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J SUMMARY
" The design of a computer interface board is described, which monitors and controls
the operational status of a modified Linoscan 204 scanner/generator, used in the produc-
tion of photographic images from data stored on computer compatible tapes. .
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1 INTRODUCTION

The UK National Point of Contact (NPOC) with the European Space Agency's Earthnet
organisation is a centre operated by the Remote Sensing Unit (RSU) of Space Department,
RAE Farnborough. One of its main functions is to produce photographic images (Fig 1) from
remote sensing spacecraft data, such as Landsat1 provides using a Linoscan 204 film-
writing machinea. The spacecraft data are stored on computer compatible tapes (CCT) and
are read by a PRIME 200 digital computer before transmission to the Linoscan machine.

Here the data are converted to analogue signals, which are used to control cold cathode
crater tubes. The light emitted by these is passed through precision optical systems to

expose photographic film to produce monochrome negatives.

The interface unit described provides two-way communication between the Linoscan
and the computer, enabling an operator to check that all initial conditions are estab-
lished correctly prior to commencing film production. In this way, operator errors are
reduced and repeatability of output products is maintained. This reduction of errors and
improvement in quality is very important to the efficient operation of the NPOC and of the
associated UK RSU, because the available photographic facilities are always under pressure
to increase output. Consequently, any procedures which reduce wasted effort are

beneficial.

2 SOURCES OF IMAGE DATA

The RSU is called upon to produce images derived from many different spacecraft and

sensors. These include the followings:

(i) Seasat A, Synthetic aperture radar images generated by digital processing at the
RAE of the data transmitted to the ground station at RAE Oakhanger.

(ii) Meteosat. Images of the whole earth, or of sectors, in the visible, infra-red,
and water vapour emission regions of the spectrum. The data employed are acquired by the

ground station at RAE Lasham.

(1ii) Tiros-N and NOAA-6. Images in the visible ana infra-red regions of the spectrum
derived from the Advanced Very High Resolution Radiometers carried by these meteorological

spacecraft. The data used are acquired by the Lasham ground station.

(iv) Nimbus-7. Images produced by the Coastal Zone Colour Scanner and acquired by the

Earthet station at Lannion.

(v) Heat Capacity Mapping Mission Spacecraft., Data acquired at Lannion from this

spacecraft by both day and night are used to generate images for thermal analysis.

Despite this variety, the bulk of the image generation and processing is from
Landsat data, so a more complete description will be given of these spacecraft and of the
sensors carried by them. The Landsat satellites1 are a series of remote sensing space-
craft launched to survey the earth, from a typical height of 920 km. They are injected
into polar orbits with a longitudinal image swath from 81°S to 81°N. The ground path of
each satellite is repeated to within 37 km every 18 days (251 revolutions). The space-

craft carry on board two remote sensing systems:
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(1) - Multi-Spectral Scanner {(MSS)
(2) a Return Beam Vidicon (RBV) sensor.

The MSS scans the earth over a 185km wide swath and collects data simultaneously in
four spectral bands, covering the range from 0.5-1.,1 microns, with a spatial resolution,
tued on picture elements, or pixels, of 20 metres x (0 metres.

The RBV system in Landsat 3 views the same swath as the MSS, but covers overlapping
adjacent areas about 98 km square {four RBV scenes will normally fill each NSS frame). N
The RBV system consists of two panchromatic cameras operating in the 0.50-0.75 micron
spectral band.

The data are transmitted to the ground in analogue form, via an S-band data link
(2.2 GHz), where they are campled, digsiticed and recorded on magnetic tape for sub-
sequent processing and production of images. The sampling rate corresponds to a pixel
SIlve T eon suare.

: THE LINOSCAN MACHINE

The machine used in the production of Landsat and other spacecraft imagery is a mod-
iried Linoscan 204 scanner, which can function either as an 'INPUT' or an 'OUTPUT' device.
In the 'INPUT' mode, transparencies to be 'READ' are mounted on a tranparent drum (Fig 2)
whilst in the 'OUTPUT' or 'WRITE' mode, films to be exposed are mounted on an opaque drum
(i~ 2). Both lrumc are connected bty a common shaft and belt driven using a synchronous
motor.

When 'WRITING', digital data stored on CCIs are processed by the computer and trans-
mitted to the Linoscan machine (Fig 4%). The data are converted to analogue form and used

to modulnate the brigchitness of « cold cathode tube, whose light output is passed through

an optical system of lonses and filters and is focussed on to the film to be exposed. As
the [ilm rotates in front of the lamp, S0 a thin line, varying in intensity, will be
'"WRITIEL' on the film.

The optical system is mounted on a carriage which is driven by a lead screw, and as

the latter rotste., 2 'helix' of light traverses and exposes the complete film,

¥ilme to b "READ' nre mounted on the transparent drum and illuminated by a small
haloyren lamp mounted within the drum. As the latter rotates, the film is scanned by a

thin pencil of Tirht which spirals around the film ns the lamp moves transversely along

the drum.

‘he lirht transmitted through the film is received by a system of prisms and filters
which meparnte it inte three spectril bands plus a black/white channel. These provide
inputs to photomultiplier tubes, the electrical outputs of which are digitised, prior to

being procesned by the computer and subsequently recorded on CCTs,

THE COMPUTER LHTERFACE

iyt ieneral description

272 9vedg [

Uatn trancfers to and from the Linoscan machine are controlled and coordinated by

i PRIME series 200 computer, ucing a -ieneral Purpose Interface Board (GPIB)B, Fig &,
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This is a standard piece oI hardware provided by the computer manuficturer to -1low
interfacing with non-standard devices, and consists of a system of dual in-line prackores
(DPIPs) mounted on a universal pin connector grid contained within a standard computer

module.
Functionally, the GPIB contains two discrete sections:

(a) A prefabricated and tested logic system which provides the user with approvri-

ate data and timing signals, details of which are siven in Ref 3.
(b) Special-to-purpose interface logic designed by the user (SPIB).

k,2 Special-to-purpose interface (SPIB)

4,2.7 General operation

The function of the SPIB is to provide two-way communication between the Linoscan
machine and the computer, thereby enabling the operator to check, and if necessary,

modify the operational status prior to commencing film production.
A block schematic of the data highways is shown in Fig 5.

Status data regarding bit rate, scan rate etc are loaded into the data buffers via
a control pulse, which is generated by an OCP computer instruction. The buffers are
interrogated by an 'input to A register' (INA) instruction which enables the data to be
processed by the computer and printed subsequently on a teletype machine. When the infor-
mation has been checked and verified, the operator sends a GO instruction and film
READ/WKITE commences.

The computer program for implementing these instructions, ARTH', is described in

Appendix A, and the actual program is detailed in Appendix B.

L,2.2 Detailed operation

Fig « shows the circuit configuration for controlling the flow of data.

Initially the computer generates the OYICL sipnal which is applied subseguently
to the CLEAR input, Pin 1, of FLIP/FLOF h7E, settinis its 'Q' output, Pin %, to a logic
'0'. The output of NAND patce, N1, astumes a logic '1' level which, via the OF rate
comprising units 39E and 4SE, drives the READY line pocitive. Thus all data transfers on

the computer bus are inhibited.

o commence datn transfers, the computer acknowledges the reception of an INA

instruction ana transmits signals PIOXX, INAXX and DFOOXX. Device address signals DADOG

and DADGO, after inversion, are combined in NAND gate 37E to produce the UDANOK signal.
which when asserted (logic '0') connects the READY line to the computer INPUT/OUTPUT bus.
The generation of control pulse OCP1766 (Fig 7) sets the 'Q' output of FLIP/FLOP
4“7Ey pin Gy to a logic '!' and simultaneously loads Linoscan information into the data
reeisters D and E (Fig 2).
The action of setting FLIP/FLOP 47E, enables the NAND gate 41E, which in turn

Arives the READY line negntive, notifying the computer that the SPIB is ready to transfer
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dutn stored in remicters b nd B, When Jdata trunsfers have teen completed, the computer

supplies i« STROP pulse which resets FLIF/FLOP 47E, terminating the INA instruction.

Further dnata tronsfers mny be executed by generating DATA STROE which enables the

whole sejuence to Le repeated,

LINUSCANL STAIUS LALA

The Linoscan .intw points to be monitored are described in the following sections.

o 3it rate monitor

Lo nccommodnte the various datn rates from the remote sensing spacecraft, three

itches nre proviied on the [inoucan, which can be prorrammed from
L=tte s kilo vite/cecons (K:Ps). The outputs of the switches, 000-999 in Binary Coded

am

svcinal (BCL) nt ITL compntibie loqic levels, are fed into a BCD to binary converter

Cindte 028, 20F, 13F, 1y, NF, 12F) vin inverters i0F, 8F (Fig 9). The converted outputs

“reoapplied to the -rer dnta recicters (Fig &) nlong the data lines DATA 01+ to DATA 10+.

TL0 Jrun fpeed nonitor

Jo controi the Jrun speed, o switch is located on the front panel, having two
rocitions FASL/SLOW. When in the FASD position, -« +% volt signal is applied to the
e ohoown TEL 1), nun wnen nothe ULOW pesition O volt is applied. These voltages

where, after inversion, they are transferred to the

c- pplien Lo the interthee ¥

Ler inta recicters on line wala v (Fig 9).

el vnries the piteh of the helix between twe fixed sett-
inee, 30 Locate : wiweent o the drum sneed switch on the front panel. When in the
realtlony e e T e e et e (Ve 1), wndeh i applied to a MIM 300K

Setor Lo oreaviobe smoontput volthwe compatible with TTL logic. The regulator

i mount—: in n Jumini iccsect tow, adincent to the switch terminals at the back of
“h nnnel.  Jhe oresclator sroduces n ooutrut voltape of '+5 volts' when the switch is in

positlion. These signals are applied to

L teorecioters o on lin
. vnoin Lond o
i i kil nore iven to two parallel push button switches. One is

Seot oo bn Troat ooen i cant to the FAST/SLOW and FINE/COARSE switches, whilst the
b v i Lmeene. iino vt to tne revolving drum.  When depressed, either switch will

sooes o atetine, It is important to monitor these switches since, when

t:r Linofeon i oaner.ticn:i, the noichine is light-tight and hence there is no indication
Sooowhetnsr the intern! cwitch ic iepressed or note. To monitor the status of the
cwitch, o Till wewe roctified voltage, peak amplitude 18 volts, is available. This volt-
~a ic omoothed tr two T i and v 0400 W capacitors, connected in parallel (Fip 10)
i i ped to oo DLW OO voltrate reyulator. dhe resultant output voltage (+5 volts when

e intew oo 0N ir e mlong the line PATA 134+ to the user data register (Fig 8).
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The capacitors and voltape regulator are mounted in the same diectst ~luminiwr box -0 the

components for the FLIE/COARSE switch monitor.

5.5 Carriage return monitor

The carriage contains the lights which are used to expose the films. The carriage
status is an important factor to monitor, Yecause if it haz net been returned fully to
its initial position prior to the commencement of writing a film, only a portion of the
film will be exposed. The monitor point for identifying the carriage position is a
micro-switch, which is connected to a '+5 volt' source when in the forward position, and
'C volt' when in the start position. The switch voltage is inverted, before entering the

data register on input line DATA 14+ (Fig 8).

5.t Lamp monitors

There are four lamps mounted on the carriage, of which 1 and 2 are used for the
generation of images. In the event of the lamps being left on permanently, in which case
their lifetime is shortened considerably, or not being switched on initially, when no
negative is produced, the mistake is not discovered until much later, after the negatives

have been processed.

The connections made to the terminals of the lamp switches are shown in Fig 11. The

veltage on these terminals is '+.L volt' de when in the CFF position and 'C volt' when

e

in the 2% position. To provile comps‘ible logic levels, the voliage is resulated by a

LA 1o voltage regulator to produce O to +5 volts. The regulator output is then

invertel o proiduce an output voitage of '+9 volts' when the lamp Is ON and 'O volt!

. The output 1s fed Into ihe data registers along lines: DATA 19+ for lamp 1,

1+ for lamp ¢ {Fig #).

CO..CLU5.L01S

a computer interfuce lins teen deciened md prosrame have been written which enable

“n operator to communicrate with - Linoscan machine under computer control. Using a

'viertion ind snewier! technique, the computer swaits confirmation of correct operational
£t terors DM owine filn READ/WKILE vroceduras to commence. Thus operator errors are

reorieet concd terstbly,y rersulting in incrensed productivity.
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appendix A

A DESCRIPLIC. Oi Ml O35 Uo UHE Axuil PxUinhe , Wil a JiPoUa. iy UPS QUL IPUD

.

AT Introduction

This lemorandum is an introduction to the use of the AXTH" program on the Linoscun

diskette.

A.2 Start-up procedure

After switching ON the computer and its associated peripherals, the following set

of instructions should be executed.

A.2.7 Insert diskette marked :incscan in drive 1

The drive number is on a thumbwheel above each drive. Usually the left-hand drive
thumbwheel shows '2' and the right-hand one '1'. The drive labelled '7' is diskette drive
20, and the one labelled '2' is drive 27. The diskette must be inserted with the label

outermost and facing to the right.

A.2.2 Set sense switches 1% and 15 in the UP position

The sense switches at the front of the computer are numbered 1-14, from left to
right. Each switch has three positions 'level', 'up' and 'down'. Each sense switch will
stay in the 'up' and 'level' positions but is spring loaded to return from the 'down' to
the 'level' positions when depressed, For this step sense switches 14 and 15 should te

in the 'up' positicn ans all others in the 'level' position.

e 5

.2.% Set the rotary switch to STOP/STEP

‘he rotary switch is on the right-hand side of the computer control panel, and has
seven poaitionc.  The STOP licht above the rotary switch is illuminated whenever the

rotary switeh im0 -t to SI0P/STEE.

Ae2er Press und rolonse MASTER ClLEak

The VASTEX CLEAK sense cwitch 1o citusted on the left-hand side of the computer

vanel, and 1o soringe bLinced,

AeZal 3ot the rotary switch to LOAD

Aele’  Press and relense START sense switch

Jhe START switch is adjacent to the rotary switch. It will return on a spring
when released.  The text 'PHYSICAL DEV =' will be typed by the computer on the teletype.
thir message ir licntes that the computer is requesting a number from which to load the
oparating systerm. As you have put the Linoscan diskette in drive '1' the device number

i+ MM

kofer to the following example.

Aese?  Dype 20 follovied Ly carriage return (CR)

When vou type this on the teletype the system will be loaded and will print:

PRECEDING FAGE BLANK=i«OT

FI L&D




IS

Appendix A

FRIMOS II REV % 09/21/77 (AT 070000)
Tollowed by
OK:
fe e  Durn the rotary switch to RUN
which can be done at any time after the START key has been depressed.
Ael.t Ivoe STARTUP 20 followed by (CR)

whence the syvstem will type:

ae Iype in AxTH]

This will start the program for checking the setting on the Linoscan, and will then

orint the following:
GO
IS THIS YOUR FIRST RUN,

Tou type in 'YES' or 'L0'. Ancwering this question will decide whether you want to set

un the initial coniditions or use the conditions set for the last band.
I 4t 40 zour Fivct run, after you have typed in 'YES' the teletype will print:
IYPE IN THE XIT RATE PLEASE.
co tovee inmy TeoTt oy e U (for ewnmple) followed by (CR).  The teletype then prints:

YOU TYPED IN 43¢ IS THIS CORRECT,

ta ST VYESY eor 'U0Y (CR).  If it i incorrect nnd you wish to change it,
noueve o VIO e telotore will print:
THED ZYFR I DTHE CORRZCI ONE HOW.

n Loeothe dineet coniditions. IE'NO' ic nnswered to any of the questions asked
in thic A o freovre ey the ove nrint out will be written. The correct data is
s..on - nt z : (o).

orine inpat the b o the it rate and checked it the teletype will print:

Lnil SFEED? - JAST=FAS, SLOW=SLO,
in "rad' or 'SLO' (CR).

dne oormrater thon o sske you if what yon have just typed in is correct, and now you

% ocnnnes2 it or not.
Lewt b wslstrpe willoprint:
COAXSE Ok rIikY - FLUE=FIN, COARSE=COS

Daloeerlo, then follow it by (CH).
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It checke vour ~awwer, then the teletyve will rrint:
WHLCH LAMP(3) DO YOU RBEgULRE?

TYPE IN HO' FOR LAMP ', O3 FOR LAMP =, 1x~s YOR 8OTH LAMPS

You answer this question, the computer checks it with rou, then iepending on the

2ot wive, the terninsl will tyvpe:

ARE YOU READY?
Tou answer 'YES' or 'N0', If 'YES' the computer will then check all the settings on the
Linoscan with what hhe veen input.e It will also check the mundatory cwitches, eg Drurx
Index and Carriage Return,

If a fault is round, the teletype will print o message:
g, CHE DRUM LTOEX IS 0N wHEN YOU HAVE CORKECIED I'HE SWITCHES PrESS RETURN

’

Altor correctin,:s the owitcel the computer will then checic 211 the settings apsin, und ir

another orror hiao occurre i o further messsge will be printed. OHLY when aLL switches are
set correctly will the teletype orint:

Awr DHE SEITLIGS HAVE hEEL CHECRED AND ARE CORRECT

sron oprase 1t will vrint:

x-
[
t

"“ST
Or. :
the compuater 1o now Uik In the overatine cveten, nd ready for use.
When the nrosroen 10 e cotddn for the next band and the teletyve vrinti:

15 I8 YOUR Findd Al

enoacwer 0N b vdeh Ehe belotere wilD o peint out o whet yowr owrrent settings are

510

SESTRREN
[Pl gne

Swi i

Lad ks
U0 YOU WANTD rTHEN CHALGRD

, then the computer will

wkovou what new vit rate

'5O' then the telotype will print:

Ank 10U READT?

cis 't oor 'O, AtCter anoweringe this quertion the computer will then

e bhe Cottine on the Lincoen wnt oprrint ont cnoerror meacase, 10 one ic found.

Gee ereemprleoon the Yollowine prres.
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123
yoU TYPED IN 123 IS THIS CORRECT?
YES
DRUM SPEED? - FAST=FAS, SLOW=SlO

ETC




Appendix b
THE ARTHA PROGHAM

THIS PROGRAM CHECKS THE CORRECT SETYING OF THE

INPLT
$INSERT

o3

4

jat]
[ ]

DATH FROM OPERATOR
SYSCOMORSKEYS
LOGILAL 0K

RERL JAR.JBB, uCC.B8Y,BI,CNH
INTEGER U . VB, GH.S.ST.SIT1.JX,2,Jd%.J8.0C
ChbLl ATCHS$C’LING . 4, :18BRRAD. ©H
Jx=8
Z=B
MRITECL,55)
FORMLTI IS THIS YOUR FIRST B#kD’ »
REAL: L 58> 4B
rORMUT. LR
TEOGE ER@ CYEYD) GDT3 5S4
1P 4B ER "HO'Y GOTO T
mLk FINRL
VRSP B §
UALL PORCHECY JAR,JBB.JCT, AUS. 0w, 48, 4C
LFLRys EQ OCNQ X GOTD 72
LONTTNUE
WRITE: i
FORMET " TYPE IN THE RIYT RAYE PLERSE’
SLACC L. 488, o

SARMATOT S
Vi

i,

SWITLHES

1200€

ChLL PRINUCVE,GH. 4R}
GG

3-8

WrelTEC T 20
CGRMBAT O ORUM SPEED? -~ FRAST=FRS .SLOW=SLO" »
=EAD 188, Jnk
FORMET (N3

Cre . =MNEERCS. JAR .
TFOZ OED 2 GOTO 81
IFCs G7T By GOTO @
TOMTINGE

Evzdrn

LRl CHECKeBI.BJd.yX)
tnd=g1

Lmlh 9HSEPCS, AR O
re2 el B GOTO B2
IFeS GT #H) GOTO eod
TANTINUE

SHR=H

Fodaa £ FAS ) JA=E
[(Vregnum B SLOY DY JR=1
B |

WPTTEC Y, 3

FAORMAT. COGRSE OR FINE?- FINE=FIN,LONRSE=C0S" )
FEwGol . 2882 488

FORMARTC iRl
TRLL ANSERICSTI,JUBB .2

FOZI EQ B GOYO 83
IF(SI GT 8> GOTO o1}
CONTINUE

8:=J8BB

Crli CHECKEBI B¢ . 1.
JEb=R1

on

[N N

THE LINOS MK

TTET T v vy -, e

LS

~




Appendix B

Cubll MNHSERTLTY, UBE .
IFeZ ER B LTS 24
JFCST GT A) GOTU wi
44 CAONTINUE
JBB=B1
IFCJBR EQ "FIN’ )y JB
{FCJBB EQ.'C05' 1 JB
Sil=8
62 WRITEC L. 4>
4 FORMAT  ‘WHICH LaMP Sy DO YOU PEQUIRE™
1°TYPE M HO! FOR LAMP 1,NOJ3 FDP LANP 3.!%3 FOR BOTH LAMFS .,
READ( 1,388 JCC
308 FORMAT(tul)
Call ANERIICSITI.JCC. 2o
IFe2 £q B> LGOTG 3%
IF(CSIT GT B)Y GOTO 62
CONTINUE
Rd=dCC
Crutl CHECECBI.BJ .U
JCC=B1
CRLL ANERIT.ST J
IFCZ EG B8 GOTO 8%
IF(SIT GT By GOTN
o CONTIHUE
JTC=B1
IFCJOC EQ "NO1’ > 2=
IFCJCT EQ.CND3 1 J(=¢
TFoyDE EQ 1% ) JE=3
GheUFENSROCASWRIT+ascalr . "L ING FILE
IFCQr » 5ITH 13131
WPITEC L, 14141

1
a

A e bt | cpotoaime b 02 s S -

&

0

‘s
)

12191 FORMRY('FRILURE TO OPEN FILE W
t3121 WRITECD. 111310 JA.JB JT . J . JrRAa. JBB JCC
11111 FORMATO3IL,. 13,3432

CaLl CLOSS$a S
T2 CUNTINUE
WRITECL. 5"
G FORMGT( RRE YDy FERDY?' »
READ(1.,54321 CH
54321 FORNARTCLRDD
IFcCH EQ@ "YE 3 GOTC 89
IF(CCH ER "NO'» GOTO B9
TaLlL FINAL
GOTD S
2y IFOCH EQ "NO’ 2 Cull RNSERX
=g
e COMTINUE
£ REwl DuTh FROM LINGSUHHN
CwuLl INTFCT
1T7=aNDCL . 18233
iP=RNDCRSCT . 1B
i M=RHDCRSOT 11
Ta=aNDpeRSCTI, 12",
in=ANDCRSCT, 13>,
IL=QAND RS T 140,30
U COMPARE OGRTA FROM OPEPATOR AMD LIMNOLCHN
1FeIT NE o« GOTO 7
TFOLF HE JwW GOTI ia
IF(IM ., NE . JB) GOTO 19

'
)
1
)

Gl . s et e
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crele BEGoL oy LT 28

eIk g0 80 ST D

FRFCUD ED 3 OGDTO

FCSl KE LDy GOt o

iR dC EQ DD G0TH 3§
LTOUONTINUE

OIC EC B GOTO i3
JFUIE ED L GOTE 9
iFCI0 E@ 20 GOTO 25

COMTINUE

NTQDTS [F ANY INCORRECT SWiTCHESD

CINTINUE

WELTES L, 2%

L2 FORMAT ALl THE SETTINCS MuVE BREN CHETKED &#MD KRRE CORFELT

'
T

K « ¥
-

JUTELT ROUTINES

IR E RN NEREFEENA
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CONNECTIONS TQ OUTPUT PLUG ON LINOSCAN

Table 1

PIN

DD o1 TS D =

[
ro e

Thumbwheel
Thumbwheel
Thumbwheel
Thumbwheel
Thumbwheel
Thumbwheel
Thumbwheel
Thumbwheel
Thumbwheel
Thumbwheel
Thumbwheel
Thumbwheel
Fast/slow

Fine/coarse

Drum index

switch
switch
switch
switch
switch
switch
switch
switch
switch
switch
switch
switch

Carriage return

Lamp 1
Lamp 3
N/G
Thumbwheel

switch

Hot connected

Fist/slow earth
tine/coarse earth

Drum index

earth

units 1
units 2
units 3
units 4
tens 1
tens 2
tens 3
tens &
hundreds
hundreds
hundreds
hundreds

common

Carriage return earth
Lamp 1 earth
Lamp 2 earth
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A typical Landsat image, written using the Linoscan 204.
The region shown is North West Scotland on 31/5/77 in
the infrared region of the spectrum (band 7: 0.7 um to 1.1 um)

Fig 1 A typical Landsat photograph




Fig 2

Linoscan machine used in the 'READ'

mode
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Fig 3

Linoscan machine used in the 'WRITE' mode
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