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© 2.0 ABSTRACT
‘The solaf_tracking instrument and control concept investi-
gated has applicatioh to both line and point focus -

.collectors. 4 ’ -

Asvdetaiied in our proposal_(gffered in responée to PRDA ¥
No;'éAOl—79-ET21008 and dated May 22, 19785 we consider
éfdigital'technology based appioach to solar tracking is .
Amandétorf in order to overcomé the inherent problems
¥pbséessed'by existing equipment. Sﬁch an approach has
advanﬁégé,of providing a bésis for coordinatedicontrol

and management of syséem requirements for solar concen-

trator installations.

. The‘éigitél design philosopﬁy has been pursuéd f;om the

. QnsétxénAthis contract. Both tﬁe.circuit design and equip-
menéiqohfiguration have been s£ructu¥ed to provide flexiblé
systeﬁ‘capabilities. This flexibility will permit deveiopﬁent
of séecial capabilities compatible with the'existing design
to meet the'needs of fuﬁure installations without the

necessity of system redesign.

TLo2-1" - ' o L
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DESCRIPTION OF PROJECT /
'Déveiopment of a tracking insﬁrument and associated con- -

troller based on digital technolégy. This equipment

will be used to test the single sensor concept for solar

traéking and insulation measurement and in addition provide
data on the coordinated control of solar concentrator

ancillary functions.

e T

3-1 _— ' S .
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'SUN'S RAYS

- APERTURE

~

' AXIS OF ROTATION

4.0  SOLAR TRACKER
. 4.0.] GENERAL S

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, étc. A prism is eniployed
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.

Vo -- ' 4-1 : . - A
TR — WESTLAKE VILLAGE. CALIFORNIA 91361 —————



4.0.2 :SPECIFICATIONS
-.TRAéKiNG HEAD
Traékiné Accuracy -
Field of View -
Insolation ie§el C -

LOCAL CONTROLLER

Input Voltage -
Input Current -
Addressing -
Serial Port -
.Operating System -
Outputs -
System Parameters -

POSITIONING UNIT

Switch Inputé -
Digital Inputs -
Analog Inputs -

Digital OQutputs ~
Motor Drives -

OPTIONS
Standalone Module -

"Scan Inverter -
DC Motor Control -

AP;ogram Modules -

—_GH Systemy, Ine. -

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.qg.
Tracking Accuracy
Ephemerismode insolation level
Tracking mode insolation level

Travel Limits

Unassigned

‘Scan Index

Unassigned

Photo Diode

Unassigned

Unassigned

Scan Motor

Positioning Motor 120 VAC, specify current
NOTE: Unassigned inputs and outputs are
. user programable.

o W N N

Replaces serial port for standalone 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

42 ' S
WESTLAKE VILLAGE, CALIFORNIA 91361



' THE "POINT" SOLAR TRACKING SYSTEM

device is an instrument capable of digitally measuring the suns

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

ent pfoblems of shadow band based designs.

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

tracking system. Communications with the LOCAL CONTROLLERS would

GR Systems, Ine. ——

POINT is an acronim for Precision Optical INstrument Tracker which
describes the fundimental concept underlying the design. The

-

displacement relative to a fixed axis with a high degree of
with it's associated LOCAL CONTROLLER the TRACKER provides a

new approach to solar tracking effectively overcoming the inher-

THE SYSTEM

The systéﬁ is a modular arrangement permitting one.central con-
troller to be time shared by a 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 iocal contfols.
CENTRAL CONTROLLER BASED SYSTEM e
It is.anticipated that moét medium size and larger solar concen-~
tratbf installations will have ; mini-computer for controlling

the process system incorporated in their basic design. This com-

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

4-3 . . ' . :
— WESTLAKE VILLAGE. CALIFORNIA 91361 ‘
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4.1.3

'jminidcomputers havihg a USRT or USART. A central controller pro-'
,.yidesiﬁhé capability of changing operating parameters when the
‘situation dictates via entries through thé computer's keyboard.

‘It also provides dynaﬁic data monitdringiand logging permitting

. LOCAL CONTROLLER BASED SYSTEM

limits the systems capabilities to tracking to pre-established

criteria without the ability to change parametérs, without

—GK Systemys, Ine. _ﬁ

more efficient management of the installation.-

o

For less sophisticated installations the LOCAL CONTROLLER may be

arranged to operate as astand alone unit. Such an arrangement

reprogramming. Data monitoring and logging are unavailable with-
out a central controller. Several special purpose inputs are
provided for external devices, such as clocks, rain detectors,

hail detectors, etc.

Sk ok k kK

4-4
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"1..'2A TRACKING HEAD i MEEHANIC;AL o /

4.21 GENERAL T

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

when the TRACKING HEAD was fedesignéd.

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

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

]
As stated in our proposal the fundamental concept used in the.

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

H
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 simultaneously view the Northern-Southern

regardless of it's and the concentrators orientation, and pro-
vide a flexible approach to tracking.
DESIGN OBJECTIVES

Increasing field of view

‘b. Devise a prism/lens-fiber optic arrangement which would use-a

Two methods of accomplishing this were suggested'in the proposal:
a{: Mounting the photodiode'statioﬁary on the drum's axis of
rotation and t;ansmitting the suns rays tolit by a fiber optic,
whicﬁ would be attached to the rotatigg:grum, Such an apprpaéh
could provide a fulgl.-360o scanniné on the Nofth—Southhaxis,<and“
'Swaorming“a lens on the receiving end of the fiber; the

acceptance angle on the East-West axis might be increased.
photddigde mounted in the manner described above. By selection

4-5
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4.2.3°

" proposal. The recognition that optical fibers were an

that.magnitude would increase the dimensions and cost of the

GK Systems, Ine. —

3
i
!

of'optical materials with suitable index-of refraction, this
"é;rangement could further enhance the acceptance angle and
the associated field of.view on the East-West axis.

Tracking accuracy

Discussions with various'agencies apd concentrator manufactures
prior to the commenCeﬁent of the design.phaséiindicated that a
tracking accuracy of 1_0.10 wés desirable for most applicétions.
The design was predicated upon attaining a Fracking accuracy equal
to pr-bétter than this value. |

DESIGN ACHIEVEMENTS.

Ihcreasing field of view

The use of optical fibers in the manner described in a.) above was
explored as the iﬁitial afranéement that appeared to offer ﬁhg most
cést effective qonfiguration to attain an increased field of view
with a stationary mounted photodiode."Howéver, after exten;ive
ahalysis the appréach was recognized to be deficiént and was
abandqned.. The majo? problem encountered was radiation losses.
These bccu; Qhen the fibers aré bent, and iﬁ_orde¥ to reduce them
to agceptabie level the radius of curVatufe Qf the fiber must be’
at least 40 times its diaﬁeter, .It was determined that fadii of
TRACKING HEAD to an-;nacceptable extent. Once this problem of
radiation loss and its influence‘on'eqpipment size was fullyv—‘ .

appréciated it was appareht that it would have a similar impact on

é'design embracing the alternative concept b.) outlined in the

4-6 o : S L
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4~ ——¢ OF ROTATION

 FIG42-1  PRISM
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={-undesirable feature in the design prompted the search for

. a prism/lens arrangement which would dispense with their

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

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

GR Systems, Ine. ——

ﬁeed, but still accomplish the desired increasé in field
of view, and simultaneously permit the photodiode to be.

mounted stationary.

to redirect the sun's rays was conceived and incorporated

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

does it allow the photodiode to be mounted stationary but also
it provides sbme.optical gain.

The arrangement used in the final design is illustrated in
fig. 4.2-1

Tracking accuracy

- in the design, within the constraints imposed by practical - -

In order to attaih the desired tracking accuracy ig was necessary
to improve.the quality of signals received from the photo and
magnetic sgﬁsors on the TRACKI&G HEAb as coﬁpareé to those
gengrated 5y the test device. To achievéﬁ;his imprqvement the
optimuﬁ dimensions of bo£h thg rétating optical aperturé and the
thiékness of the armature passing through the-magnetic sensors

—

flux fiela were established; and the values obtained were used

manufacturing considerations.

*. .k k % k

4-7 X . . . .
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. 'FINAL DESIGN - TRACKING HEAD /

_The- final design of the TRACKING HEAD is shown diagrammatically

‘It will be seen that it is c0mprised of the following méjor

_ components:

'd. Photodiode sensor - - o S -

e. Magnetic sensor

iiron armature attached to the ROTOR cut it's flux field once every

. transmitted to- the LOCAL CONTROLLER for processing by shielded .

~cable. Both sensors are providea with adjustabie mountings to

-G Systemys, Ine. ——

4

!

on drawing 101. : - :

a. Prism s
b. Motor

¢c. Rotor

f. Housing

The PRISM see Fig 4.2-11is moﬁntéd on the ROTOR which is turned with
constant angular vélécity by the hystgrisis sfnchronous MOTOR.
The PHOTODIODE sensor which is msunted on an adjustable rod is
positioned adjacent to theAPRiSM and recei&es the sun's rays.
gn;ering it's apertured edge via an inclined reflective surface.

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

PR g

MOTOR revolution. The HOUSING is made of acrylic tubing, It
provides bothaahermetiéélly sealed enclosure for the components

and a-'mechanical -support for the sensors.

The'Sighals generated by the PHOTODIODE and MAGNETIC SENSORS are .

permit. optimisation of signals..

4-8 . ' )
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. 4.4.1

FINA# DESIGN - LOC@L”CONiﬁbﬁLERU'
- GENERAL - | |
.'Ehé iOCAL CONTROLLER is housed in a NEMA'12 oii —“d#st resistant
_enclosﬁre 20 inch ﬁigh - 20 inqh wide - 9 inch deep. Seé -
dfawing 162. |
IﬁputAPOWer reqﬁirements'arei}ZO volts, 1, 60 hz. 2 amp maximum.
;Ihe;LOCAL CONTROLLéR_comprisés the following major components;

a. .

".  tions for further details.)

Modules;

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

,Unregulated power supply - Provides unregulated +5 Volts,

- @lHi ,Sqi&@mf, Ine, ——

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

Regulated power supply - Regulates the output from a) to levels

acceptable to logic éystem devices. (See component specifica--

~ System -~ Module boards - Both contain logic control devices.
A_thch are standard for all applications. The MODULE BOARDS

. external equipment specified. ‘''hey plug into the SYSTEM CONTROL

- BOARD,and both have been designed with sufficient flexibility,

drive systems.

. 2.  POSITIONING MOTOR CONTROL MODULE - Provides a low power

The SYSTEM CONTROL BCARD provides the basic control function,

bqntrol the inputs and outputs,which may vary depending upon

to permit the systems use with most concentrator manufactures

— "

. power to the TRACKING HEAD'S scan motor.

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

4-9°
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g.

h.

3. - SEND - RECEIVE MODULE-—.Proy;des for communication with a

SENSOR signal.

" Cl -~ Positioning motor phase shift capacitor.

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

-G Systemz, Ilm\_cé, —

'A hormally a Position Mofor Power Module is slaved to this

module, to provide drive for much larger motors.

central controller in Einstallations vere dyﬁamic data
. monitoring and logging plus the ability~to change system
.mpdes andApaggﬁeters is required. 1In ins£allations where
thése capabilities are not desired tﬁe SEND - RECEIVE MODULE
’ i . - .
- is replaced with a STANDALONE MODULE (Future) which provides
the.sygﬁem 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.

Inline Module - A signal conditioning device for the PHOTODIODE

Positioning Motor Power Module - Provides power to the

CONCENTRATOR POSITIONING MOTOR for forQard or reverse operation

in response to signals from the POSITIONING MOTOR CONTROL MODULE.

C2 - Scan motor phase shift capacitor.

-t lr=

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

(For terminal assigriments see drawing no. 2D0044.

Scan motor receptacle - M,.,S., receptacle for SCAN MOTOR connectidn.

SENSOR connections.

4-10 ' ' L :
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4.4.3

ﬂThe component layout of the SYSTEM ~ MODULE BOARDS are shown on -

_Component Lists 1dent1fy the items by number and indicate the part

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

Schematic diagrams are provided in Section 5.3.

G Systems. Ine. —

SYSTEM - MODULE BOARDS

draw1ngs No. 103 and 104 respectlvely. They contaln a combination

1
1

of integrated and discrete devices. The latter are mounted on

Adaptor Plugs which are. shown on draw1ngs No. 105 and 104. The

number of.the dev1ce used. The location of the #l pin for both
intégrated devices and adaptor plugs is also tabulated to fécilitate
component reblacement. Location of MODULES BOARDS on the SYSTEM
BOARD are giveﬁ on drawing No. 106; The co-ordinants given are -
referenced to the SYSTEM BOARD. The appropriate MODULE BOARD pins
are listéd in the Component List. ' -

INTERCONNECTIONS

The location of plugs connecting external modules to the SYSTEM -

also shows the terminal block connections for both internal and
external equipment.

SCIIEMATIC AND CABLE DIAGRAMS
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4.4.5 COMPONENT LIST - SYSTEM CONTROL BOARD

Identity ' Device Location - Identity : Device Location
Ul : 45088 - - Am38 @ U43 4051B DB19
U2 .. 4508B ... - AD38 - u44 4042B - AJO7

S U3 - '~ 4508B - - ° °  AG38 ©u4s 4011B DF44
U4 " 4024B : BA44 ' U46 74LS26 - - DH36
U5 4024B ) BC44 ' T u47 LF311 - CG26
ué ’ 4001B - BE35- o u48 LF356 DD38
u?7 4049B BC35 o .. u49 .' 4174B .AA13
us : 4585B BE41 Uso Unassigned
U9 - 4585B ) BG41 U51 4503B CB35
Ulo " 4585B . BJ41 . u5h2 2716 CB13
U1l 4049B BJ34 Us3 2716 CE13
vi2 -4027B BA35 : Us4 40428 _ CBO4

-, Ul3.- 4013B ) BG35 . .. Us5 - . 4042B Cb04

- ul4 4508B AG22 use . - 4042B ~ CF04
Uls . -4002B ACO4 . us?7 ’ 4042B . AGO4
uleé "4174B CcJ43 ' Us8 4042B ‘ AG13
ul7 4011B - ARO4 U59 314 Res. 270 OHM - CD27
uis Unassigned © . Ue0 LF356 (inline module) ,
Ul9 4506B BD26 S U6l LF356 DB12
U20 Unassigned ' : - U62 , LF311 ' CJo4
U2l 4011B BBO4 ué63 Unassigned
u22 4 4538B BDO4 U64 Unassigned
u23 ~ 4025B BF26 U65 Unassigned
U24 . 4013B ) BH26 U66 . 4503B AC13

Tu25 4503B - DB43 T U67 ‘4503B AE13
U26 '4503B . AEO4 u68 4023B DH44

- U27 Unassigned . 1swW 8P Rocker Switch BB26
U28 . Unassigned : Jgl Jack 1 Power Supply CB44
U229 4514B AA22 J5 _ Jack 5 Switch Input CD35
U30 4514B. - AD22 . J6A’ Jack 6 index input DH11
U3l ' Unassigned - - - J6B Jack 6B inline mod. DJO04*
U32 - 4001R CB27 . J8 Jack 8 external .CD44
U33 8035 . BHO5 " R7 Potentiometer DB38
U34 . 316 Res 10K BF04 . R18 Potentiometer DHO7
u3s 4012B DH28 R . . .

U36 © 4013B 'DF28 _ APl ~_Adaptor Plug 1 .BB13
u37 4001B DF19 : AP2 """ Adaptor Plug 2 BE13
u3s 4049B . DD27 ) : AP3 Adaptor Plug 3 . CF37
U39 - 4043B DD43 AP4 : Adaptor Plug 4 CJ38
U40 4023B CcJ28 " APS - Adaptor Plug 5 DE11
U4l 4013B . DB28 : AP6 Adaptor Plug 6 DEO3
U42 4051B CJl9 ©OX1 . ) Crystal ' :
* CAUTION - Reverse orientation o

k . : ' . og-12 - : . _ | ‘ _
. : - - — WESTLAKE VILLAGE, CALIFORNIA 91361 ——-———J
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7

4.4.6 COMPONENT LIST - MODULE BOARDS S -

Scaﬁ Motor Module } Send - Receive Module
Identity Device .- Location Identity Device - Location
Ref. Pin . BBO1 Ref. Pin - ARl
Ul MCS 6200 BBO2 B 1 § IM741 ACl1
arl . Adaptor Plug #1 BB06 U2 , LF311 AGO2
AP2 Adaptor Plug #2 BDO2 ' U3 . 4013B " AC19
~ AP3 Adaptor-Plug #3 BE10O v4d " 4001B , AAll
. JM3 Module Jack #3 BB10 §15) 4070B: AC27
" 3FU Fuse 1A ' U6 4013B , AA27
‘ ' - u7 2651 ' AE20
. U8 4027B ACO2
Ces U9 4042B ~ AAl9
Po?}tlonlng Motor.Control U10 4001B o AAO2
, Ull 4042B AEll
Module T1 ’ Transformer
. . N T2 Transformer
D
Identlty evice y Location AP1 Adaptor Plug #1 AHLS
Ref. Pin g BBE20 AP2 Adaptor Plug #2 - AJ08
' AP3 Adaptor Plug #3 AJO1
ul 4001B ' BB21 aM5 Module Jack #5 AE02
U2 MCS6200 BH34 o ° -
u3 . 4011B . BF21
U4 4001B. BD21
us - MCS6200 " BH39
18[3) 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 . - . .
b B o 4-13
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FAGE

'
By,

S.1 BASIC OFERATION: - = - i V;Réé-Fisf15;i—I 

The ansular measurement of the Sun._relative to the tracker’s
axis is basically determined from thez. subtracticon of a counter

- wvalus obtained at ‘ths ANt of Peak insolation from ths counten

valuz at the times the- optics are intivnes with. the trackers
referencz axis. -Fh15~_ubt-4Lr1ﬂn is neEcessary sincs the counter:
valuz is only relative to the 1nstan}anuous_optlca] Position.
Once opsrating this phasse angle is fixeds but it will chanas

sach time the system scan motor is reactivated: Counter DVwPf)DN
corresponds to one revolution-of the ortics, When in the :
“trackins. mode of orperation the Positdonih9~motor'iS~Pan'until the
=rror angle has awcreased untll it is wi?hin the trackine window.
“Count=r valuws ars latchwd in ALl and AL mhére ALl contains the
index valwss, and ALQ the rosition at Wthh Feak insolation
accurs. - - e EEE R o

o a— Data Buss . . .1 POSITIONING ! -
I MICROCOMPUTOR f----¥%e——eeoe o emono¥oo-———=) | MOTOR l--) MOTOR
A + - A o - A I DRIVE I :
! I e + )
. - dem———— —————- + !
- Index Strobe--)! ALl Latch ! !
. : ’ o — + !
: ' e [ A e B
Peak Strobs-----ceeoalomeao o >L ALZ2 Latch !
: . - Co oo o e e ] -
R i
o Y
I R
-~ 3 wot Foomemm e +
: T B PCAN s
' 0SCy tememee »! ADDRESS - !
Tt 1 - COUNTER 1 R
0 . . K .+_~T‘_—-___~__'+ X ‘_,;,"-c."ar’.’ . ' i

7Fié(-g.1.-1 EAqIC DF RATION
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5.2 FUNCTIONAL CONSILERATIONS: Ré: [we, 100018

Many other functions must he performed to implement this
strategy, The followine is a descrirtion of ths circuit
blocks shown in [we, 100018, ’

5.2.,1 SCAN ADDRESS COUNTER & ADDRESS LATCHES Re: Duwe, 100022

Contains the scan address counteirs and latches ALL and ALZ,
The essentials have been described in the EBasic Operation Ssction,

S.2.2 ACTIVE/FASSIVE ' o , , Re: Dwa, 1C00OZ0

There are two bhasic machine states, In the Active mods data .
acqguistion is performedy whersein the address latches are oaded.,
The rPassive mode disablss this functiony and the data contained
in. the latchss is processsd, Also in this mods ihe Analog to
Digital Covversion may ke eperformed on the Fzak Insolation Leve!l
contained in the Samrls Hold Caracitor, The transition bhetuesen
these states ocfurs when the counter valuw: eauals the camrarison
register valuesy and the Cycle Enable is Trus, Whern a 360 dea,
‘scan is desireds the comrarison register is normally set to the
index valus +180 degs. The first comparison will s=t the active
statery and the sgcond wiil set the passive state, Other scan
limits are similarily rossible by setting any comparison realster
value: and after the first compParison (sntsring the Active state),

loading another valuss at which the transition to the Fassive state -

is to be made,

\

5.2,3 FROM MEMORY g | " Re: Dwa, 1C0024

The From Memory block includes thes promsy address latckhes: and has
containsd in it the Comparison register outputs: and Status Register
inPuts, . ’ : . . N

.2.4 SWITCH TERMINATIONS - Res Dws, 100025

Frovides pull up and rpull down switch inePut terminations.,

'5.2,5 SWITCH STATUS REGISTER . . Re: Dug. 1C0025
This is the inrut resistsr for all Unit #0 switches, : .
5, 2.6 MOTOR CONTROL REGISTER ' _ . .ARe; Lwa, 100030

Qutrul register for Unit. #0 motors including ON/QOFF, and direction
of rotation, : ’

\



'5.2.9 SCAN MOTOR MODULE - C R
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' 5.2.7 FOSITION MOTOR CONTROL MODULE ~ Re: Dws. 100035

Converts the digital outPuts to the positionins motor into low
pOWET AC. ' C o :

q.L.B FOSIITDN MHTDR FDWEd MDDULE . / R ﬂms. 1C0035

Converts low rowsr positionine motor AC drives inte a hish powsnr
drives, :

Dwe, 1CO035

i
a»

Converts a digital output to the Scan motor into low powsr AC,
: 3 .

5.2,10 FHOTOLDIODE aﬁd INOEX AMFS, - R

i (]

[we, 100028

The Fhoto diode amp is an inline transcondACfancw ames and the

CIndex amp is a voltage amplifisr,

S.2.11 ANALOG SELECT and SAMFLE HOLD Re: Dwa, 100027

il

Contains the circuitry to rFrerform analos input selection Feak
detections Zero detection: and performs ths actual analoa to diaeital
conversions for the sampleds or peak signaly held in the samele hold
caracitor., '

)]

S.5.12 SIGNAL SYNCHRONIZATION & ALDC CONTROL - Re: Dwa, 1C0029

Synchronizes asynchronous digital sisnals with the system clock,
and has the control circultry for the analeg to digital converter,

S,2.,13 UNIT ADDRESS and LOCAL SCLECT R Dis, 100037

Fermits selection of 1 of 256 local unit addressss, The address
is read by the microcomputor for - local unit sglsction.when used
with a Send/Recesive Module, Local Select d»crﬂus 1/0 un11 auarwr
#0 to.sslect onboard rather than expansion c1rcu1tPV.

|T|

- ¥

5.2v14 COMMAND DECODE g1 Do, 1CO0Z1L

Ferforms address decodins for mappsd I/0 craration.



FAGE S-5

1

.5.2,15 MICROCOMPUTOR 7' Re: Dus. 1coozl

'35,33% for a 1920 Hz signal.,

) e et ea

Contains the crystals microcomputors and watch dos timer for |
system contiral., ' - -

5.2.16 SENDO/RECEIVE MODULE o e v~/ Re: [heg, 1C0O032,
Frovides synchrounous comunications with a gentiral controllier,. A
2DB Chebyshev filter was chosen with 0=.8%95,y and F=14&35.84 Hz,
having a 2lb attenuation at 1920 Hz, and a high rass filter with
F(-30h)=480Hz, for a 60 Hz rejection of -180h., The combined filter

has an arproximate constand delay af about 184 microssconds, or

P
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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
o SCHEMATIC DIAGRAMS '

'<;COoi§'5 S D . Microéomputer
.lCdOZO o o D A",  ‘ Prom memory
lCOOél - ; _E - ‘:” ; 'éommand decode )
.‘lCOQZZV | ‘ D _.; '- Scaﬁ address counter & latches
»1¢¢023‘ . . D ‘ - | Active‘- passive |

ﬁ71¢0024 ‘ " E v”i - Sfatus register & interupts
'1C0025 ' D “ Switch status register
1C0026 | B . o ‘Switch terminations
iCOOé? ) : E" ; Analog seléct & samplé hold
1co028 | _ | F ~ Photodiode & indexamplifiers
1C0029I ' D | Signal sync. & A.D.C. control
1COO§O o b':_ Motor control register

'1¢0031A : .D. | .~-lPower supplies
icodgg | E . | Send/Receive mo@ule

‘150033 1-- . §~, o | . Scan motor module (option #1)
1;6635 : : D | Positioning motor module
1C0037 ' . . AA ' ' Unit address & local select
1C0040 B | : Unreg;1atéd péwer supply

CABLE DIAGRAMS
1co042 : B Sensor cable

IiCOO43A B . ‘Motor cable

-

56 . . ' - '
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AGE 6-2

‘

Tha FOINT Operating System is a real time rorearound/backoround systemn,
The opzrating system is completesly interrurt driven. Frosram cycles as
as short as 125 msscs may bes programed,. Forsground and bacKaround

program modules executs concurrently,
a supervisors monitors schedulers and intewﬁupt handiers,

The ogPsrating system contains

'

~ Foraround program modules are normally associated with data acauisition

and bacKearound moduoles are usually used for data reduction and outrFut.,
Foregrbund modules have eriority over backeround modules. Application
functions are accomelished by rurmineg a eroaram seaudences - which define
an oFperation mods,

Eacrh ssquence is «

and bhackaround mocdulesy sxscuting v p

begins with ths first forsaround modod
the list, Backaround modulss are exsc
forecaround, ory 1f

neoded, after sxecu

module completes execution bhefors the

or backsround) is started, HRoth foreg
before the sequence is restarted,

pecified as a list of forszeround .
arallel, Sequencs exscution *

= and cortinues ta the end of the
uted during wait eeriods in the
tion af the forearound. Each

next mocule in the list (forearound
round and background are comelsted

Within the appropPriate cycles time and trackins eprecisions a maximum of
16 tracking heads (units) and associat

‘unit addresses ars

transrarsnt to arpl

ed outruts may b surPorted, The
ication erogram modules throwsh

the use of subroutines availakle to the arpplication proaram,

The orsrating system sUpPPOrtsS . Several

available to the forearound modules,.

coPerating systams

to Prrovide a timse de

is performed by the orPerating system,
resolutiony and delays ur to 8 mins may he used.

different proaram TRAFS:and ars
A Time Queus is provided by the
lay befors the selzscted function
The Time Queus has 8 mssc

Functions surrorted by the FOINT operating system include:

Sevrial FPort
1/0 Frotoco)

Event Trars

Frooram Sequenc L=

Frog.S=q,Control

Time Queus

Module Scheduling-

Unit Scheduling.

A transformer couel
used for installati
Handshakina and 1/0
operations to and f
Many event trars ar
modules until a see
FProgram modules {(fo
together throush e
modules may he used
Frogram sequences ©

ed sychronous send/receive fort is
ons having a central control ler,
ar=vations on ram menory and 1/0
rom ths serial pPort is $P0vfded.
2= 2rovided {for susesnding forsseround
cified event(s) occurs,,
reground and backeround) are |inked
oaram _s=ausnce definitions, Thie
in different _prosramn sSedusnces.
an be ahortedy truncated, ov

changed hy the program. modules,

Ferforms memory o
delay (B msec resc)
Forearound/backs:rou
schoduled,

Tracking units are

PIrOeram Seausences,

1/0 orperations after a selected,
wtion). - ’
nd program modules are dynamically

schedul ed- and processasd by the

et ®
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‘Op=srating System. Con’d

6301 AFFLICATION FROGRAM CONSIDERATIONS: .
At pressnt the system is used to control a single fizld sensors but
in the fuatwre this will be exrandsd to sixtekn, The Unit Addrsss is
containsd in thz high order nibble of ACPRG{ ’

Forearound and backsround modules differ in the. functions they may
Frerform Since forsarowid modules normal ly jare event depsndant
Fperforming data acauisiton and other associated tasksy a mador part of
the tinme 1s usually seent waiting for events to. occurr. Wait loors ars
not permitteds waitins is accomelished by_issuing the proeer Wait Trae,,
and Passing any reauired saramsters to the operating systems this
distinsuishes the foreosround from the backorournd erogram modules, whers
Wait Trars arz not earmitted,

i
Foreground or backerouwnd seements may issus Time Trargy after which
control returns immaediately to ths issuing erogram moduls,. A Time
Trar performs the specified oPeration after the end of the selected
time Period, The syxzcution of this orPeration may be determined by
a program module only by testing for the results, or having the time
Causus set a semarhore, : )
All eprogram modules are terminated by sxecuting an End Trae. The
next erogram module in the prosram segquence is then sxecuted. Prosram
sequences may bhe truncated by issuing an End S=quence Trars or '
aborted, Frosram Sequencse O will than bes executed on the next cycls:
after an Abort Trae, . :
A pProgram ssausnce may he chanagsd by any erogram module at any tims.
The current ssguences will continue to cameletions and on the next
cycle the nzw sequencs will esxscutes. At the end of the erogram
sequences the next Unit/Froesram Ssausnce is started,  With a sinale
fizld sensory i1t is the sams Prosram sequsncs: unltess 1t has basn
changsd by Central Controls orPerating systems or & program modabe,
At the two major breaks in ths program sesuence foresround to 7
backaround, and bacKkgrcocund(current sequence) to forsaround(riext
Proaram sequence -of the sams unit), a fixed numbesr of paramstsrs ars
rassed forward in ACTEXAR., The mechanics of this are discussed later,

PP

At system initialization a backgrcund ssausnce of prodgrams must not
execUutsy since there is as yet no information to he processed. '
ACTEXAR has hesn cleared and program modules may test B7 of FPRGLSTAC
to determine if it is the initial cyles and exscutz an End Trar or End
Sequence Trae, ) : ' R :
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- 6,0,2 FOINT FROGRAM TABLES

All the program tables necessary to perform a pProsram sesusncs ars
contained in Fage 3(300-3FF) of the Point Opsrating System Prons
this is not to be confused with Fagse B of the application prosram
YOI, ' -

FRGLST is the start of the erogram seausnce tahle, A particular
Proaram sequsnce is s=lected by a 6 bit relative address from FRGLST.,
This function is entirsly under conitrol aof thz opsrating system.  The
entry in PRGLST is a 1 byte address relative to FRGTAEL. This address
is a start address of thz foregsround and backsaround modul e
identification.list, Each srogram module ID usss a nibble,

Forearound modules are given first, The bhacksround and for=around
Fportions are limited to sixtesn entries max(8 bytes), If less than
St maximuwmn number of entriss is madesr a NULL entry must be mades 1in
the high order vnibbles, if the first unussd eprooram module occurs in

the "low ordeyr nibble to NULL nibbhles must be used, Each nibble is a
relative address to =1ther BEKFROG or FRFRGGS, Hers the absolute .
12 bits). Additional ly

r
starting address of the program moduls is stored(
BEFROG and FRFROG contain 4 additional hits., E12-B14 control: the
number, of bytes(paransters) passed from the oprosite mode (forsaround
or bhackeround) to the current mode, Thecos pParameters are loaded at
the start of ACTEXAR towards the end. The Param=ters ars obtained

from buffer areas mainteined by the operating system. Regardless of
the nummber specifizd the transfer only occurs before the first pProgram
module execution of the forsground and bacKaround rortions of the
PINQIranm Sequencs. This transfer is igrored for all othsr pProgram

modu ) es, - ' '

3
3

.
v
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POINT = REGS, COMMANDS, AND' CONVENTIONS

SYMBOLS AND ABEREVIATIONS

A . HEXIDECIMAL ALODRESS CHARACTER: ' :
AlH . ADDRESS LATCH #1 HIGH: (A11-AB8)=(DE3-DRO); READ ONLY
AlL ADDRESS LATCH #1 LOW; (A7-AQ)=(DE7-0EO); REALD- ONLY
AZH . "ADDRESS LATCH #2 HIGH:; (A11-A8)=(DB3-DROY; READ ONLY
AZL ADDRESS LATCH #2 LOW;s (A7-AQ0)=(DRE7-0RO)Y: READ ONLY
ACC ACCUMULATOR: (REALD/WRITE) ‘
(ACT) - HH, L7-D0O -
ACT ACTIVE CYF BOOLEAN STATE o
AL1 ALDRESS LATCH #1357 (A11-A8)Y(A7-80)={0LR3-0DRO) (OER7-0IEO)Y; READ ONLY
ALZ ADDRESS LATCH #2; (A11-A8){(A7-AQ)=(LRI-NRO) (IB7-DB0O) ;i REALD ONLY
AN EBEINARY ALDDRESS BIT N= 07 _ ' .
ANS - ANALOG SFELECT REGISTER: (A2-AQ0)=(DR2-0B0O); WRITE ONLY
‘ SELECT 1 GF & ANALOG SOURCES o .
BN . " BRINARY RIT N = Q-7 o ' .
CFH - COMEARISON REGISTER HIGH; (A11-48)=(IE3-DEO): WRITE ONLY
CFL . COMFARISON REGISTER LOW: (A7-AQ0)=([0OR7-DE0O); WRITE ONLY
CFR COMFARIEDON REGISTER: (A11-48)(A7-A0)={0R3-0LEBO) (B7-0OE0); WRITE ONLY
CYF . CYCLE FF; (BODOLEAN); READ/WRITE . 4
It ¢HEXIDECIMAL HATA CHARACTER
ON - " BINARY DATA BIT N = Q-7
H T HEXILDECIMAL CHARACTER '
LUNT LOCAL UNIT ADDRESS: (A3-AQ)=(DNE3-0OEO):; WRITE ONLY
MTR MOTOR CONTROL REGISTER: (D5-00)=(LE7-DR0O); WRITE ONLY
P24 ' FORT #2 B$; RAM/+~I10; WRITE ONLY
FAS FASSIVE: CYF RBOOLEAN S5TATE: FAS=+ACT
R REGISTER NUMERER: (REALD/WRITE)
(R) HHs L7 =110 . :
SCAN SCAN ADDRESS COUNTER (Al11-A0) .
STT STATUS REGISTER: (03-I0)=(0E7-0EQ): FORT B; READ ONLY
SWS. SWITCH STATUS REGISTER: (DS-D0)=(DR7-0ORO):; READ ONLY
LNT UNIT NUMBER: (A7-A0)3; READ ONLY; ADDRESS SWITCH SELECTARLE
URIDD USRT RECEIVE DATA REGISTER: (D7-00)Y=(DR7-DRO); REALD ONLY
ush USRT SEND DATA REGISTER: (D7-DO)={0OR7-0ORO): WRITE ONLY
usT USRT STATUS REGISTER; (D7-D0)=(OB7-0EOQ):; REALD ONLY
LURM USRT MODE REGISTERZ: (L7-D0O)=(0OR7-0EQ): -READ CNLY
- UM . USRT MODE REGISTERS; (L7-D0O)=(DR7-LRO); WRITE ONLY
usy USRT SYNL REQISTERS: ([7-00)=(DR7-DRO): WRITE ONLY
“URC USRT COMMAND RECGISTER; (D7-00)=(OR7-DR0O); READE ONLY

ucm USRT COMMANLD RECISTER: (D7—DO)=(DB7-HEO):AHBLTE ONLY
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- 1/0 FORTS AND'.DESCRIFTIONS =~ -

FORT#1 ([(F171LF161LF15 JCF14JEF13][FlLJEFliJ[ﬁlﬂj— WRITE ONLY

(=== INT ENAHLES-~--) (-~ -SYSTEM MDDE————)_
SYSTEM MODE : A

-F10 _CYCLE ENAELE . ’
' - "0, CYCLE FF IS nISABLED FROM TOGGLING.
: - - 1., CYCLE FF TOGGLES ON FOSITIVE COMFARISON.
P11 - SAMFLE/HOLD MOLE

0. SAMFLE
- 1, PEAK DETECTION -

Fiz2 ~ADETECT/ INDEX .

0. ADDRESS LATCH #2 LDAD& ‘ON FEAK DETECT.

: i, " . ' " INDEX. '

PI3 INOEX DISABLE o

0. AUDREGQ LATCH #1 LOADS. ON INDEX,

1. " " © "  DISARLED FROM INDEX.
INTLhRUFT ENARLES S :
Fig - COMFARISON INTFRRUFT EMARLE
F1s - INDEX ' " "
P16 ADC END " "
F17- EXTERNAL " " - :

FORT #2 [F27I1CF261L[F251CP241[F23IIF22ICP21ILFR0] WRITE ONLY

{UNASSIGN) {TRFIR/AI0{-~-HICGH ORDER ADD--)
F20-F23 PROGRAM ‘MEMORY ADDRESS Z#11-228
IF P24 IS SET SELECTS EXFANSION RAM MEMORY EBANKS.
F24 - SELECTS EXTERNAL EXFANSION RAM OR 10 COMMANDS
0. ENABLES ALL SYSTEM IO COMMANDS
: 1, READ/WRITE EXTERNAL RAM MEMORY
F25 - TRAF COMMAND IS EXECUTED, THIS RIT IS

'NEVER SET IN THE RAM FORTZ BYTE
F26 - CANCEL RESET, RESET CANCELEL BY ALTERNATING THE EIT.
‘ . P27 . DISABLE SEND/RECEIVE INTERRUFTS
CFL COMFARISION REG LOW S WRITE ONLY.
' [ A7 JL A6 IL AS 10 A4 1L A3 1L A2 10 AL 1L AD 1 ADDR.= SX,F24=0
BT e e e e e e e 2%0) HROWRE COM, =SW
_ (OB7 ~ e e S S DBO Y
" CFH COMFARISION.REG HIGH - WRITE ONLY
[ AL11C A10IC A9 1L A8 3 . - ALDR, =3X, P24=0
43 ¥ RN, FY- S I HROWRE COM. =3W
L] 1 I UL OROY : . JUPPE
STT STATUS REG (FORT ) - A READ ONLY
: C D3 3C D2 IC D1 IC DO3 . ‘ ADLR, 50 F24=0
(OB — e e e DE) , S o HROWRE COM, =Sk
[ COMFARISON : : : .
os INDEX
ne ADC END

o7 ACTIVE



UNT
ALL

AlH

>

2L
AZH

MTR(N)

SWS (N)

ANS (N)

UNIT NUMEER

UNASSIGNED

IC A4 IC
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A3 1L A2

iC Al IC

"READ

"READ

READ ONLY
ADDR, OX P24=0
HRDWRE COM, =0

READ ONLY
ADDR, 2X, F24=0
HROWRE COM. =2R

ONLY
ADDR, 1X» P24=0
HROWRE COM, =1R

READ ONLY
ALDR, 4 X, F24=0Q
HROWRE COM, =4R

ONLY
ALDR. 3Xs F243=0

HROWRE COM, =3R

REALD/WRITE

"ADDR. 7Ny F24=0

HROWRE COM.=7W
HROWRE COM, =7R
N=LOCAL UNIT ADDR.

READ ONLY
ADDIR, 8N, F24=0
HROWRE COM, =8R

"_N=LOCAL UNIT ALDLR.

[ A7 1L A6 1L A5 AD ]
L B LT T L LT T Ry ———— 2%0)
(DB7 e m e e e e e DEO)
ADDRESS LATCH #1 LOW . )
L A7 1L A6 1L AS 1L A4 10 A3 1L A2 1L Al 1L AO 1]
(R e e e e e 2%#0)
< . DERO)
ADDRESS 1LATCH #1 HIGH '
[ AL11C AlD]C A9 1L A8 1
@S I REUUR R Z2#8)
[ 1) 2 fc J R DRO)
ADLRESS LATCH #2 LOW
[ A7 10 A6 1L A5 1L A4 IC A3 10 AZ 3L ALl 1L AO 3
BT e i e 2%0)
4 1) Y R—— T DBO)
ADLDRESS LATCH #2 HIGH
[ A113C AL1QIC A9 1L A8 ]
(2%1lmm e 2%8)
1§ 1) = 3 FSpUE U DRO)Y
MOTOR . CONTROL REGISTER
(.DS 3C D4 3C D3 1C D2 1C Dt It Do 2]
U G ()= LRO)
Do, . BCAN MOTOR ON :
D1, FOSITIONING MOTOR ON
0z, FOSITIONING MOTOR ROTATION
‘ O, CW ;-
1. Cccw
03, AFFLICATION FROGRAM FLAG
D4-DS,  UNASSIGNED QUTFUTS
SWITCH STATUS REGISTER
C oS 1C Dy 3C 03 1€ D2 I1C D1 JC DO ]
1@ 1) =1 U e ————— DEO)
oo, A AUTO/MANUAL
oL, STCOW LIMIT
nz. ACENTER LIMIT
na. TRAVEL LIMIT
0D4-05,  UNASSIGNED INFUTS
ANALOG SELECT REGISTER o
L DS 1C D4 1€ O3 10 A2 1L AL 1L AO )
48 ) T S g LRO)
AO-AZ  ANALOG SELECT REALD/WRITE
G,  EXTERNAL #1 L e
1, EXTERNAL #2 :
2. FHOTO DIQDE AMF
3. . INDEX SENSOR AMF
4. SCAN MOTOR CURRENT
5. _POSITIONING™MOTOR CURRENT
&=7¢ INTERNAL HARDWARE -
03, TRAF STATUS REALD
“[g-015, REAL

READI/WRITE

-ARDR . AN F24=0

HROWKE COM, =AW
HRIWRE COM, =AR
N=LOCAL UNIT ALDR



- URD

UST

URM

UM
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USRT‘RECEIVE'UATA FEGISTER fo READ ONLY

L D7 30 06 10 DS 3L D4 IC O3 1L D2 IC D1 10 DO 1 ADDR. 60, P24=0
(UB?-ﬁf—»e—-—~—————————-—-—————————r ———————— DHO) HRIOWRE COM, =6R
“USRT STATUS REGISTER - ‘ ST . READ ONLY

[ D7 30 Db JC D5 30 D4 30 D3 30 D2 10 D1 30 MO 3 ADDIR, 61,F24=0
R e e e e e e DEO)Y HROWRE COM. =6R
Do, . TXRIOY . SENDN DATA BUFFER EMFTY .
- nd. - RXRDY READ CHARACTER AVAILARLE -

02, TXEMT/DSCHG TRANSMITER EMFTY OR DCD, DSR CHANGE

3, FE FARITY ERROR OR DLE CHARACETER RECEIVED

4, OE OVERRUN ERROR ’

ns. ~ FE/SYN SYN CHARACTER OETECTED : '

L&, . ncn DATA CARRIER LETECT _ ' *

D7.  DSK DATA SET READY

READ OR WRITES OF THE STATUB'REGISTERS INCREMENT AN INTERNAL
ROTARY ADDRESS FOINTER. THE FOINTER IS RESET BY A COMMAND.

" REQISTER REATL

USRT READ MODDE REGISTERS ' READ ONLY

L D7 30 Db IC D5 30 D4 3C 03 3C D2 3C D1 30 DO 3 ADDR,., 632 F24=0

AR e e e i ORO> HROWRE COM. =6R
T USKRT WRITE MDWE REGISTERS : WRITE ONLY

[ O7 1C Db IC DS 1C D4 10 03 10 D2 1€ DL JC DO 1 ADDOR, 66)F24=0
& 1) 272 e ————————— ————— DRO)Y HROWRE COM, =6W
MOE REGISTER 1 - ' ‘ ' ’ :
no-1. MODE /BAUD OO=8YN; 1=1X, 2=16Xs 3=64X ASYN BRAUD RATE
nz2-3. CHARACTER LENGTH '

0. 5 BRITS

1. & RITS

LO -7 BITS

3. 8 RBITS =* :
D, FEN FARITY ENAERLE
D5, EF EVEN FARITY

n6-7. STOF BITS AOYNC;U—INVALIU,l 1 BIT,L—ll/”BITS,B'” RITS
) TRANGFARENCY CONTRIL

O, NORMAL
1. . TRANSFPARENT
- D7, sCs SINGLE CHARACTER SYNC
_ 0. TWO SYN CHARACTERS

1, ", SINGLE 8YN CHARACTER
MODE REGISTER 2 :
0Do-3. BAUD RATE WITH INTERNAL CLOCK

e e

0. 50 1. 75 2, 110 3., 134.5
4, 150 S5, 300 be  HOO 7. 1200
8, 1800 9, 2000 10, 2400 11, 3600
, A 2, 4800 13, 7200 14, 9600 15, 19200
- D4, RECEIVOR CLOCK - S
0, EXTERNAL :
: o1 INTERNAL : o o
0s. TRANMIT]ER CLOCK S
‘ a, EXTERNAL =

» 1 INTERNAL
D6-7  NOT USED



- URC

LICH

ush

usy

«
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USRT .COMMAND REGISTERS - - i READ ONLY

[ 07 3C D6 1C 05 30 O 10 03 JE DZ IC 01 IC DO 1 ADDR, &3y F24=0
<nm7~------—---------—----------f--fe_-,--_-nan> HRDWRE COM, =6R
USRT COMMAND REGISTERS A T WRITE ONLY
C b7 3t D& 1L DS JE D4 3C b3 1C b2 ac D1 1C DO 3 ALDDR,67,P24=0
' ) - 2SR ) P DEO)Y HROWRE COM, =6
DO, T TXEN © TRANSMIT ENABLE - _
0i, - OTR © DATA TERMINAL READY
2, . .RXE -+ RECEIVE ENARLE

- 7. BYNy 0 TO 1 TRANSITIONS FLACE USART IN HUNT MODE
n3. 1. " ASYN, SEND EREAK  CHARACTER :

2, . BYN, SENL OLE CHAR RBEFORE DATA CHARACTER
D4, ER - ERROR .RESET FE,QEs AND FE :
ns . RTS REGUEST TO SEND, ENAELES OUTFUT MODULATOR '
n&-7. OFERATING MODE :

C O, NORMAL .

1. -ASYN, AUTOMATIC ECHO MODE

: : SYNs, SYN ANLD/OF DLE STRIFING MOLDE

24 - LOCAL LOOF BRACK '

3. REMDTE LOOF BACK
USRT -SENL- DATA REGISTER ‘ " WRITE ONLY

L 7 3C Dy .3C DS 30 b+ 30 B3 IC D2 J[ D1 10 DO 1 ADDR. &4, F24=0

(DB e e e et e DEO) HROWRE COM. =6W

WRITES OF THE SYNC REGISTERS INCREMENT AN INTERNAL )
ROTARY ALDRESS FOINTER, THE FOINTER IS RESET BY A COMMAND
REGISTER REAL,

SYNC CHARACTER REGISTER(S) WRITE ONLY
[ 07.30 D6.1C OS 1L D 3T 03 TC D2 3C D1 30 DO 1 ADDR, 65, F24=0
T ) - Sy Ly Sy g Py S DROY. 1ST, 2ZND AND 3RI,
: ' ‘ ‘BYTES.
S : _ : HROWRE COM., =6W
1.  FIRST BYTE IS5 THE SYN1 CHARACTER
2. SECOND BYTE IS THE SYN2 CHARACTER

3. -  THIRD BYTE IS THE DLE CHARACTER

fo £



I1/0 COMMANDS

READ EXTERNAL
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LAREL LD, A X(ADDR)
LAREL LD A» XB(REG OR A)
LAEEL ~ OFCODE REG X (ADDR) ,
LAEEL OFCODE  REG) @(REG OR A)
LAEEL 'OFCODE. (INTERNAL MEMORY), X (ADIDR)
LABEL  OFCODE  (INTERNAL MEMORY), X@(REG OR A)
WRITE  EXTERNAL - '
LAREL . LDX (EXTERNAL ALDDR) ) A
LAREL LOX . (EXTERNAL ADDR),REG
LAREL LIOX @(REG OR A)»A OR REG. . .
LIiX COMMANDS ARE FOR EXTERNAL WRITE ONLY OFERATIONS ‘ .
X(ALDR) EXTERNAL MEMORY ADIRESS REALD ONLY ASSUMED
XEREG INDIRECT EXTERNAL MEMORY' ADDRESSsREAD (ONLY ASSUMED
- LOX BREG INDIRECT EXTERNMAL MEMORY ADDRESS: WRITE ONLY ASSUMED
REG _ RO-K7 ' ' : :
A ACCUMULATOR

INFUT/0UTFUT ADDRESS MAF, F24=0

I READ ! WRITE
J e e e e e - - =~ —— ———
UNIT NUMBER ! GX, UNT ! OX. ACT
ADDRESS LATCH #1 HIGH ! '1X, AlH ! 1X. PAS
ALDRESS LATCH #1 LOW ! 2X. A1L ! 2X, ALl
ADDRESS LATCH #2 HIGH ! '3X. AZH ! 3X, CPH
ALUDRESS LATCH #2 LOW ! 4X, AZL- ! 4X. ALZ
STATUS REGISTER | 50, STT ! SO, CFL
USRT RECIEVE DATA REG.! &0, URD |
UBRT STATUS REGISTER | &1, UST !
USRT MODE REGISTERS | 62, URM |
USRT COMMAND REGISTERS! 63, URC !
. ‘ | T1 64, USD
! | I 65, USY
! I 66, UWM
I 67, UCM

MOTOR CONTKOL REGISTER! 7N. MTE(N)! 7N. MTR(N)
"SWITCH STATUS REGISTER! 8N, SWS(N)! 8X, SHC

I 9N, * 19X, ADC
ANALDG SELECT REGISTER! AN, ANS(N)! AN, ANS(M)
- oo : I RO, URES
S BX-FX, % - ! CX-FX. - %

% 7 UNASSINGED
. DON‘T CARE o
LOW ORLER HEX ADDRESS FARAMETER

Zx

"CYCLE FF ACTIVE, NO FARM,

CYCLE FF FASSIVE, NO FARM.

LOAD ALl LATCH#1,NQ FARM,

COMF.REG HIGH ,
LOALl ALLl, LATCH#2, MO FARM
COMF. REG. LOW

USRT SENID DATA‘REGISTER
USRT SYNC REGISTERS

USRT MODE REGISTERS

USRT. COMMAND REGISTER
MOTOR CONTROL REGISTER ,
ZERD S/‘IH CAF’09 NU F'ARMO

- B5TART - ADC, NO FaARM.

ANALOC SELECT REGISTER
RESET USART
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INTERNAL OFERATIONS . ) - ) '

ALL INTERNAL SOURCE OR DESTINATIONS ARE VALID USING ACCUMULATOR,
REGISTER: INDIRECT REGISTER- ADDRESS OF MEMORY, OR MEMORY. ONLY
INDIRECT REGISTER SOURCE AND DESTINATION ADDRESSING OF INTERNAL
MEMORY IS5 NOT. VALID,., MACROS ACCOMFLISH THESE FUNCTIONS.

OFCODES USED ARE -THE SAME AS THE 8048 SET WITH A M SUFFIXED TO
THE OFCODE., ONLY THE LD COMMAND OFERATES WITHOUT THE M SUFFIX.

TRAFS : .

THERE ARE SEVERAL SYSTFM TRAFS. THE  END TRAF IS USED AT THE COMFLETION OF
"THE FOREGROUNL, OR EACKGROUND FROGRAM, AN ABORT TRAF IS USED TQ ARORT «

A FROGRAM SEQUENCE FROM EITHER THE FOREGROUND OR THE BACKGROUNLD. A WAIT
IS USED' BY THE FOREGROUND FROGRAM TO SUSFEND DFERATION UNTIL AN EXTERNAL
EVENT HAS OCCURELD, THE WAIT TRAF FASSES A CODE TO THE SUFERVISOR INDICATING
THE TYFE OF TRaAF BEING EXECUTED IN THE ACCUMULATOR AND THE EXTERNAL EVENT
THAT WILL RESUME EXECUTION QOF THE FUREGROUND FROGRAM, A TIME TRAF FASSES
TWO FARAMETERS IN REGISTERS R2 AND RI(RBO), R2 IS FUNCTION OFERAND
DESCRIBING IF A TIME .OR EVENT FUNCTION IS TO BE EXECUTED, IF A TIME
FUNCTION\HIGH .OR LOW TIME MODE, AND A TAELE ADDRESS IN FAGE 3 OF FROGRAM
MEMORY DESCRIEING THE THE FUNMCTION TO EBE EXECUTED. AN END SEQUENCE TRAF
TRUNCATES THE FROGRAM SEQUENCE. : : '

TRFINT:, ACCUMULATOR

[B7ILR6ICESICRAILRBICBZICEBLICRO]

(- =~ TRAFP CODE--~--- >< TRAF
RO-EBE1 TYFE TRAF
O, NOT VALID, OR FALSE TRAP
- R7-BZ2, UNASSINGED

1. "~ ACTION ° TRAF  INTERUFT-
~ ' - B2, UNASSIGNED
B7-B3. . TYFE ACTION TRAF
' -0, END  TRAF :
1.7 TIME/EVENT TRAF, R2 AND R3(REO) CONTAIN FARAMETERS
" . EXECUTION OF FROGRAM RESUMES,
- 2. . ABORT TRAF; ABORTS FROGRAM SEQUENCE
3. END SEQUENCE TRAF
4-31. NOT ASSIGNED

2, SUFERVISOR TRAF
: B7-B2.,  UNASSINGEL

3. WAIT TRAF INTERUFT ‘ _
' B3-B2, UNASSINGED - ' HA T

B4,  COMFARISON  TRAF
B5, INDEX S
B&6.  ADC END .
| E7.  EXTERNAL g
UNASSINGED, OR INVALID TRAFS ARE INTERFRETELD AS FALSE TRAFS
AND EXECUTION RESUMES ' R .



MONITOR ENTRY CONDITIONS:

PAGE b-14

UFON ENTRY TO THE MONITOR THE AFCUMULATDR CDNTAINS THE ENTRY CODE.
[B7ICBG6ICRSICBYICR3ICRZICRIILRO]

I O O O O 0 0 0

0 O O O [ ENTRY C(JIIE
o T C 1
L 2
C 3
C -4
C 5.
C )
C 7
T 8 - F
O [ERROR CODEIC UNIT NUMERER
L 1 -7 -1t 0O - F

]
]
]
]
]
1
]
]
1
.

]

1 [ SERIAL CHARACTER RECEIVEL]
ENTRY LOCATION: MONITOR IN FOINT.MON

MONITOR EXIT CONDITIONS:

NOF
ENTRY OR S5YS ERRDR CONDITION
SERIAL WORLD SENT

.RECEIVE CHARACTER PARITY ERROR

RECEIVE CHARACTER OVERRUN ERROR
SENDN MESSAGE TERMINATEL

TIMER ' : '

NOT ASSIGNELD

RESET

NOT ASSIGNED

UNIT ERROR CONDITION

UNASSIGMELD ERROR CODES

USRT RECEIVE WORLD

UFON EXIT FROM THE MONITOR THE ACCUMULATOR CUNTAINS THE EXIT CODE.
[B71CE6GICRSICE4ICR3ICREICRLICKBO]

O O-+"0 O O Q 0 O
Q 8] Q O.L EXIT CODE 1
C 1 ]

8 2 1

L {3 B |

L < ]

L ) ]

L 6 ]

C 7 ]

L 8 ]

- L 9 |

O 0 Q 1 L EXIT CODE 1
C 0’ ]

~EXIT LOCATION: RMONITOR IN FOINT

L]

MNOF
USART SENL/RECEIVE ERROR CONDITION

- RECEIVE FROTOCOL SYNTAX ERROR MSG
‘RECEIVE COMMAND SYNTAX ERROR MSG

RECEIVE OVERLAY ERROR MSG

RECEIVE #ARITY ERROR MSG

RECEIVE OVERRUN ERROR MSG

TRANSMIT OVERRUN ERROR MSG

FROGRAM STATE ERROR MSG

EVENT QUEUE FULL

FROGRAM SEQUENCE RECYCLE

CENTRAL CONTROL MESSAGE -

SYSTEM RESET COMMAND (NOT AN ERROR).
SUF

Ry
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SCHEDULAR ENTRY ANII EXIT CONDITIONS:

ENTRY LOCATION: SCHED IN POINT,SCH
EXIT LOCATION: SCHSUFER IN FOINT.,SUF

ON ENTRY THE ACCUMULATOR CONTAINS A EXECUTION CODE
ENTRY CODES: - ‘
: 0. ACTIVE FROGRAM HAS ENDED
i, EXECUTE ACTFRGIDON
‘ 1, FETCH NEXT ACTIVE PROGRAM IN THE SEQUENP o
2. IF ACTIVE FROGRAM SERUENCE DIONE, DELETE RETURN FROM STACK
3., IF ACTIVE FROGRAM DCNE, '
1. SET ACTIVE FROGRAM DONE
.2, DELETE RETURN FROM THE STACK
4, IF BADL STACK
1. INACTIVE FROGRAM SET DONE
2. INACTIVE END GF STACK=0 .
. 3, STACK POINTER=0
2. ACCUMULATOR CONTENTS ON EXIT:
O, NORMAL EXIT
- -1, ACTIVE FROGRAM SEQRUENCE LDONE
2. ACTIVE AND' INACTIVE FROGRAM SEQUENCES DONE
3. ERRORs ACTIVE FROGRAM SEGUENCE ALREADY L[IONE
: 4, RAD STACK
i, ACTIVE FROGRAM IS SUSFENDELD, OR FJNISHED
1. EXECUTE ACTINACT .
1. SWAF ACTIVE FROGRAM FOR INACTIVE FPROGRAM
2. IF EAD STACK
1. NO SWAP ' :
2, INACTIVE FROGRAM SET LONE
3. INACTIVE ENLD OF STACH=O
4, STACK FOINTER=0
2. ACCUMULATOR CONTENTS CN EXIT:
0O, NORMAL EXIT
1, NOT USED IN ACTINACT ,
2. NOT USED IN ACTINACT ' .
3, NOT USED IN ACTINACT :
: 4, RAD STACK :
2+ RESET FROGRAM SERENCLS USING FRGLSTUO
1. EXECUTE RESCHED
1. IF B7=0 CLEAR THE BUFFER AREAS .
2. . REINITIATE STACK P
3., RESET ECKFRG, AND FRGPRG
2+ ACCUMULATOR CONTENTS ON EXIT:
O+, NOT USED IN RESCHED
1., NOT USED IN RESCHED
2. ACTIVE AND INACTIVE FROGRAM SEQUENCES DONE
3. NOT USED IN RESCHED : -
‘4, NOT USED IN RESCHED
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" INTERRUFT ROUTINE CONDITIONS:

SYTEM RESET - : ' - h
EXIT IS MADE THROUGH THE TIMER INTERRUFT ROUTINE., F1 IS THE
ONLY INDICATION A RESET HAS REEN FERFORMEL :

ENTRY LOCATION: 1, OQO HEX
ENTRY CONDITIONS: 1, RESET INTERRUFT
EXIT CONDITIONS: 1, MEMORY BANE O SELECTED
: 2, TIMER INTERRUFTS ENABLED
3., TIMER ON
4, EXTERNAL INTERRUFPTS ENABLED
S. USART INITIALIZELD
6. USART CLIICK ON. :
7. FRGSTAT: ACTIVE AND INACTIVE FROGRAMS=LONE
8., STACK FOINTER=0
9. RAM MEMORY CLEARED
10, DISABRLE EXTERNAL INTERRUFT
11, EXTERNAL RAM CLEARED
) ~ 12, EXTERNAL I1/0 CLEARED
EXIT LOCATION: 1., RRESINT IN FODINT.SUF

TIMER INTERRUFT ,
ENTRY LOCATION: .1, Q07 HEX
ENTRY CONDITIONS: 1, TIMER INTERRUFT
EXIT CONDITIONS: 1, MEMORY BANK © SELECTEDN
: 2., REG BANK 1 SELECTEL.
3. TIMER INTERRUFT RESET
4., REG RANK 1 SELECTED K
S+ R3=ACCUMULATOR OF INTERRUFTED FROGRAM
6+ EXTERNAL I/0 OFERATIONS SELECTED
7+ ACCUMULATOR=INTMSGS
EXIT LOCATION: 1., RTIMINT IN FOINT.SUF

e ® T
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- INTERRUPT ROUTINE ACD:ND_’IT-I'bN'S' EON'D - Eoe

EXTERNAL INTERRUFT -

N 'ENTRYELUEATTﬁN: 1) 603 HEXT - -

- ENTRY CONDITIONS: 1. *INT=0, EXTERNAL INTERRUFT

| 2. UST Bl=1, USART CHARACTER RECEIVEL
T S '

8. UST Ro= 15 USART CHARACTER SENT-

4, STATUS INTERRUFT e - o
' ©1,°STT BO » PORTL Ed=1, COMPARISON INTERRUPT.

- . OR N ‘ A
© 2, STT E1 A PDRTl BS=1, INDEX INTERRUFT
- OR 4
- 3. STT B2 + FORTL Bé&= 1, ADC END INTERRUPT
. 5. TRAF 1NT£rRUFT : :  ANSO E3=1

L - OR°
o IR - TR FAL“E INTERRUPF (NONE OF THE AERQOVE )
EXIT CONDITIONS: 1. MEMORY EANK O SELECTED . .
: o . 2+ REG BANK 1 SELECTELD
'3+ R3= ACCUMULATOR OF INTFRRUFFhD FRDGRAM
: E 4, EXTERNAL I/0 OFERATIONS SELECTED
VEXIT LOCATION: 1, IN FOINT.INT
: : -+ 1. USTREC (USART CHARACTER REFEIVED)
- "EXIT CONDITIONS:
1, ACCUMULATUR UsT
... 0RO ' '
‘2¢ "USTXMT (USART CHARACTER FRANQMITTED)
EXIT CONDITIONS:
1. ACCUMULATOR=UST
oo OR
-3+ STTINT, (“TATUS INTERRUFT)
- EXIT CONDITIONS
1, ACC.wTNTERRUFT OISARLE BIT—
, (bll*lb)‘PURll FUH
OoR. .
- 4, TRFINT. (TRAP INTERRUFPT).
EXIT CONDITIONS:
1. ACCUMULATOR=ANSO
+ ANSO(E3) =1
DR ‘ :
2. RFLSINT (FAth INTERRUFT) IN FOINT.SUF
- . . EXIT CONDITION: 1., ACCUMULATOR=Q



CINTERRUPT ROUTINE CONDITIONS CON’D

USTREC INTERRUFT, USART

ENTRY LOCATION:

ENTRY CONDITIONS:.

CHARACATER RECEIVED
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t

1. USTREC, IN FOINT,[INT .
R3=ACCUMULATOR OF INTERRUFTED. FROGRAM
ACCUMULATOR=UST :

hir

e

PP i ]

EXIT CONDITIONS:

1.

2,

" USTXMT INTERRUFT, USART

ENTRY LOCATION:
ENTRY CONDITIONS:

3.

CHARACATER SENT

1.
1.

~
oAy )

._3.

EXIT CONDITIONS:

EXIT LOCATION:

1.

3.
1.

1. UST E
AND

2, UST B4=1,

OR

3. UST E3=1, _

- OR

4, UST *B4 V #B3=1,

INTERRUPT

1=1, S LUSART. CHARACTER RECEIVED

RECEIVE OVERRUN ERROR
RECEIVE FARITY ERROR

URO=YALID RECEIVE CHARACTER

R3=ACCUMULATOR UF INTERRUPTED FROGRAM

ANL

MESSAGE FREAMELE OR ERRDR

-1+ ACCUMULATOR=,

OR

2, ERROR

FREAMBLE

1, ACCUMULATOR= INTMSG2, FARITY ERROR

OR

2, ACLUMULATDR INTMSCB» OVERRUN ERROR
. - EXIT.LOCATION: 1., RUSTERR IN FOINT.,SUF

OR

CHARACTER RECEIVELDL
1. ACCUMULATOR=RB7+ASCII CHARACTER
EXIT LOCACTION: 1., RRECINT IN FOINT.SUP

USTXMT,

IN FOINT, INT

INTERRUFT

R3I=ACCUMULATOR OF INTERRUFTED PRDbRAM
ACCUMULATOR=UST

1. UST EO=1,

CHARACTER IN XMITCHR

1. XMITCHR=0O TERMIMNAT

OR

2, XMITCHR/=0 SENU
R3=ACCUMULATOR

AN

ACCUMULATDR INTMJGI’

OR

ACCUMLILATOR=INTMSG4,

RSNDINT,

IN FOINT.,SUF

USART CHARACTER SENT

E TRANGEMISSION

XMITCHR
OF INTERRUFTEL FROGRAM

CHARACTER SENT

TRAMISSION TERMINATELD



INTERRUFT ROUTINE CONDITIONS CON‘D -
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i
‘

TRPINT INTERRUFT, TRAF INTERRUFT

" ENTRY LOCATION: 1,

" ENTRY CONDITIONS: 1.

L .

3
1.
1,

EXIT LOCATION:
EXIT CONDITIONS:

3

B1-BO,

TRFINT, IN POINT.INT

R3=ACCUMULATOR CF INTERRUFTED
TYFE TRAF 4
FALSE OR INVALID TRAF
B7-B2, UNASSIGNED
ACTION TRAF
B2, UNASSIGNED
B7-E3. TYFE ACTION TRAF.
‘ 0. END' TRAF.
1. TIME/EVENT TRAF
"1, RZ(RBO)=FUNCTION FARAMETER
2. R3(REG)=TIME FARAMETER
2. ABORT TRAP :
3. END SEQUENCE TRAF
4-31, UNASSIGNED
2, UNASSIGNED
' B7-E2. UNASSIGNED
WAIT TRAF
B3-B2, UNASSIGNED |
E7-E4, TYFE OF WAIT TRAFS ISSUED
B4, COMPARISON TRAF
ES, INDEX TRAF
B6, ADC END TRAP
E7. EXTERNAL
ACCUMULATOR=ANSO
ANSO(E3)=1
RTRPINT, IN FOINT.SUF. :
R3=ACCUMULATUR OF INTERRUFTED FROGRAM
AND
ACCUMULATOR=TRFMEG1 »
OR
TIME TRAF
1. ACCUMULATOR=TRFMS
OR

FROGRAM
0. |

1.

3,

END TRAF

ENTRY MALDE

~3
<

2. ACCUMULATOR=E4+TRFMSG2, QUEUE FULL

OR
ACCUMULATOR=TRFMSG3,
OR
ACCUMULATOR=TRFMSG,
OR

WAIT TRAP ,
1, ACCUMULATOR=[R3(REO) *FOH1+TRFMSG7

2, PORT1=(FORT1~OFH)+LR3(REO)AFOH]

3, F1=(FORT1+OFH)+[R3(REO) AFOH] -

ABRORT TRAF

END SEGUENCE TRAF



PAGE 6-20

INTERRUFT ROUTINE CONDITIONS CON‘D

" STTINT INTERRUFPT, STATuS'INTERRuPT_

ENTRY LOCATION: 1. STTINT; IN POINT, INT
"ENTRY CONDITIONS: 1. R3=ACCUMULATOR OF INTERRUPTED PRDGRAM
: L T 2, ACCUMULATOR=INT., DISABLE RIT=(STT#16)~FORT1AFOH
. 7.7 73, RO=FORTL ADDRESS. .
EXIT CONDITIONS: 1. R3=ACCUMULATOR OF INTERRUFTED FROGRAM
- 2. PORT1=FPORT1(+)INT.DIS
3, ACCUMULATOR=INT,DIS+E3+INTMSG7
o : E3: =FORT1AFOH=CONTINUEING INTERRUFT
"EXIT LOCATION: 1., RSTTINT, IN FOINT.SUF '
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- SUFERVISOR ENTRY.CDNDITIDNC' :
RRECINT,» ENTRY:  AFTER USART RECEIVE INTERRUFT
UFON ENTRY TO THE- SUFERVISOR THE APCUMULATDR CONTAINS THE ENTRY CODE,
ER7ICRAIERSILEB4ICB3ICRBRZICRLIICEBO]

1 [ SERIAL FHARA[LM RECEIVED 1] U%RT RECETVE WORID

RSTTINT, RSNDINT: RTIMINT: HUSTERR' AND RFLSINT : : ’ :
ENTRY AFTER GTATUS, USART SEND, TIMER, USART ERROR, OR FALSE INTERRUPT
UPON ENTRY TD THE SUFERVISOR THE ACCUMULATOR CONTAINS THE ENTRY CODE.
TB7ICRBGICBSICE4ITB3IIBEILRLICEO] )

(CONTEXT SENSITIVE-}{(-INT CDDE ) o - . 2 ‘

ACCUMULATOR CDDES
" B2-BO. TYFE INTERRURT . - - :
. 0, NO ACTION RERUIRELD, OR FALSE INTERRUFT
1. SERIAL WORD SENT INTERRUFT
2.7 RECEIVE FARITY ERROR
3. RECEIVE OVERRUN ERROR
4., SEND MESSAGE TERMINATELD
5.  TIMER INTERRUFT
6.  UNASSIGNED
7. STATUS INTthUFT
B3, INDICATES A CONTINUING STATUS INTERRUFT
B7-B4, TYFE STATUS INTERRUFT
B4, COMFARISON INTERRUFT
E5, INDEX INTERRUFT
B&. ADC END INTERRUFT
B7. EXTERNAL INTERRUFT

RTRFINT . ’ ' ‘
SUFERVISOR ENTRY FOINT AFTER A TRAP
[R7ICB&ICRSICEYICE3ICREICBLIICERO]
(-CONTEXT SENS., »{--TRAF COOE--->

E2-BO  TYPE TRAF
: - 0.  FALSE TRAF
1. END TRAF
2. TIME 'TRAF i
' B7-E4, TIME TRAF CONDITION CODE
O, ENTRY MALE
i, . QUEUE FULL
3. ARORT TRAF
3, ENDI SEQUENCE TRAF
5-6., UNASSIGNELD TRAF .
7. WAIT TRAF TRAF
- ‘B7-E4, WAIT TRAF FARAMETER ,
‘ B4, COMPARISUN TRAF : : -
ES. INDEX TRAF ' : : '
. B&, ALNC END! TRAF
B7. EXTERNAL TRAF
E3 _

1
Zr



. SUPERVISOR

SCHSUPER

ENTRY AFTER. SCHECULAR RDUTINE )

ACCUMULATOR CODES: .

0.
1.
2
3.
4,

NORMAL EXIT:

ACTIVE FROGRAM. SEGUENCE DDNE
ACTIVE AND INACTIVE FROGRAM SEQUENCES DONE

ENTRY CONDITIONS CON‘L:

ACTIVE FROGRAM SEQUENCE UDNE
ran STACK

vRMDNITDh
ENTRY AFTER MONITOR . RDUTINE

ACCUMULATOR CODES: . B
[E7J[BbJFB”JLB4J[BQJ[B”J[91][BUJ’

00 0 -0
0

0O 0 . 0

0 0. 1
C

.0

L
€
L
L
T
€
L
C
L
£
L

()
EXIT

EXIT

OO N S b

0

COLE

O

J
]
]
]
]
o
1
]
]
]
1

CODE -

]

PAGE

- o
_,"ra":“
SRR X :

NOF Lo o L
USART SENI/RECEIVE ERROR CONDITION
RECEIVE FROTOCOL SYNTAX ERROR MSG
RECEIVE COMMAND SYNTAX ERROR MSG
RECEIVE OVERLAY ERROR MSG

RECEIVE FARITY ERROR MSG

RECEIVE OVERRUN ERROR MSG

TRANSMIT QVERRUN ERROR MSG

FROGRAM STATE ERROR MSG

EVENT QUEUE FULL

FROGRAM SERUENCE RECYCLE

CENTRAL CONTROL MESSAGE

L . " SYSTEM RESET COMMANL (NOT AN ERhDR)
EXIT LOCATION: RMDNITUR IN FOINT. SUF
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fSYSTEM REFRESH DFERATIDNS

CERTAIN ITEMS REQUIRE FERIODIC REFRESHMENT IN ORHFR TO AVOID _
LOOSING CERTAIN FUNC;[ON " OR HAVING A SYSTEM LRASH.
1." CANCEL RESET FUNCTIDN : ‘ Lo :
BIT FZ26 IS COMFLIMENTED IN ORDER TO RETRIGGER THE RESET MONOSTARLE -
AND ARORT A SYSTEM RESET. ’
R. THE EBIT IS5 COMFLIMENTEIL ON TIME ENTRY TO THE MONITOR
2. ENABLE EXTERNAL INTERUFTS
. R. ENAELED ON EACH TIME ENTRY TO THE MDNITOR
3. ENABLE TIMER INTERRUPTS
- R+ ENAEBLED ON EXIT FOR SUPERVISDR'
-4, ENABLE CLOCK TO USART - -
' R. ENABLED AEQUT EVERY 32 SECONDS FROM MDNIFDR:
WHEN TIME EQUALS X800 HEX.
.Sy T INITIALIZE USART
R.INITIALIZED ARQUT EVERY 34 SECONDS FRDM MONITOR:
WHEN TIME EQUALS X000 HEXs IF NO USART RECEIVE
ACTIVITY, OR IF SEND ACTIVITY HAS REEN DETECTED
IN THE FRIOR 34 SECOND FPERIOD AND THERE HAS NOT .
BEEN A SUBSEGQUENT SEND TERMINATION
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) . . . '
~ . s PR |
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FOINT INTERNAL RAM-MEMGRY ALLOCATION

o e e e e e e e e e e e e e e — +
10, RO ACT ! REG.!20,. FORT #1, FDnT1'4U.~FDRth———~ +0- 1604 ~EVEQUE - <= - - - Q-1
1. R1 ACT. ! BANK!21. VECTOR & - - C 5 [ +1-161, o |
12, R2 ACT ! O 122, * 142, -MSCGBRUFFO-- +0-162, T/EsA I
13, R3 ACT | - 123, USART XMITCHR 5" 3 S +1-163, OFER ! i
ld, RO’INACT! R4° 124, TIMER TIMVALL !44, -FREBUFFO--~ +0-164, T/E:A ! 2!
15, R1VINACT! RS 125, TIMER TIMVALH !45., FOREGROUND +1 '65, OFER ! !
16, RZINACT! R&6 126, SNORECST. 146, BUFFER +2 166, T/EsA ! 3
17¢-R3INACT--R7--127, SRCOMMSG . 1474 UNIT #0 +3 167, OFER I i
18, -TOF - - e e 128, SRFARML . 148, - +3 1468, T/EsA ! 4 |
19, ! T 129, SRFARMZ2 149, 45 169, OFER - ! !
1A, - 12A, FRGLSTUO V- +6 16A, ! 5 |
R, ! 12R, -FRGLSTAC LSRR, : . +7 1 6B, : t
iC. I “12C, DROFIN & - 140, +8 16C, EVENT GQUEUE & !
A0, ! 120, DROFOUT 59 o AR +9-160, 2BYTES FER !
1E, . 12E, WINDOW : t4E, ~EHRBUFFO- . - +0-16E, ENTRY ! 7!
IF. I " H2F, -MSGEBUFF --~ +0-14F, 'BACKGROUND +1 !&F, : = !
110, ‘STACh'BO. ------------ +1-150, BUFFER - +2 170, TIME/EVENT ADDR !
111, ' 131, ICFRG: UNT#FROGH1 51, UNIT #0 +3 171, 0PERAND i !
112, P- 132, ACFRG: UNT#FROGH 1 52, C o 172, ! 9 !
113, ! 133, -ACTEXAR--- +0-153, “+5 7173, . ' ! !
P14, L 134, ACTIVE +1 154, C +b 174, T/EsA ! Al
115, ! 135, FROGRAM = +2 155, +7 17%. OFER ! !
116, ! 136, EXECUTION +3-1564, +8 176, T/EsA ! B !
1174 -BOTTOM == e == =~ 137, AREA 43 157 e +9-177, OFER. b |
118, -RO-8Y8----~--138, +5 158, * 178, T/EsA ! C !
119, R1 SYS ! REG 139, oo +6 159, * - 179, OFER b
t1A, R2 SYS ! RANK!3A,. ~ +7 15A, * 17A, T/EsA ! !
1R, R3 8YS 1 1 3R, - T +8 'SR, % t7B, OFER P
TICVACTACC ' R4 - 13C -ccmmememmm +9-15C, #* 17C. T/Es A ! E !
P1h, INACTACC! RS 13D, -BCKWRK--—~- +0-150, * : . 170, OFER I |
I1E.FRGSTAT ! R6 I3E. +1 ISE, % 17E., T/EsA ! F !
PIFJWOFPSTAT ! R7  13F cmemmmmeem= +2-15F, * 17F 4 «0OFER-we e o e e o
o e e v an e o - - - — - - -_.;_;.__* _____________________________________________________ +
* UNASSIGNED
' : : Fig, 6.,1-2
FRGSTAT PROGRAM STATUS v - ADDR. 1E
[ B7 10 B& 1L BS 1C B4 1C B3 1C B2 1C EB1 1L BO 1
- { F/BY(DONEX{ FROG STAT)(UINT)(F/E END OF STACK)
RO-B2 F/E END (OF STACK
END' OF STACK FOR INACTIVE FROGRAM
E3 UNINT FOREGROUND UNINTERRLUFTAELE
E4-RS  FROGRAM STATUS, STATUS OF INACTIVE FROGRAM
' O, FINISHELD, INDICATES. THAT INACTIVE FROGRAM HAS ENDED,
1. SUSPENDED o : , . :
2. WAITING A o , ‘ _ N
E 3. SCHEDULED .
E& . DONE, SCHEDULAR INDICATES ALTIVE FROCRAM PEGUENCE HAS ENDELD,
R7 F/E INDICATES ACTIVE [PROGRAM

0. BACKGROUND ACTIVE
" 1. FOREGROUND ACTIVE
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- RAM CON’D » ,
OFSTAT OPERATING SYSTEM STATUS ADDR, 1F

["B7 1C B6 IC B5 10 B4 JL B3 1L B2 1L B1 10 BO ]
(7——UNASSIGNED;——>(RECI)(8NDA)S.MUUE(CHAR MODE 3

RO-EB1 RECEIVE MCDE
: © 0. 1ST ADRDRESS CHARACTER RECEIVE MODE
1. 2ZNIN ADDRESS CHARACTER RECEIVE MOLDE
2+ MESSAGE CHARACTER RECEIVE MODE
‘ 3+ CHARACTER AVAILAERLE RECEIVE MODE
Rr2 SENDO MODE
0. SEND MODE IDLE
1. CHARACTER SENT -
B3 SEND ACTIVITY ‘ - E :
USED TO GAURANTEE THAT SEND ACTIVITY TERMINATES
0. BIT CLEARED BY SEND TERMINATION
. 1., BIT SET BY MONITOR WHEN SEND ACTIVITY DETECTED
B4 - RECEIVOR IDLE . '
USED FOR LONG RECEIVOR IDLE FERIODRS TO GUARANT%E THAT
THE RECEIVER IS NOT DEAF.
0., BIT CLEARED RY MONITOR
1, BIT SET BY RECEIVER ACTIVIY

ACPRG AND ICFRG ' ADDOR., 32 AND 31
ONE BYTE EACH, CONTAINING THE CURRENT UNIT NUMEER ANII FROGRAM NUMEER
OF THE ACTIVE OR INACTIVE FROGRAM SEQUENCES. THE FROGRAM NUMBER
- IS A RELATIVE NIEBLE ALDRESS INTO EITHER FRGLST OR BCKLST. ‘
ACFRG AND ICFRG
' { B7 1C R6 1C BS 10 B4 1C. B3 10 B2 1L EBL 1C RO 3

SO UNIT NUMBER--~--- Y ¢ ==~ ~FROGRAM NUMBER----)
FRGLSTUO . ADDR, - 2A
FRGLSTAC ADDR, 2R

FRGLSTUO IS MOVED TO FRGLSTAC AT THE ENDI OF A FROGRAM CYCLE:
FERMITTING FROGRAM MODULES TO CHANGE THE FROGRAM SEQUENCE
IDENTIFICATION OF THE FROGRAM LIST THAT WILL BRE USED' TO FILL
FRGLST AND BCKLST, PHbLbT.l LOCATED IN FAGE 3 UF FRUGRAM
MEMORY , :
C B7 1t 86 JC BS 1 B4 IC R3 1L B2 JCL-B1 1C BO 1]
(NIR »{ NA Y{(---meemmm FRGLET Il e m e m e = ?
BO-B6., RELATIVE ADDRESS INTO FAGE 3 OF FROGRAM MEMORY. FRGM.
THE START OF THE FROGRAM LIST. FOREGROUND ANU_BACRGRDUND'
SECTIIONS ARE TERMINATED RY A NULL ENTRY. ’

Bé6, NOT ASSIGNED

EB7. NOT INITIAL RUN- ' o
.0+ INITIAL RUN OF THE FROGRAM LIST"AS LOADED "BY THE
‘ "MONITOR.

1, ' 8ET TO ONE AFTER THE FIRST CYCLE RY THE SCHEDULAR.
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RAM CON’L

ACTEXAR I . I ADDR. 33 37 }

FIVE GENERAL FURFOSE BYTES USED' RY THE ACTIVE FROCRAM DURING EXECUTION
AS RAM MEMORY. THIS AREA AT THE TIME OF EXECUTION RELONGS TO A FARTICULAR
UNIT# AND EITHER THE FOREGROUND OR BACKCOROUND FPROGRAM,

THE AREAS ARE CLEARED RY THE SCHEDULAR BEFORE THE ‘FIRST’

EXECUTION CYCLE OF THE FROGRAM SERUENCE, AND MAY RE TESTED RY THE
FOREGROUND OR BACKGROUND FRDOGRAM TO INDICATE THIS CONDITION.

FOREUFFO AND BCHFUFFO ' ALDR, S6-5A AND SE-SE

UNIT O FOREGROUND AND RACKGROUND BUFFER AREAS. THE AFFOFRIATE AHEA I8
LOADED BY THE SCHEDULAR FROM THE ACTEXAR AT THE TERMINATION

OF THE RESFECTIVE FROGRAM SEQUENCE, THESE AREAS MAY BE USED FOR
FOREGROUND/RACKGROUNLD COMMUNICATION, THE AREAS ARE CLEARED RBRY THE
SCHEDULAR BEFORE THE ‘FIRST’ EXECUTION.CYCLE OF THE FROGRAM SEQUENCE
ANDY MAY EBE TESTED RY THE FOREGROUNLD OR BACKGROUND FROGRAM TO

INDICATE THIS CONDITION., ‘

MSGEUFF ADDR, 2F-30

MESSAGE RBUFFER SFT BY THE OFERATING SYSTEM OR CENTRAL CONTROL

UNIT A8 A MESSAGE TO THE FOREGROUND OR BACKGROUND FROGRAM, CURRENTLY
WITH ONLY ONE FIELD UNIT MSCGRUFFO IS NOT EBEING USED. THE MESSAGE
BUFFER IS USELD ANL CLEARED BY THE AFFLICATION FROGRAM.

MSGRUFFO . AODR, 53-54
MESSAGE BUFFER ASSOCIATED WITH UNIT#1 IN A MULTI UNIT ENVIROMENT, -
NOT CURRENTLY USED,

EVENQUE . ' ADLR . 6“ 7F°
EVENT QUEUE HAVING SIXTEEN ENTRIES MAXIMUM, TWO BYTES FER ENTRY
TIMER/EVENT FUNCTION RYTE #1

L B7 1C B6 1IC B3 10 B4 1I E3 1C B2 10 B1 1L BO 3

(mmm e EVENT QUEUE ENTRY----ee--- Y -L/HY( T/E?
BRO-RB7., =0 EMPTY ENTRY s

BO.  TIME/EVENT - EVENT MODE NOT CURRENTLY SUFPFORTED
: O, TIME FUNCTION
1., EVENT FUNCTION
E1. LOW/HIGH TIME MODE
0. 8 MILLESECOND RESOLUTION
"1, 2,048 SECOND RESOLUTION )
BZ2-E7,. RELATIVE TAELE ENTRY INTO EVENTQUE
EVENTHUE IS A TABLE CONTAINING THREE EY]ES FER ENTRY:
_DEFINING THE ACTION TO BE TAKEN AFTER A TIMER/EVENT
OCCURANCE ' )
TIME/EVENT OFERANII EYTE #2 S :
ONE BYTE OF TIME OPERAND, TIME RANGE DETERMINED RY RYTE #1, BRI~
1, 8-2,048 MSEL, , 3 *MSEC RESULUTION, +0-8& MS ACCURACY
2, 2,048-524,268 SECS, 2,048 SECS RESOLUTIONs +0-8 MS ACCURACY
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" RAM CON‘ I

SNORECST : T ~ ADDR. 40
SENI/RECEIVE SFATFS _
L B7 I1C B& 310 BS 10 B4 1€ B3 1L B2 Jc Bl 1t BO 3
(SRM ){~~--SNOSTATE-~-~)(~SUBRSTATE-)( ~ RECSTATE )
E1- BU. RECEIVE FROGRAM STATE ‘ :
0., FROMFT MODE SR
i, COMMAND MODE ‘ §
2. PARAMETER MODE _
3, FINISHED MODE
B3-RZ SURSTATE . : IR
- SENDI STATE 2 - '
‘ 0. EXECUTE
i, 1ST NIERLE REFLY
2. 2ND NIERBLE REFPLY
o 3. ETX 'SEND STATE
B&-B4, END FROGRAM STATE
0. IOLE MODE ,
1. ACKNOWLELDGE MOE
2. EXECUTE MODE : : _ o i
3, TERMINATE TEXT MODE - : R _ -
4, TERMINATE MESSAGE MODE :
. 5. TERMINATE SENDO MODE
E7. SRCOMMSG MODE
O, COMMAND MOLDE
1., MESSAGE MOLDE
SRCOMMSG ADDR, 41
SENLI/RECEIVE ERROR MESSAGE RITS
[ R7 1L B& 1€ B5 I1C B4 1 B3 3L B2 1C B1 3L RO 3]
(C/E ){-~-ecneae e —CONTEXT SENSITIVE--ceeecmoa-n >
‘COMMANLD MOLDE :
IF B3 OF SNORECST=0 :
RECEIVE MODES 1 AND 7 ‘
EZ-EBD, NUMRER OF RECEIVE FARAMETERS TO RE STORED
. SEND MODE 2 :
EB4-RO, ZND NIRBLE REFLY MESSAGE
E7-B4, COMMAMD QFCODE :
IF R3.0F SNDRECST=1
A . E3-EBO, HIGH DROER NIEBRLE OF REPLY
MESSAGE MODE
B7-B4, TYFE MESSAGE MODE
0. ERROR MESSAGE MODE
" BE3-BO. MESSAGES

Q. NO DOF

1. RECEIVE FROTOCOL SYNTAX ERROR MSG
2, - RECEIVE COMMAND SYNTAX ERROR MSG
3. . RECEIVE OVERLAY ERROR MSG

4, . . RECEIVE FARITY ERROR MSG -
5.  RECEIVE OVERRUN ERROR MSG

6. TRANSMIT OVERRUN ERRDR MSG

7 FROGRAM STATE ERROR MSG

a, EVENT QUEUE FULL

1. CENIRAL CONTROL MESSAGE MODE
Q, SYSTEM RESET COMMANLD (NOT AN ERROR)
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RAM CON’L

FORT1 e AnnR; 20
RAM IMAGE OF FORTL - 4
C B7 1L B& 1T BS 1€ B4 1L E3 J0.E2 1f BL 1C RO

VECTOR : o o AUDR. 21
RAM IMAGE OF FURTl :
L B7 1C B6 3L BS 1C R4 1L B3 1L R2 JE E1 1L BO
(e GENERAL FURFOSE ADDREQS VECTOR -~ m——————
COMREG . ADDR, 22
' RAM IMAGE OF USART COMMAND REG (UCM)
. L B7 1L B6 3L E5 IC B4 1L B3 3C B2 1C R1 1L RO
(mmmmmm e~ == —UCM DEFINITION--- - e o mmm e m e 2
XMITCHR ‘ ’ ADDR, 23
" USART ASCI1 TRANSMIT CHARACTER -
~0U-B7°1C-B& 10 B3 IC P4 JC BB JE B” jf B1 3L RO

TIMVALL ~ , ADDR. 24
LOW.BYTE TIMER® o _
C B7 J0°B& 1T B> 10 B4 30 B3 JC B2 1C Bl JL EO

TIMVALH S ADDR, 25
| HIGH BYTE TIMER . _
[ B7 1L B& 1C BS 1€ B4 IC B3 1L B2 JL E1 1[ BO

SRFARML ADLDR.,
SENU/RECFIVE ERROR MESSAGE BITS
L B7 1L B6 1L RS J[ Bt IC b3 J[ k2 ][ El1 1L BO

SRFPARM2 ADDR, 43
SENL/RECEIVE ERRDR MESSAGE ‘RITS . :
L B7 JC B6 IC B" ][ -(-4 1t E¢3 ]L' B2 ][ E1 3£ RO



FOINT OFERATING

! SUBEMODULE/ - !
| MODULE A‘,'y

L FOINT. INT !
I FOINT.SCH = !
! FAGE3 !
! FOINT.MON !
I FOINT. SUP !
I SUBROUTINES !

! PACFE .

P AFFLIC

! TOTAL OFERATING

NOTE :

FAGE3 AND

PAGE 629

SYSTEM FROGRAM MEMORY MAP

MODOULE s

AS. REQUIRELD

SUBFG3

SURFG3

ASEFG3
ASEFG3!

TION FROM

T OROO

SYSTEM

ADDFESSEQ - (HEX)
BEGIN END TOTAL
0000 0131 0131
0140 02C6 0186
O300  O400- Q100
0300 . 0SEO O1EQ
I-0640 OQ6F6& - 0QORL
O71E QOE2

Qa0n -’

Qo0 ¢

OFER- 1000 - 0115

FAGER ARE ONLY PARTIALLY USETL,

©oL Fig.

6:1-3 .

AVATL. .
MEMORY

QOOF
003A
Q000
QOLO
0078

-QZER



i,
2,
3.
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S

PRGTARL FROGRAM TABLE

FAGE 6-30

STACK LIMITATIONS: FOREGROND, EACKGROUND, AND SYSTEM FROGRAM

SUBROUTINES MAY ONLY BE NESTED -TWO DEEF IN. F/RB/SUFER/SCHEL/MON, .
SUEBROUTINES MAY ONLY BE ONE. DEEF IN INTERRUFT ROUTINES,
INTERRUFTS ARE ENAELED IN FOREGROUND, -BACKGROUNDS, AND SCHEDULARs EXCEFT
SHORT FOREGROUND FROGRAMS WHICH MAY BE SFECIFIED UNI TERRUFTAELE.,
INTERRUFTS IN THE MONITOR MAY ONLY EE ENAELED WHEN NO SUEROUTINES
ARE BEING EXECUTED, AND WHEN THE ACCUMULATOR, REGISTERS: AND F1

ARE NOT BEING WSEL, ONLY THE CONDITION CODES ARE SAVED ON THE STACK.

A WAIT TRAF MAY ONLY- BE EXECUTED'IN.THE_FDREGRDUND.

TABLE OF FORECROUND AND BACKGROUND STARTING ADDRESSES. THE
- FPROGRAM IL FORMS 4 RELATIVE ADDRESS INTO THE TAELE.

.>FRDGRAM MEMDhY nﬂE £568=300H, FAGE 3 OF FROGRAM MEMORY.

B QPR S S TWO BYTES- e e e e »!
| ~____-__;_____________u__,,,_; ______________ 1
o ! FROGRAM CODE © ! HIGH ORDER ALDR! LOW ORDER ADDR! RELATIVE
L B e e e e "AUDHEDQ.
(oS ><n14><n1:><n1 YICALIY (o= Y (ABI (AT Y (o e - Y(AOY!
00 ! L0 I BCEGND EOF O | 0 I 00
. 10 T T T | BACKGROUNI ! ',
o ! ’ I FROGRAM ! N
OF . ! A : I ENTRIES ! i 1E
b o e U U g g !
ot 0 © 1 FROGND EOF o | 0 120 .
s U T T T | FOREGROUND i N
! : - | FROGRAFM ! N
1F ! . .1 ENTRIES ! ‘ ! 3E
+‘"f-“‘*——f~-f—--—-‘f—-—"——--#——-"77—-—-——’——*--‘ ----- +
Fisg, 6’ 1-4
AO-AL11 FROGRAM STARTING ADORESS
nD12-ni4 BACKCROUND, NUMBER OF BYTES TO BE TRANSFERRED FROM

. THE FOREGROUND OFR BACKGROUND BUFFER AREA FREUFF (N)/
EKBUFF(N) TO THE OFFOSITE COM AREA BKGNIDCOM OR FRGNOCOM
FOR THE FIRET FROGRAM OF A FOREGROUND OR EBACKGROUND .
FROGRAM SEQUEMCE. ' ’

D1s ' 1, U: FOREGROUND FROGRAM UNINTERRUFTARLE
2, BACKGROUND UNASSIGNED = O

IDOO-10 EMFTY ENTRIES. USED FOR EDOF FROGRAM SERUENCE
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EVENTQUE  EVENT GUEUE_EXECUTION TARLE

TAEBLE OF SINGLE OFERATIONS TO BE E\ECUTED UFDN THE OCCURANCE
DF AN EVENF IN FHE thNT QUEWE. L o

. FROGRAM MEMDHY'ﬂ FAGE 3 OF APPLICATIUN,PRDGRAM‘MEMGRY.

s A THREE BYTES- - - ot m&mmm e e l
I-..._.......___..,_._._-_..__....'......__,_._........____...._.__..._...___..____.._,_'.. __________________ |
1 BYTE &3 ! RYTE #2 ~ - | BYTE #1 - ‘ P .
I ¢ DESTINATION ! SDURCE ! FUNCTION - o ! RELATIVE
e e e el | ADDRESS
I{AB=~=mm=ADY I {AB— o= AOY (D7 -~ D6 (D5~ 03 ) (0202 ) (0L - =00 !
00 ! NDT VALID ! NOT- VALID ! NOT VALID ;
01 |  ADDRESS. IADDR, OR IMED.! DEST. ° SRC. N. A, OF CODE! 0O
02 1 : SR SR LT 103
W : P S S o,
[ ERURpO AU i S - e e e e e +

Fig,o, bel-5

I 00 15 NOT FERMITTED SINCE THE MONITOR USES A NULL ENTRY TO INDICATE
AN EMFTY QUEUE ENTRY. : : :

BYTE #1 FUNCTION
Di-0¢, OF CORE : -
0. MOVE ‘
1., NOT AFFROFRIATE FOR FORTZ DESTINATION
2+ AND ‘ . _
i, NOT AFPROFRIATE FOR FORTZ DESTINATION
3.'X0h ' ’ .
1, NOT AFFROFRIATE FOR FDRT GESTINATION
D3-L2, NOT ASSICGNED
D05, SO0URCE MODE
Q. I/0
1. EXTERNAL RAM
2+ INTERNAL - RAM : o
3, IMMELDIATE, THE VALUE IS5 CONTAINED IN RYTEZ
" PAGE THREE HHEHE THE IMMFDIATE OFERAND IS LOCATED
6-117, DESTINATION MODE
e 170
1.. EXTERNAL RAM R o ' .
2. INTERNAL RAM A o - i " .
" 3¢ FORT 1 OR 2 - o :
EYTE #2 SOURCE ADDRESS OR IMMEDIATE DATA
RYTE #3 DESTINATIUON ADDRESS
. 1. IF FORT DESTINATION |
1. PORT 1 IF BYTE u#3=0
2, PORT 2 IF BYTE %3 NOIT=0
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POINT CENTRAL CONTROL COMMAND

e e e e e e e e e e e e e
TOFCODETNUM, |- ZND FARM, ! ‘18T PARM INMEMONIC! ACTION TAKEN . |
THEX ~ !FARM! SRFEARML )V SRPARMZ ¢ 1 . ‘

| S, Y U U S U |, e o m e o a m  m o  n n e — -

o000t o L o - ! COMNOF ! NO OF ' l
ool b0t : ST ! SYSRES ! SYSTEM RESET !
102 1 2 1 ADDRESS  + READ ONT | RIRAM ! READ INTERNAL RAM |
03 1 2 | ADDRESS ! DATA | WIRAM | WRITE INTERMNAL RAM !
t04 1 2 ! ADDRESS | READ ONT | RXRAM | READ EXTERNAL RAM !
0% 1 2 ! ADDRESS | DATA ' WXRAM | WRITE EXTERNAL RAM !
L 04 1 2 1UADDRESS | READ ONT ! RXIO ! READ EXTERNAL 1/0 !
07 1 2 ! AUDRESS | DATA ' WXIO ! WRITE EXTERNAL 1/0 !
1 08 ! 1 ! FORT = b ODATA ! OFRT | OR PORT. .
b 0% 1 2 | FORT ® I DATA I AFRT ! AND FORT .
I oA ¢+ 2 1 FUNCTION ! QFERAND | WEV@ ¢ EVENT RUEUE ENTRY !
I OR L0 L ro ! RFSW ! READ FSW !

Fig. 6.,1-6
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- POINT SEND/RECEIVE TIMING R

MINIMUM EIT SYNCHRONIZATION IS ACHIEVED BY RECEIVING A EINARY 01, OR 10
IN THE BIT STREAM, IN FRACTICE FROFER EIT SYCHRONIZATION IS ACQUIRED BY
INSERTING A MINIMUM OF ONE ASCII.NAK CHARACTER AS A FILLER WHICH HAS

. SUFFICIENT ALTERNATE ONES AND ZERDES BEFORE ANY SYNC. CHARACTERS. THE
COMEINATION OF ALTERNATE: GNES AND ZEROES ELIMINATES ANY LOGIC TRANSITIONS
AT EIT EOUNDARIES, AND' GALURANTEES UNAMEIGUOUS BIT SYNC, THE TRANSMISSION
FROM THE CENTRAL CONTRILLER TO THE FIELD UNIT USES THE STANDARD 7 BIT
ASCII TRANSMISSION CONVENTION, STX IS USED AS THE MESSAGE SYNC CHARACTER,
MESSAGES ARE TERMINATED WITH ETX., EDT IS USED TO RETURN THE USART TO THE
HUNT MOLE, o : : TR : '

MESSAGE SYNTAX, CENTRAL CONTROLLER TO FIELD UNIT

Y

SINCE THE COMMUNICATION IS SYNCHRONOUS IN' NATURE "NAK" CHARACTERS MAY
BE UNFREDICAELY INSERTED EY THE USART INTO THE MESSAGE STREAM: THE
FIELD UNIT MUST THEREFORE IGNORE THEM, '

‘{(#—UNIT ADDRESS - - = ) | {mm e COMMANLI~ - = — == ) !

NAh:..:NAKySTX:H HEX AL L HEX ADN,$:C(H£X CDMHAND )
QASCII DF’\ L HEX FAF'\M)A OR H F\‘:\!’ M!oooofﬁ’CQQQQiETXQEDTQNAI’\QQ

% COMMAND OR MESSAGE LELIMITER
HEX CHAR ASCII 3Ny WHERE N I5 A HEXIUE'IMAL NUMEBER
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FIELD UNIT REFLY MESSACE SYNTAX

SINCE THE PGMHUNIFAFION ‘1S GYNCHRDNDUS IN NATlRE'“NAH“ CHARACTERS MAY
EE UNFREDICABLY INSERTED BY THE USART INTO THE MESSAGE STREAM, THE
CENTRAL CDN;RHLLEH nUST THEREFORE IENDRF THEM. ' : :

MSG &= “NAH“,REPLY fmﬁa e "~SEND NAh REFLY .
REFLY-:= "ACK",REPLY .-~ ~ -~ = . - NORMAL COMMAND ACENQWLEDGE, NO REFLY
REFLY := "ACK™:FARM e . NORMAL COMMANLD ACENOWLEDGEs WITH REFLY
REFLY &= TERM - LI . - END- MEGSAGE TERMINATE

FARM ¢ = ZHEX: FARM - - .. SEND FARAMETERsGET NEXT FARAMETER
“FARM := ZHEX,"ETX",REFLY - . REFLY FARAMETERS TERMINATE TEXT
TERM := "ACK", "EOT", "NULL" : . NORMaAL MESSAGE TERMINATION

TERM := "CAN", "EOT", "NULL" . ERROR MESGAGE TERMINAIIDN

ZHEX = LNIR,HNIRB &~ . BYTE REFLY

LNIR := 3,»HEX CHAR : LOW ORDER NIEBBLE

HNIB_:=.?9HEX hAF ’ . 7 HIGH GRHFN NIBBLE

MESSAGE QYNPHHDNI7AT[DN AT THE CENF&AL FDNTROLLER IS 'ACHIEVED RY THE
FIELD CONTROLLER SENDING TWO CONSECUTIVE NAK’S,. BIT SYNCHRONIZATION

AT THE CENTRAL CONTROLLER RECEIVER IS CAURANTEED SINCE THE TRANSMISSION
CLOCK 1I& GENERATED THERE. FOR THE ENTIRE INSTALLATION: AND THE FIELD
CONTROLLERS DECODE THIS CLOCK FROM THE SEND LINE. DUE TO FILTERING
THERE I8 HOWEVER A CONGTANT TIME DELAY BETWEEN THE SEND BIT STREAM

AND THE RECEIVE RIT STREAM. -

oo e e + RECEIVE LINE

! QSR Y S — ¢
I CENTRAL ! : A : oA © . ADDITIONAL UNITS.
! .CONTROLLER ! . 1I'SEND LINE =~ = 1 ' '
! ’ | e e e F o e B . )3
G m e —n - - 4. i ! ] |
! v ! Y

Fo + o +

I " FIELD ' ! FIELD !

{ CUNIT oo s ouNIT

Loowmy i I ¥ !

+... .__.. by mO sem e i g ke . ,'. , I

Fig, b.1-7

SEND/RECIEVE FIELD CONTROLLER

SINCE THE SEND/RECEIVE IS INTERRUFT DRIVEN, THE MONITOR MUST INITIATE
SEND MESSAGES BY MAKING A CALL TO XMITINT, THE INTERUFT ROUTINE NOW
CONTINUES THE TRANSHMISSSION. THE SUFERVISOR WILL REGUEST NEW CHARACTERS
TO RE LOADEDR IN XMITCHR AS REQUIRED, THE MESSAGE IS TERMINATED RY —
LOADT NG XMITCOHR WITH ZERO. . ' : :
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AFFLICATION FROGRAM DESCRIFTION
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6.2 CENERAL. : : 3 . A
"Each seecific operation mods is a ssquence of individual erograms
operating in the forsaround and backeround: that. give the desired
resultss, after sxecution. Each sequencs repsats indefinately.
until changsd by a reset conditions central controller: or a
proaram module,” S ' : . -

These Progarams ars as ‘Enblwd and linksd at locations BOO-1000 hasx,
Fage B (BOO-EFF) is reserved for tables that can be used by the
SUFERVISOR and program modules,

A pProgram sequence 1s an ordered sesuence of eprogram modules ussd to
achiesve a desived result.

The Frogram module is the fundamental program unit, © In different
Program s=qusnces the orders number; and srecific modules are chanssd
to modify system performance, .
Thess are rotary ssquencss that PHPIOdlLdI‘y repeat, A Proaramahle
number of Paramesters (7 max) may be transferred from the forzaround
portion of the sequence to the backaround, and also from backaround
to foreerdund. ' ' :

The arrlication program modules also have & messags buffer two hytes
Jdong MSGEUFFO used for erinciely semarhores: but. «slso can be used for
Paramster Storage, i ’

unniator and RO-R3y this
e to Pass pParameterrs
d or hackaround portion

is in additon tao ACTEXAR, and may also be u
betwesn program modules within the forsgrow
of the eprogram seEsusnce.

Each program module additionally owuns the acco
s
i

The 8048 family of microprocessors has a rotary stack limited to =iaht
levels, and does not permit pushing of raramsters onto ity Ths
arpPlication erograms are limiteds by necessityr to nesting of
subroutines to two deep,

6.2.1 FROGRAM SERUENCES . ' - o -

Frosram Ssquenc

1]

#O  Fower Up or Idle program seausncs loads default
- Paramsters on initial pass: but otherwise idles,
- Frogram Sgauence #1  Syetem Initialization ta perforwe tracking, - The
o PIrOgTam sequences will automatically switch tao
. Program Seaquence #4 if thasre is sufficisnt
insolation for trackings if not 1t will sxscute
Froaram Ssquénces #2 (Clock Mods)y and if there is
a fault condition 1T wil) return to Frogram
, Szquences #0, ’ :
Frogram Sequence #3 Stow concentrator, N : T
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- AFFLICATION FROGRAM STATE mIAGRAM“
" IFRG’
L D —— ——————— i stow o .
FROGRAM ! IMNITIAL I {eemmmmmm e e e e
SEQUENCE ! FROGRAM o Central Commancd !
0 ! R ————— I
. o Ty !
! ! ]
(- FROGRAM SEQUENCE 1-------—--- } ! )
 ROSNR . ' I' Central Command ! !
'FILTERS’ . - 'ONEFASS’  V , INFRG Vv !
———————————— - warmue e ) L e ,
IDATA I done ! EQUIFPMENT ! , 1 .8T0W ! PROGRAM
PACQUISITION!I (e e e POINITIAL- 1 I CONCEN- | SERUENCE
IFILTERING ! ! IZATION ! ‘ I TRATOR - ! 3
Se=t ! End Sea ! A warmue A! A not in
Frog. !. Trar | I not _ oo I stow
- Sea, ! e inie completed C ---- . POsition
2 ! : C
(mom e e e - FROGRAM SEQUENCE dee e e o )
ROBNRY I -
‘FILTERS’ V e ‘TRACK’
IDATA F{mmmimm e o
TACQUISITION! ! TRACK - 1. 1
PFILTERING  lecemmmeea-) b I I
______________________ !
S ! " SUNF>LDROFIN : FROGRAM
! ! SEQUENCE 2
‘CLEDRZ 1 \% SUNF(OROFQUT S N
____________ !
! EFHEMERIS ! S !
! TRACK ! . A
! ! . L r

S - Y

Fig. 6.2,1-1

* ‘e e v e T . v . e

- - - - - -

“ * * e T & 2+ e =
'
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62,2 AFFLICATIDN FRDGRAM MUDULE DESCRIFTIDNS

IFRG -~ Initial Frogsram . R Foregrdund'ﬂodu!e
Description: T ’ o '
In1t1a11:a110n is Pwrformwd.
Algorithm: . c
JIf initial cyLlw’

'and,qrfault valu»s 1nto DFDFIN; ODROFOUTs and WINDOW.

Otherwiss,:

NFRG - Night Frogram : ’ 7 Foresround Moduls
- Description: : ' . : '
‘ Stows the concentrator. .
Algorithm: . - . e
If not in stow pPosition :
Run Positiona motor in direction of stow
Otherwise,. ' : 4 ’
Szt Flasram Szauence O
Fosition motor is shut OFF.

ONEFASS - One Fass : Foreground Maodul=
Description: : I
Sztur conditons to Pwrform tracking.,
Al gorithm:
If initial cycle,
Run Scan Motors
Issuwe Time Trarp to set semarhore after delay
If not initial cycle and NO seEmarhore :
Issuz End Sequsnce Trar 1o truncate Program 8
Otherwise, = . ' .
=t Fassive Made, :
Issuz Wait Trar for Index.

Rzgaigiair,

Add 180~dn9: to Index valuss and load Comrariscon

St FP ogramn Seausrice 2.

"ROSNR - Rezad Sensors : - Foreground Moduls
Descirirtion: _ - L ) . _
Acauires angular position: and insolation leve!
Alzori thm: ‘
S=t Fassive Statso
Wait for Active State by issuing Comearison Trars
Wait for Fassive State hy issuing Comprarisor Traes

Add 180 deas 1o Index valussy and load CompParison Registsr:

Convert Adiress Lateh data 10 rwlatlvH PG:l 10Ty
Add rosition OFFSET,
FParform Analos to Digital conv~r 1Dn on Inaolatlon
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- AFPLICATION FROGRAM MODULE FUNCTIONS con’d

FILTERS - Disital Data Flltwrs - Backarouﬁd Macul &

Descrirtion: T : :
Filters Anqular FDQIYIOH Data and Inso)atlon LwVv

Algorithm: - o

- If Insnolation Leve) not within;limiis,
Set overflow value in SUNF»

~ Set BETAF esual to zero . ,

If Insolation t=val NOT equal to OVERFLOW
Filter angular positvion datar generats BETAF,
Filter insolation level, sensratse SUNF

TRACK - Track Concentrator Backsround Module
ODescriptiaon: - F 4 :
- s Track concentrator to within WINIOW vaius,
Al sarithm: ' : ' ’ :
If SUNF ( DROFCUT,
Szt Froeram Sequence 2
Exit : o
If Manual Mode :
 Stop positioning motor;
Exit.
If BETAF » Continous Run Limizt
Run positioning motor in. afpPropriats leHCTlDﬂ»
Exit ) }
If Fosition Motor ONy : :
If no Time Event pending (srror)
“Stopr motor:
- Exit
Otheruwiss,
Exit
Othariei s . -
Calcutate Paaliiohe motor ran time form WINDOW valus,
Run Fosition motor in apprepriates direction
Issue Time Trae to stop motor after calculated delay

CLKOR - EPhsmeris lracklns o - Backaround Module
Descrirtion: - ' o .
Feriodically run position motor: to maintain areroximate
alignment with the SUN, ’
Al aori thn .
If SUNF DRDFIN:
Set Froaram Sequence 3
) “Exit.
If Manual Mods,
Storp rositioning motor
E-'X.iTt ‘
Otherwi s, .
Repasition concentrator after detay.,
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6,3 FOINT AFFLICATION DEFINITIONS -
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NOTE PAGEB_and EVNTQAUE aré'only rartial ly used,

\

FAGE &6-41
AFFLICATION FROGRAM RAM MEMORY MAR

o e e e e e R e ittt &
VBUFFER YACTEXAR !REL. I ITEM ! TRANSFERRED o

" TADDR,.  'ADDR.,  TADDR, ! o K o !

o e o m . QU Fo e e +
FRBUFFO ! g ! 33 ! +0 t NEWRETA H.s ! To BackKaround !
. b 45 ! ‘34 - 4 41 ! NEWBETA L. ! To Backaround N
46 ! 35 T ' NEWSUN ! No !

Y ! 36 I 43 ! QFFSET I No !

I 48 ! 37 ! + P unassiansd ! No !

I 49 ! 38 LI .Y I unassiwfned ! No !

[ V- 39 I +6 P unassignsed ! No !

I 4B 1 3A. ro47 I unassianed ! No I

140 | 3k I 48 ! unassiansed ! No !
14n - 3C 49 I wnassien=d | No I

[ Ty O Fommm o -
BKFUFFO | 4E ! 33 Fo+0 ' NEWBETA H. ! From Foregsround !
I d4r ! 34 ' +1 ! NEWRBETA L. ! From Foresround !
B0 ! 35 42 I NEWSUM ! Mo !

A7 51 ! 34 I 42 I BETAF  H., ! No !
P52 . 37 I ! RETAF L. ! No . ]

! 53 ! 38 P45 bRl ! No !

P54 i 39 I +6 I RF2 1 No !

155 ! 3A I 47 ! F3 ! No I

! 36 ! 3B I +8 I QUNF ! No !

} 57 ! 3C v 49 ! AVGLFL ! No !
R U VU SO O - e e e e e e e e e e +

Fia, 6.3-1
AFFLICATION FROGRAM FROM MEMORY MAF

o e i o e e —————— Fo

VO SUBMOMMLE/ T MODULE, { ADDRESEES i AVAIL, !

4 MODULE I as required ! BEGIN ENI POMEMDRY !

B T T B Jr om m ke e e e e e e e e e e e o e o e o e tm = e e o m = o m am 4

O IFREG ! P800 T o81C o001t b -~ !

! CNFRG ! I Q820 084C 002C ! 0004 |

I ONEFAS ! 1 0860 OK/BR  005E ! 0014 !

I FILTERS - I Qano  O9YF  OOCF 1 0015 |

I RIIGNR ! I O9RO OAadR OO09R ) 0011

I PACER 1 AFPFTRL I ORBROO . QCOO 0100 ¢+ Qops !

I TRACK ! I 0COo OCRC  OORC ! QOO0 !

P ARFPSUR ! } QEOR  OEEL1L oOo0lé ! CO14F !

! Opers Sys, | ASBEBFG3 T Y OEER OFEO QOFS% | o00s !

1 ENVTQUE I AFPTRL b OFEQ 1000 0020 ! 0000 |
R T

1 AFFLICATION FROM TOTAL 0sk4 1 0240 1

R O O R S i g S e g

Fig, 3-2
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KAM MEMORY DEFINITGNS -

H,

NEWBETA
L.

NEWSUN

QOFFSET

RETAF
“ )

BETAF

B

F1

NEHBETA MEASURED

BETAF FILTER FARAMETER

RBUFFER ADDR. 4E

FPOSITION _ =LY

‘ACTEXAR OFFSET +0 - _ ACTEXAR ALDDR.” 33
. £ B7 3C EB& IC BS 30 B4 10 B3 3L B2 3L Bl 1f RO ]
HIGH BYTE OF ANGLILAR DISFLACEMENT VALUE MEASURED IN
ROSNR AND FA“SFU TO BACKGROUND.

MEASURED FOSITION BUFFER ADDR, 4%, 4F
ACTEXAR OFFSET +1 ACTEXAR AUDR, 24

L B7 10 BS 30 EBS 10 B4 IC B3 J0 B2 .30 RBR1 10 BO 1
LOW BYTE OF ANGULAR DISFLACEMENT VALUE MEASURED IN
ROSNR AND FASSELD TGO EBACKGROUNL, : ‘
MEASHREDR INSOLATION VALUE RUFFER ADDR. <&y 350
ACTEXAR OFFSET +2 ACTEXAR ADDR. 35

L B7 10 B& 10 8% 1€ B4 10 R3 I€ BZ JL R1 1L EBO ]
INSOLATION LEVEL MEASURED IN ROSNR AND FAHJED TO
FASSED TO BACKGROUND,

FOSITION OFFSET BUFFER ALDR, 47
ACTEXAR OFFBET +3 ACTEXAR ADDR, 3é&

[ B7 10 B& 3C BS 10 B4 30 B3 310 B2 10 E1 30 RO ]
FOSITION QOFFSET. MAY BE MDDIFIED BY CENTRAL CONTROL.
THE DEFAULT VALUE IS O,

FILTERED FOSITION RUFFER ADDR. 51
ACTEXAR UOFFSET +3 _ ACTEXAR. ALK, 3&

L B7 3t Bé& IC BS 1C B4 30 B3 10 RBRZ IL ®1 10 BO 3
HIGH BYTE OF FILTERED NEWERETA, '
FILTERED FOSITION EUFFER AR, 52
ACTEXAR OFFSET -+ . ACTEXAR ADLR, 37
€. B7 JIL E& 1L BT 1L R+ J[ R3 I RF. 30 Rl 30 Ba 1
LOW EYTE OF FILTERED NEWKETA,

FOSITION FILTER FARAMETER BUFFER™ ADDR, 53
ACTEXAR OFFSET +5 : ACTEXAR ALDR, 38
"t B7 10 B& IC BS 30 B4 10 B3 10 B2 10 EBL IL BO 1
BETAF FILTER. FARAMETER o

FOSITION FILTER FARAMETER BUFFER ADDR. 54
ACTEXAR OFFSET +6 ) ACTEXAR ADDR, 39

€t B7 3L B& 1L BS JC B4 10 B3 1L Rz jCL BO ]

1L BL
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¢

" RAM MEMORY DEFINITONS con’d

F3 FOSITION FILTER FARAMETER - BUFFER ADLDR. 55
. ACTEXAR OFFSET +7 . ' ACTFXAR ADLR: 3A

{ B7 1C B& JL BS 3C B4 1L B3 IC B_ J[ E1 1L BO.]
BETAF FILTER FARAMETER R .

SUNF FILTERED INSQLATIOM VALUE BUFFER ADDR, %6
' " ACTEXAR OFFSET +8 ACTEXAR ADLF, 3R

U B7 JC B6 JC B3 J0 B4 10 B3 10 B2 10 EBL IO BO 1 -
FILTERELl NEWSUN. o ' '

-

~ -

AVGIFL  MEAN AVERAGED DISPLACEMENT RUFFER ADDR., .57

ACTEXAR OFFSET +9. ACTEXAR ALDR. 3C

.L B7 10 B& I1C BS 10 B4 10 B3 10 BZ 1L RB1 1C BO 3
MEAN AVERAGE OF THE FOSITION CHANGE, OR

ANGLULAR FOSITIONAL VELOCITY, IT IS USED IN

THE CALCULATION OF BETAF., WHERE IT IS USED

A5 FPARAMETER CONTROLLING THE ADAFTIVF ‘FILTER

FORTION,

N”GBUkFU UNIT #0Q MESSAGE BUFFER . ADDR, 42
[ B7 10 B& 1L ES 10 B4 1L E3 JC B2 1T B1 1L BD 1
(MTROD CUNA ) (=W INOOW= =) (- == -UNA- - - > (~SUNF LSBE-~)
WARM COUNT - R(-1) B(-2)

o ADOR, <3
[ B7 1L B& IC BS 10 B4 J0 B3 30 BR I Ei 10 EO 1
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GH Systems, Ine. ——

* PROJECT EVALUATION

VGENERAL

fhé Statement of Work, attachment B of the Confract indiéates that
vthe Proposal should be used as "the basis for technical appro#ch,"
...."to be applied undef this éont;act,";...etc.

To éstablish a foundation for Project ﬁvaluation:the objectives
delineated in the Abstract of the Proposal were reviewed;' The
‘salient items are: | |

a. Sysfems approach to design.

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

c. Measurement of Suns Position and Insolation level.

4. Overcome inherent problems of multi-sensor null type trackers.
SYSTEMS APPROACH - |

Téking a Systems Approach at the hardware design stage develops

a product .which is adaptable to all fbreseeable'requirements. The
resulting configdration is normally a basic'unit‘ﬁhich providés the
fundamental feature$ necessary for all applications and modﬁleé,A
which may be added or removed as necessary,Ato meet the varying
speciai reéuirements 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 modularity of both hardware and software exists in the "POINT"
tracking systém.
MANAGEMENT AND CONTROL

‘In addition to praviding the control functions for a maximum of

sixteen POSITIONING UNITS, the CONTROLLER was designed to provide

7_1 . ) R . ' ’
— WESTLAKE VILLAGE. CALIFORNIA 91361 —————-—-—)



7.0.4

7.0.5

i.pagé 472 for details). which may /be used for Management and

. Sun's position and insolation level made by the Tracking Head be
OVERCOMING INHERENT PROBLEMS OF EXISTING TRACKERS
‘show that a tracker designed to that concept, will discriminate

-and ignore light sources which confuse multi-sensor null type

- ability to track-accurately'and reliably must be the criteria

GH Systems, Ine. ——

a variety of unassigned inputs and outputs (see Specification

Control of aﬁxillary equipment;: The purpose to which they may

be applied isAflexible; and speéific assignments may be accomblished
by piogramming the microprocessor ia-the case of the LOCAL
CONTROLLER'baséd sysfem,'or keyboagd éntrias in a central controller
basedAayspem; i _ o I

MaASUREMENT, , |

Solar tracking is a dynamic activi#y and therefore for the Peak

Detecting, Single Sensbr’concept to be established as superior to -

existing technbloéy it is necessary that the measurements of the

suitable in both timing and accuracy for convertion into commands

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

To demonstrate that the Peak Defecting, Single Sensor technology

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

trackera (shadow band). It is cleaf that the e}imination of naed
to balaace two analog éircuité, and the suitability;of digital.

techn@légy for ove;all system control are significant advantages
that'accrué from this approach but in the final analysis the

—

by which a tracker is evaluated.

T=2

WESTLAKE VILLAGE, - CALIFORNIA 91361 ———-)




' METHODOLOGY

‘described. in appendix II. This unit simulates' the dynamic operatingl.
conditions for a line focus concentrator and provided the means

of displaying the systems Tracking Capability,measuring it's

A“design objective" accuracy "the least significant bit" should
- practice it has been established that the use of this value results
- in an accuracy of iQ.OS degiees.

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

or lag the concentrator's axis pérmitting intentional defocussing.

GH Systems, Ine. ——
The Trééking System waé cohnected to the Demonst;ation Uﬁit

dynamic . Tracking Accu;§cy'and also'iﬁ'stField of View.

TRACKING ACCURACY

The "POINT" system accompiishes.solar tracking in incremental'steps.
The Miéroprocessor is-prdgram@ed to respond when the concentrators -
axis is-displaced on either side of the Sun by a preselected angle.
The CON?ROLLER repésitions the axis in the aépropriate,direction'

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

these angles, which mayAbe altered if desired, form a tracking

"Window".

Tracking accuracy is dependent on the resolution of the data received
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

represent a maximum of 0.05 degrees in axis displacemént. In

S

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

7-3 . ' )
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extérnal sensor in both Centfal.and Local Controller based

 or lagging.

from cloudless clear sky to cloudiness where the sun was observéd

-obstruction. The system performed reliable under all of these

7.1.2

GH Systems, Ine. —

Aip a Central Controller based syétem or automatically by an

systems. The value is programmable and may be changed in

0.02 degree increments to a maximum of 3.2 degrees leading ”

/

.t

The "éffset"-capability may be used fér:_

a. Prgci;e trgcking alignment-'

b. -Emeréenéy defocussing

c. ' Temperature control or a cpmbihatioh>bf tﬁese as desired.
RESULTS | |

TRACKING ACCURACY

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

month. These observations took place under conditions varing’

or partially obscured 90% of the time. The observations were
made at varing times throuéhout the day, the earliest at 8:30 A.M.

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

varing conditions acquiring the-éun when activated and tracking it
With an accuracy of better than:i 0.1Adegrees when;it waé‘viséble
and rgmaining‘within 0.75 degrees (the programmed amount) when it
Qas obscured.- |
FIELD OF VIEW

The Field of View was measured at noon én a cloualess day.; The._

results obtained are shown on Fig. 7.1-1. It will be seaen that

S 1-4 ' : L
'WESTLAKE ~VILLAGE, CALIFORNIA 91361 —-—)



' . the measured value to the Polar Horizons is 131 degrees as compared

- to the caiculated value based on,optical fundimentals of 148 degiees.

cally in Fig. 7.1-2.

GK Systems. Ine. ——

The total Field of View of thé-Tracking Head is shown_diagramati-

CONCLUSIONS ' S

if has béen demoﬁstrated-that the Single Sénsqr, Peak Detecting
method 6fAt¥acking the sun is a éuperior éppxoach for both Line_
and'poiht focus ééncentrators. It offers-the.advanfages of precise

tracking, insulation level and tracking error measurement, ayna—

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 egquip-

ment.

7-5. , o T .
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INSOLATION FLUX .

-COSINE
CURVE

NORMAL TO THE SUN

90 80 70 60 50 40 30 20 10 O 10 20 30 40 50 60 70 80 90|
| FIELD OF VIEW ANGLE

' L FIG7.1~I FIELD OF VIEW/INSOLATION FLUX
' - : ' : 'WESTLAKE. VILLAGE. CALIFORNIA 91361 ———/
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FIG 7[-2 FIELD OF VIEW BOTH AXES

\ WESTLAKE VILLAGE, CALIFORNIA 91361 ———J



A7.3 ENHANCEMENTS

7.3.1 .LOCAL .CONTROLLER - HARDWARE

7.3.2 LOCAL CONTROLLER - SOFTWARE

7.3.3 TRACKING HEAD - HOUSING

GK  System~, Ine. ———\

' I#'ié bqgsibie to increage the -tracking accuracy by utilizing the
'ﬁhree §#isting data “bits“-chrréﬁtly uncommitted. ~This would entail
;chahging the asynchronous éoﬁhtérs go synchronous counters, and
running them directly from tﬂe crystal oscillator or‘phase'lock loop.
The necéssa;y data latches currently exist. At present a simple
péak détectiqn circuit is used, it wiil be necessary to augment
Athis>with a'signal differentiating circuit and a more precise
- maéneﬁic'index sensor. However, the desigﬁ fof the magnétic sensor
exists, and it wiil be a sﬁandard feature in future models. In

addition there are some associated software changes that would nheed

to be implemented.

Several enhancements are being made to the Operating System, . to
reduce it's overhead, and simplify the operation.
By adépting some of the-Application Program modules, it will be

possible to extend the operation'to Point Focus systems.

The prototype tracking head was fabricated from commercially
available materials which were cﬁt aﬁd machined as necessary to

make the individual components. It was'discovered during testing
tﬁat the cast acrylic tubing, used.és protection from the engironment}
:”had impgrfections (ripples) which on occasians distorted the Sun's
rays. When this.occurred the equipment continued fo track to the.

ib-l degree value, but would tend to hunt until the imperfection

was no longer in the Sun's réy péth.

WESTLAKE VILLAGE, CALIFORNIA 91361 ——)
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'9@1futurg'mogels'the.écryiié_housing would e;fhér be polished
ito-rehOVe the'ripples, gr'alternatively.the ﬂoﬁsing would be
maéé frém.sqientific glass tubiné.
7.3.4 TRACKING HEAD - CONFIGURATION
The prototyéé tracking head was fabricated to investigate the
4 ‘Péak be£ecting conceét éhd for pracﬁical app;ications it will
'be-nece;sary'to fepackage it in a form more cén&enient for

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

It can be seen that in this arfangement the motof and signal
connections are both located at one end énd access to the-pfism,
magnetic~éen$ing head, motor énd othef 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 6f view i§ adequate_all'poiht focus
'céncentrators and'lipe focus concent;ator which aie orientated.on
a North-South axis;' For line fécus cdncent;atofs with Eaét—West
'orientation'the field of view needs extending to a minimum of

170 degrees. This can be accomplished opticaily by modifying

the prism.

7-7
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/ 4‘(,“ABLE?"5

\\METAL COVER

o MOUNTING PLATE

MAGNETIC SENSOR

~TRANSPARENT COVER

- FIG 73~ TRACKING HEAD
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QOO 1
000A

QO1L0
TOO020
4 QOZ20

0030

QOOC

OOOF‘

0003

OO1C

o1
QOL1E
OO1F
QO20
0021
0023
0024

QORS

002G

QOR7
TTRA
29
007
OO2R
Q020
C0O0O2D

O0ZE

QO2F
0031
OO32
0033
QO30
0047
QO34
OO4E

QL0

OO0
QOO2
0003
00O0g
QOOS
[RYNT 6
- 7

OO0l

QOO2
QDO
0004

FAGE 1

8048 ASSEMELER VOZ - oo meoommmas el FUTUREDIATA ===
*****-'**.x.***'***************** **%%***%******'***%*********%**** :
s SYSYMTEL o - :
: SYSTEM CONFIGURATION INFORMATION -
NUMUNITS EQU- .- 1 ;NUMBER OF TRACKERS FER CONTROLER
LACTEXAR EGU 10 :LENGTH OF FROGRAM EXECUTION AREA
NUMEVE = EQU 16 ;MAX NUMBER OF EVENT QUEUE. ENTRIES
LFRGLST . EQLU 37 ;LENGTH FROGRAM LIST TARLE(&S MAX
LEUNTAUE ERU - 32 :LENCTH EVEMT RUEUE GFERATION TABLEC1Z9 MAX
LFRGSER  ERQU 64 ;LENGTH FROGRAM MODULE SEQUENCE LIST TARLE
NUMCOM EQU X’ 0C’ :NUMEER OF COMMANDS=NUMBCOM IN SUBFGS

- RECYCFER ERU X‘OF’ ;FROGRAM SEQUENCE RECYCLE FERIQD MASK

s INTERNAL RAM ASSIGNMENTS

REGO2R -~ EQU X’ 037 s RAM ADDR REG3s REO
ACTACC FQu X/ 1C° : FOREGROUND ACCUMULATUR .
INACTACC  EQU X101 ; BACKGROUND ACGUMULATOR .
FRESTAT  EQU X“1E’ 3 RAM ALORESS
OFSTAT EQU X’ 1F" :0FSYS STATUS RYTE

. FORT1 EQL X120 i RAM FORT#1 BYTE

- VECTOR £au S x’2t’ . $RETURN VECTOR ADDRESS
XMITCHR  EQU X123 ~ 3USART XMIT CHAR
TIMVALL  EGU X’ 247 s TIMER VALUE LOW EYTE
TIMVALH  EQU X’ 257 i TIMER VALUE HIGH BYTE
SNORECST EQLU - X’ 267 : SENDI/REC FROG STATES
SRCOMMSG  EQU X' 277 } SEND/REC ERROR MBC EITS
SRFARML  EQU X’ 28’ s GENDI/REC FARAMETER #1
SRPARMZ  EQU X/29’ ©  $SEND/REC FARAMETER #2
FRGLSTUO  EQU. X’ 2A’ s FROGRAM LIST LINIT#O
FRGLSTAC EQU X/ 2R :ACTIVE FROGRAM LIST
DROFIN EQU X’ 2C7 s ENTER TRACH MODE
DROFOUT  EQU X 20 s ENTER CLOTK MODE ‘
WINDOW EQU . X’ 2E t MAX. TRACK ERROR’
MSGRUFF  ERQU X/ ZF" i ACTIVE MESSAGE BUFFER
ICFRG EQU X’ 31’ - : ADDR FREND COM, AREA
ACFRG EQU X’ 32¢ s ADDK BKGND COM., AREA
ACTEXAR  EQU . X’'33% ; FOREGROUND UNIT#, FROGH

. ACTDIGFL EQU X’ 30’ $ACTIVE FOSITON RIGITAL FILTER

MSGRUFFG EGU -~ X’ 427 :UNIT#0 MESZAGE BUFFER

" FRBUFFO . EQU . X’/44”. : FROND RUFFER UNIT#O
EEEUFFO  EGU X/ 4E’ . : BKGNI BUFFER UNIT#O

EVERUE CEQU X607 . s START OF EVENT QUEUE

$NO CURRENT EXTERNAL RAM

: MEGSAGE EQUATES -
INTMSGL . E@U X017 .:SERIAL WORD SENT
INTMSGZ  EQU X0z’ s RECEIVE FARITY ERROR MSG
INTMSG3  EQU Xroar s RECEIVE OVERRUN ERROR M3G_.
INTMSGS  EQU X097 : SEND M8G TERMINATED
INTMSGS  EQU X087 " $TIME INTERRLFT MSG
INTMSG6  EQU X067, . $UNASSIGNED
INTMSG?  ERU T X077 : STATUS INTERRUFT MEG
TRFMSGL . EQU ~  X’01’ SEND TRAR MSG
TREMSGZ  EQU X’ 02 " $TIME TRAF M30

Y TRFMSGE  ERU X037 : ABORT TRAF MSG

TRFEMSGS ~ EQU X047 - fENIY SEQUENCE TRAF MSG
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P - 8048 ASSEMELER V02 —=w- e f--f-f--f—; ---------- FUTUREDATA —-cecwe—-

0007 - "~ TRFMSG7 EQU X077 7 iWAIT TRAF MSG , o

01 : "SCHM3G1 - EQU - X’01° " ;ACT SER [OONE,DELETE FROM STKE

L2002 . SCHMSGZ  EQU X102/ ;] s ACT/INACT =ROG SE@ LONE

o003 .- SCHM3G3 EQU COXT037 3 ERROR, ACT P0G SER DONE

0004 . SCHMSG4 EQU - X/ 04’ . $ERROR, EBAT STACK _

o001 . MONMSGL EQU X701’ : RECEIVE FROTOCOL SYNTAX ERR

Qoo . MONMSGZ2 EQU X‘Q2’ ;RECEIVE-cmHmANn.stTAX ERR
0003 . MONMSGS EQU X’ 03’ ; RECEIVE OVERLAY ERROR

Q00 : MONMSG4 EQU ° X0’ i RECEIVE FARITY ERROR MESSAGE

0005 MONMSGS EQuU X057 t RECEIVE OVERRUN ERROR MESSAGE

Q006 MONMSGE  EQU X’ 0k’ s TRANSMIT OVERRUM MSG

Q007 MONMSG7 EQU X707’ : : FROGRAM STATE ERROR MSG

0O08 © MONMSRe  EQu X’ 08’ : QUEUE FULL ERROR M3G

0009 ‘ MONMSG9 EQU X' 09 ;PRGG'SEG RECYCLE SEMAPHORE

0010 : A MONRESMG QU X107 . - 1 BYSTEM REZIT MESSAGE

L . 3FOINT TRAFS : :
000z - SUFTRF EQU X‘02 3 SUPERVISOR TRAF
: » $ TO REENTER INTERRUFT STATE

. .7 ;CONTROL CHARACTER EQUATES
0002 STX EQU X’ 02 . $8TX CHARACTER

L0003 ' ETX EQu X’ 0ar ;ETX OR EOM CHAR.
0015 NAK EQu X 157 : NAK CHAR
0006 ACK EQLI X067 i ACK CHARAZTER
0018 CAN ~ EQU X’18° : CAN OR S0 CHARACTER
par! EOT EQU X703’ " ;EQOT CHAR
; COMMAND EQUATES
0000 COMNOF | EQU X’ 007 :NO OF
0001 : SYSRES EQU . - X‘01’ - : SYSTEM RESET
L0002 RIRAM EQY X 02’ s READ INTERNAL RAM
0003 "WIRAM EQU . X’ 03’ fWRITE INTERNAL FAM
0004 RXRAM  E@U X0 ; READ EXTERNAL RAM
0005 WXRAM EQU X 05 - s WRITE EXTERNAL RAM
Q006 . RXID ERQU X Q& i READ EXTERNAL I/0
0007 WXIO EQU . X 07, ; WRITE EXTERNAL 1/0
0000 . RPFRT EQU X 08’ . + READ FORT
000 ~ WFRT. EQU X057 ;WRITE FORT
O00A WEVE EQU - X'O0A’  EVENT QUEUE ENTRY
O00E RFSW. EQU ~ X’OR‘ {READ FSW -
"~ _3EXTERMAL I1/0 HARDWARE AUDR S8ES'
0000 UNT CEQU X700’ $RO FIELD UNIT ADDR
0000 - ACT EQU X007 ;WO CYCLE FF=ACTIVE
0010 . ALH - EBU X’ 104 : RO ADDR, LATOH#1 HIGH
C 0010 : FAS EQU X7 107 . - $W0 CYCLE Fr=FASSIVE
0020 : AlL EQU X200 ;RO ADDR.LATCH#1 LOW
D020 . AL1 . EQU X207 $ WO LOAD ADDR LATCHs1 .
Q030 ARH EQU X’ 307 3RO ALDR, LATCH®2 HIGH
0030 | " CFH "EQU X307 . s WD, B7-B4 COMFE RES HIGH
AT eI ARL - EQU X740 - . RO ADDR, LATCH=Z LOW
30 ALz EQU X407 s WD LOAD ADDFE LATCH&Z
S QO50 STT - . ERU X’ 507 - 3RO E2-BO BTATUS REG
0050 ‘ CFL au X507 s WD- COMFP REC LOW A
00H0 } URD - EQU X’ 607 t RO USART RECEIVE REG

0061 - uUsT - EQU X’61" © 3RO USART STATUS REG



0062
=33
{ |
0065
00646
0047
OQ70

O8O
0080

0090
O0OAD

URM
URC
uSsLh
usy
UWM
ucM -
MTRO

*MTR1
. #MTR2

*MTR3
*MTR

*MTRS -

*MTR6

*MTR7

*MTRE
*MTRT
EMTRA

*MTRE - .

*MTRC
*MTRI
*MTRE

*MTRF

SHC
SWSO

*#SWS1 -

*GWS2
*SWS3
#SWSS
*#SWSS
*SW56

*SWS7 .

*EWGAa
*SWSY
" xEWSA
*SUWSE
#SWSC
*SWSN
*SWSE
*SWSF
xR

ALC

ANSO
*#ANS 1
*ANG 2
*ANS3
*ANS4
*ANES
*ANS A
*#ANS7
*ANSS

*ANSD -

*ANDSA
AANGE
*ANZC
*ANSD

%¥ANSE

*ANSF

8048 ASSEMELER VOZ -
EQU
EQU -
EQU.

EQU

. E@U .
CEQU.

EQU. .

EQU

EQU
EQU

EQU
. EQU.

EQuU
EQt
EQU

EQY
EQU
EQU

EQU

. EQU

EQU
- EQU
" EQU

EQU

EQU -

EQU
EQU
EQU

- EQU

EQU
EQU

- EQU

EQU

. EQU
- EQU

EQU

- EQU
EQU
EQU

EQU
EQU
EQU
EQU
EQU
EGU
EGU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

LLX 62

X’ &7’
X707

X171’
X722’

X773’

X’ 747

X'76’°
X777’
X787
X'79
X' TA!

X’7¢C’
xX:7n
X’'7E’/
X*7F’
X80’
X807
X’81

X8z’

X’ 83
X84
X’ 85

X 867 -

X’ 87’
X' as’
X189’
X 8A7
X’ B8R’
Xxrac’
X’ an’
X/ 8K’
X’ 8r’

X907

X/ 90
X AQY
X' Al
X Al
X'ALY
X' ALY
X Al

CX'ALY

X’ AL’
X7Aa1l’
X"AL’
X'AL’
X’Al’

X ALY
X’ AL

% ALY

X' AL’

X’ 63"
X/ 64!

X/ 657 .
X b

XI 757 -

X'7R’

3RO

;RO
WO

W0
.+ WO HQAR MODE RECS

WO
tR/W

LSART
USART

USART SEND

FAGE

FUTURELDATA

MODE REGS
COMMAND
REG

REG

USART SYNC REGS

SART COMMARD REG

MDTDR CONTRCI

3

REGISTER UNIT#O

i R/W UMASSIGNED CUNIT#i
s R/W UNASSIGNED UNIT#2
i R7ZbW UNASEIGHNED UNTT#:3
tR/W UNASSIGNED UNTT#4
3 R/W UNASSIGNED UNIT#5
3 R/W UNASSIGNEL UNIT#6
$R/W UNASSIGNED UNIT#7
- 3 R/W UNASSIGNED LNIT#8
i R/W UNASSIGNED UNIT#9
i R/7W UNASSIGNED UNIT#10
~ PR/W UNASSIGNED UNIT#11
$ R/W UNASSIGNED UNIT#12
$R/W LINASSIGNED UNIT#13
s R/W UNASSIGNED UNIT#14
i R/W UNASSIGNED UNIT#1%
WO ZERO SAMFLE HOLD CAFACITOR
3RO SWITCH STATUS REuISThh UNITsO
: RO UNASSIGNED UNTT#s1
s RO UMNASSIGNED UNIT#2
RO LUNASSIGNED UNIT#3
: RO UNASSIGNED UNIT®d
i RO UNASSIGNED UNIT#S
s RO UNASSIGNEL UNIT#&
: RO UNASSIGNED UNIT®7
i RO UNASSIOGNED UNIT#8
s RD UNASSIGNED UNIT#9
i RO UNASSIGNED UNIT#A
i RD UNASSIGNELD CUNITHE
: RO UNASSIGNED UNTT#
s RO UNASSIGNED TUNIT#D
;RO LUIMASSIGNED UNIT#E
; RO UNASSIGNED UNIT#F
- 3RO UNASSIGNED
;WO START ANALOG TO DIGITAL CONV.
i R/W ANALDOC SELECT RECISTER UNIT#®O
s R7W UNASSIGNED : UNITs1
s R/ZW UNASSIGNED UNIT#2Z
$ R/W UNASSIGNED UNIT#3
i R/ZW UNASSIGNEDR UNITss
s R/W. UNASSIGNED UNIT#S
i R/W UNASSIGNED UNIT#6
i R/W UNASSIGNED _ UNIT#7
s R/W UNASSIGNED UNIT#8
3R/W UNASSIGNED LUNIT#9
s R/7W UNASSIGNED CUNIT#10 .
s R/W UNASSTGNED UNTIT#11
$R7W UNASSIGNED UMIT#12
s R/W UNASSIGNED UNIT#12
3 R/M UNASSIGNED UNIT#14
i R/7W UNASSIGNED UNIT#1&
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AlH 0010 ~AlL 0020 APH._____ 0030 - . AZL . QOO
K 0006 ACFRG. 0032 ACT 0000 "ACTACC . 0010
AL FOIGFL 0030 ACTEXAR 0033 ALC - . OO0 ALL - 0020
ALZ 0040 - ANSO - O0AO BKBUFFO, - OQ4E CAN . - 0018
COMNOF = 0000 CFH 0030 . CFL / 0050 DROFIN 0020
OROFOUT 0020 . . EOT . 0004 - - ETX ; D003 EVEQUE . . 0060
FREUFFO 0044 "ICFRG. 0031 INACTACC 001D INTMSGL OO01
INTMSGZ 0002 INTM3G3 0003 INTMSGE - 0009 INTMSGS Q005
INTMSGS6 0006 INTMSG7 0007 LACTEXAR O00A LEVNTAUE Q020
LFRGLST 0020 LFRGSER QO30 MONMSGL - 0001 MONMSG2  000%
MONMSEG3 0003 MONMSG4 0004 MONM&ES -0005 MONMSG6- 0006
MONMSG7 0007 MONMS58 G008 - MONMSG9 0009 MONRESMG 0010
'MSGEUFF OOZF MSGEUFFG 0042 MTRO Q070 NAK 00is
NUMCOM 000C NUMEVA 0010 NUMUNITS 0001 FSTAT O01F
FAS 0010 FORTL 0020 FRGLSTAC 00O2R FRGLSTUO 0024
T FRGSTAT OO1E RECYCFER OQOF REGO3 0003 FIRAM Iatalule
RF{T 0O08 " RFSW QOOK RXIO Q006 RXFAM L0004
" SCHMSG1 0001 SCHMEGR 0002 SCHMSGR 0003 SCHMSGH OO0
SHEC Q080 SNORECST 0026 SRCOMMSG 0027 SRFARML 0028
SRFARMZ 007 STT T 0050 STX 0002 "~ BUFTRF 0002
SWSO 0080 . SYSRES 0001 TIMVALH 0025 TIMVALL Q024
TRFMSG1 0001 TRFMSG2 QOO2 TRFMSG3 0003 TRFEME8O4 - 0004 -
TRFMSG7 Q007 UcM 00&67 UNT Q000 URC 0063
URD DO URES - Q0RO URM 0062 S usn D063
UST - 0061 usy 00&5 - UWM 0066 VECTUOR 0021
WEVQA 000A WINDOW O0O2E WIRAM 0003 WERT QOO0
I Q 0007 WXRAM T 0005 XMITCHR 0023
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s CHANGES IN AFFSUE. S

3 FUTURENATA DOES
$ ALLOW GLOBAL SYMEDLS IN THE an4a ASSEMBLER

yADHRES”ES CDNTAINED

TRUNALF EGQU

CLRWRID EQU
- SSUER EQU
FMINUS  ERU
FFLUS EQU
FASR ERU
FTRUN EQU
FRNDOFF EQU
DSALDD EQU

DSSUR ERU
C ENI

NOT

X‘EOR’
X’ ES2/
X' E58/
X‘E73’

X/ E82/

X E8D’
X' E98’
X’ EAF’
X’ ERA’
X’ ECC”
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AFFTEL:S® & %
| FRNT ~ GEN .

QOO0 : " ORG X'BOO’-

~7PAGEQ IN AFPLILATIDN FRDGRAM MEMDRY

. . *******n*%********%
OROO * PRGTARL - EQY * A _
: {FRGTAELE: NIEBLES 0-2 CONTAIN THE STARTING ALDRESS OF
; THE AFFLICATIQN FROGRAM. MODULE,., RZ-EO 'OF NIBRLE #3
;IS THE NUMEBER OF EYTES TO BE TRANSFER TO THE OFFOSITE -
; BUFFER (FREUFFC QR BKBUFFOD) AT THE TERMIMATIOM OF THE
s FOREGROUND OR BACKGROUND SERUENCE. THE VALUE ONLY HAS
$SIGNIFIGANCE IF IT IS THE -LAST MODULE OF EITHER THE
C 3 FOREGROUND OR RACKGROUND. B2 IS USED TO INDICATED AN
“SUNINTERRUFIBLE FOREGROUND MODULE, IT IS UNASSIGNED
; FOR EACKOGROUND MODULES., ‘ .

OROO . FRFROG - EGU. - =% . :
. - 316 ENTRIES MAX, INCLUDIING DUMMY
: ) N . _ “NAME’ ADDR., DATA WL”'U'
OROO O000 S nc B{(X’OO007) O, LDUMMY 000 O
OROZ2 0008 ] oc . E(X08007) i. IFRG 800 O
ORO4 2008 nc - B(X708207) 2+ NFRG 820 Q
QROL L0008 nc B(X/ Q8607 3. ONEFAS 860 0
C 8 ROOY - nc BE(X Q9RO ) <4, RISNR QRO 0
C__A ' : . ORG - XTR207
QR20 BKFROG EQU * ‘ :
‘4:16 ENTRIES MAX; INCLUDING DUMMY
- © NAME ALDR, DATA REC’D
QR0 . 0000 - DC B(X~OOOU’) .0, DUMmMy OO0 O
05”" S00A . g'JQC B(X' OASO ) I, CLKDR ASO @]
024 D038 ' N A1 B(X 38007 ) . 2. FILTERS 8L 3
T _ ' NEWEBETA +0 2
. : R ‘ s ] . NEWSUN +2 1
CORZ26 0O0C : S | B{(X’0OCOO") 3 TRACK BOO 0

op2g s ORG X 'B4O’
. ' 33 3 3 963K WK H e H K KR
s PRGLET IS A INDEX TAELE CDNTAININF THE START ADLRESSES
+IN FAGE3 OF FRGLST/ECKLST FROGRAM SEQUENCES
$ 32 ENTRIES CURRENT MaXIMUM. &4 ENTRIES MAXIMUM .
3 _ ~#+FOSSIELE NUMEBER OF ENTRIES ‘
OR40O PRGLST Edu ¥ ' o

OB40 60 nc FRGSERO, AND X/ 00FF’ INITIAL FROG SEGQUENCE
OB41 63 - . DC ) FRESEQL. AND, X’ QOFF’  SENSOR INITIALIZATION
OR42 &6 _ oc . FRGSEGRZ2, ANDL X/ QOFF’ . CON’ TRATOR CLOCK DRIVEN
OR1I3 64 nc FRGSER3, AND X 0O0OFF/ STOW CONCEMTRATOR

OB44 AD o S (ol FRGSEQ4 ., ANL, X OOFF’ TRACK CONCERTRATOR

OB45 ~ - ORG X’ E&O
o FHEEPRH AR N ERHEEREEE o
i FROGRAM SERUENCES, FOREGROUND SEQUEMCE FIRST, THEN
: BACKOGRUUND SEQUENCE, EACH USES A ZERD FOF TERMINATOR
: EACH FROGRAM SEQUENCE HAS AN ADDRESS ENTRY IN FRGLST
: EACH FOREGROUND OR EACKCROUNDI SECTION MAY HAVE
, L - ;A MAXIMUM OF 1& ENTRIES WHICH EQUAL 8 BYTES
OB&D  c o FRGSEQ EQU * '
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. OBR&T.

OR63
ORb4
OB6S

OR&L
OR&S

OB68
OR6Y9

OR&A
- ORSA |

OE6ER
OR&C

OR&L

OBRAOQ .

OBAO
0OBAL
AR

A3
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01
Q0

Qo

43
00
OO0

0O

Q0

12
0O

02
00
Q0

Gd
OO0
32
Q0

FRGSEQO  EQU
e
oc.

e

FRGSER1 ~ EQU ..

I
nc
oc

FRGSERZR EQU
nc.
ne.
nc
nc

D)

FRGSER3 . EQU

]
Le
nc

ORG

. PRGSEQY EQU

oc
ne
oe
nec

Q)

e . e A s e M e e M e e e e e e e e R e mer e  Mmr

X 04/
(&

X712

(8}

™.
X’ 02/
o

X’ BAO’

*

X/ 047

O
X327
0

FAGE

s IFRC INITIAL FROC SEQ

T3 FORGND FROG 1

+ EOF FORGND FROG SEG
;EDFJBCKGND FROG SER

5ONEPA83RDSNR TRACK INIT

3 FORGND . FROG 34

s EOF FORGNL

'$ EOF, ECKGND

i ROSNR BFILTER, CLOCK ORIVE

. $FORGND FROG 4

; EQF FORGND
;s BCKGND FROG 25 1
+ EOF BCKGNLDY

i NFRG STOW COLLECTOR
s FORGND FROG 2

; EOF FORGND

; EOF BCEGND

i ROSNR RFILTER: TRACK
i FORGND FROG 4

i EOF FORGMD

; BCKGND FROG 253

+ EOF RBRCKGND

?INSERT ADODITIONAL TAERLES HERE

ENDD OF FAGE3  X‘BFE’ DON'T USE THIS LOCATION

FUTUREDATA

—— -l e .



' o - ‘FAGE 3
--------- 8048 ASSEMBLER V02 —e-eceemo oo en e~ FUTUREDATA - - - - -

OBA4 " _ORG  © X‘FEO’

s EUNTQUE CONTAINS OFERATION, FUNMCTIONS, AND ADDRESSES
$WHICH ARE ALDDRESSED BY EVENT GUEUE OFERATIONS.
363 ENTRIES MAXIMUM E L -

OFDD CEVUNTQUE EQU. - #-3 A ~ ‘ '
B . $AUEL=AND, MTR(O) RRIE2,R1=0, MTR(O)A(X‘F1’)
.~ . 4$AND IMEDIATE DATA WITH 1/0

OFEOQ 32 ) S pe X*327 )X F1/3MTRO

OFE1 F1 S :

OFEZ 70

s QUE2=0R, MTR(Q) D3=1, MTRO)V{X’087)

_ ;OR IMEDIATE DATA WITH I/0 -

OFE3 31 SR opc X/ 317, X087 +MTRO

OFEd 08 . : o

OFES 70 : : S : - :
o L $QUES=0R, MSGRUFFO N7=1, MSGRUFFOV(X/807)

- . ;OR IMEDIATE UATA WITH INTERNAL RAM

OFE6 E1 o oo . XYBLY, X807, MSGBRUFFO

OFE7 80 S :

OFES 472

- ' KERHEEHFRERERELNRFR
’ s SYSYMTEL

FRNT GEN
2 TR S T I

OFE9 R END



NO. ERRORS:

——eewwe——= 8048 ASSEMEBLEFR VO2
“°H 0010 “ALL .

K . . Q004 ACFPRG
ACTDIGFL  oQ3n ACTEXAR
ALZ . Q040 ANSO
CAN - 0018 COMNOF
DROFIN 0Q2C DROFQUT
EVEQUE Q060 EVNTQAUE
ICFRG Q031 INACTACC
INTMSG3 o003 INTMEG4H
INTMSG7 OGo7 LACTEXAR
LFRGSER 0030 MONMSG 1
MONMEG 4. QOO0 MONMSGS
MOMMSGA 0008 MONMSES
MSGRUFFO Q042 MTRO

- NUMEVE 0010 NUMUNITS
FORTI Q20 FRGLST
;FRGSEG TOR&O FRESEQO
FRGSEQS QR&A FRESEQ4
RECYCFER OO0F REGOR
RFGW QOQOR RXIO
SCHMSG2 Q002 SCHMSE3
SNDRECST QO2s SRCOMMSG
STT OS50 STX
SYSRES 0001 TIMVALH .
TRFMSGZ Q002 TREMEG2
1M QO&7 - UNT

ES QQRO URM
usyY 0O465 UM
WINDOW QOUZE WIRAM
WXRAM 00GS

XMILTCHR

OO20
S Q032

0033

QOAQ
OOO0

OO20

COF DD

QOO1n
QO0S
QO0A
0001
0005
OO0
QOZ0
0001
OB40
QRGO
OBAQ
0003

0006
0003

Q027
OO0O2
Q025
0003
QQO0
00&2
OO0Lb6

slelsic N

0023

e e o e v - - e @ w e S e - R e o e e . e -

, FAGE-
f FUTUREDATA
ARH ——— - 00307 - AZL -
.ACT 0000  ACTACC
ADIC 0090 ALL
BKBUFFOi " QO4E EKFROG
CFH / 0030 © CFL
EOT L0004 ETX _
FREUFFO 0044 FRFROG
INTMEGL - 0001" INTMSGZ2
INTMSGS 0005 INTMSGA
LEVNTRAUE ~ 0020 LFRGLST
MONMSG2  © 0002 MONMSG3
. MONMSGS Q006 MONMSG7
MONRESMG 0010 MSGRUFF
NAK 0015 NUMCOM
OFSTAT . O01F FAZ
FRGLSTAC  QO2E FRGLSTUO
FRGSEGL OR63 FRIOSERZ
FRGSTAT O0LE FRGTAEL
RIRAM 0002 RFRT
RXRAM 0004 SCHMSG1
- BCHMEGH 0004 SHEC
SRFARM1 0028 SRFARM2
SUPTRF 0002 SWS0
TIMVALL 0024 " TRFMSG1
TRFMSGY L0009 TRFEMBGT
URC 0063 URII
usnp 006 USsT
VECTOR - Q021 WEVQA
WFRT Q009 WXIO

4

0040

- Q01C

DO20
QEZ0
0050
o003
QROO
OO0O2
DO0NS
0020

L0003

GOO7
OO2F
OOOC
Q010

_GORA

OR&SE
OO0
0008

OO0

0080
0029
080
OOO1
QOOQ7
QOQ&O
0061
QOO0OA
0007



FAGE 1

B 8048 ASSEMELER VOZ —-cmmmmmmc e e e e e e e o FUTUREDATA —-wwee-==
3 IFRG 11724780
" FRNT GEN
0000 ORG X7 800’
- $FUNCTION: IPRG - Initial Frosram Cycle S
3 INFUTS: FRGLSTAC B7 (inital eprogram cycis)
s OUTFUTS: DROFIN .
; DROFOUT
H WINDGW
~; DESTRQYS: ACC, RO o
sDESCRIFTION: IFPRG - If. initial. erogram cycle loads default
; ) L valuss inte Ivorin and Drorout, Otherwise:
; waits antil central conitral changssgs ths Prosram
H SEGUSTICE: : :
0800 IFRG EQU * : ) -
Q8O0 . LLi As (FRGLSTAD) jget initial cyxcle
+0800 SELMAC MOV Ay (FRGLETAC) _ T
+0800 . OFRM MOV, A FRGLSTAC s RO DR R1 OLOST
+03800 R82R MOV RCy#FPRELSTAC s RO LOST :
#0802 FO MOV &, BRO s LEVEL1 OFCODE R» (MEM)
0RO3 F215 JBZ ENDIFRG inot initial cycle
0805 : LD . (ODROFIN) » #IDRFIN
o+ 5 SELMAC MOV, (DRDFIN; » #IDRFIN
oD OFMIMO MOV, DROFINs #TORFIN s RO LOST
+0305 RAB2C MOV ROy #DROF IM ;RO LOST
+0807 ROS0 MOV RO, #IDRFIN
0809 ' LD - (DROFOUT) » s IDRFOUT
+0809 SELMAC MOV (DROFOUT) « # IDRFOUT .
+0209 OFMIMO MOV, DROFOUT, s IDRFOUT s RO LOST
+0Q609 RA2D MOV RO s #DROFOUT s RO LOST
+OA0R BO4O MOV BRO» # IDRFOUT ‘
0aonn LI (OROFOUT) » s IDRFOUT
+0300 SELMAC MOV, (DROFOUT s # IDRFOUT
+0800n _ OFMIMD MOV, DROFOUT, = IDRFOQUT s RO LOST
40800 B8Z2ND MoV . ROy #DROFGUT 3RO LOST
+OB0OF RO40 MOV &R0, # I DRFOUT
0311 LLE (WINDOW) s # IWINDOW
+0811 SELMAC MOV (WINDOW) s # ITWINDOW
+0811 COFPMIMD MOV, WINDOW, # TWINDOW s RO-LOST
+0811 BBZE - MV RO sWINDIDW ' s RO LOST
+0313 ROO3 MOV BRO, # IWINDOW
0815 2301 ENDIFRG MOV - Ay #ENDT
0817 ' TRAF
+QB17 35 nIis - TONTI s START CRITICAL REGION
T4+0818 BA20 ORL P2, #X/ 207 o Lo
+081A 05 EN I '
+Q81R 00 ‘NOF s END CRITICAL REGION
3% W K W F AN HE B R ‘
s SYSYMTERL :
‘ FRNT GEN
T R SR :
\ WKW R TN HH

d t AFSYMTEL



081C

‘8048 ASSEMBLER VYOZ2 —oo oo memmmmcmc o mmmmm e e

~ _FRNT
Lk kb Bk ok
L2 2 L& X 2R LT L L X

-5 AFPALD, G

B2 T TITERES

END -

FRNT

BEN -

~ FAGE
FUTUREDIATA



AlH

IRTT
r rACC
AL1
BOKWRK
CLRUWRD
DROFIN
ENODIFRG
ETX
FORWRK
FTRUN
INACTACC
- INTMSGY
IFRG
LEVNTRUE
"MONMSGE2
MONMSG6
"MONRESMG
NAK
NUMEVQA
F1
FORT1
RLIEL
REGO3 -
RUNTILY
SCHMSG1

L... ARMZ
SUNF
TIMVALH
TRIEMEG3
TTRF
URD

usT
WARM
WEVR
WXI0
NO "ERRORS

. . . PAGE.
8048 ASSEMELER VOR --<cfmmmmmmeo o |~ =m=w==e—~e=~ FUTUREDATA

0010 .ALL 0020 AZH 0030 AZL

0011 ACK 0006 . ACFRG 0022 -ACT

001C ACTDIGFL QO30 ACTEXAR 0033 AnC -
Q020 AL2 . 0040 ANSO . O0AQ AVGLFL
0030 - BETAF" L0034 B(EUFF{V OOQSE CAN

OESZ2 COMNGF 0000 CFH 0020 CFL

O02C DROFOUT 0020 DsADD - OERA -DSSUR
0815 ENDSER 0019 ENDOT - - L0001 EOT

0003 EVERUE O0&0 FASR OE8D FMINUS
0040 FFLUS OEBZ FREUFFO 0044 FRNLOOFF
QER8 ICFRG 0031 IDRFIN L0050 IDRFOUT
0010 INTMSGL 0001 INTMSGZ 0002 INTMSG3
0003 INTMBGS .- 0005 T INTMBG6 0006 INTMSGF -
0800 ISTT 0008 IWINLDOW Q003 LACTEXAR
0020 LFRGLST Q020 LFRESER 0030 MONMSG L
0002 MONMSG3 0003 MONMSGS 0004 MONMSGS
0006 MONMSG7 0007 MONMERA 0008 MONMSGY
L0010 MSGRUFF . OO2F MSGEUFFO OOI2 MTRO
0OLS NEWRETA Q03! NEWSUN 0035 NUMCOM
Q010 NUMUNITS - 0001 OFFSET 0036 . QOFSTAT
0038 F2 0039 Fz 0034 FAS

Q020 FRGLSTAC O0ZR FRGLSTUO O0O2A FRGSTAT
000 S GELIED 0004 QUEZ - OOOE RECYCPER
Q003 RIRAM QOO2 RFRT oOns - RFSW
0008 RUNLIM OO70 RXIO 000 RXRAM
D001 SCHMSGZ 0002 SCHMSG3 0003 SCHMSGY
QOB SNORECST O0OR& SRCOMMSE 0027 SRFARM1
0029 SSUR OESS STT 0050 STX

QO3H SUFTRF QO02 SWS50 - Q080 SYSRES
0025 TIMVALL 0024 TREMSG1 0001 TRFMSGR
0003 TRFMSG3 OO0 TRFMSG7- 0007 TRUNALF
Q009 ucH 00&7 UNT QOO0 URC

Q0L URES QORO URM 0062 Usia

0061 usy Q045 LM 006 VECTOR
Q004 WATALIC 0043 WATCOMF 0013 WAT NG
000A WINDOW. O0ORE WIRAM 0003 WFRT _
0007 WXRAM 0005 XMITCHR GO23 -

3

Q040
OO0

T OO0

QO30
0018
OO0O50
QECC
OO0
OE73
OEMAF
0030
Q003
OO07
QOOA
0Nt
0O00%

- Q009

D070
0000
DOOLF
Q010
GOO1E -
OO0OF
OOOR
OO0
D004
0028
QQOZ
SO0 1
OO02
OEOR
QOLHE
D06S
Q021
0023

CQO0%



0000

0820
0820

BY 2 R k]
Q8 e

Q8324

0azs

0824

0827

+08327
+0827
+0827
+0829
032A

2C

. .2E

+0O82E
+Q82E
+0DB2E

+083:30.

0831
0833
0834
Q836
40836
+08337

- #0539

+CGH3A
083k
033K
+083R

+0A3E

+0O83k

+0A330
083E
Q810
0841

+0841

+0841 .

47731
+ 3

0845
0847
+08:47

: - : "FAGE 1
8048 ASSEMBLER VO2 --tecmeeeeee—o e FUTUREDATA -—--
iNFRG - ~ 11-24-80
) , FRNT . - GEN-
o ORG . . X’'820'
S FUNCTION: © .- .. NFRG - Nisht proeram
# INFUTS Nons ' 4 -
3 OUTFUTS:: Fositioning Motors Rotation
: CALLS: - SWSTAT '
s DESTROYS: ACCyROLRL . :
"3 DESCRIFTION: NFRG - Stows the mirror only
NFRG ~  EQU # S
BR20 : MoV, RO, #FORT1 - ,
2308 MOV - Ay #ISTT i initial status
30 - XCHI Ay BRO. 3 store low nibbile
FO MOV Ay 1BRO jo9st Fort 1
a9 - DUTL FisA ; output status
- LDX A (SWS0) iread switch status
. SELMAC MOVX, Ay (5WSE0) o :
OFRM MOVX: As SWSO . sRO OR R1 LOS
RrA8O MavV ROy #8KS0 i RO LOST
a0 MOVX A, EBRO o : LEVEL1 OFCOLDE Ry (MEM?
1234 JRO NFEQUT i omanual modsswalt
323K JE1 ENLNF ;. ostow timit
- LD A X{MTRO) . Poast motor status
. BELMALD MOV As XIMTRO)
- OFRM MOVX s &y MTRO
R870 - MOV RCHy #MTRO i RO LOST
80 MOVX Ay ERO 4 LEVEL1 OFCODE R (MIM)
4306 ORL - A 1X 067 7 motor ON, CCW
Q0 - -MOVX BROs A ; do it
2301 NFOUT T MOV As #ENDT i set end trap cods
. TRAF b _ . .
35 . I8 TCNT1I s START CRITICAL REGION
BAZO . ORL F2yaX’ 20/
05 EN I
00 ’ NOF s ENDD CRITICAL REGION
ENDINF EQuU * . : + Turn Motor OFF
LoX Ay (MTRO)
! SELMAC  MOVX: A (MTRO)
- OPRM MOVX s & MTRO ;RO OR R1 LOST
RE70 MOV ROy #MTRO s+ RO LOST
80 CMOVX A BRO o s LEVEL1 OFCODRE R, (MEM)
S3IFQ ANL CAsHXIFQY ; motor OFF
Ay MOV X BROY A ' i} outPut it
Lo (FRGLSTUO) » 51X/ 807 i Prog ssasl . —
CSELMAC MOV (FRGLSTUO) » #X7 807
OFMIMD MOV, FRGLSTUO, X7 80 ;s RO LOST
B82A MOV ROy #FRIGLETUO s+ RO LOST
BROBO MOV BRO, #X 7 807 ,
: ‘ . i ; not initial) cycle
2301 MOV Ay #ENDT 3 set end trap code
TRAF : oo _ '
35 TCNTI s START CRITICAL REGION

DIs



Cdece--- B048 ASSEMELER V02

+7018 BAZO
+ i 0S5
+084K 00

14

" QB4C

ORL
EN

SNDE

HH W E AR KRN

$SYSYMTRL
" FPRNT

EEREFRHXRF X AKX
T A R

3 AFPSYMTERL

FRNT
EEXHEFEXRR XX XK
2T ETEE S LT
i APFADD, G

FRNT

FEEAFHERFEREET

END -

CP2ywX0207

1.

CEN .

GEN

GEN

FAGE.

O SPU SR UPPPR '~ FUTURELDATA

#END CRITICAL REGION

|

]
e



A‘H
IRTT

ACTACC
“AL1
BCKWREK
CLRWRD
OFQFIN
ENDINF
ETX .
FORWRK
FTRUN
INACTACC
INTHMSGH
ISTT
LHRGLST
" MONMSG3
MONMSG7
"MEGEUFF

NUMCTM
OFSTAT
FAS
FROSTAT

RECYLFER

RFSW
BYRAM
AMSG4
SRFARM1
STX
SYSRES
TREMSE2
TRUNADF
URLC
UST
VECTOR
WATIND
WFRT

. , FAGE,
8048 ASSEMEBLER V02 s e e e e - FUTUREDATA

Q010 - A1L 0020 AZH 0030 T AL

0011 ACK 0006 . ACFRG 0O32 "ACT

0o1c ACTDIGFL QOI0 ACTEXAR . 0OO33 ALC

Q20 ALZ2 0030 ANSO - O0AD AVGDFL

O30 RETAF 0036 BEEUFF Q04 CAN

QESZ2 COMNOF QOO0 CFH 0030 CFL

o020 DROFOUT L0020 DsAaDn " OERA ODSSUER

OB3Ek ENDSEQ 0019 ENDT 0001 . EQT

0003 EVERUE Q060 FASR 5 QE&D FMINUS

Q040 FFLUS QE82 FREUFFO 0044 FRNDOFF

QEQA ICFRG 0031 ' IDRFIN - D050 TORFOUT

QO1n INTHMSG1 lnloh} CINTMEGZ Q002 INTMSG3

Q0Odg - INTHMEGS Q005 INTMBGE 0004 INTMSBG7

0008 IWINDOW 0003 'LACTEXAR O00A LEVNTQUE

QOZ20 LFRESER QOO0 MOMMSG L QOO 1 MONMSG2

D003 MONMSG4 OQ04 MONMSGES 0005 MONMSG &

Q007 MONMGBCH 0O08 MONMEBGY OO0 MONRESMG

Q02 MSGEUFFO 0042 MTRO Q070 NAK

0033 NEWSUN O0O35 NFOUT 0834 NFRG

QOOC NUMEVA 0010 NUMUNITS Q001 - QFFSET

OO1F F1 0038 F2 - 0039 F3

0010 FORT1 QOZ20 FRGLSTAC Q02K FRGLSTUO

QO1E RUEL 00O0dg [RUEZ2 0004 RUER

QOOF REGO3 0003 RIRAM Q002 RFRT

COOR RUNDLY o008 RUMLIM L0070 RXIQ

QOO0 SCHMEG1 0001 QCHMEGZ 0002 SCHMSG3

Q004 SHC 0080 SNORECST 0026 SRCOMMSG

00Z8 SRFARMZ Q029 SSUERE OES8 STT

QOO2 SUNF OO3R - SUFTRF OO0S SW50

0001 TIMVALH Q025 TIMVALL Q02 TRFMSGL

0002 TRFMBGE3 QOO3 TRFEMSGY QOO TRFMSG7

OEOR TTRF Q009 UM Q067 UNT

00463 URD QOG0 URES - QOORO - URM

00464 UsT 0061 uay QO&S LWM

Q021 WARM Q00 WATALDLC Q043 WATCOMF

0023 WEVQ - QOOOA WINDGW Q0O2E WIRAM

009 WXID WXRAM QO05 XMITCHR

NO ERRORS

Q007

3

Q030
QOQO
QOO0
QOIcC
0o0Le
QOS50
QELCC
QOO0
OE73
OEAF
000
003
0OGT
OO0
QOO
QO04

T 0010

o0ils’
D20
QOR}b6
0038
QO2A -
OOOE
0008
O006
QUOHZE
D027
QUS0
DOAG
O0OGT
007
QOO0
OOAH2
Q066
0013
QOO3

0023



T -~ 8048 ASSEMERLER VOZ2

.

Q000 -

QASO
0AL0O RY&LOD
QAR ’

s CLEDR

"~ PRNT

ORG -

" s FUNCTION:

P INFUTS:

~ M

OUTFUTS:

CALLS: "
s DESTROYS:
s DEGCRIFPTION:

7

. NP NP, M

a
7

a
’

a
r

a

NE gy NP g N, W

-

w NP oy

-p hid

NS wr M oy M

?‘ T ~ hid e hid - “ ~»

.

CLKOR EQU
MoV
LDX

PAGE | 1

e o m e eemtecseceeeeeee- FUTUREDATA ——-- S

10-8-80

GEN .
X AS50

CLEKDR - Clock Ihrive Module

MTRO (D1=FOSIT.MTR ON,D2=ROTAT,»3=INIT,STATE)
LROFIN '

SLUNF

EVEQUE

MTRO (D1=FOSIT.MTR ON,L02=ROTAT.,03=INIT,.STATE)
FRGLSTUG, 1if SUNF ) DROFIN vailue

EVERUE .

NONE-

Accumuiator, and RO }
Initially the positionineg motor is off, the
progsram waits the OFF reriody ssts the motor
On and waits the ON period. The sesusnce then
rersalts, ) .

If SUNF is equal to or grsater than DROFIN the
Program seauence 1 chanesd to thes track mode
of operation. The operation is only performed
in STATE #1, and the pendine time trap is
deleted from EVERUE, ,

MTRO contains the entiry cods

Entry States: : Responsss:
0, Di=G FPositioning Motor Initial State
TO2=0 Rotation 1. Set DE=1
03=X 2. D3=0 No changs
' 3. Wait Time Trar
. 031
Illesal Conditions: A
1 Current tims trae 1. Cir time trae
1. I11=0 Fositioning Motor Motor Off wait
[2=1 Rotation i+ Nons=

N3=0 State xsition flag
ITitesal Conditions: .
1. No Current tims trar 1. Execute State O

2. Oi=0 Fositioninz Motor Motor Off xsition
02=1 Rotation ' 1, Oi=1 Motor ON

02=1 Stais xsition fiags &, DZ=N Rotation
3. [3=0 No chanas
3¢ Wait Timsz= Trae
0D15>0,0250
IMlegal Conditions: :
1, Current time trae 1. Cly time trae

.3, Dl=1 Fositioning Motor  Motor ON wait

D2=X Rotation 1, None | —
- D3=0 State xsition flas
INle=al Conditions: ' .
1, No Currendt time trar 1, Exzcute State O

* -
R1, #EVEQUE )
A (SWSO) ¥ read switch.status



Ay aX 017

.
2

FAGE

——————————— 8048 ASSEMBLER V02 —«~5—~—-———-—————~r——f—L—-—-—-s~ FUTUREDATA ——we--uno
+0A52 SELMAC MDVX As (SWSO)
+”Tu_ OFRM MOVX s Ay SWSO — 777 R() DR F\l LOST -
+5952. RBBO MOV ROy #5WS0O o i RO LOST : )
+0AS4 80 MOVX Ay BRO . ~2,LEVEL1 OFCODE R, (MEM)
OASS BB70 .- MoV ROy #MTRO '
0AS7 12aAD0 o JBRO CLEDR< A MANUAL, MDDE;Scan MTR only
0A59 .80 -~ MDVX A BRO Pio9et motor status
0ASA 3Z2A3 JR1 CLELRR .7 state 3 NO ACTION
0ABC 5273 JB2 CLKDR1 3 state 1 or 7
: . iEntry State O Initial Srtate Dl;D“"U
yErrar reentiry eoint frrom states 1 and 3
OASE RBR100 CLEKDRERR MOV ER1s %0 ;oclr any event ausue entry
0AALO 80 MOVX Ay BRO .- T F as=t motor status
0AbL1 4304 ORL Ay X047 7 set D2=1 Rotation
. 0AL63 S53FS -ANL Ay uX F57 ;7 s=t [I3=0 Xsition
. : o 4 set D1=0 Mt» OFF
OALS 0 MOV X BRO» A 3ostors new mir ostatus -
. OALSL RR58 - MoV R3s#X’' 58" 180 s=c’s to mtr ON
0ALB EBAOA MOV R2, #QUER PoEVENT AUSUs Farm
OAbLA Lo A #TTRP $ MTRO D32=1 Xsition
+0ALA SELMAC MOV, 4 #TTRF :
+OALA OFPRIMLG  MOVs&s #TTRF .
+ -
+0A6A 2309 MOV Ay #TTRF
0G0 TRAF
+0A6C 35 LIS TCNTI s START CRITICAL REGION
+ I BARO ORL F2yuX 207
+ O F 05 EN I .
+0OA70 Q0 ‘NOF . s END CRITICAL REGION
0A71 d4hab . JMF CLKDREX i leave
sEntry State 1 or = . ,
QA7 3 CLKDR1 EQU * 3.not initial cyocle
QA73 728F J23 CLEIOR2 .+ state 2 h
, sEntry State 1y Normally no ACTION _
0A75 F1 : MOV Ay iER1 ' ;i check for event auwswe entry
0A76 C6LE JZ CLKDRERRK ¢ Error no. event gueus entry
’ ' ' T3 oreinitiate
DA77 8 CLKOR1A LI Ay (DROFIN)
+0A78 SELMAC MOV, A, (IDROPIN) }
HOAZ8 OFRM MOV Ay DROFIN - s RO OR R1 LOST
+0A78 RBB2C MV RO, #DIROFIN i RO LOST
+0A74 FO MOV A BRO ; LEVEL1 OFCOLRE R,(MEM)
TOATR 37 CFPL A "3 1’s CFIL DROPIN,
0A7C ADDM Asr (SUNFY ;7 SUNF-DROFIN-1
+0A7C "SELMAC  ADDy As (SUNF)
+0A7C OFRM AL &y SUNF i RO OR R1 LOST .
+0AZC BA3R MoV RO #5LINF + RO LOST
+0A7E 6O ADD Ay @RO s LEVELL OFCODE Rs (MEM)
QA7F 17 INC A 3 HUNF-DROFIN '
OABO F2Ab JR7 CLKOREX i SUNFADIROFIN Keep clock (lalal:y
. ' i state verification as #3
S SUNFOYDROFIN-1, Set proaeram ssausncs to -track mods
12 LOX IMTRO) «#X/0LY 3 scan moior only
+0AB2 SELMAC HMOVXs (MTRO) s #X/ 017
+0OAAZ OPMIMD  MOVXs MTRO, X701 i RO LOST
+0AB2 BB7O MOV ROy $MTRO s RO LOSBT
+CA%G 2301 MOV . s ACC LAOST



+NAgg
37
ORBT
+0A389
+0ABY
+0A37
+OABE

0OABD

OABE
OAQF
0A91

0A93

0ATS
0A9L
0A98
0ASA
+0OAPA
+0ATA
.
+0AFA
OAQC

-+ 'C.

+0AYD

+0OAPF

+0AAD
0AAL

0AAZ
OAAS

TOAAL
OAAB
A0MAA8
+0AAY
+DAAR
+0AAC

OAAID
OAAF

90

"B10OO

RAZA
RO84

4406

R10OO
4302

53F3

20
BE7L

RAO4

2309

35

8420

05
Q0
dd4h6

Fi
C&SE

2301

35
8AZ0
05

Q0

ROO1

4476

8048 ASSEMBLER VO2

CMOVX BRO. A

. e e e e e e W e o e R o o bt e e G e e b

FAGE 2
FUTUREDATA

LMoV EBR1,#0 . ocir any event sueus Sntry
LD "~ (FRGLSTUO) , #X’ 84/ ’ : 3
- SELMAC MOV, (FRECLSTUOQ) » X’ 847 . :
OFMIMD MOV, FRGLETUO, X’ 847 ; RO LOST
MOV '

MDV /RO, X 847

CLEDREX

KEIEERXEREEEEEK
EEHFX ‘ék*-‘;‘***%%
s AFFADLL G

RO, #FRGLSTLUO

;RO LOST -

; oProaram sequence 4
not initial cycocle

7 TRACK Drive

3 Ieave

“»

; clr-any event guesus entry
; Di=1 turn mtr on '
: D2=0 rotatian
: 03=0 no xsition
store new mir status
3 1 sec wait to mtr OFF
;o twien mty OFF svent
3 MTRO D2,D2,D1=0"

$ START CRITICAL REGION

s END CRITICAL REGION
P leave
iocheck for event susus ontry
¢ Evror ne svent ausas @ntry
;oreinitiate
i SET END' TRAF CODE

$ START CRITICAL REGION

END CRITICAL REGION

; scan motor MTRO only
;7 check Fros Sesq

JMF
s Entry State 2
CLKDRZ EQU #

MOy BR1, 20

ORL A X/ 02/

ANL Ay X F3

MOV X 2RO A

MOV R3,uX’' 701

MoV RZ2:; #QUEL

LD Ay #TTRF

SELMAC MOV, Ay 8TTRF

OFRIMD  FOV,Ar #TTRF

MOV A, #TTRF

TRAF

s TCNTI

{ORL FRyaX 207

EN I

NOF )

JMF CLEDREX
sEntry State 3y Normaily no ACTION
CLEDR3 MOV A ER1L

JZ CLEKORERR
sExit .
CLEIREX MOV Ay #ENDT

TRAMP .

s TONTI

{ORL FRyu X207

CEN I

NQOF
$Manual avercide
CLELCRS - MOV BROy X O17

JMF CLKUQIA
XK EHERRTR
s SYSYMTEL 4

) FRNT GEN
KA KWW H A
R T RS T
s AFPSYMTRL :
' " PRNT - GEN



S : R - PAGE 4
S - 8048 ASSEMELER V02 ~--oeeemmemeo eeemmpe—scbieeme——o= FUTUREDATA —---neo-

. FRNT GEN
*****%%ﬁ***%*** -
w3l ... END



FACE =

-------- 80348 ASSEMBELER V02 -=-ge-cmomcmaelooob-oooniom oo FUTUREDATA —cnmovme
Aty 0010 ALL g Q020 AZH o 0030 AZL 0040
ORTT 0011l ACK i‘ 0Qos - ACFRG | - . 0032 ACT - - 0000
ACTACC Q010 ACTDIGFL ~ 0030 - ACTEXAR 0033 ALDC 000
ALl QO20 ALZ A 0040 7 ANSO QOAQ AVGDFL QO2C
BCHWREK QO30 : - BETAF ‘_0036> " TRERUFFO  QO4E CAN Q018
CLEDR . 0A%0 . CLEORL O 0A73 ~ CLEDR1A CQA78 CLKDRZ - OABF
CLEIIR3 0AA3  © CLEDR4 OAAL CLEIRERR OASE CLEDREX OaAbL
CLRWRD - QESZ2 - - COMNOF T Q00 CFH 0030 CFL QO350
OROFIN Q020 - DROFOUT Q020 nsALn QEEA OSSUR QECC
ENDSEQR 0019 CENDT D001 oT G300 ETX 0003
EVERUE QO&O FASR - - OE8I - FMINLUS . GE73 FORWRE Q040
FFRLUS QEBZ FREUTFFO 0044 FRNIIIFF OEAF FTRUN " QE98
ICFRG - 0031 IDRFIN Q050 IDRFPOUT 0040 ~ INACTACC Oo1n
INTMSG1 0001 INTMSG2 0OO2 INTMZG3 0003 INTMSGH 000}
INTMZGS QO05 INTMEG6 000s INTMSG7 Q007 I9TT 0008
TWINDOOW - 0003 LATZTEXAR QOOH LEVNTGEUE Q020 LFRGLST 0020
LFRGSER 0040 . MONMSG L C0001 MONMSG2 QO0Z MONMZG3 Q003
MIONMSGE 000G MONMSGS 0Qos - MOMMSGS - 0006 . MONMSG7 0OO7
MONMSGE QOOe MONMSG Q0O MONRESMG 0010 MSGBUFF QOZF
MSGRUFFO Q032 - MTRGC ST 0070 - NAK 0015 NEWERETA = 0033
NEWSLUN 003s - " NUMCOM 000C NUMEVE 0010 NUMUNITS Q0001
OFFEET 0034 - OFSTAT - QOLF Fi 0038 P2 Q039
F3 S003A - FAS Q010 FORT1 QOZ20 . PRGLSTAC QO2E
FRGLETUO O02A FRGSTAT QOLE . QUEL QOO RUEE GOO0A
QUESR QOOE RECYCFER QOOF . "REGO3Z Q003 RIRAHM QOO2
RFRT 0008 RESW QOoR RUNDLY 0O0a RUNLIM 0Q70
(G QOObH - RXRAM 0004 SCHMEG ] Q001 SCHMSG2 oo02
arAMSG3 0003 SCHMSGH - 0004 SHC 0080 SNIORECST 0Q2b
SRCOMMSEG Q027 . SRFARPML Q028 SRFARMZ D029 SSUR OES8
STT - 0050 . STX _ 0002 SUNF 0OO3R SUFTRE 0002
SWEO QO8O0 SYORES 0001 TIMVALH 0O25 TIMVALIL 0023
TRFMSG1 TR0 B TRFMSG2 0002 - TRFMSG3 0002 TRFMECGS OO0t
TRFMEG7 0007 . TRUNALF QOEOR TTRF . 0009 uceK QL7
~UNT 0000 . URQ‘  : Q063 UrD . 0040 URES QORO
URM Q0s2 uso . - 0064 UsT ‘ 0061 usy Q065
UM QOLE VECTOR 0021 T WARM alalal WATALC Q0432
WATCOMF 0013 WATIND 0023 WEVE OOO0A WINDOW O02E

WIRAM 0003 WFRT . 0009 WXIO Q007 WXRAM Q0035
- XMITCHR 0023 :
NG ERRORS



0000 _

QB&D
QRLO
+0Q860
+08&60
+OBA0
+0842
0863
L)
‘_'F’J Dé‘
+0866
+086¢4
+08346
+0848
0369
Q8&E -
084K
086
+084H0
+QO86E
L +0870
+0871
0[72
0872
+08772
+087%2
+OAFT
+0874
+0Q375
+0O877
0878
087A
+037A
+! ‘A
+ 2
+Q&70C
o870
087E
+087E

_ ' FAGE 1
-~ 8048 ASSEMBLER VO com e e b e e FUTUREDATA —-w-ec2e—-
s ONEFAS e
FRNT GEN _
ORG X’ 840’ /_
s Forground Module #1 - Rotk TRACHK and CLOCK
s FUNCTION: ONEFAS - One rassy First time set-up
s INPUTS: FRGLSTAC(R7 ), MSGEUFFO(R7) '
;OUTPUTS: AL1=Index Fosition.
3 MTRO, BO=1 Scan Motor On
H F12 Index Disable, (FORT1,E3)=0
: ANSO=Fhoto Diode
: CALLS None '
s DESTROYS: _ ACC,yROsR2»R3
t OESCRIFTION: Ferforme al) startur functions ;5 modes: snables
ONEFAS EQU * :
LD A (FRGLSTAC) sgst initial cyc hit
SELMAC MOVs Ay (FPRGLETAL) :
OFRM MOV, Ay FRGLSTAC s RO OR R1 LOST
RazZe MOV, RO #FRGLSTAC B ROLOST
FO MOV "4, BRO S LEVEL1 CFRCODE Ry (MEM)
F7 RLC A ;s B7 YCARRY
E&72 JNC ONEFAS2 sinitial cycte
LD Ay (MSGEUFFO) yread msg flags
‘SELMAC MOV, A5 (MSGRUFFQ)
OFRM MOV A MSGERUFFO t RO OR R1 LOST
B8432 © MOV ROy #MSGRUFFO ;RO LOST
FoO MOV Ay 2RO s LEVEL1 OFCODRE R, (MEM)
290 JB7 ONEFAS3 jecan . mtyr warnm sst Parm’ s
ONEFAS1 EQU * ‘ .
2319 MOV A #®ENDSER s ENI SEQUENCE Trar
TRAF , : ‘ . :
35 nDrs TCNTI + START CRITICAL REGION
8A20 ORL . F2yuX/ 207
05 EN I . -
00 NQF 3 END CRITICAL REGION
ONEFAS2 EQU * ) ] :
ANLM (MECGBUFFO) » X’ 7F' jaet B7=0 Mty not warnm
SELMAC  ANL: (MSGBUFFO) s %X’/ 7F’ S ’
DFMIMH ANL » MEGBUFFO, X’ 7F 7 ;s RO-LOST
BR42 MOV K, #MSLELIEFO ; RO LOST
20 XCH Ay BRO )
S37F “ANL Ay X’ 7F’
20 XCH Ay BRO , : :
2308 MV Ay #ISTT . ‘ .
LIt (FORT1):A 18zt INIT Status
- SELMAC MOV, (FORT1),4 _
OFMR MOV, FORT1: A ;RO OR ORI LOST
R820 MOV Ry 4FORTL y RO LOST
AQ MOV 2RO, A : s LEVELL MOV (MEM)s R
39 OuUTL F1,A : :
LIDX (MTRO) s #X7 01" S tLrn on scan moiar
SELMAC  MOVX, (MTRQ),» #X 017



: . FAGE. 2
- 8048 ASSEMELER VOOL . —-vqemmm e e e FUTUREDATA —---e—-
+087E } DFMIMD  MOVX, MTRO, X017 ;RO LOST
+ 7E RB70 L MOV RGO, #MTRO . . s RO LOST
+und(r 2301 i [WAV Ay X/ 01/ - -~ $ACC LOST
+0882 90 o S MOVX BROSA : C - ’ ,
0883 RAOE MOV RZ, #QUEZ / tset EVENT QUE#3
0385 RBBEOY ' MoV - R3s #WARHM / s Warm Up _ :
0gae7 2309 ’ S MOV Ay #TTRF T ss=t time trae Messaos
0889 TRAF L .
+0889 35 0Iis TCNTI s START CRITICAL REGION
+0R38A BAZO : (IRL PayaX 207
+088C 0% EN I - ;
+0880 00 NOP ' - _3END CRITICAL REGION
OA8E 0O46R : JMF ONEFAS1 i End. Bequence Trap
’ ;Scan Mator Warm initialize Faramstsrs
Q890 ONEFAS3 EQU . * ' ’
QR0 ANLM (FORT1),#X'F7° sindey disable,B3=0
+0890 : SELMAC ANLys (FORTL)»#X'F77 : ’
+0890 . - OPMIMD ANLsFORTL,#X'F7/ i RO LOST
+0890 RB20 MOV ROs #FORTL : s RO LOST
+023922 20 XCH A BRO -
+0893 53F7 . ANL A, &X' F7’ . .
+0895 Z0 XCH Ay BRO o ) . -
08946 9F7 ANL Fl,sX’F77
0898 : ~ LDbX {FAS) ., A is=t passive modesNo rarms
+0898 SELMAC MOQVX, (FAS) A ,
+0898 . OFMR MOVX s FAS: A s RO OR R1 LOST
+ '8 RB810O MOV RO #FAS 3RO LOST B
+wwu A 0 MOVX ERO, A . s LEVELL MOV (MEM) s R
089R 2323 . MOV A #WATIND jwait trar for index
Qaon TRAF
+0890 35 : " pIs TCNTI i START CRITICAL RECGION
+087E 8AR20 ORL P2, X720 : )
+08A0 05 EN I - -
+03A1 00 | ' NOF , s END CRITICAL REGION
. s LOAD INDEX VALUE+180 deg’s in COMFARISON REG
QB8A?2 - - LDX Ar (ALHD) 4 jast index Hiah
+0O8A2 SELMAC  MOVX: & (A1H) '
+08A%2 ’ OFPRM . - MOVX, &yALH iRO OR RI LOST
+08AZ2 E810 . MOV RO, #A1H ~ $RO-LOST
+0844 30 MOVX A BRO - ;s LEVEL1 OFCODE Ry (MEM)
08AS D208 XRL, Ay X087 - tadd.180 Dea’s
L0847 LIX (CFH)» A ) ;s load comp vrea Hish:
+08A7 SELMAC  MOVX, (CFH) s A . : - ' ’
+Q8A7 OFMR MOVX s CFHs & ;RO OR R1 LOST
+(8A7 R830 MOV ROy #CFH s RO LOST
+0Q83A% 90 ' MOVX 2RO, A s LEVEL1 MQV (MEM) R
OHAA Lox As (ALL) ja=t index Low
+08AA : . SELMAC MOVXsds (ALL) -
+08AA _ : OFRM MOVX:s &y ALL. +RO OR 'R1 LOST .-
+03AA EB20 - MOV ROy #A1L i RO LOST | . :
+08AC 80 . - MOVX Ay ERO o - $LEVEL1 OFCODE R (MEM)
v : LDX (CFL)s A ;load index Low
4. _ SELMALC  MOVX, (CFLY»A ' :
+08A40 - OFMK MOVX s CFLy A 4 ;RO OR R1I LOST
+08A0 B8O ' MOV ROy, #CFL ' s RO LOST
+Q8AF Q0 : MOVX @ER0sA s LEVEL1L MOV (HEM)'R

08RO i Lo .o Lo . (PRGLSTUM y #X’ 027 jselect program sequence #2



+082R0O
- B0

e RO

- O8R4
O8R4
+08845
+0Q8R7
+08R9
+08EA

OBRE

‘ FAGE
- 8048 ASSEMBLER V02 ~-vdoceooooo —————— . FUTUREDATA
- SELMAC MOV, (FRGLSTUQ) s %X/ 02/ SR ]
. OFMIMIN MOV, FRGLSTUO, #X/ 027 i RO LOST
BG2A MOV RO, #FRGLSTUO A s RO LOST
BOOR . MOV @RO, X702 s ce LT
2301 MOV A *ENDT ‘ / ; END Trap
TRAF - _ : , : o
35 S nIs TCNTI : START CRITICAL REGION
8AZ0 ORL F2y3X’ 207 - - : ’
05 EM I P ' ' :
00 NOF +END CRITICAL REGION
PR E-BF . T E T B E X B . N
; GYSYMTEL :
FRNT GEN - -
I K3 6 A K K HK AR E
FEREERERERREEHR -
: AFSYMTEL a |-
' FRNT GEN
2T LTI L EE R TS '
R R R L X TRk .
;s APFADD, G _
_ FRNT ‘GEN
WK F WK RN RN H K
ENL

2



AlH
IRTT
mu ACC
ALL
BCEWRE
CLRWRD
CDIROF TN
ENDSEQ
EVEQUE
FFRLUS
ICFRG
- INTMSG1
INTHMEES
THINDOW
LPRGEER
MONMSG -
MONMZGE

MSOSRUFFO.

NE BN
OFFSET
ONERaS3
F3
PRGLSTUO
HUEZ
RERT
RXIN
MEG3
_. L JOMMGE
sTT
SWSO
TRFEMEGL
TRFM3GZ

UNT

UM

LIk

WATCOMF
WIRAM

XMITCHR

. NO ERRORS

8048 ASSEMBLER V02 --

0010
0011
OOiC
QO20

ao30- -

QES2
OO2C
O0n19
OO0O&LD
OE82
Q031
0001
OCOS
QD03
0040
QOO0
O0O0OR
0032
003
OO36
08ae0
0034
QO2N
QOOE
0008
Q004
QOO03
0027

GOS0
Q080

OO0
QOO7

QOO0

0062
O0&6S
0013

Q003 -

Q023

AlL

ACK

ALZ .
BETAF

. COMNOF -
'DROFCLT: -
- ENDIT

FASH
FREUFFO
IDRFIH

CINTHSGE

INTHMEGEA

LACTEXAR

MONMEDG L

© MONMSEGES

MONMEES
MTRG
NUPMCC
OMEFAS
OFSTAT
Fas

" PRGSTAT
RECYCFER

RFSGL
RXRA

SCHMIZEG

£

SRF AT
STX

TnUNAUP

. URC

uso . -

VELTOR

WAT IND
WFRT

ACTDIGFL

CO0R0

OO0 G

QoOs0h

QOA0

O03é .
0000 7
OO02D
: 0001

OESD
00t
OO50
0002
0008
QOOA
0001
OO05
QOOY
QQ70

L0000
- 0R40

O0O1F
0010
OO1E
QOOF
O0O0E
0003
OO0

- 0028

0002

0001

0002

QEOR -

Q063
004
Q021

0023

OO0

AZH
ACFRG
ACTEXAR -

- ANSO
" BKBUFFO -

CFH
nSann
EOT
FMINUS

- FRNDOFF

IDRFOUT
INTMSGR
INTHSG7
LEVNTRUE
MONMEEGD
MONMSC 4
MONRESMG
NAK
NUMEVE .
ONEFAS1
Fi

FORT1
QAUEL
REGO3R

RUNDLY

SCHMSG1
SHC
SRFARMZ

SUNF
" TIMVALH

TREMSG3
TTRF
URD

usT
WARM

" WEVAE
WXIO

-QO20

0032
0033
0OAOQ

OO4E

0030

OEEA

Q004
QE73
OEAF

0040

0003
OOO7
Q020
o002
OO04
0010

0015

Q010
Q84K
0038

Q020

OO0

0003

QO06
QOO 1
OOaC
Q029

O3B

Q025
0003
Q009

S O0&0

QO0O&6]

0004

0O00A
O0O07

FAGE

FUTUREDATA

CAZL

ACT -
ADC
AVGDFL
CAN
CFL
nSSuUR
ETX
FORWREK
FTRUN

INACTACC

INTMEGH
ISTT
LFRGLST
MONMS G2
MONMS(7
MSGEUFF
NEWEBETA |
NUMUNT TS
ONEPASZ
Pz

FRGLSTAC

QRUEZR
RIRAM
RUNLIM
SCHMEGR2

SNORECEST

SSUR
SUFPTRF
TIMVALL
TRFEFSGH
LUEH
URES
usy
WATALC
WINDOW
WXRAM

4

Q040
OO00
Q090
0030

0018

QOS50
OECC
Q003
0030

0E98

QOin
OO0 S
O008
GO20
Q003
QOQO7
OOZ2F
033
0001
O8B72
0039
QO2R
OOO0OA
Qo2
OO70
QOO2
0028
OFES8
0002

0024

000
Qb7
GOORO
(RIS
Q043
OQRE

O0O0S



QQO0

G9RO
]
+U7HO
+QPR0
+QOPRO
+092RZ
O9E3
QYRS

OFFb

O9ERb
+0O9FRb
+ b
N
+OFE8
- 09EY
+O9RF

"FAGE 1

-------- 8048 ASSEMEBLER V02 --bcme e e m e e c b e w o= FUTURELATA — e =
s RDGNR -
PRNT . GEN
ORG . X' QRG
1';FUNCTIUN:v%fD - ROSNR - Read Sernsors _
- # INFUTSs -7 AL1 - Address #1, ‘index rposition
g 2 AFFLAG - (in ACTEXAR+O)
; CINDEX DISARLE - O
3 ) - CYCLE fF - Fassive
i OUTFUTSy - AFFLAG - (B7 first rpass flag)
;o NEWEETA - new error ansls (ACTEXAR+Z, +3)
3 MEWSUN - new sun leve)l (ACTEXAR+1)
; CYCLE FF - Fassive : :
S INDEX DISABLE - O
"+ CALLS: RETA: SUNLVL
s DESTRUYS: Al . : : .
s DESCRIFTION: T ROSNR - Checks scan motor warm: then reads
P T S S pointine error angle (NEWBETA)Y ., and
s LT ' insalation level (NEWSUN), Sets
- . S : - C1st rass flag to ‘contiruwing’ hefore
i . exitina, ‘
RISNR EQU * :
: LDX As (MTRO) - Finsure scan mtr OM
- - SELMAC MOVX»s A, (MTRO)
OFFM MOVY: As MTRO RO OR R1 LOST
BB70 MV ROy #MTRO s RO LOST
a0 MOVX A, 2RO , s LEVEL1 OFCODE R, (MEM)
4301 ORL AruX 01’ '
F0 - MOVX GROy & : sstore it
il WAIT FOR COMPARIGON ENTER ACTIVE STATE
32, ACQUIRE FOSITION OF FEAK SIGNAL aAND FEAK ANALOG
3 . LEVEL E
L33, ON NEXT COMFARISONs REENTER FASSIVE STATE
sDESCRIFTION: BETA sets wup for FEAK DETECTION, Ssts Modes,
3 ANALOG SELECT = #2 (Fhoto Diode), BETA Zero's
3 SAMFLE/HOLLD Capacitor:; and s=ts passive. Loads
N COMPARIZON REGISTER and starits SYND COMPARISON
; TRAFs to start..-PEAK CYCLE (Active/Fassive
i Evnahled), Runs Feak Detection cycle (Ends with
i 2nd Comparison Trar), Read Resultss Compars
;5 and Calculate NEWBETAs and calculate New ANTI
H INDEX (Disahle Active/Fassive Cycle),
BETA EQU * . - ) R
LDX (PAS) A jeet FPassive
) SELMAC  MOVX, (FASY, & - .
OFMR MOVX s FAS, A . JRO OR R1 LOST
Bai1o MO\ ROy &FAS . sRO LOST
0 MOVX EROy A - sy LEVELL MOV (MEM) R
LDX {SHC)» A 1 Zevo 5/H caricator
SELMAC  MOVX, (SHC)Y» A _
MOVXs GHE s A s RO OR R1 LOST

+O9RY

OFHR



LOGRY
- R
OvRC
+09RC
+09BC
+QOPRC
+0O9BE
+QFC0
09C1
09C3

09CH
09Ch

0C7
0909
+09C9
+0D9CA
+0GCEC
+09CH

09CE
QN0

8048 ASSEMEBLER

B88O
Q0

BB8AO
2302
G0 -

B820
2303

A
39’

2313

35
8AZ0
05
00

+0900 3E

4 a1
e A3
+Q20d
oons
QD7

oen9
QZ0A

O90R

CF00E

+OPIIE
+QINE

+0OP0I

QOFLE

OFEQ

+09ED
+QRE0
+OFEQ
+0OQE2

O9ER
+0Q2E3

+09E3"

+ 3
4o D
OFEA
+0O9ESL
+09E 4
+0Q9E4A

a5
8AZ20
05
[918)]
Rra20

2308

AQ
39
; LOAD

E810
80
p308

RB3G
GO

EB20
80

RAS0

INDEX VALUE+180 des’s in

VOZ mmbimmm e SR S
MOV . RO, #SHC

MDVY BRO, &

Lox (ANSO ), #X’ 02/

SELMAC  MOVX, (ANSO), #X’ 02"

S BREMIMD . MOVX, ANSO, #X 7 nﬁ"
MD'\/’ ’ .- ROy £#ANSG .
MOV A 8X027 .
MOVY @ROsA - ,
MOV ROy #FORTL
MOV As #X7 037
- MOV ERO A .
- UTL Fl,A -
swait for ACTIVE state
MOV . A #WATCOMP
TRAF a -
niIs TCNTI i START
ORL Ry uX 207
. EN I
- NOF i END

iwait for PASSIVE state

MOV Ay #WATCOMF
TRAF -
nIs TENTI
ORL P2, #X’ 207
- EN ! ' :
NOF L $ END
MOV - RO, #FORT1
MOV Ay X OA
MOV 2RO, A
OuUTL Fi,4

FPAGE 2
FUTUREDATA

3RO LOST

-+ LEVEL1 MDV (MEM)s R
C$Fhoto Diode Ineut

s RO LOST
s RO LOST
s ACC LOST

i ioad P11 and PORTL

+ BO Cycle Enable=1

s Bl S/H mode=1 Fsak

s B2 ALZ LOAD MOLE=0 Fe
; B3 Index Disable=0

; load FORTL

routPut it

M
1)
>

s CompParison trar

CRITICAL REGION

CRITICAL RECION

s Comrarison trae for
sPeak Detection

+ START CRITICAL REGION

CRITICAL REGION

tligsabhle Cycle

3BO Cycle Enable=0

s Bl S/H rnode=1 Foak

s B2 ALZ LOAD MODE=0 Fesak
s B2 Index Disable=1.

; load FORTL

COMFARISON REG

LY Ay (ALRD ;ast incdex High
SELMALC  MOVX, A, (ALH) _

OFRM - MOVXs Ay ALH s RO OR R1 LOST

Mav RO #A1H ;RO LOST

MOVX A BRO ; LEVEL1 OFCODRE R,(MEM)
XRL AruX’ 08 sadd 180 Dega’s

LOX (CFH) s A - ) 3 load comp reg High
SELMAC MOVX, (CFH)sA

OFMR . MOVX, CFH: A ,Rn OR Ri LOST

MOV - ROy #CFH ; RO LOST

MOVX 2RO A oo s LEVEL1 MOV (MEM),R
LDX A (AL1L) et index Low -
CBELMALC  MOVX: A (ALL) :

OFRM MOVX s &y ALL - $RO OR R1 LOST

MoV ROy #A1L RO LOST .
MOVX A, @RO s LEVELY OFCOLE Ry (MEM)
LOX: (CFL) s A i load index Low
SELMAC  MOVXy (CFL)Y s A :

OFMR MOV, CFRLy & T3RO DR R1 OLOST

MOV i RO LOST

ROy #CFL



________ 8048 Af

+09E8

LI9 5

O9EHR
+QO9ER
+0O9FER
+QOPER
+OFEL

O9EE

O9FEF

OFFO

0O9F1

O9F2

Ea33
AQ
18 -
Fe
AQ
]

LO9FD
+OFF2

+QOQF2
+0PF 4
QOF5S
Q4
OF7
QFF8
I
B
O9rC
QFFD
QQFF
OAO 1L
GAO3
OADS

QAO7
QAQ7
+0AQ7

. +0A07

+0807
+OAOY
OAOA

Yo e e
OADC
+OAOC

+AL
+0OAOF
+0A10

aAaly

OALS
0A1é
0ALA
0ALA

Bra3é
Fo
o) 7

F7
AR
27
E&FC
37
A~

-BBO2

B0

([382

B3z
n482

B370
GO

2343

35
EALD
05
00
5428

B8O3
30 :
SIF0
CHLE
EEFF

LD , A (OFFSET)
- BELMAC . MOV, A (OFFSET)
.- OPRM MOV A, OFFSET s RO OR R1 LOST
- MOV ROy #0FFSET : s RO LOST
0 MOV AL ERO : . $LEVEL1 OFCODE R (MEM)
.~ CLR c A E . A :
- RLC A . stimes 2ysave sian
MoV - R3yA - : isave it
CLR A
JNC *+32
- CPL A
MOV R2) A _ S .
S MOV RO, #2° °° 7 taddr, R2 ’
- MOV R1, %2 : i addr, R2
CALL FPLUS . i times2=timesd
MOV ROy «NEWRETA
: . .CALL FRLUS ) . s NEWBETA+4(OFFSET) |
,CDNVErT FEAY LEVEL TO DIGITAL
SUNLVL  EQU % : o _
: - _LIOx (ADC) + A ‘ istart A/D conversion
8ELMAC  MOVX, (ADIC) » A '
OFMR MOV X s ADIC, 4 ;RO DR R1 LOST
- MOV ROy #ADC ‘ : - 3RO LOST
MOVX BERO, A ' A - 3 LEVEL1 MGV {(MEM)sR
mMav Ay #WATADC
TRAF _ ' jwait for END ALC
nIs TCNTI . ~ iSTART CRITICAL REGION
ORL FRyuX’ 207 S
EN I ,
NOF . ; ENDD CRITICAL REGION
CALL SUBMATH .- . icalculate ADRC value
' S s AL2 minus ALL . -
s ACC=R15-E8
- ) . S s R3=BA-KRO
s DELETE Nibbles O and 3,Restructurs to lByte
MOwV. RO, X 037 . T adde, R3
XCHD Ay ERO . : s RA=ValusNihblzsReversed
ANL Ay X FO o jdelete LoNikble
Jz SUNLWLI L
MOV R3,#X'FF’ ' i0verflow s=t valus=FF

SEMELER

s CONVERT

SR : ‘FAGE 3
voz r;-7------—-7-;---}4~3 ---------- FUTUREDATA
MDVX BRO A ’ - .+ LEVEL1 MOV (MEM)»R
TO RELATIVE FDSITIUN _ . "
CaLll ~ SUBRMATH L icalculats rel, posi
. - Lo S " $AL2 minus All
-+ ACC=R15-E8

S I . i R3=R8-RO

Lo (NEWRETA): A o istore B15-B8
SSELMAC MOV, (NEWEETA) A ’

OFMR MOV NEWEBETA» A sRO OR RA OLOST

MoV RU,#NtWHETA _ s RO LOST

MOV BRO, & - ‘ : g yLEVc.I_.J MOV (MEM) R
- INC RO e o :
MOV AsR3 R gt R8-RO

MOV BRO A - istorse NEWRETA+1
-TLED

RO TR - srestore RO

; ADD FOSITION DFFqET

3 Convert ‘/4(1/10)D59 s to 1/16(1/710)0e=a’'s

ition



' . FAGE 3
——eem = BO48 ASSEMELER VOE.——a—f;———-———-—~¢—7——~ ————————— = FUTUREDIATA ——w—-- G
OALC SUNLVL 1 EQU *
1C FE oMoy A R3 T -

LD 47 SWAF A i Propeyr-Nibb) =Al 1‘3)‘\ml—*n*
OA1E LD (NEWSUN)Y» A Tsostore 1t :
+0ALE - T SELMAC MDV;(NEHGUN‘yA/
+0OALE" © OFMR MOV, NEWSUN i RO OR‘Rl LOST
+0A1E R835 CMay RU,#NLNSUN : - s RO LOST
+0AZ0 A0 MOV 3RO, A _#+LEVEL1 MOV (MEM),R
0azZl1 2301 MOV Ay #ENDIT | send TRAF
oA ; TRAF o :
+0OAZ23 35 nIis TCNTI tSTART CRITICAL- REGION
+0A2d BAZO ORL . F2sy 88X/ 2070
+0A/26 OH EN I - R . :
+0ART7 00 NOF o s ENDD CRITICAL REGION

75UHRDUFINLJ ' E ‘ S
.S CALCULATE FEAK FOSITION RELATIVE TO INDEX
sBuntract Peak-Index  (ALS-4AL1) 12 bits
safter nibble moves

OAZE SUBMATH ERU %
0AZE ' LIX - Ay (ALL) tget index low _ .
+0AZ28 SELMAC MOVX,y A, (ALL)
+OAZE OF kM MOVXs A ALL s RO OR R1 LOS
+0AZ23 RB820 MOV ROs #A10 s RO LOST
+OAZS RO MOVX A, BRO " $LEVEL1 OFCODE R, (MEM)

IR 47 SWAF é ireorder byites and nibbles
B =Yt ENAY) R2:A

QAR LOX Ay (ALH) jast index high
+0AZ0 SELMAC HMOVXs A (ALH)
+QAZT . " OFRM MOVX» Ar ALH - $RO OR R1 LOST
+0A20 RELQ MOV ROs #A1H i RO LOST
+0AZF 80 MOVX A, BRO $LEVELL OFCODE R (MEM)
QAZD 7 SWaF A sreorder bytes and nibbhles
0A31L BAO2 MOV ROy #X7027 ;jaddr, RZ2
0A33 30 - XCHD As BRO jswap low nibhles AsRZ

: ;A=Hiah BytesRZ=Low Byts’
0A34 37 CFL - A : ;A=1'CFL High Byt
C0A3ZE 2A XCH AsR2 iAsLow ByteyRZ=1"sHish Byte

QAZS 27 CrFL A R
OA37 AR MOV R3sr A sR3=1's CFL Low Byts
QARB LIDX A (AZH) ;a=t FEAK high
+0AR8 SELMAC MOVXs Ay (AZH) . : o
+NARE DFRM MOVXs &5 AZH RO OR RL LOST
+0A38 ER&30 MOV ROy #AZH s RO LOST
+02A34 DO MOVX A, BRO s LEVELL QFCODE R (MEM)
OAZR 47 SWAF A sraorder bytes and nibhles
QAZC AS MoV RisA jsave 1t
QARD LDX Ay (AZL) ) . 3a=t FEAK low . .
+0AZT SELMALC MOVX, A (AZL) . ) '
+0A3D C L OFRM MOVX, &y AZL +RO OR R1 LOST

a0 BE40 Moy ROy #AZL 3RO OLOST
-+ 3IF 80 MOVX Ay RO }LEVELL OFCODE F,( MEM)

OAdD - 47 SWAF A . sreordsr byites and nibhlaes
0A%1 BAO1 MoY RO, #X7017 saddr, R1
OA42 20 - XCHID Ay BRO sA=LoRBytes Ri=HiByte
oadd 97 - - CLR - C ‘



0A1S A7
0Ad44 7B

47 AE
0AdA F9
0A4LT 7A

0A4A 83

OA4R

-

-
+

- : FAGE )
8048 ASSEMELER VO2 --ecemc e mm oo e FUTUREDIATA ~--—=-=-
- CFL c . _ $C=1 for 2’s CFL add
ADDIC A, R3 ST 3 AL2-ALL tow )
S MOV R34 - tR3=LoByte Difference
MoV AsR1 S 3est HiByte
. .ADLC AsR2 - iAsHiByte Difference
HHH N H KRR ;
s SYSYMTEL i
FRNT GEN ‘
X F TSI EE FE
HH R HH R AKX K
;: AFSYMTRL : -
FRNT GEN
T EE TR LTS ‘
TN H K HREEF i -
: AFPALDD. G i
FRNT GEN
I IR LR E RS :
END



FPAGE )
R 8048 ASSEMBLER V02 ~vrmcm e e e e e e e e ~ FUTUREDATA —---===~
AlH C 00410 TALL : Q020 AZH 0030 . AZL 0040
AEORTT 0011 “ACK . 0006 ACFRG— 0032 ACT QOO0
Tacc Q0O1C CACTDIGFL - 0030 ACTEXAR 0033 ALC | Q090
ALL OOZ0 - ALZ - 0040 ANSO O0AD AVGIFL 003C
BCHKWREK 0030 BRETA - 09BS EETAF | L0026 - BKRUFFO QO4E
CAN Q018 CLRWRDO QESZ2 COMNOF | QOO0 CPH QO30
CrFL - oS0 OROF TN QO2C © DROFDUT - . Q020 osann QERA
OSSUE QECC ENDSER 0019 ENDT .. . Q001 EOQT : 0004
ETX 0003 EVERUE Q060 FASR ; T oE8sD - FMINUS OE73
FORWREK - 0040 FFLUS OE82 FREUFFOQ 00Od4d FRNLDOOFF - OFAF
FTRUN OE78 ICFRG . 0031 IDRFIN 0050 JORFOUT QO30
INACTACC OO1n INTHMEGL Q001 INTMGGE2 TO002 INTMSG3 QOO3
CINTMSGH QOGH INTMEGS . 0005 - - INTHMBGS 0004 INTMSG? QOG7
ISTT CoO0s TWINDOW 0003 LACTEXAR OO0A LEVNTRUE  QORO0
LFRGLST 0020 - LFRCESEQ QO30 MONMSGT - 000l TMONMSGER o002
- MONMSGGES G003 MONMSGS 0004 MONMEGE S Q005  MONMEGS 0O0A
MONMSG7 0007 MONMSEGS - 0OR0Aa MONMSGY QOO9 MOMRESMG - ©Q10
-MSCGRUFE OOZF MSGEUFFO 0042 MTROQ QO70 NAK 0015
NEWRETA 0033 NEWSUN L0035 NUMCOM 00OC : NUMEVQI GO1O
NUMUINITS Q001 DFFSET . 00356 DFSTAT 001F P11 . 0038
F2 OO39 F3 0034 FAS - Q010 FORT1 0020
FRGLSTAC QO2E FRGLAETUO QO2A FRCSTAT QO1E - QUE1L - 0004 .

. QUEZ OO0A FIUIES QOOE ROSNR - - OPRO RECYCFER QOOF
REGOZ 0O03 RIRAM QOO2 RFRT Qo0 -  RPSW OO0OR
RUNDLY O008 RUNLIM - Q070 RXIO Q0Q& RARAM COQG
SCHM=G1 QOGL CQUHFSER 0002 SCHMZGE OO0 SCHMEGH QOO
G 0080 SNIDRECST a0 SRCOMMSG Q027 SRPARML Q028
f ARMZ2 0029 SSLUR QESA STT D050 STX QOO2
SUBMATH 0A28 SUNF DO3R . SUNLVL - QAQ7 SUNLVLI 0410
SUFPTRE QG00 SWaSD Q080 SYSRES 0OO01 TIMVALH Q025
TIMVALL Q024 TRFEMSG1 000l TRFMEG2, QOO2 TRFMSG3 0003
TRFMEG4 0004 TRFMSG? 0007 TRUNALF | OEOR TTRF Q009
ucH 00&7 UNT OQO0 URC- 0063 URD Q0&0
URESG QORO LIRM GOe2 usn ‘ O0&S usT 0O0&E1
usy T Q065 UWM . QOL6E VECTOR 0021 WARM GO0
WATAID 0043 WATCOMF 0013 WATIND Q023 -WEVE S QODA

WINDOW 0O02E WIRAM 0003 WFRT OO0 - WXIoS 0007
WXF M 0005 XMITCIIH 0023 .
NO ERRORS ' -



0000

(:) {‘ [I (:)
QBDO
080z
s !

05
080G
0oLy

osng.

.08
OBLE
O8[e
G8I0E
OBED
Q8ED
OBF4
OBE&h

-~ 8048 ASSEMEBLER V02 ccm e e - FUTUREDATA — e mm -
:FILTERS 12-19-80
FRNT ‘GEN
ORG X ano’
. $ FROCEDURE FLTSW - Filter switch
s INFUTS: NEWSUN '
s OUTFUTS: NEWSUN (- FF hex,
; if CO hex ( NEWSUN
; NEWRETA (~ Q000 hexs '
R , it L0 hex ( NEWSUN ( 1/2 DROFPOUT
5 CALLS: None : A ‘ '
s DEGTROYS: ACC: RO, R1 . _
s DESCRIFTION: If the. insolation level is greater than CO
; S CO hex or Yegs than 172 the DOROPOUT VALUE,
; don’t dirive the filter. The AIC is set so
H thers 13 never an insolation tevel arsatar
: than CO hexs; for valuss areate than CO hex
i szt NEWSUN saual to FF hex to indicate an
4 overflow,
FLTEW EQU % v
B235 ' MY - R1y #NEWSLIN
E820 MOV ROy #ROFOUT
FO MOy Ay IBRO ;a1 DROFOUT
Q7 CLR c -
&7 _ RRC. A tA=1/2 DROFDUT
o7 . CFL A 31 CRL 1/2 UROFPQUT
sl AL - AyER1C S NEWSUN-1 /72 DROFOUT-1
YaER JNC FLTEW1 s NEWSLINGL /22 [IROFOUT
Fi MOV Ay ER1 jaz=t NEWSUN
G340 AL Ar#(0-X’'C0O’) AN, X’ QOFF’
E&ES JNC FLTSW?2 $ SUNF(CO hax) o overrangs
B1FF MoV BR1y=X"FF’ soverranas NEWSUN (- FF nex
R332 FLT3W1 | [WAV I ROy #*NEWBETA 3 1/2 DROPDUTI(NEWSUNC CO hex
D452 CALL CLRWRD s NEWBETA(-0O (2 hytes)
FLTSW2 EG) - = :

FAGE 1



e 8048 ASSEMELER V02 .

s PROCEDURE :

5 INFLITS

s OUTFUTS:

; CALLS:

s DESTROYS

s DESCRIFTION:

NI MR g ME o, M

ME e R wn MR M G M g MR G SR g M e N MR g M, N,

MNP gy MR

ANL

FAGE, 2

S ——— U FUTUREDATA ~—wwim—-

BFILTER - Filter for BETA (error angls)
NEWSUN, NEWBETA, BETAF, Fl, P2, F3

BETAF, F1, F2, #3 . A
- FFLUS, D[SADD, DSSUE, FASR, FRNDOFF,

FTRUN, TRUNADF |
Al i

. BFILTER - Ferforms a 23 polsa 3 zero low rass
filter on inPut NEWRBETA and filter pParametors,

Fils, 2, F3 and generates outeut BETAF,
FILTER EQUATION: '
YCZY/X{2)=YLZIYWCZ) [W(ZIX(2Z)

.3z
1 7 +Z +Z+1
e e e e e e e o - -
16 3 2
| 7 1,52 +7-.25
WHERE ¢

= -1 el -3
W(Z)=X(Z)+1,5W(Z)Z  -W(Z)Z +.25W(2)Z
-1 -2 -3
LOY(Z Y =W(Z)+W(Z)7  +W(Z2)Z +W(Z)2

BETAF=1/16Y(Z)

EXFRESSING ALL VALUES RELATIVE TO EETAF:
FI=(NEWBETA-RETAF)
W(Z)Z=W(0)=FO+BETAF

-1 .
W(Z)Z =F1+BETAF(Z)
W(Z)Z =P24+BETAF(Z)
. -3 :
W(Z)YZ =FP3+BETAF(Z)
FO=1/4FI+1,5F1-FP24+1/4F3 .

. -1 .
O=RETAF(Z)Z-BETAF(Z)Z sDisrlacsmsnt
D=1/4(FO+F14+F2+F3) L

-1

CBETAF(2)=BETAT(Z)Z  +@

-1
F3(Z)=F2(Z)Z =D
: -1

CP2(Z)Y=F1(Z2)Z -D

‘ N -1
Fi1cZ)y=FO(ZYZ =D



“Q8ES

O8E6
ORE8
| &
RN N
O8EE
OBFO
0BF 2
T O8F4
08F &4
QR/F8
08FA
OBFC

. OO8FE
. 09200
QP02

Q204
Q904

0908
0904
000
QP0E
0910
012
0914
76

0918
0914
QP10
OF1E

Br833
B934
N473
B93C
L40om

BI3A

U Ea
480
[1938
D Ea
D4an
DS AF
DR
B39
O4Co

B?02 |

0498

EBoRA

O4EA

E9 39
O BA
B34
DARA
JAE T3
D430

n44aF
BQD@
494

k(E}C)L’

-

G MR,

P LTS

EFILTER  EQU
iCalculate FO

- PO - -

Y-)11/161 - YRETAF

¥*

sDo ., fractional math

T teme,
S truncate R2=F0,

cscliv,

1N —oem W3 ---

o . ‘ S o ‘ - . PAGE 3 :
~~~~~~~~~ 8048 ASSEMBLER V02 -=-mceommoomooo—oobeoiooiooooo. FUTUREDATA ~---i--%

2 sy !

s ] I i

3 | - - -

: - N I'1,51 S 1,251

H [ - - -

; “'vvv A A A

; e . I S E .

;oX- )'QUM' KoY 1Z(o1) I %y 1Z (1) =% 1Z(=1) | =% ISUMI =>Y

;PI(NEHBETA)=NEWBETA~BETAF
sadaprtive truncation FPAarn.
s Truncate

;add F3 .
sdiv by 2:=1/2PI1+1/2F3

jadd F1

”~

sdiv by 2

3 (ROY=1/4FI+. 53P1+1/4F3

; add P19=1/4PI+1.5P1+1Z4P3

s suh. Fh,—1/4FI+1.»F1 Fh+1/4F3
R2 addr. _
-128<F0O(+127
;add F1

s add P2

yadd F3

by 2 _

$ (RO) =1/4(FO+F1+F2+F3)

tdisplacement valus
jround off valus

"5 teme R addr,

MOV RO #$NEWRETA
MoV R1s #BETAF
CALL FMINUS .
MOV R1s#AVGDFL
CALL TRUNALF
MOV R1s#FP3
CALIL OSALD
CALL. FASK
MOy Ri,uFi
CALL nsanm
CALL FASK
‘CALL FRNOOFF .
;Do intessr math
CALL - DSALL
MOV . R1,#FZT
CALL OSsUR
GFPO=1/94FI+1,5F1-F2+1/4F3
MOV Rls#2 '
CALL FTRUN
,[alcu!atw BETAF
MOV R1,#F1
CALL nsADD
MUY Ri,#F2
CALL - DSADD
MOV Rils#F3
"CALL 0sADD
CALL FASR
CALL FASR-
CALL FRNDOFF
MOV Ris#3
CALL FTRUN

MOV

"ROy #BETAF

struncate R3=Dy -128<FO(+127



S o o - ~ PAGE 4 .
e BO48 ASSEMELER VO ~ b oim oo mmmmmmmm b FUTURELATA —=se-m==

Q920 DHRA : ~~ CALL nsapn o - i BETAF (Q)=RETAF (1) +D
' _ sPerform time correlation ' .
- 122 B934 ' MOV R1i,sF3 - .
0924 R839 ' - MOV RO #F2 o tRO=FZsR1=F3"
0926 FO ST MOV T A ERO ' : : T
0927 AL o - MOV ER1s A tFP2-YF3
0928 BI38 o - MOV Ris#F1 © $R1=F1,RO=F2
092A F1 | e T MOV Ay BRLL S :
0928 AO MOV BRO A iFP1-P2
092ZC FA , MOV A R2 tast FOsR1=F1
0920 A1 : MOV BR1sA iFO-OF1
. ' s Rereferance Fri‘s to current BETAF '
OP2E RBI0O3 i : MoV Ri,#3 t R3=NISFLACEMENT
0930 RI3A . MoV RO, #F3 -
0932 D458 o CALL H[8UE isinagle precision SUB
09324 RBzY ' . MOV ROy #F 32 : ' '
0936 0458 ’ CALL SGUR . isingle precision SUR
0258 RER2A MoV ROy #F1 - - :
093A D458 : - CALL SauR ' isingle eprecision SUR
_ ~iCauculate new averased displacemsnt valus AVGDFL
093C 85 CLR FO s FO=0 no roundue
LOG30 ) . Lo As {AVGIFL)
+0930  SELMAC MOV As (AVGLDFRL) :
+0F20 : OFRM MOV, A AVGDFL ;RO OR R1 LOST
+0230 BB3C . MOV RO #AVGDFL RO LOST
+0%23F VO . MOV Ay BRO s LEVEL1 COFCODE Ry (MEM)
40 F7 RLC A jsave siasn
i FoO Moy AsBRO - j3et AVGDFL
0942 &7 . RRC A sdiv by 2
0943 E&ds - JNC *+-3 iNno roundue
0945 95 CFL - FoO ' S sset roundur flag
048 AA MOV RZ2: 4 . ssave 1/2 AVGLFL
0947 FR Mayv - As R3 gzt Diseplacement
0gd8 F7 - RLC A isave sian )
0749 FR . May A R3 iget Disrlacem=nt
094n- &7 - - RRE . A o ©osdiv ky 2 .
0248 E64E JNC - *+3 : . ' :
Qo4 as T CLR Fo - sroundur in ATDC, no FO
. Q94E 7A S ADDC Ay RZ jadd erior roundurs 1if any
O094F 95 CFL -~ FO s FO=1 no roundur
0750 B&53 . CJFQ *4-3 ino roundup
0952 17 N INC A ’ 3 FO roundue
0953 A0 o - MoV BRO A . jstore 1t



‘FABE 5

e 8048 ASSEMBLER W02 —~= oo emm e e d o b e FUTUREDATA ---- -
s FROCEDGRE: -~ SUNFLT - Averase sun level
$ INFUTS:: © 7. NEWSUN - New valus
; - - BUNF -~ Old valus
o3 , "MSGERUFFO B1,EBO = SUNF E(-1),B(-2)
4 OUTFUTS: . " BUNF - Averaged insclation level
5 0 .- MSGBUFFO B1,EO = SUNF E(-1),E(-2)
. s CALLS: S . FASK, FFLUS ‘
S DESTROYS: -~ Al o , :
s DESCRIFTION: Filter is Y(O) = 3/4 Y(1) + 1/4 X
; T . Where X = Fresent input
; I - ' Y{0) = Frezsent outeut
1 ' ' o s Y(1) = FPast output
054 ~ SUNFLT ~ EGU * e
- : sDon’t filter 17 NEWSUN > CO hex
0954 ' S LD . Ay (NEWBUN)
0954 0 © - SELMAC MOV, A, (NEWSUM) L
+0954 . OFRF - MOVsA»NEWSUN . 3RO OR RiI LOST
+0954 RB35 . : CMOV - ROy #NEWSUN - 3RO LOST :
+O955 FO T MOV Ay BRO ' i LEVEL1 CQFCODE Ry (MEM)
0?57 37 _ - .. CFL. A o , 2
0958 0698 S Jz SUNFLTL =~ . $ NEWSUN ) CO hexs srror
iAssemble complete SUNF, in RZ2,3 and BCKWRK
095A 97 CLR o o
0958 B3N ) MOV Ris #RCKWRE
ey : LD A {SUNF)
+ o . SELMAC. MOV, A, (SUNF)
+0950 .. - OFRH MOV & SUNF s RO OR K1 LOST
+Q950 RE83B 4 . MOV RO, #3LINF s ROOLOST
+Q95F FO © MOV Ay BRO - $LEVELL OFCOUE Ry (MEM)
0960 F7 : RLC A ‘ . :
0961 AA . MoV R2s A
A962 27 . CLR A
0963 F7 ... RLC A
09464 2A ~ XCH Ay R2
0965 F7 : - " RLC A
0766 AR SMOV R3s A
. 0967 FA , MOV ArR2
09468 F7 - RLC a ' ' : '
0969 AA : ‘ MOV  RZsA , $R2,3=A8L (2) SUNF
096A Al MOV @R1, A .
O96R 19 INC Ri o t R1=BCEWRE+1
096C LD Ay (MSGRUFFQ) jact SUNF R(-1)s (=2)
+0946C SELMAL MOV A (MSGRUFFO)
+O960 ' : JFRM . MOV Ay MSGRUFFO ;RO OR R1 LOST
+O9LC EBH4T ' Moy RO #MSGRUFFO S s RO LOST
+094E FO COMOV A, ERO - - $LEVEL1 QFCOLDE R, (MEM)
094F S3IAFC "ANL A, uX’'FC’ -~ 4 S
0?71 30 - XCHD Ay RO - scir BLO.
0972 5303 - ANL Ar#X 037 . - - 3B(-1)yB(-2) only
T OMTY 3R ORL AyR3 ‘ ;
¢ 5 AR o MOV RZ, A 3 RTy B=8UNFB7 -B(-2)
0976 AL - MQy BRL1:A s BCKMRE=SUNF, B7-E(-22) .
0977 C9 LEC Ri. 3 R1=BCKWRK

sCalculate 3I#SUNF

0978 BEOZ MOV RO, 32 ‘ addr R2,3



PAGE

--------- 8048 ASSEMELER VOR --c<meeoencommo oo o FUTUREDATA ----s---
0974 0482 " CALL FPLUS -
70 D48 CALL. FFPLUS IR 2y B 3*4*SUNF
'7E- D480 CALL FASK :
0980 [1480 . CALL FASR R:,B B*SUNF
- yCalcu!atw % SUNF+-NEWSUN /
0982 E935 MOV Ris =NEWSUN ]
0984 F1 - MOV Ay ER1 ‘$a=t NEWSUN
0985 4R AL As R3 ‘
0986 AR MOV R3s A . .
‘ : ; Load new SUNF n(-i),(-v> in MSGRUFF R1,0
0987 E942 MOV Rl #MSGRUFFO ) -
0789 5303 ANL - As X037 s B(-1),(-2) only
098R 41 ORL A ER1 - - . .
098C 21 XCHD As BRI : sstore B(-1),(-2)
;s Add carry to SUNF R7-RBO .
0980 27 CLR A E
O98E 7A ATIIC AsRZ
-O98F AA S MOV RZHA i K2y 3=NEWSUN+-3%SUNF
iCalculate 374 SUNF+1/74 NEWSUN :
0990 L4800 CALL FASR 3 R2y3=1/2NEWSUN+3/25UNF
0992 D480 A CALL "FASR : $R2, 3=1/4NEWSUN+3/45UNF
0994 FE ‘ A MOV ArR3 : : - -
0995 LI . (SUNF)sA : '
+0995 SELMAC MOV, {SUNF)+ A : :
+0995 ) OFMR MOV SUNF, A ;RO OR R1 LOST
+0995 EB&3R . MOV ROy #SUNF ‘ $ RO LOST
17737 AQ MOV @ROs A ; LEVEL1 MOV (MEM),R
78 SUNFLT1 EQU %
' 3End of ruodu 1= .
0998 2301 : MOY Ay #ENDT
099A . TRAF . - '
+0994 05 OIs TCNTY ; START CRITICAL REGION
+0798 8A20 - ORL 2y uX 207 ' N
+0990 05 ' ' EN I )
+09PE 00 : NOF s ENDD CRITICAL REGION
o 3696 3 3 23X X ¥ - .
{ SYSYMTEL
FRNT - GEN

b B X &R £k L b Xk T X
X I XN A E KSR AR
: AFSYMTEL :
| FRNT  GEN
RREFXRRXREEFHERRE
E R R R R R D R
; AFFADD, G
FRNT GEN
C L BT L 58 5 L B EE X L3 '
099F A . END



mee=--=- BO48 ASSEMELER VOZ ----

AlH
IRTT
TACC

AL1

RCKWRK

CAN

CFL

nssuR

ETX

FLTSW1

FFLUG

ICKFRLG-

INTHMSGL

INTMSGS

IWINDOOW

LFRGSEG -

MONMSG4

MONMEDA

MEGEUFFO

NEWSLIN
OFFSET
F3a
FRGLSTUOQ
QUEZ
RFRT
RXID
TTMSRA
OMMEIE
STT
SUNFLT1
TIMVALH
TRFHSG3
TTRF
URD
UST
WARM
WEVG
WXIO
NO ERRORS

Q010
0011
QOO1C
0020
OO30
o018
QOS50
QECC

Q003

OBEZ
OEB2
003

0001
OO0
0003
0040

OO0

0008
QO3
0035
00346

003A.

QO2A
QOOE
O00a
GOOH
0003
QQ27

QOS50
0998 .

Q025

003

QOO .
0060

0061
0004

O00A

Q007

ALL

ACK

ACTINIGFL

ALZ
BETAF

1CLRWRH
"DROFIN -
. ENIISEQ

EVEQUE-
FLTSWZ
FREBUFFO

IDRFIN

INTMSRR
INTMSG6
LACTEXAR
MOMMSG 1
MONMSGS
MONHMSES
MTRO
NUMEOM

- OFSTAT
FAS

FRGSTAT
RECYLIFER

_RF35W

RXFRaM
SCHMEG
SRFEARML
5TX
SUFTRF

"TIMVALL

TRFMSGY
ucM
URES -
usyY .
WATALC
WINDOW
WXRAM

e e wn e e N mn e M e e e e e, - — A

0020
Q006

OQBH,H

8] (:)_-'4 O

0036,
OES2 7
- 0020
S Q01Y

QOH0
OBE6
QOdg
QOS50
QO02
QO06
QOO0QA
O001

0005

o007
SO070

- 000C

OO1F
Q010

OO1E

QOOF
OOOR
QOOS
0003
S00O28
QOOO2

OO0

0024

Q009 .

QO67
OORD
Q065
0043
QORE
Q005

AZH
ACFRG

ACTEXAR -

ANSO

- BFILTER -

COMNDF .
DROFOUT
ENDOT
FASR
FMINUS
FRNLOFF
IDRFOUT
INTMSG3
INTMSG7
LEVNTQUE
MONMSGR
MONMEG6
MONRESMS.
NAK
NUMEVQA
F1

FORT1
QUE1L
REGOR

“RUNDILY

SCHMEG
SHC
SREARMZ
SUNF

SREO

TRPMS31
TRFEMSE7
UNT
URM
UWM

“WATCOMP

WIRAM
XMITCHR

OO30
0032

0033

DOAO
OBESL
QOO0

Q020

OO0l
QE8SD
QE?Z
QOEAF

C 0040

0003
Q007
OQ20
0o
QQO0b4

D010
0015

0010
0038

QQ20°

OO04
Q003

0008

0001
0O80
Q029

0O3R

0080
QOO0
o007
QOQ0

. 00s2

O0bs
QO01x=
0003
Q023

‘FAGE

FUTUREDATA

2L
ACT .
ALC
AVGOFL
BKRUFFO
CFH
OSADD
EQT
FLTSW
FORWRE
FTRUN

INACTACC -

INTMSGH
ISTT

LFRGLST
MONMSG3
MONMSG7
MSGRUFF |
NEWRETA

F2
FRGLSTAC
RUEZ
RIRAM
RUNL I

SCHMZGE

SNIORECST

SS5UER
SUNFLT
SYSRES
TRFMEG2
TRUNATIE
URC

uso
VECTOR
WATIND
WFRT

MUMUNITS -

7

OO40
QOO0
0090
0030
QO4E
Q030
OERA
aleler
oanon
0040
OE?8
QO1n
QOO0
Q008
QQ20
OO03
Q07
OORF
0023
0001
Q037
OQ2E
OO0
QOOZ
QO70
o002
0025
OESE
0954
OO01
QOO2
OEOR
QOA3

OOhS

QO21
Qo223

0009
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O0O00

QCoOo

0OC00
+0C00
+0OCO0
+0L00
+0QCG2
03
I I )
+0OCO4
+0C0O4.
+0C04
+0C04
OCcoO7

OCOQ.

EA3ER
Fo
37

Ba:2N
HO
F218

+0C09

+0OC09
+0C09
+0OCOR
L ocon
+QCOn
+0COon
+QCO0
+0OCOF
+QC11
OC17
+0C12
+0C12
+0QC12
+0C14
QC16
L&
+._18
+0C18
+0C18
+0C1A
oclp

BS60
BOOO

B870
2301
0

BBZA
BO&:
84R%5

EB80
80
1276

FAGE 1

G meremme=se——=~—- FUTUREDATA ----+---
: TRACK o
" _FRNT GEN e
ORG - X CO0 -/‘
s FUNCTION: . TRACK - Track Concentrator module -
; INFUTS: BETAF e : ‘
; SUNF ; .
; MTR(O)
3 OROFOUT
; OUTFUTS: MTR(O) : :
; FROLSTUOs if SUNF.not. YDROFOUT
; . - EVEQUE o
i CALLS: Nore ‘
: DESTROYS: ACC ROy R1,R2,R3
s DESCRIFTION: : :
TRACK EQU *
s Test fo Proaram Ssgusnce Change
LI A (SUNF) - N
SELMAC MOVs A (SUNF)
OFRM MOV A5 SUNF ;RO OR R1 LOST
MOV ROy #SUNF i RO LOST
MOV &, @RO $LEVEL1 QFCDDE Ky (MEM)
CFL A $11’s CFL
AN Ay (DROFOUT) s DROFOUT-SUNF -1
SELMAC  ADDy A, (OROFOUT) :
OFRM AL A» DROFOUT {RO OR R1 LOST
- MOV ROy $DROFOUT $ RO LOST
ALD Ay BRO ; LEVEL1 OFCOLE Ry (MEM)
JR7 TRACKL1E . ~ $ SUNF)DROFOUT, Keep Track Mode
$Set progiram sesusnce to clock dirive mode
LD - (EVEQUE) » #0 iclear any EVEQUE entry
- 8ELMALC MOV, (EVERUE) y #0 o :
OFMIMD MOV, EVEQUE, #0 i RO LOST
MOV ROy #EVERUE ;RO LOST
MOV BRO, #0 .
LOX  (MTRO)Y,#X’01’ _jscan MTR ON only
SELMAC  MOVX, (MTRO) s ®#X’ Q1 .
OFMIMDT  MOVX, MTRO, #X7017 RO LOST
MOV ROy #MTRO J RO LOST .
MoV As X 017 ; ACC- LOST
MOVX @EROs A
LT (FRGLSTUO) s #X/ 82
- BELMAC MOV, (FRGLSTUO) s #X’ 827 < .
COFMIMD MOV, PRGLSTUO, #X7 82/ ;RO LOST
MOV ROy #FRGLSTUO s RO LOST —
MOV BRO, #X’ 82’ 4 :
L JHMP TRACK13 G Exit A
TRACK1E - LDX A (SWSO) Ciread switch status’
SELMAC MOVX, &, (SWS50) .
OFFRM MOVX s & SWSO ;RO OR R1 LOST
MOV ROy #SW30 ;RO LOST

MQVX A, RO

JBO

TRACK10Q

s LEVELL OFCODE Ry (MEM)
i Manual Mods ' A



SELMAC

A : . FAGE. =
'-“_-T____ 8048 ASSEMBLER VO2 - e e e o Feemeedeeme-=~ FUTUREDATA ---eome-
3 Convert Angsular error_to Absolute
ity 85 ‘CLR Fo . .
OUL1E B934 MOV R1s#RETAF - 3. Sourcs
OC20 R830 - MOV ROy $BCKWRK sDestination . :
QU222 1452 CALL CLRWRLD ' 4CLR 2 hytesBCEWK
oCc24 F1 CMav Ay BR1 . /:Bet mshyte BETAF
oC25 F22E S JRB7 TRACH1 . 3 BEATF neaative
Q27 a2 CALL FFLUS " - 3BETAF rositive
0C29 B4A2E JMF TRACKZ2 P
OCZF D473 TRACHK1 CALL FMINUS s BETAF negsative
oc2h0 95 CFL FO $FO=1 =rror negative
OC2E TRACZKZ EQU * _  + BCKWRK=!BETAF!
- iTest 1f Evror is greatsr than Continuous Run Limit
iC=1, if !'ERROR!)>RUNLIM
. ' s RO=ECKWRH .
- QUZE BAFF MOV RZ, #X' FF’ shefault Error value
OC30 FO MOV A BRO . ‘
QL3831 9636 . JNZ TRACK3 rvalus) 255
0CcaE2 14 INC RO saddr lshyte
oC3d FoO - MoV Ay BRO v :
OCRS AA _ MGV R2 fvalus(254 ' L
OC36 2390 TRACH3 MOV Ay # (O-RUNLIM)Y, AND. X’ QQFF’ . -
O0RE LA AL As R )
0C39 Eé&646 - A JNC. . TRACKS s fime track mode
iContinous Rurs if TERROFYRUNLIM
OC3R 2307 Mav Ay X Q7 tscan MTR(O) On
s POsit MTR(O) On
o : : Sratat MTR(O) CCW
OC3D E&d41l JFO TRACK% Jevror negative
OC3F 0304 XRL Ay X O/ srotat MTROO) CW
OC<1 TRACK4 © LDOX (MTRO) ;& Prun motor
+0C41 SELMAC  MOVX,y (MTRO), A _ .
+0C41 OFMR MOVX s MTROs A s RO OR CR1 LOST
40041 RB870 MOV RO #MTRO s RO LOST -
- 40043 90 MOVX BRO, A ; LEVELL MOV (MEM) s R
OC4d B4AR JMP TRACK11 e o
sFine track, 1f ERROR!{RLINLIM
OC46 TRACKS EQU . * o
- sConvert WINDOW in 1/74(1/10) Deg’'s to 1/16¢1/10)¥0ea’s
QC46 BAOO MOV R2 #0 - : '
QoC48 LD Ay (WINDOW)
+0C48 SELMAC MOV A, (WINDOW). A
+QC48 OFRM MOV &y WINDOW - i RO OR Ri- LOSYT
+0C48 ERBZE Moy RO #tlWd INDOW s RO LOST .
+0C4Aa FO MOV A BRO ; LEVEL1 OFCODE R» (MEM)
OC4B AR MoV ‘R3, A ,- ' :
C4C BIOZ MoV ROy 2 i addr RZ
OC4E B02 . MOV R1s,#a2 s addr RZ2
LSO IaeR ~CALL~ FFRLUS s 2(WINDDW) et
OC52 482 CALL FPLUS 3 (WINDOW) ) .
OC5<4 RBRB3N MOV ROy #BCKWREK ; adehr TERROR CANGLE!
! ¥ D473 CaLL FMINUS . : ‘
Lw-8 FO MOV Ay ERO tg=t sign bit
QUCs9 F29R _ JE7 TRACKA s TERROR ANGLE ! {WINDOW
; TERROR ANGLE | YWINDOW ’ _ . ,
0CsR - LIX Ay (MTRO) igst Posit MTR staus
+OCSE MOVX s Ay (FTRO)



+0OCSHE
+ SR

oL s

orse

0C&O
+0OC&0
+0OCHO
+0O0C60
+QC62
0OC63

S OL6S
+0C&T
+0OC65
+0065
+0OC6H7
QL&E
0Ce?
OChHA
OC6T
QC6E

-~ 8048

E870
80

32A1

RA&LO
FO
Q6LEAL

Bga2
FO

47

17
5303
C&76
47

20

OC&8F 2C

QC70
QC72
oC73

”

§

0C7&

+027 6
+0C76

©+0C76

+0C78
QC79
oC7a
QC7H
aC7C
- Qe7n
OC7E
OC7F
oCcs1
oCs:z2
oca4d
086
oce7
0CHY

orae
Qran
t F
+! F
+QCAaF
+0CAaF
+0C91
QC2

53CF
6O
20

B84R5

E82E

FO

97
&7
7R
AR
27
7 A
QLAL
FE
0308
F&AL
AR
FAO
£330/

H&BF
0304

E870Q
0

2309

ASSEMELER VOZ .

TRACK®6

TRACK?7

L OFRM

MOV . ROy #MTRO
S MOVX T Ay BRO
_JERL  TRACK9
3 Fosit. Motor OFF
Lo A (EVEQUE)

- SELMAC MOV, Ay (EVERUE) ' -

sCompute Run Time

"t R2yR3= 4(WINUUH)
- LD A (WINDOW)

" SELMAC  MOV: A, (WINDOW)
OFRM . MOV, & WINDOW
MOV ROy #WINDOW
MOV A RO
CLR C
"RRC - A
ALDC As R3
MUY - KR35 A
CLR A '

ADIDC As R2

JNZ TRACK10O
MOV A R3 _
AL Ay #RUMDOLY
JC TRACKLIO -
MOV . R3,A

Moy - R2y #RQUEL
Mav . Ay #X7Q77
JFO TRACK?

. XRL Ay #X 7 O}’

LDX (MTRO) s A
SELMAC  MOVXs (MTRO) A
OF MR MOVX s MTRO A
MV RO $MTRO

MOVY ZRO, A

MOV As#TTRP

MOVXsAyMTRO

FAGE, 3

;-——-;; -------- FUTUREDA]A e

$RO OR R1 LOST
3RO LOST .
; LEVEL1 OFCODE R (MEM)

;MDIUP ON

Hmust NOT have EVEQUE entry

1RO OR R1 LOST
! s RO LOST
; LEVEL1 QFCODE R,(MEM)
$there is an entrys RESET

ERROR ANbLE')NINDCW count

sRO OR R1 LOST
s RO LOST
; LEVELL OFCODE. Ry (MEM)-

3A=0y 1f count was 4

srestors nihbhls positions -
;clir BSyEBY

sstore new count

sExit

OFFRM  MOVsA, EVEQUE
Moy RO, #EVEQUE
MOV A BRO
JNZ . TRACK10
i Incremnent
L As (MSGRUFFQ)~
SELMAC MOV, Ay (MEGEBUFFO)
- OFRM MOV Ay MSGRUFFO
MOV RGy #MSCRUFFO
. MOV A, ERO
T BWAF . A
INC A.
ANL oAy X003
JZ "TRACKS&
SWar A
XCH Ay BRO
ANL. Ay X CF’
ADD Ay 1BRO
XCH Ay BRO
JMF TRAChlB

;RO DR R1 LOST
$RO - LOST
$ LEVEL1 OFCOLE Rs (MEM)

S e SOWINDOW)

“syoundoff
s RA3=4, S(WINDOW?) -

t OVERFLOW. EXIT

crgst MTR mun tims

jadd MTR run delay t ime
s OVERFLOW, EXIT

sstore run tims

iscan MTRO) On

sposit MTR(O) On

grotat MTR(D) CCW —
s Evror Negative

Tirotat MTROO) Lw
s Run Motor

;RO OR R1I LOST
s RO LOST
; LEVELL MOV (MEM)s R
stimee trar -



0C94
4 74

475

+00C97
+QLF¢E
QCe?

OC?R
QC9H
+QCoR
+0OC9R
+QC9R
+0Cen
OC?E
OL9F

oAl

-- 8048 ASSEMELER VO2Z

35
8A20
05
Q0
84AF

R&70Q
8O
37
32Ab

+0CAL .

+0O0AL
+OCAL
+OCAS

OCA4

OCAb
OCAL
+0CA&
+ Vb
+._._1b
+0CAY

+0OCAA

QCAR
OCAE
OCAC

+QCaAl

B8&G
FO
P6AF

R870
2201
Q0

27

- +0CAC -

+QCAC
+0OCAE

" OCAF
OCAF
+QUCAF
+0CAF
+OCAF
+0CEL
OCR2
OCE«

OCES

OCR7
+QOCR7
+mA
-+ 1A
+QCRR

E8AO
AOQ

E842
FO
53CT
AHO

2301

a5
ot

BAZO
05
Qo .

TRAF
DIs TCNTI

ORL F2yuX 207 -

EN I '

-NDF

JMF TRACK12

'ERRDR ANGLE i {WINDOOW '
TRACKS EQU %

LIOX Ay (MTRO)
SELMAC  MQVX, &, (MTRG)
OF R HMOVX s Ay MTRO
MoV ROy #MTRO
MOVX &y BRO S =~
CFL Pl :
- JR1 . TRACKLO

iFosit Motor ON

36 %36 K3 X %X S0 H K X E %

'+ SYSYMTRL

FRNT

GEN

FAGE 4
FUTUREDATA

= —ySTART CRITICAL REGION
{ﬁﬁn CRITICAL REGION

. 'i9et Posit MTR staus

RO OR R1 LOST
RO LOST
s LEVEL1 OFUCODE Ry (MEM)

© $MTR OFF

s Mus

TRACK®? LD & (EVERUE) t have EVEQUE entry
~ SELMAC MOV, &y (EVERUE) ' '
OFFM MOV, &) EVEQUE s RO OR R1I LOST
MQV RO #EVEQUE RO LOST
MOV & BRO s LEVEL1 OFCOOE R,(MLM)
. JNZ TRACK12 s There is an entryy EXIT
s Manual MOde or TERROR ANGLE! (WINDOW motor off '
- TRACK1Q EQU * v : .
' LIOX - {MTRO) s #X Q1" i Scan Motor ON only
SELMAC  MOVX, (MTRGO)Y s #X 017
OFMIMD  FHOVX MTRO, X7 017 s RO LOST
MOV ROy M TRO s RO LOST
MOV Ar#tX’ 0L’ s ACC LOST
MIOVX BROs A '
iClear any EVEQUE asntry
TRACK11 EQL *
CLR A -
Ln (EVEQUE) » A
SELMAC MOV (EVERQUE) s+ A ‘ .
OFMR MOV EVEGUE s A ;RO OR R1 LOST
MoV ROy #EVEQUE s RO LOST
MOV RO, A s LEVELL MOV (MEM), R
iClear 'ERROR ANGL!YWINDOW count
TRACKL12 EQU *
LD Ay (MSGRUFFO)
SELMAL MOV, A, (MSGEUFFOQ) o
OFRM MOV &5 MSGERUFFO i RO OR R1 LOST
MOV ROy #MSGEBUFFOQ : i RO LOST
MOV Ay @RO yLEVLLl QFCODE Ry (MEM)
AN Py aXCF sclear BSR4
MOV BRO: A tstore it
sExit ’
TRACK13 MOV Ay #BENDT _
: TRAF : A
IS TCNTI #START CRITICAL REGION
ORI F2yaX 207 ' ' '
EN I . ' '
NOF sEND CRITICAL REGION
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--------- 8048 ASSEMELER V02 --ocmmcmmece e et~ FUTUREDATA —-=---—-
HRHXRHE KW A KK

*****-x--me******" . . - R - Lo o - _ .

s AFSYMTBL . S IR :
; FRNT. GEN .- B o c
‘**********A**** .
RHHEEERERAERAA

s APFADD. G IR

B FRNT ~ GEN
EERFHBXEEEXE T HH® -
OCEC - END
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NO ERRORS

ALH Q010 "AlL
TTARTT 0011 "ACK
racc 001C ACTDIGFL

AL1 0020 ALZ .
ECKWRK 0030 - BETAF.
CLRUWRD OESZ COMNDF
OROF TN 002C . OROFOUT
ENDSER 0019 ENDT

' EVEQUE 0060 FASR
FFRLUS OE8Z FREUFFO
ICFRG 0031 IDRFIN
INTMSGL 0001 INTMEES
INTMBGS OOO5 INTMRG6
TWINDOW 0003 LACTEXAR
LFRGSER 0040 MOMMSG L
MONMS5H 0003 MONMSGS
- MONMSGS8 QOO MONMSE9
MSGEUFFO 0042 MTRO
NEWSUN 0035 NUMCOIM
OFFSET 0036 OFSTAT
F3 O0O3A FAS
FRGLSTUO 0024 FRGETAT
QUE3 Q00K RECYCFER
RFRT 0008 RF &L
RXIO 0006 RXRAM
SCHMSG3 Q003 T SCHMSG
emCOMMSE DOR7 SRFARML
' k 0050 STX
SWSO 0O8O SYSRES
TRACK OGOO TRACK1
TRACK12 OCAF TRACK13
TRACKZ OC36 TRACK<
TRACK7 OCAaF TRACKS
TRFMSG2 OO0 TREMEG3
TRUNADF OEOR TTRF
URC 0063 URD

USH 006 UsT
VECTOR 0021 WARM
WATIND 0023 WEVR

- WFRT 0009 WXIO

QO20
0006
0030

0040

Q036

Q000
QO2D
0001
QOE8n
QOgg
Q050
QOO
0OO05
OOO0OA
OOO01
D005
Q009
0070
QOO

_QO1F

0010
OO1E
OOOF
OOOR
OO03
OO0
0028

OO0

Q001

oc2R

OCRS
oC41
QCoR
00032
OO0
QO&LO
00&1

0004

OOOA
O0O07

AZH
ACPRG ——
ACTEXAR
ANSCO
BHKRUFF O
crn ]
nosADD
EQOT .. -
FMINUS
FRNLOFF
IODRFOUT
INTHSGZ

. INTM&G?7

LEVNTQUE
MONMSG2
MONMEG6 .
MONRESHMG
NAK
NUMEV®
Fi
FORT1
QUEL .
REGOR -
RUNDILY
SCHMSG 1
SHC
SRFARME
SUNF
TIMVALH
TRACK 1O
TRACKLE
TRACKS
TRACKS
TRFMSGH
ucH
URES
usy
WATALC
WINDOW
WXRAM

QO30

0032

0033
QOAQ

" OO4E

o030

. OERA

0004

TOQE73

QEAF
0030

0003

Q007
QOZ0
Q002
Q008
0010
O01s

S O010

o038
OO20
Q00
QO0O3

Q008 .

Q001

0080

Q029
QO3B
00325
QCAG
oCci8
aC4é6
OCcAl

0004 -

QO&L7

OORO
NOL5

00432
QO2E
0OO0S

FPAGE

FUTUREDATA

AZL

" ACT -

ADRC
AVGIFL
CAN
CFL

DSSUB

ETX

FORWRK

FTRUN
INACTACC
INTMEGY
I8TT
LFRGLST
MONMSE3
MONMEG7
ISGRUFF
NEWEETA

NUMUNITS

F2

FROLSTAC

QRUEZ
RIRAM

RUNLIM

SCHMSG2
SNORECST
SSUR
SUFTRF

TIMVALL

TRACK11
TRACKZ2
TRACKA
TRFMSGL
TRFEMSG7
UNT

URM

LIWH
WATCOMF
WIRAM
AMITCHR

b

Q040
QOO0
QOO0
QO30
0018
QOEO
GECC
Q003
Q040
QEY8
QOO1D
QOO0
0008
020
Q003
Q007

. QO2F

Q0332
0OO1
Q029
QO2R
OO0/
OO02
OO70
0002
Q026
Ors8
QOOZ
0023
QCAR
OCZE
OC7é
Q001
GO07
OOO00
Q042
QO6E
0013
0003
Q023



QOO0

(e
e

=
]
QEQD
QEOF
OFE10
QE1O
OELL
OE1R
OE1S
QE1é
QOEL7
orig
- -OE1A

QE1C
QOE1D
OEL1F

OEZO

OE2Y

OER3
OE25
COQOER7
QEZE
QE24A
OE2C
QE2D
S F
| 1
OE33
OE3
QEZ&
QE37

85
FO
F210
G5

F1l

F217
Coz
07
27
F7
L2200
BAFE
F7
E633
F7
E633
F7
E633
B0
F7
E631
B2CO
F7

-E&631

B9EO
BAFF
Fo
R637
o7
A

s APFSUE, S

TRUNALDF &

8048 ASSEMBLER VOZ

ANL

Lo : FAGE 1
e T LT T FUTUREDATA == ==~ = -

FRNT GCEN .
DRG X’'EOQOR’-
.3 TRUNADF
$ SUBROUTINE: - TRUNADF - TRUNCATES A 2 BYTE VALUE TO
; S 1048,7s0r & bitsy includineg <€ian.
s INFUTS:: RO - pointer to mshy 2 byte source:
3 | and destination
H Rl is a pointer to AVGIL,
H AVGDFL - Averaged displacemant valus used
i T to determins the lavel of truncation.
s OUTFPUTS: (RO) (-  +31X{(RO)Y>-32 » if +5)XAVGLOFL)Y-5
3 i (RO) {= 463X (ROY>-b64 » if +2YAVGDFLY-9
; (RO)Y (- +127Y(R0OJ>-128, 1if +17XAVEIFLY-17
3 S A{RO) {~ +511X(RO)-512y if +16{AVEIOFL{~1&
; CALLS: " None _ ' :
s DESTROYS: ACCIR1+R2,FO
i QESCRIFPTION: . This subroutine is ussd as a pant of. an
; - adaptive filter, To reducs the effect of
; non-correlated noises., It performs an
H adaptive truncation.
TRUNADF CLR FO
S MOV A @RO
JR7 TRUNALLF L .
. . CFL Fo 7 s FO=1,0=F0%.1Neg
TRUNADFL . EQU * _ .
. MOV As BR1 ‘ yast AVGOFL
o JR7 TRUNADFZ2- #nesative number
. JZ TRUNALF3 4 0 not mapeed '
" DEC A T teymetrical 4+~ rumbers
 CFL A suniform bit testineg
TRUNALDFZ - RLC A i B7-2C
: MOV RLs4X00" s tabyte mask
MOV R2y®X‘'FE’ smsbhyte mask
RLC A - ' ia=t B&
JHNC TRUNALFS C+10 Bit truncation
R1.C A ' Lo ast BS
JNC TRUNALFS 310 Bit truncation
RLC A . " j9=t B4 }
JNC TRUMADFS ;10 Bit tiruncation
MOV Ris#X’807 ,
RLC A . jast B3
JNC TRUNADFS » ;-8 Bit truncation .
MOV R1s#X/CO" _ ' : —
RLC A A s ast B2 -

- JNEC TRUMALDF4 .. 37 Bit truncation
TRUNADFZ MOV Ri,#X’EQ’ $ 1shyies b Bit truncation
TRUNADPS MOV R2y#X FF' Loiuishyte mask
TRUNADFS MOV Ay BRO L i eet mebyte

JFO TRUNALRFS T ppositive number
CFL A ‘ : ST
Ay R2 ' T R15-BB MASK



QERE

3A
we B
OE3C
OEXE
OE3F
QOE40
-QE41

OE43
OFE4a
OE45
OFE47.
OE48
OE49
OE44
OER
OE4C
OESE
OE4F
QESO
LOES1

QES2
QES3
OE S
QESS
QESE
8) %4

T OESS
OESY
QESA
OESE

G643 JNZ - TRUNALDF8

18 JINC RO

FO - MOV As ERO .

EB&63F JFO TRUMADF7

3 - ' CFIL A o

59 TRUNADF7 - ANL - ANRL

c8 : DEC RO .

Ce51 ’ CJZ TRUNADFR

. imust truncate

FA " TRUNADFS8 MOV Ay R2

37 : CrL A

R&48 JFO TRUNALDFS

37 . . CFL A

AQ TRUNALF? MOV BRO A

18 INC RO

F9 MOV ArR1

37 CFL A

R&4F JFO TRUNALFA

37 CFL A

AOQ - TRUNALEA MOV BROY A

ca : nEC RO

83 TRUNADFER RET
$ CLRIWRI! D
;s SUBROUTINE: CLRWRD - sets 2
s INFUTS . RO - pointer 10
s QUTFUTS: (RO)» (RO+1) (-0
;s CALLS: None
s DESTROYS: ACC

27 CLRWRD CLR A

A MOV ERO, A

18 INC RO

AQ MOV @BRO, A

e DEC RO

83 RET
; SSUER
<3 SUBROUT INE:
3 INFUTS: RO - pPointer o0
s OUTFUTS:: (RO)= (RO)Y-(R1).
; CALLS: None ™
s DESTROYS: ACCyR2,FO
tDESCRIFTION: (RO)=-128
; : : (RO)Y=4127
; Otherwicss
; (ROY=(RO)-(R1)
; - DVERFLOW CHECKED

Fi1 s5uUR MoV’ Ay ER1

a7 v CFL A

17 ! . INC A

HA - : o MOV R2:+ A

8048 ASSEMBRLER V02

T T e S ——

FAGE 2

- rmust truncats

iast lshyts

iPositive number

s B7-BO mask
srestore RO
FNo truncation

;dlS—EB mask

F POS, Numbar
P9 number,
i load mshyte
saddr. Ishyts’
s B7-BO mask

FPOS, Numbsy
sneg,. number

i load lshyts
srestore RO

bytes =qual to
)

2 byte destination

= plm)

s (RO)Y (-0

P (RO41) (-0
irestore RO

85UR - single Precision subtraction

1 byte source

if (ROY-(R1)<(-128
if (RO)-(R1)>+127

isave 2’s CFL

FUTUREDATA —=cmmwex



~=ag
I i
QESE
OESF
OE&OQ
OE6L

OE&63

OE6L4
QOE&65
QE&L
QE&LB
QOE&Q
QOELA
QE&E

QL6
QOE6F
OE71
OE72

QE73
QE74
QE7 5
OE76
OE77
QE78
QE79
OE7A
OE7Ek
QE7C

OE7D

QOEJE
OE7F
- OE80
QEB1L

FO
i
F7
FO
as

Fbbd

95

bh
AD
B&72
F7
FO -
o
Fe72

BO7F
F&72
10
a3

18
19
Fi
37
97
A7
70
A
e
ca
Fi
37
70
AQ
a3

8048 ASSEMELER VO2

FMINUG

'PAGE

N FUTUREDIATA

Ay BRO

3

MOV
XRL As BRL T OPPOSIte s19nsT
RLC A - . ) _
MOV C Ay BROL jgst valus
cCLR - FO - L
Jc S5UEL resions opProsite Possible ovl
ysians ars the oppPosite No overflow rFossible
CFL FO - . : '
S joPPOSite signs, possible overflow
SSURL ALD A:R2 : ’ ﬁ
MOV 2RO A - jstorse result
" JFOQ SSuUR2 Tinever overflow
RLC - A | isave sian
MoV Ay BRO Cirast result
XKL Ay ER 1 ST :
JR7 - S58UE2 ssian didn’t changs
“iresult overflow C=1 if Ppositive overflow
MOV BROs X 757 s Preload max.Pos. ’
JC SSUR2 - iPositive overflow
: "INC BRO sC=0syneeative uncerfliow
|8UER2 RET : S
s FMINUS |
; SUBROUTINE: FMINUWS -~ Double byts substraction
RO -~ pointer to msbhy minusend

F INFUTS:

;s OUTFUTS::

;i CALLS:

s DESTROYS:

s DEGCRIFTION:

CING

CHING
MOV
. CFL

" CLR

CFL’

ALDC -

MY
LEC
LEC
MOV
CFL

ALDC |

MOV
RET
i FFLUS

i SUBROUTINE :
FINFUTS:

.y

FOUTFUTS:
7 CALLS:

CEROsA

R1 - pPointer to msby subtrahsend
in minuand

FRNLOOQFF

ACCsRZ .
(ROYC(RO)-(RR1) .

NG seoint to lshy’s
R1 '

As BRY . . :

A i1’s CFL 1shy (R1)
c - .

C o iC=1

Ay BRO
2RO A

i 2's CFL add
jsave 1t

R1 , yaddr, mshy’s

RO : . jaddr. mshy’s

As BR1 . tAEmshy(R1)

A $1’s CFL msby (R1)

Ay BRO ;3 A=2' sCFLmshy

i save 1t

FFLUS - Touble byte addition
RO - rointer to mshy A ’
R1i - pointer ta msby B

in, ({(RO)). C=A+ER

None



OES2
QEB3
L0E84
QOEBRS
OEBS
OEAR7
OE8S8
OEQ9
OE8A
OEBE
OEBC

¢
RN =
OEQF
OFESO
OE%1
"OE92
QE?3
OEF4
OEDS
OE?S
QED7

C...B
OE9A
QE9R
OE9C

- BO48 ASSEMERLER V02

18
19.
FO
61
A0
c8
o
FoO
71
AQ
a3

Fo
F7
FO
67
AQ
18
FoO
&7
AQ
c8
83

B17F
Fo
i8

F2ab

$ DESTROYS:
s DESCRIFTION:
" FRLUS® INC
' INC
. MoV
ALY
MOV
DEC
DEC
MOV
ADLC
_ MOV
RET
i FASR

- #SUBROUTINE: -

: INFUTS:
s OUTRUTS:

i CALLS:

s DESTROYS:

i DESCRIFTION:
FASR MOV
RLC
MOV
RRC
MOV -

INC

MOV
RRC
MOV
DEC
RET

i FTRUN

; SUBROUT INE :

TF INFUTS:

’

; OUTFUTS:

7 .

i CALLS:
s DESTROYS:
; DESCRIFTION:

N 4

MOV
MOV
INC
JR7

FTRUN

RO

FAGE 4

S S O FUTUREDATA

ACC
(RO)((RO)+(RL) A _
NOTE: Doesn’t check for_ overflow

iPOint to lshy’s
1

Ay BRO

ARl

BRO A istore lshy

RO iPOINt mShy’'s

R1

Ay BRO
A ER1

2RO A ;store mehy

FASR - Louhls byte arithhetic shift right

RO - pointer to mshy
(RO) (- (RO)Y/Z2+ C {~ BOQ
None '

ACC

(RO (RO /2

RO - pPointer to mshy 2 hyts source
R1i - pPointer to 1 byte destination
(R1) (-~ (RO), if +128)(RO))Y-129
(R1) (=~ #127(7F hex)s if +128)(RO)
(R1) (-~ -128(8¢0 hex), if (RO)YY-129

" Nons

A BRO ja=t sign
A - s R70Crsiagn extension
Ay BRO 9t msby '
A 1 ASR mshy
CERO, A istore mshy
RO iishy
A BRO s ast lohy
A - 1 ASR lshy
BRO A istore lshy
RO ' irestore RO addr
FTRUN - Truncates a 2 byte valus to 1 byte

AcCC . , : -

(R1){~-(RO)
NOTE: Doesin’t check for overflow
@1, =X27F7 valug
Ay BRO
RO

FTRUNZ3

sinitial
jast sign
; adchr I shy
inesative number

s POS1Itive number



OEQE
530
Al

OEA3
OEA4
OEAS

DEAL
GEA7
QOEAB
OEAA
OEAR

QEAD

A F
OERO
OER1
OER3
QER
QOERS
QEE4
OERO
QEED

C
OEEC
OERD
OEEE
OEEF

$10 truncation

‘Llitruncate numizer (R =+127 or -128
FTRUNZ2+1

—- BO48 ASSEMELER VOZ
96A4 ' FINZ
FO MOV
F2A4 JR7
Al FTRUNZ? - MOV
(2] ... DEC -
a3 RET-
11 “FTRUN3 - ING
a7 " CFL
P6AS - INZ
FO - MOV
F2A3 JR7
CaAd JMF.

s FRNDOFF

; GUBROUTINE :

;s INFUTS:

s OUTFUTS

i CALLS:

i DESTROYS:

s DESCRIFTION:
18 FRNLDOFF - . INC
FO MOV
1300 ADLC
AO MOV
.c8e LEC
FO SMOV.
1300 - -ADDC
AO - oMav
63 CRET

3 DSADD

+ SUBROUT INE :

s INFUTS:

;s QUTFUTS :

i CALLS:

s DESTROYS:

$DESCRIFTION:

.
18 DSADD ING
FO MOV
&1 AL
AD MOV
C8 DEC
Fi

MOV

© FTRUN2+1

. RO

Snegative number

FAGE 5
FUTURELATA

ftruncatey positive
A BRO yaet lshy
FTRUNZ+1 - S truncatesPositive
+128) (RO)Y-129

@Rl A istorse numbenr
' irestors RO

s (R1)=-128

number{+255

number{(+1227

ER1

A C :
FTRUNZ2+1 Ptruncatey nesative number{-255
Ay BRO ~ 1 9et lshy ‘
FTRUNZ restore it

Citruncatssnegative numberd

Jtiruncats

FRNOOFF - Rounds off a 2
RO - Pointer to msby
(RO)Y (- (RC')+C

byte value, us

Nonsz

ACC A

(ROY(C(ROY+(R1)

RO jFoOiInt to Isby
Ay BRO ;oet lsby

Ay #0O -

BROY A istorse lsby

RO . rPoOint to mshy
Ay BRO cigat mshy
Ay #0

BROs A istore mshy

FFLUS - Doubles bhyte addition using A
double hbyte destinations and a sinslea
byte source, EBZ7(R1) is extendsd.

RO - pPointer to mshy A& Double Precision
R1 - Pointer to B Singles pPrecison
in ((RO)Y)Y C=A+BR

. None ' .
ACC o : : )
(ROYC(ROY+(RL) o —
NOTE: LDoesn’t check for overflow’
RO sPoint to lsehy
Ay IBRO ezt ishy
AsBR1
BROY A istore Ishy
RO - spoint.msby’s

Ay ER1 jast sian bit

-128

ina



OECR

OELCC
QFCD
( E
T
OEDO
QETId
QOEDLZ2
QEIR3
QOEDg
OEDRS

OED7
OELS
OETS

OEDC
OELD
OEDF

CEEQ’

CGEEY

ENID

‘FAGE &

-- 8048 ASSEMELER VQ2 i ikttt FUTUREDATA
F2c7 -JR7. nsanmni inegative number
irpasitive number - . )
FO MO, Ay BRO fget mshy
12300 ADDC Ay 10 ' '
C4CA . JMP LSADDZ - .
Fo peAlDy . . MOV, .- Ay BRO - FOst meby
13FF ‘ St ADnC CAS#XFF!
A nsADD? . . MOV ERO, A ‘ istore mshy
83 S RET
+ OSSUR '
s SUBROUTINE:: DSSUE - Double byte subtiraction using A
3 I double bytedestinations and a single
; o byte sowrces B7(R1) is extended. )
;i INFUTS: RO < pointer to meby 4 Double precisiorn:
;o o R1 - pointer to - B Singles precison
S OUTPUTS: in ({(RO)Y) C=A-R
. s CALLS: FRNIOFF
3 DESTROYS: ACC
s DESCRIFTION: . (ROYC(RO) - (R1) .
5o NOTE: Doesn’t check for ovarflow
18 LISEUR INC - RO B Point to lshy
F1 MOV A igRl jest sinale precision
37 CFL A . 51’ CFL singale prec,
?7 - CLR C : _ ,
A7 CFL C A iC=1 for 2 CFL add
70 ADLC Ay ERQ T i2’s CPL add
AO MOV 2RO, A istore lshy
ca nEC RO jPoint.msbhy’s
Fi1 . Moy Ay BRI sget sion bit
F2IC . JB7 DSSUR1 Sneaative Number
Tppositive nuwaber '
FO MoV Ay BRO - j9et mshy
13FF - ADDC Ar#X’ FF’
C4DF AIMF OSSURR
' ) snegative numbeir
FO R G R MOy Ay RO - 2=t mshy
1300 . ADLDC A #X’ 007 , :
AD nssuR2 MOV BROs A istore msby 17« CFL
a3 RET



CLRWRD
UR
o] IJ..NUS
FTRUNZ
SSUES
TRUNALDF 3
TRUNALIE7
TRUNALDFE

8048 ASSEMELER VO2.

QES2
OECC
QOE73
- OEA3
OE72
OE2F
OE3F
OES1

NO ERRORS

DSALD

DSSURL.
FFLUS.
FTRUN3

- TRUNADF

TRUNALDIF S
TRUNALFS.

" OERA
OELDC .
T OE8?

OEAL
-OEOR
OE31
- OE43

DSADDL
DesSURY

FRNDOFF
SSUR

TRU&A[$ﬁ
TRUNADES

"TRUNADP9‘

i
!

JOEC7-
OEDF.

OEAF

. OES8

OF10
OE3R3

OE48

FAGE.

CTRUNADFA

OECA

. OEAD

7
FUTUREIIATA

. DSADRZ
"FASBR
FTRUN
SEUEL.

© TRUNADFZ
TRUNALF &

CESS .
OE&L4
QEL7
OE37.

- OE4F



G Systems, Ine. ——
" APPENDIX II ‘ ‘ ‘
'DEMONSTRATION UNIT

' In order to evaluateithe "POINTY solar tracking system's:
a. Tfacking capability;

. b. Tracking accuracy; and

c. Field of View.

ca demonstfatioh ﬁhit was designéd and built. This unit simulates
the dyhamié bpgrating conditiéns of a line fécué concentrator,

and thereby prévided the means to measure tﬁe parameters given

above under-reaiistié rather thanvidealistic circumstances: This

is important eépecially~with respect to i£em b), as a systems -
'TRACKING ACCURACY encompasses not only it's ability to determine
“the sun's position to the specified accuracy but also it's ability
to respond to this data by repositioning the concentrator within
the limits of the épécifiéd value.

-'The design of the DEMONSTﬁATION ﬁNIT ;s shown diag;ammatically

on drawing No. 107.

I; ;é comprised of the followipg major componehts;
a. Motor;
'b. Gearbox;
c. Adjustable mirror;

la. Target;

'g;"Ahd of course the TRACKING HEAD.
.The~single phase, reversable MOTOR is connected to the GEARBOX

j by a fiéxible coﬁpling. fhe MOTOR and GEARBOX arrangement provide-

a épeed of‘O.ilB r.p.m. at the GEARBOX outpﬁt shaft."(app;oximatihg

"ﬁhe 0.125 r.p.m. speed of the céncentrators installed at the Home

1I-1 '

Laundry in Pasadena). . - ' . :
: - " WESTLAKE VILLAGE, CALIFORNIA 21361 _



[aev] DESCRIPTION

[ov{ape[oars

TRACKING HEAD 1\

AXIS OF ROTATION

MOTOR

[a | _FinsTissue

TARGET

SUNS ALTITUDE
SEEFIG.II-2
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The ADJUSTABLE MIRROR, TARGET and TRACKING. HEAD are mounted on a

common shaft and all move simultaneously when the shaft is rotated.

When alighed, 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 tbe sun traverses the éky it's displacement angle relative to
the DEMONSTRATION UNIT'S axis is measured and in accordance with a
pre-established value the controi system repositions the shaft.
This repqsifioning.is a incremental rather than a continuous
movemenﬁ which permits the sun's image at the TARGET to be observed
moving felative to the stationary referencé scale and precise .
measurements‘of the tracking accuracy made.

Two limit switéhes, one signalling "FUﬁL TRAVEL" and the other

"STOW" were installed to indicate extremes of travel.

The DEMONSTRATION UNIT could be 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 determine the correct value for testing.

* % % * *

WESTLAKE VILLAGE, C_ZALIFORNIA. 91361 —————)
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TARGET

%

MIRROR l/\ -
FIGII-| o

6\“@\
k | OPTICS OF DEMONSTRATION UNIT o
_ : WESTLAKE VILLAGE, CALIFORNIA 91361—.')
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S June 21 13 25 37 50 62 74 79
ALTITUDE Mar.~-Sept. 21 —_ 12 25 36 46 53 56
' Dec.2l — — 9 .18 26 31 33
: .. June?2l 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
551\}
50 \\ -
T
40 - I~
T~
\\
1 —
S A
30
2 28 5 12 15 25 2 -9 16 23 30 7 14 2
SEP —! 0CT— ' NOV ' DEC —— .
. . . . ] 1 ] 1 T i
Y25 18 Il 4 28
JAN - \—DEC

FIGIT-2

SUNS ALT/TUDEAT 34 N NOON SEPT —JAN
WESTLAI(E VILLAGE, CALlFORNIA 91361 ——-——/




TARGET
1
{
TRACKING HEAD
MIRROR v
, e
. ’///4

AXIS OF ROTATION ~. T

TTITTTT7 7777 77777777777 77777

EXTREME FIELD OF VIEW
INBOARD(MOTOR) END

Taev] DESCRIPTION

[ov[apeoare

[a ] rmsvissue |

[y

—

~~ AXIS OF ROTATION

JI77777777777777777777777777

. EXTREME FIELD OF VIEW
. OUTBOARD END
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