 b.vte value to 1 byte 
RO - Pointer t:(j 
Rl -· Pointe!~ to 
(R1> <- <RO), 

msby 2 bYte sourc~ 
1 b~te destination 

if +12B><R0))-129 
if +12EIHRO> <R1>-<- +127<7F hex), 

<Hl) (- -i28(80 h·::-·:dt if <R0>>-129 
· Nont:· 

ACC 
( R 1 ) < - <F-~0) 

NOTE: Doesn't check for overflow 

l!i!FU t :r-1: X I 7 F I 

A, r:!!RO 
RO. 
FTFWN3 

;initial value 
; ~Jet si 9n 
; adell-· I sb.Y 
;n~gative number 

; POS i t i ve nur.-.b•?r' 
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OE9E 96A4 
~(I FO 

vr_t'; 1 F2A4 

OEA3 A! 
OEA4 C8 
O£A5 83 

OEA6 11 
OEA7 :.:.17 
O£A8 96A4 
OEAA ro 
OEAB F2A3 

OEAD C4A4 

·----·IF 18 
OEBO FO 
OEBi 1300 
OEB3 AO 
OEB··1· C8 
()£85 FO 
OEB6 .1300 
OEBB AO 
OEB9 B3 

::A 18 
m ·Fo 

OEBC 61 
OEBD AO 
OEE:E C8 
OEBF F1 

·FTRUN2 

',JNZ 
MOV 
JB7 
.; no 
1'10V 
.DEC 

RET-

. . 

FTFWN2+1 
AtiERO 
FTRUN2+1 

t l~unca t':i. ont 
IER1t A 
RO 

:trunc~tetPositive number<+255 
; 9_e.t l sbY 
.;i~uncatetPositive number<+127 

+ 128 > < RO) > -'129 
: s t·m~•::· numbel~ 
; ,~e:-s tore RO 

. .;nega t·i ve numbe1~ 
· FTr:~UN3 INC IER1 ; <Rl>=-128 

CPL A 
· JNZ FTF~UN2+1. :truncate,negative number{-255 

; get l sbY t10V At IE!RO 
SB7 FTRUN2 ;-s t or•? it 
_ :truncatetneg~tive number<-12a 

_:truncate number -<RP>=+127 or -128 
JMP. FTRUN2+1 Jtruncate 

; FRNDOFT 

; SUBF~OUT I NE: 
; INPUTS: .. 
; OUTF'UTf:: 
;CALLS: 
;DESTROYS: 
:DESCRIPTION: 

FRNDOFF · INC 

_; DSADD 

.1'10V 
ADDC 
1'10V 
DEC 
.t10V
-A.DDC 

.. · :MOV 

RET 

7-SUBF\OUT I NE: 

; I NF'UTS: 

;OUTPUTS: 
;CALLS: 
;DESTROYS: 

_; DESCF< I F'T I ON: 

DSADD INC 
I'IDV 
ADD 
1'10V 
DEC 
MDV 

FRNDOFF - Rounds off a 2 bYte value, using C 
RO - Pointer to msbY 
< RO) < - ( RO) +C 
None 
ACC 
< RO) < ( RO) + < R1 ) 

RO 
At I~RO 
A, *t(i 
I~ROt A 
RO 
At I~RO 
At#O 
I~ROt A 

FPLUS 

7 POint t 0 l SbY 
; get l sbY 

; s t 01~•.:- l sby 
7 POint t 0 fitS bY 

. ; get . msbY 

Double bYte addition using A 
double bYte de~tinationt and a single 
byte source. B7<R1l is extended. 
RO - Pointer td m~bY A Double Precision 
R1 - Pointer to B Single Precison 
in <<HO)·) C=A+B 
Non.::• 
ACC 
<R0)((R0Y+<R1.> 
NOTE: Doesn't check for 6verflow 

RO 
At II~RO 
At I!:!R1 
lf!RO t A 
RO 
At l:f!Rl 

; POint to I sbY 
; _get l sbY 

; stm~e l sby 
:P-oint, msby' s 
; get s i gn b i t 
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OECO F2C7 

"? FO ~ ................. :.. 

OEC3 1300 
OEC~ C4CA 
OEC7 FO 
OECB 13FF 
Of.:CA AO_ 
OECD 83 

·oECC 18 
OECD Fl 

.E 37 
,_ . .._, __ :F 97 
OEDO A7 
(l£[11 70 
OED2 AO 
OED3.C8 
OED4 Fl 
OEDS F2DC 

OED7 FO 
0£[18 13FF 
o:t:r::A C4DF 

OEDC FO 
(l[[l[l 1300 
OEDF AO 
OEEO. 83 

OEE1 

, 

·JB7_ DSADD1 ; negative nur.-~b~::·l~ 
;positive number 
MDV At (~FiO ; ge-·t msbY 
.AD DC A I ~t(l 

Jt·1P DSA[ID2 
DSADD1. MDV. A I f:!HO. ;get msb:t 

ADDC Att!:X'FF' 
DSADD.2 .MUV l:i":!ROt 1'-'\ :store msb:t 

RET 

;DSSUB 

; SUBfWUT I NE: DSSUB - Double bYte subtraction using A 
double byte~estinationt and a single 
bYte source, B7CR1> is extended. 

.. , 
; INPUTS: 

. ; OUTPUTS: 
;CALLS: 

RO - Pointer· to msbY A Double Precision 
Rl - Pointer to· 8 Single Precison 
in ((RO)) C=A-B 
FRNDOFF 

. ; DESTfWYS: ACC 
; DESCF\IPTION:. < RO > < < RO >- ( R 1 > 

DS::-:;UB1 

DSSUB2 

NOTE: Do~sn't checK for overflow 

INC' 
1'1DV 
CPL 
CLR 
CPL. 
ADDC 
MOV 
DEC 
MDV 

.. ;~iB7 

RO 
At I:§!R1 
A 
c 
c 
A, @l=i:O 
@ROtA 
RO 
At@R1 
DSSUB1 

,;positive number 
. t10V A I i~ii(l 
ADDC At#X'FF' 

_ .JI'1P DSSUB2 
; ne<:Ja t i ve nurnbo::or·. 
1'·'10\) 
ADDC 
I'IOV 
RET 

END 

A, ~~~r\O 
At*~=X'OO' 

I~HOt A 

; Point to I sbY 
;get single precision 
71's CPL single Prec. 

;C=l for 2's CPL add 
;2's CPL add 
; s tOl~e l sbY 

·;Point, r.-1sb:t' s 
; 9•? t sign b i t 

; n•::·9<:"! t i v•::.· numbe-r 

;get msb:t 

; 9e t msby 

;~tore msb:t 1'~ CPL 
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CLRWRD OE52 .DSADD OEBA DSADD1 . OEC7 · D~3ADD2 OECA --·-·----
!UB OECC DSf.-3UB-1 OEDC: DS~3UB2 OEDF ·FASR OEBD 

•. ,, • .'NUS OE73 FPLUS. OE82 FF<NDCJFF OEAF FTRUN OE98 ,. 

FTHUN2 OEA3 FTRUN3 OEA6 SSUB . OE58 SSUB1. OE64 
SSUE:2 OE72 TRUNADP ·OEOB TRUN/~DP~ OE10 TRUNADP2 OE17 
TRUNADP3 OE2F TRUNADP4 · OE31 TRUNADFI5 OE33 TRUNADP6· OE37 
TF\UN?,DP7 OE3F T_RUNADPB. OE43 · TF.:UN.ADP9 · ·(l£48 .. TF<UNADPA .OE4F 
Tl=i:UNADPB OE51 

NO Em~CJF\S 

... 

·· .. 

.. ,···· 
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. APPENDIX II 

DEMONSTRATION UNIT . . 

/ 
Iri ·order to evaluate the "POINT'!' solar tracking system's: 

a. Tracking capability; 

b. Tracking accuracy; and 

c. Field of View • 

. a demonstration unit was designed and built. This unit simulates 

the dynamic operating conditions of a line focus concentrator, 

and thereby provided the means to measure the parameters given 

above under. realistic rather than idealistic circumstances~ This 

is important especially with respect to item b), as a systems 

TRACKING ACCURACY encompasses not only it's ability to determine 

-~he sun's position to the specified accuracy but also it's ability 

to respond to this data by_ repos_.tti.oning the con_cent:ra_tor wi~h~n 

the limits of the specified value. 

The design of the DEMONSTRATION UNIT is shown diagrammatically 

on drawing No. 107. 

-It is comprised of the following major components; 

d. Motor;-

·b. Gearbox; 

c. Adjustable mirror; 

d. Target; 

e. And of course the TRACKING HEJU). 

The-single phase, reversable MOTOR is connected to the GEARBOX 

by a flexible coupling. The MOTOR and GEARBOX arrangement provide 

a speed of 0.118 r.p.m. at the GEARBOX output shaft. (npproximating 

the 0.125 r.p.m. speed of the concentrators installed at the Home l ,. Laundry in Pasadena). 
.._ ______________ _;.. _______ ~ WESTLAKE VILLAGE. CALIFORNIA 91361 --.....---"' 
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TRACKING HEAD 

AXIS OF ROT A TION 

MOTOR 

GE 

ADJUST ABLE MIRROR 

R!Y DI!:SCRIPTION 

A FIRST ISSU! 

SUNS ALTITUDE 
SEE FIG. II-· 2 



The ADJUSTABLE MIRROR, TARGET and TRACKING HEAD are mounted on a 

common shaft and all move simultaneously when the shaft is rotated. 

When aligned, the sun's rays are reflected from a 0.06 wide unmasked 

strip of the mirror to the TARGET 72 inches distant, see fig. II-1. 

The image at the TARGET is 0. 70 wide and is visually compared to a 

-
reference scale having 0,125 divisions. 

As the sun traverses the sky it's displacement angle relative to 

the DEMONSTRATION UNIT'S axis is measured and in accordance with a 
,·· 

pre-established value the control system.repositions the shaft. 

This repositioning is a incremental rather than a continuous 

movement which permits the sun's image at the TARGET to be observed 

moving relative to the stationary reference scale and precise 

measurements of the tracking. accuracy made. 

Two limit switches, one signalling "FULL TRAVEL,-'_ and the .other 

"STOW" were installed to indicate extremes of travel. 

The DEMONSTRATION UNIT couldbe:adjusted to alter the inclination 

of the TRACKING HEAD so it's field of View could be measured, 

see :drawing no. 108. 

The.Sun's altitude at 34° N (Noon) is given in Fig. II-2. This was 

used to dete.rrnine tne correct va luP. fnr t.P.st. i ng. 

* * * * * 

l_. -------.....;_----------·-----WESTLAKE VILLAGE. CALIFORNIA 91361 -----· ...... · 
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TARGET 

... 
. . . . . . . 

. FIG II -I . . l .•.. · .. OPTICS OF DEMONSTRATION UNIT 
---------,------WESTLAKE VILLAGE. CALIFORNIA 91361 -----'--



' .. 

June 21 13 25 . 37 50 62 74 79 
ALTITUDE Mar.-Sept. 21 12 25 36 46 53 56 

Dec. 21 9 18 26 31 33 

-· June 21 110 103 95 90 78 58 0 
AZIMUTH Mar.-Sept. 21 90 82 72 61 46 26 0 

Dec. 21 54 43 30 16 0 

:.-

-

56 

~" 
-~ -. ·-

"· 50 
........ 

~ 
" -· .......... 

~ ...... 
............... r----

. ---t---

40 

--r---
·-~ 

30 

2 I 28 j I~ ,. 26 ) -9 16 23 30 
, 

14 21 
SEP - 1---OCT-------- ·---- --DEC --

----~--~---------------25 18 II 4 28 
JAN. 1-DEC 

FIG. II ~2 
l_· __ s_u_N_s_A_L_r_,--,--r_u_o_E_.A_r_-34 N. NooN sEPr -JAN 

- WESTLAKE VILLAGE. CALIFORNIA 91361 ___ ......., 
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TARGET 

\ 
\ 
\ 

TRACKING HEAD 

' 

. / - ~ -· 
. . . ---~-----:xrs OF ROTATION~_..----

/ll/l//};)//ll!tllllll//tl77 

EXTREME FIELD OF VIEW 
INBOARD<MOTOR)END 

~TARGET 

\' 
\ 
\ 
\ 

\ 

.... DESC.-IPTION 

A FIRST I&SU! 

TRACKING HEAD \ • 

IY APP DATE 

>//· 
-~MIRROR 

---- ' ------·~-

~....-- "'-- AXIS 0~ ROT A TION 

777T!77Jll Ill I II N /Ill Ill I I I 

EXTREME FIELD OF VIEW 
. OUTBOARD END 




