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Figure 0-2. IS32 OptiCRAM Cell Spacing. 

ROW COLUMN 

MSB 07 
III 

AO(S) 07 AO(S) 

11 0 06 A3(12) 06 A3(12) 

i,\ 05 Al(6) 05 Al(6) 

f~()04 A2(7) 0 4 A2(7) 

03 A4(1l) 03 A4(11) 

02 AS(lO) 
02 E A""3) 

01 A6(l3) 01 D-£>o-. As(lO) 

LSB 00 D-- A7(9) 00 D-£>o- A7(9) 

Figure 0-3. IS32 OpticRAM Address Descramble L'ogic. 
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TITLE "ICRONm ASSEMBLER ROUTINES (nEYEDRVR) 
~~:fl 84,132 
COnnENT I 

MEYfDRVR -- MODULE DESCRIPTlQH 

This dri,er .odule takes care 01 all the n"esSiry irrange.ents 

~r t~;t\B~gp~~ i~:,~e r!~~~n~h!s n~~~::md t~o t~; ~~~~~~gb~:~e in lelory 
Because the routine norully rtsides within the BASIC workspace, the first 
part of the BASIC progril locates these routines is high in the 8ASIC 
!tonnt as pOSSIble. Although the progr .. likes certun that there is 
enough rool Initially lor both the .sseiDly languag. routines and the 
BASIC prognl, there is no assurance that the declaration 01 large a.ounts 
01 data space wi 11 not o>erlip the lichine hnguage prograls. 

There are 4 aS5e1bl~ routines aViilable to the user-- PAR"~LC, 

:~f;~r:":t :~;R;~~n a~~~E!n:C,al~~f~f~Ct~:k~:I!:~d~ei~~tP~mx~~r:iIl send 
the "icronEy. and the BUlber of bytes the "icronEye "ill return. SCREENnUKP 
du.ps the current picture to an IBK or Epson printer. IFERSCR loves the 
picture in the NORkKAP area to the screen. The prop" clll1ng 
sequence frol a BASIC progral i5 IS fo11o"s: 

DEF SE6=&H .... 'where "" specifies the asselbler routine iddress 
SlOAB 'nEYEDRVR' ,0 
SEIPIC = 0 
PARnCAlC • 6 
SCRDU"P = 12 
SCRIFER • 16 
DATA. AREA = 20 

CAll PARKCAlClpic.type,pics_per _scr.en, exi t_at_eof ,e. pose_ tile) 

CALL SCREENDUKP 

CALL GETPIClscreen_shrt,whi te_ptt ,key_ valuel 

CALL IFERSCR 

INTE6ER.AI~h~i~~~~~;!e~n .~~e d!m::n~sl}~~ I:~:: iSSultd to be of type 

PIC TYPE -- deleninos the foreat of the ilige translilted fro. 
- the KlcronEye. The follOWing are vilid cOlunds: 

o - 128. b4 picture Iblack , .hitel 
I - 512. 64 picture 1.1 Sloothing) 
2 - 512. 64 pictu .. (grty) 
l - 512 • 12B pictu .. (~Iack , .hitel 
4 - 640 • 128 picture (.1 Sloothing) 
5 - 640 • 128 picture (grty) 

The Calland byte sent this routine is not the sal! as the 
control bylt sent to the "It,onEye. For a cOlplett 
description 01 the ""ronEye control byte reler to the 
Operator's unuill. 

PICS PER SCREEN -- If set to 2 then both blods of iuge Itnsors 
- on the OphtRA" will be tranSiitted frol the "monEye. 

The blotks lor a"a,s) are separited by a dead zan. so 
the displiyed picture "Ill ippear to be split-screen. 

EXIT AT EOF -- 1/ true (in odd nuober) then control is returned to 
- -the calling progr .. at the end of each pitture lransoisS!o •• 

Other_ise, pictures are cDnllnually processed until a key is 
pressed. 

ElPOSE)lftE -- the nUlber 01 lilliseconds for whICh the ilage should 
be exposed. 

SCREEN.5TART -- The byte position on the screen pa,e at which tho 
picture i~g~!Mt!rlcoLJ~~7sf~51tion IS ra cuhted as: 
Row .ust be in even nUlber belo •• n 0 and 134. CDluin lust 
be behee" 0 and 51: and dnlSlble by S. 
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NHITE PCT -- A value between 0 and 100 that IndICates It,e 
- appro.i.ate percent of the current picture that IS white. 

kEY VALUE -- At the beginning of each FRAMEGRAB this varuble IS set 
- to .. ro. II dUring the FRAMEGRAB a key is pressed, then the 

ASel! v,lue of the key IS pl.ced in the LSD of key-vilue. 

For custD. 'fP\icatlons you .ay wish to increa .. or d.crease the siz. 
of the buff.rs used 0 creat. pIctures of each 01 the supported types. The 
table belo" shows the byte require.ents for the 3 buffers BlT"AP! BlTMAPSl and 
NORY-"AP when uSIng each picture type. As shipped, NORKMP is se to 10240 
bytes BmAP 10240 bytes and BITMAPS 409b bytes. Nlth such. configuration 
the BASIC proora. "EYE allows singl. array pcilures lor all b picture types, 
but supports 2 array .ode for only the first three picture types (b4 rD. 
picturesl. 

BUFFER SIlE REQUIRE"ENTS FOR EACH PICTURE TYPE 

BYTES WHEN USING 
PICTURE 'IYPE BUFFER MAIlE I ARRAY 2 ARRAYS 
------------
128 • b4 (BIN) NORKnAP 1024 2048 

512 • b4 (B/W) BIT"AP 1024 2048 
NDRKKAP 4096 am 

512 '" 64 ISREY) BIT"AP 1024 2048 
BlTnAPB 1024 2048 
MORY-nAP 409b 8192 

512 x 128 (B/MI BITKAP 4096 
WORKnAP 8192 

640 x 128 IB/W) • BlTnAP 409b 
WORY-nAP 10240 

640 • 128 ISREY) BITKAP 10240 
BIT"APB 409b 
NORkMP 10240 

I 2-array .ode is not supported by this solhar. when working oith 
the >128 pictures. Firstly! buller space required Mii prohi~itive 
for users with less than 19zK 01 ... ory. Secondly, i separate set 
01 routines to handle the enhanceaent of tho top array (only the botto. 
array is used in I-array lodel would b. required berauSf pixel platnent 
is a linor iuge 01 .hat is done in the botto. arrilY. In other oords, 
in the top array on even ro •• you would do what was done on odd rows In 
the bottol array except that the bytes that are loved on. row a.ay stay 
.here they are ind the bytes that norully shy .her. th.y are love on. 
row a.ay. 

NOTE: RS-232 users who are referring to this code to d.velop code 
for other cOlputers should be aoare that the dAta lin .. lor the 
IB" interface have been flipped to accolodale the IBft PC's uthod 
of grilphics d.splay. All status control, and dah "gisters 
associated with the "ieronEye in!erhc, on the IB" version are 
e,.ctl y bachards of the status, control! and data regi sters 
eaployed by the RS-232 interlace. In otner oords, when the 
T8" .ri tiS. CO hex (11000000 binaryl to the control reg15ter, 
RS-212 "ieronEye users will w,nt to wrile a 03 he, (00000011 Dinary). 

By the sa .. token dilla received fro. the nitronEye is b.ck.ards. 
In the ISft the lost signil i cint bit 01 each byte rtui ved corresponds 
to the I eft lOSt of the eight pixels in the il.ge. In the RS-232 the 
lust si9nilicant bit of each byte torresponds to the lefllost p".I. 
ne Apple II ind Couodore b4 versions of the "itronEre are .ililar 
In this respect to the RS-2l2 verSIon. The TRS~BO Co or COlputer 
\nterface to the "I cronEy. uses the sale Dl t orlenhllon as the IBft PC. 

SUBTTL "AIN SUBROUTINES AND DATA DECLARATIONS 
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"ICRCNEYE ASSEMBLER R UTItlES 'MEYEORVRI 

BAIN SUBROUllNES ArID DATA DECLARATIONS 

PAGE 
0000 CSES SEGnE"T PARI PUBL I C 

ASSUII£ CS:CSES,DS:CSES,ES:NOTHINS 
; 

ig.t picture lsI Irol the "ieronEye 0000 GETPICT PROt FAR 
0000 E9 blFb R JIIP GETPIC 
0001 CA 0006 GPIC I: RET 6 
0006 GETPICT ENDP 

I 
FAR 0006 PARMtLC PROC ie.leulate ,arueters hsd on ,ictyp', 

MOb E9 027B R JIIP PCAlC ; plCs_,er .scre.n,.xit_,t_.ol, and 
0009 CA 0008 PAR" I: RET B i exposeJlle. 
OOOC PARNelC ENDP 

I 
OOOC PICDUMP PROC FAR Iprinls picture OIl scr •• n. uses bitup 
OOOC E8 mo R CAll SCROU", i juge- rather than screen i5 sour c •• 
OOOF C8 RET 
0010 PICDUMP ENOP 

0010 !CRlfER PROC FAR ilo"s bitu, pictur. it WORr.nAP to screen 
0010 E8 6l9D R CAll dDVEStA 
0013 CD RET 
0014 SCRIFER ENDP 

; 
0014 0400 NAPBYlES ON 1024 
0016 0000 KEY VALUE DW 0 
0018 0000 PICTYPE OW 0 
OOIA 0000 SCREEN START ON 0 
OOIC 0040 SCR RORCT DN 64 
ODIE 0010 SCR"cOLCT ON Ib 
0020 0001 ARR~YCT 01 I 
0022 2SAD [ NORr.NAP DB 10400 DUP (11 IuS. 16000 lor 2-m1Y pictypes 3-5 

?? 

2BC2 2SAO [ BITMAP DB 10400 DUP 111 fuse 16000 lor 2-array pictype 5 
?? 

5162 1000 I ,mAP8 08 4096 DUP I?I luse 8192 lor 2-11''', pletyp' 2 • 5 
?1 

I 
61b2 02DB CQNTROl DM 2D8H ;cilera control port 
bl64 02D8 ' STATUS DI 2D8H italera status part 
61b6 0201 DATAlN ON 20JII Icalera data-Irol part 
m8 0209 DATAOUT 01 209H icaura dah-to port 
bUA 0000 EIlTEOF DN 0 
bl6C OI2C EXPOSE TIne DI 100 
6UE 0000 IHITE PCT 01 0 
6170 IB tOnNARD DB 18H 
6171 ???1 ROMeTR 01 ? 
617l ???? COLCTR ON ? 

6175 00' BITCT DB Ii 
6176 0000 NORDCT DI 0 
6178 ,,?? NHITECT 01 ? 

6liA 0400 TOT BYTES DI i024 
; 

mc 0400 0400 0400 1000 TOT _TAB DI 1024,1024,1024,4096,4096,4096 
1000 1000 

611111 0040 0040 0040 OOBO ROICUAB OM b4,64,64, I~S, 128, 128 
0080 0080 

bl94 0010 0040 0040 0040 CDlCT.TAB DN Ib,64,64,b4,80,80 
0050 0050 

blAO 0400 1000 1000 2000 BYTES_lAB 01 1024,4096,4096,8192,10240,10240 
2800 2800 

blAC 0018 MlB OOtB OOIF C"D)AB DN 18H, ISH, 18H, IFH, IFH,IFK 
001F OOIF 

61BB 00 05 17 00 50 55 DPAl DB 0,5,17H,0,50H, 5SM, 5FH,O,OE8M,OF5H,OFFH 
SF 00 EB F5 FF 

blC3 00 05 06 ono 55 CPAT DB 0,5,6, OFH,50H, 55M,56H, 5FH,60H, 65H, b6H, 6FH 
SUF bOb5b6 6F 

bleF FO F5 Flo FF D8 OFOH\OF5Hlt°FbM,OFFH 
blDl lB 4t 08 OD Ff 6RSETUP DB IBH, IH,B ,ODH~OFFH ; 8172" lint spacing 
blD8 II 32 OD FF TElTSET 08 18H,32H,ODM,OF H ; 6 IinlSlin ,piei n9 
.IDC 00 OA lB 48 Gti. D8 ODH~AHF IBH,4BH ; bO dotslin qfiphlCS 
blEO 0000 FFFf SRtE" ON OH, fF H 

61£4 b253 R 6254 R 6257 R PIC 
b2bO R 62bl R 6m R 

mo 6704 R b714 R SOAKPTR 
61F4 ???? NAPADR 

OW 

DN 
DW 

PICA,PICB,PICC,PICD,PICE,PICF 

SOAK, GREYSOAr. 
? 

SUBTTL SEIPIC ROUTINE ;get picture Irol the "icronEye 
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nlCROIIHE ASSEKBLER R UTiNES ImEDRYRI 
GETPIC ROUTINE PARNCALC -- nelorl.ne plCt~re characteristics 

PAGE + PAGE 
61f6 GUPIC PROe NEAR ;dotS everything ntensary t. get picture i 
61f6 55 PUSH BP ;prlserve slack ptr in SP ms peALe PRoe NEAR 
61f7 SBEe naY SP,SP ms 55 PUSH SP ; Sil'le environeent 
61f9 IE PUSH DS ;Sive calling environltnt me BBEe nay SP,SP 
61FA 06 PUSH ES mE IE PUSH ns 
61fB 8CD8 noy AI,DS ;set ur ES to point to data segltnt 01 6m 06 PUSH ES 
61fD BE CO NOY ES,AI i cal .n~ pro~ral. 62BO BC OS nay AX,DS iset up ES to point to calling routine's 
61ff BC C8 nOY AI,CS ; set up 0 to e the sal! as the code segltnt 62B2 8E CO nOY ES,AI ; dah seglent 
6201 BE DB NOY DS,AI 10284 Bcea nOY AI.CS iSet up DS to be the saat .s thIS routine's 
6203 88 7E OA NaY OI,IO[BP) ;get SeREENJTART address Irol slack 62B6 SEDS nOy ~H~[BP1 ; code seglent 
620/0 26: aa 05 nOy AXkES:IDIl ;get SCREEN_START value m6 SB 7E oe nOy ;get pictype off stack 
10209 A3 MIA R nOY SC EEN START, Al 628B 2/0: SI ID nOY IXfES: [DII 
620e ES 66ES R CALL ACIAClJ iinitialize call link 62SE 89 IE OOIS R noy PI TYPE.BX 
6l0F RESTART: 6292 BI 7E OA noy DI,IO[B~l ;;et arrlyct oft stack 
620F ES 63DF R CALL FRANEGRAI iget picture frol nicronEye 629' 26: BI 05 MOV AI~ES: [DII 
6212 sa IE 0018 R HOY BI,PICIYP£ lSel"t picture loruttlng routine bned 629S A3 0020 R nov AR AVCT,AX 

iii we have chosen pictypeS 3-5 then only 62U 01 £3 SHL :~~~ PTR PIC[Blli on pictype 6298 83 3E OOIS R 02 eftP PICTYPE,2 
621B ff 97 61£4 R CALL 62AO 7E 06 JLE NOno ; illow I .rray lode 
621C EB 639B R CALL HOYESCR Ilovid forutted pichn to screen 62A2 e7 06 0020 R 0001 nov ~~R~m\1 621F F7 06 616A R 0001 TEST ;~~EOf,1 Ii f exit_It_eol set then prepare to exi t 62AS B8 7£ 08 notwo: nay Iget IxiteDI off stuk 
6225 7501 JNI 62AB 26: SI 05 noy AI;ES:!DII 
6227 S3 3E 0016 R 00 CftP ~fM:}UE,O 6ZAE A3 616A R MOV EX TEOF\AX 

;get "posetill off slact 622C 14£1 JE ;Dtherwise go get Inother picture 6281 BB7E 06 HOY DI,6I1P 
622E DONE: 6284 26: SD 05 noy AI ES:[DII 
622E EB 64S0 R CAll KEYCLR 6287 A3 mc R nov EX~OSE TlIIE,AX 
6231 IB 0064 HOY :~lmT ;cllc whitl_pct = 100 , whi te_d I totbytes 621A 01 E3 SHl IX, I - ;Nord-adjust II lor table lookups 
10m F7 26 617S R nUL mc Ba B7 6194 R nov AX COLC! TABIBXl 
6238 f7 36 617A R DIY TOTBYT£S mo A3 OOIE R nov SC~ COLCTAAI ;get rDwet for this pictype 
me A3 616£ R nov MHITE PCkAI 62C3 88 B7 blAe R ROV AX eMD TA (81) . 
623f sa IE 0016 R ROY BI,KE9 v UE 62C7 A2 6170 R noy eO~ftANDfAL ;get nicronEle calland byte lor this Plctyp' 
6243 SB 7E 06 nov DI,mp) iget Iddrt55 01 key value variable 62eA SD S7 6188 R ROV AX,ROMe TAS[BXIlget cDiuln ytes et ler this Piety~e. . 
6246 BB 76 OS nov :~,B[BP) Iget address 01 .hlb pct variabll in 62CE BI SF 61AO R nov CI,BYTEfTAB[8XIIget cliPfed riC Size in bytes for hIS plctype 
6249 07 POP I calling progrll - 62D2 BD 97 me R ftOV DX,JOT_IAIIIII iget tota by es lor thiS pictype 
624A If POP DS irntore eAvironaent before ,eturning 6206 BUA nov Bl,U 
6241 S9 04 HOY [SlJ,AI I (nolt that OS of callint pro,r .. is bein~ used 62DS SB 16 0020 R nov DX,ARRAYCT 
6240 S9 10 nay '~IJ,BI ; to 155190 value to MHI E PC Ind KEY YA UE 62De 4A DEC 01 
624f 5D POP I 01 Clillng progr .. s) - - 6200 SI E2 0001 AND :~~~RRAY 0250 E9 0001 R Jnp GPIC_I 62E1 Hit JI lif arrlyet • 2 then 

I 62£3 80 06 6110 R 20 AOD COnNAND,20K I II ter cOlland bllt lor 2 IrrlYs 
6253 Cl PICA: RET Ino lorlatting needed for 128 • 64 IU ~i[ture 62E8 DI E3 SHL 11,1 ; deuble tohl by IS 
6254 E9 6486 R PItS: JIIP SnOOTHS ;forut roullne lor 512 x 64 Slaotbed picture 62EA OlEO SHl AX,I I double row ct 
6257 ES 6714 R PIce: CALL 6REYSDAK ;lorut routine for 512 x 64 grey picture 62EC 01 E1 SHL CX,I I doubl. clipped gic size 
625A £8 blO6 R CALL GREYGRAB mE 3D OOCS CftP ~~,fi~O I u, rOMct IS 20 
625D E9 .584 R Jnp 6REYAOD 62fl 7E 03 JLE 
6260 E9 6m R 1'ICD: JRP ENHANCE Hornt routine lor 512 x 12B S,. ficture 62fl B8 OOC8 nOY Al,200 
/om EB 666E R PICE: CALL ENHANCE2 ;fDrllt routine for 512 x 12B SIOO be~ picture 62f6 81 F9 3EBO rcook: eftP i~}~gf~ clipped pic size u. is 16000 
62I0I0 £9 6600 R JnP fllllN2 62FA 7E 03 JlE 
6269 E8 6714 R fICF: CALL 6REYSOAK Ilorlit routint for 512 • 128 grty picture 62fe B9 lEBO nov CI,16000 
626C EB /030/0 R tALL GREYGRAD 62fF N02ARRAY: 
/026f E8 660E R CALL 62ff A3 OOIC R ROV SCR ROweT tAl itrinsler parileters IrOI registers 
6272 EB 6662 R CALL 6302 89 OE 0014 R nOy nAPlmS, I 
6275 E8 66C6 R CALL 6306 89 IE 617A R nOy WBYTES,BI 
6278 E9 6600 R JftP fllllH2 630A 07 POP ;restort environllnt 
6218 6ETPIC END' 630B IF POP DS 

630e 5D POP SP 
Ireturn to PARneALC shell (dOing tbings this SU8m PARRCALC -- Dehrline picture cbArlcteristics 6300 E9 0009 R J"P PARn) 

6310 peAlC ENDP ; Iorces the needed FAR returnl 

SU8m SCREENDUftP ROUTINE -- prints i.age in MORKftAP buffer 



PAGE 
mo SCRDUnp PROt NEAR 
.310 IE PUSH DS ipreserve calling environ.ent 
b31l 8C CB IIlIV :~,~: iStt up data seg.ent pGinter 
.313 BE DB NOV 
0315 89 6103 R IIOV CI'DFFSET GRSETUP 
m8 E8 0389 R CALL FufsTR ;"t up hne spICIng etc for lraphics duip 
m8 88 16 OOIC R nov DI,SCR ROIICT I the length of fich rraphlc itstreal is 2, 
.31F 01 E2 SHL 01 I - ; the rowet. Tbis Vi ue i5 inserted at 6RLEN 
ml 89 10 61EO R nov SRtENADI I lIIIich is part 01 the GlIN string Ihich puts 
.325 AI OOIE R IIOV Al SC COLtT i the ~inter Into graphiCS lad. 
6328 Al 6173 R nov cOl.CtRitU lsetup OLeTR lIIIich llso ServIS IS curreot tDI 
0328 88 16 OOIC R o.ts.t: IIDV Dl~R01ICl ir.inItilliZe ROIeTR at the start of ncb col 
632F 89 16 6171 R HOV RO TlliDI 
6113 FFOEmlR DEC COLCTI lpolnt to the nllt tal to priat IIlSt to fintl 
6337 8408 IIDV ~:,08H icbect far" keypress 
6339 CD 21 INT 
6338 3C 00 CftP ~ 6338 7407 JE Iii teypr." then get chAr and pit 
633F 8401 IIOV ~AB 6341 CUI INT 
6343 E83A90 JIIP EARLYl 
6346 ., me R oocllt: lIIIV CltOFFSEl SLIM Itell printer to rec.lv. tbt next GIllEII bytes 
6349 E8 6389 R CALL PII STR i is I Graphics hit stnll 
mc 8E 0022 R nov SI,OFFSET MIIRKftAP . 
634F 03 36 bl13 R ADD Sl,COLClR Icaltuhtl loc.tion DI tb. first byte for col 
63S1 8A 24 Bltbyt: = AN,ISU 1get tbe bytl Ind cOlplttent it to IYDid 
6355 F6 D4 AN· I printing a AlOltive of the ricture 
6151 8. 0008 lIIIV C1,' intxt .t leed to invert the bi s in the byte 
635A DO E4 f1ipit: I AH,I ; beuuse •• art printing the picture fro. 
mc DO DA Ol,1 I riOht to I.ft ratber t In tb. IlGrlal left 
63SE t2FA tOOP Fl 9IT ; ta ri~t 
6360 E8 6384 R CALL PUT8YlE Iprint t bItt twiet tD obtlin tb. proper 
6363 Ea 6384 R CALL lEi I'f:ct,. io 
63" 03 S6 OOIE R ADD tOLct ; g.t hi bIt. for tbl nIXt ral 
636A Ff O£ 6171 R DEC - ;repeal un II dDnt lith COlVIn Ilctu.lly 
636E 15£3 JlZ i printing 8 coluans It I titeJ 
UtO 83 l£ 6173 R 00 tftP COLttR,O iga onta next rllll unlus dODl witb 
6375 75 B4 IKE IIlSET I entirt pi tture 
6377 B9 61D8 R tltt: lIIIV CI OFFSET TEnSET 
6371 E8 6389 R CALL PUtST. irestor. printer to norlll aperatiDII 
mD IF PDP OS lrestare tall in, IAVironHnt 
637£ tl RET 
637f E8 6724 R tarlYI: ~~l BEEP I .. sound the btll tD signll • .,1, tnd of 
6382 un TSET I printing nuu. by keypress 

6384 k,TBYTE: 
6384 8405 lIIIV rI.5 ;This rautine sends the character 
63B6 CD 21 lilT I In Ol to th. printtr 
.388 C3 RET 

I 
6389 PUTSlR: 
6189 SHE lCND CI 51 ;Thi. rautint prints a string 1III0se 
6188 8A 14 nput: IIlIV DL;ISII I startin? &d~rfSs is in el ud is 
638D SO FA FF CftP ~~~~H ; tertinl ed by OFFH 
0390 1406 JE 
0392 tB 6384 R CALL PUTIYlE 
63" 46 INC 51 
6396 [US JftP NPUT 
6198 88 FI endstr: ftOV SI,t! IRestore ortind vllue of 51 
039. C3 RET 
mB SCRDUItP EHOP 

SUBm lIIIVESCR -- noyt pieture to graphItS seren 
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nOVESCR -- nove picture to g'aphics screen 

PA6E • 
0398 lIIIVESCR PRDC NEAR 
b39B IE PUSH OS ;Save calling environ.ent just 
me Ob PUSH ES ; in Cise t is call is cOling 
mD BC CB nov AI,CS i frat BASIC . 
639F 8E DB nov OS,AI iSet up proper data 5egaent ptr 
.3AI 8E 0022 R nov SI,OFFSEl MORKKAP 
6lA4 FC CLD ilake sure direction lla? is foroard 
03A5 88 3E OOIA R "OY DI,SCREEN START ;point de5tinatiDn regi5 er 
03A9 B8 8800 nay AI,08800H- ; It df5ired offset on the 
63AC BE CO IIOV ES,AI i grapbics scnen 
6lAE 88 16 OOIC R nov OI,SCR ROutT iOI is set to tbl nutller 01 r01l12 
638] 81 EA SMR DI,I - i beuusl", hindI. two rOls at a ti •• 
6m 88 IE OOIE R "ov BI,StR tOLtT IBI is set to tb.outIltr 01 bytes/rD. 
6388 btl nItro.: IIlIV CI,Bl - iCI is tbe nuther of IIDfds per rOI 
631' 81 £9 SHR Cl,1 
638C F3/ A5 REP IIOVSM i lOY. the entire even rDI . 
63BE 28 FB SU8 DI,81 Istt up lor add rD. Ihieb Is 2000H IllY 
63CO 81 C7 2000 ADD 01,2oooH 
63C4 88 tI nay Cl,81 
63C6 DI E9 SHR ~~~M 63C8 Fli A5 REP 1I0ve the enti rt add rOIl 
6XA 81 EF IFBO SUB OI,IFBOH iSlt up for next even ra. 
6XE 28 F8 SU8 :~,81 
6300 4A DEt icantinua until .e've dont every rD. 
b3ll1 75£5 JHZ NlTROM 
63D3 07 PDP ES 
61D4 IF POP DS 
6305 C3 RET 
63D6 "OVEStR ENDP 

sHIm FRAllE6RABBER ROUTINES -- g.ts ilage Irol RlcronEye 
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4306 
4304 IF m211 
63D9 BB 0002 mc £B 14 90 
63DF 

630F 

!~~~ 'ft ~r~OI8 R 00 
6lE7 7S 06 
63£9 IF 0022 R 
6lEC EB 04 90 
6lEF IF 28C2 R 
63F2 8A 26 6170 • 
6lF6 89 lE 61F4 R 
6lFA C1 06 0016 R 0000 
6400 80 CC CO 
6403 £8 66F3 R 
6406 FF 97 6IFO R 
640A E8 6461 a 
640D 8B IF . 
640F 8A 24 6170 R 
6413 FA 
6414 E8 66Fl R 
6417 88 16 6164 R 
6418 8C 08 
64ID BE CO 
64IF C1 06 6178 R 0000 6m FC 
6426 89 OOOF 
6429 EC 
64lA .0 EO 
642C nOD 
642£ 42 
642F EC 
6410 fA 
6431 AA 
6432 DO £0 
6434 83 16 6178 • 00 
6439 E8 EI 
6438 E2 EC 
6410 88 t7 
643F 28 tl 
6441 3D 0014 
64U 1F 03 
6446 E8 6124 R 
6449 FJ 
644A SA 26 6110 R 
644£ 80 CC 80 
6451 E8 66F1 t 
6454 E8 6480 • 
6457 80 lE 6170 R IF 
645C 15 OE 
645£ 88 lE 61F4 • 
6462 8B F7 
6464 83 C6 20 
6467 B9 0800 
646A FJJ AS 
AUC CJ 

646D lUI 
646F cn 16 
6411 740t 
6471 8400 
6415 CD 16 
6477 A3 0016 R 
641A AI 0016 R 
6470 OltO 
641F Cl 

6480 E8 646D R 
6483 7HB 
6485 Cl 

6486 

FRANEGRABBER ROUTINES -- g.ts iuge Irol nicronEy. 

PA&[ • 
ASSUIIE ES:CSEG 

SREYGRAI PROC NEAR 
IIDV Dl,OFfSET 8ITftAPB 
nov 81!2 Ithis is aft alhrnat. Intry for tbe 

GREVGRAlfllDP FG ; t~a;~nh'~W~:I~~c~n~e~~:.t~M~~~ 
~RANEGRA8 PROC NEAR ; to lilt lor a short., than nor •• 1 .oakti •• 

NOY 8X 0 
CN' PlbvpE,O ;all pietures but pietype 0 fr .. egr.b I ~T~SET MORKnJ to the BlTNAP buller ohich grabs to 

Jill' FM ; the _NAP buffer. This illlaw, th. 
SET8IIP: !lOY DI,OFFSET 8ITNAP; Iorlltt.d picture to illw.ys .nd IIJI in 
Ig2: NOV ~I!tCllllllAND ;tell"NleronEy' to soak w/a send 

NOV _ADR 01 
noV KEY vAlu£,o 
OR 
CAlL 
CALl 
CALL 
ftOV 
IIOV 
elI 
CAU. 
NOV 
ftOV 
NOV 
NOV 
ClD 

nlbyt: nnv 
recbk: II 

SIll. 
INC 
INC 
IN 
DEC 
STGSI 
SHL 
ADC 
JftP 

dntb.: LDIlP 
IIllV 

~ 
16 
CAlL 

nto: STI 

nh: 
I 

IIllV 
OR 
ClILL 
CALL 
ClIP 
llIE 

lr. 
ADD 
NOV 
REP 
RET 

t.ycbt: NOV 
INT 
Il 
NOV 
INT 
IIDY 
"BV 

nakey: 
I 

OR 
RET 

leyelr: ~L 

RET 
I 
FRANE6RAI £NOP 

l2ero tevYllut 

SIlAKPTR!811 lsoak lor splClfit' expose tilt 
Icheck lor key belon disabling interrupts 

BI,DI 15lYl start IIIdres, DI buffer lor COlpilre 
AH,CDIIJIAIID Itell fticronEy. to send picture 'w/o soaU 
SEOOD IdiSibl. interrupts during grab 

DI,STATIIS 

~'d~ 
1IH1TEtT, 0 

CI,I5 
Al,DI 

~ 
01 
~,DI 

All 
.HlTECt, 0 
NFBYT 
RECIIIC 
AI,DI 
AI,II 

~'~20 
IEEP 

AH,COMAND 
AH:8011 
SEMDCiID 
KEYClR r,lFK 
11,_AIla 

~I'~l 
CI~204a 
NOvSM 

~hl 
NOr.EY 
~~o 
KEY VAl~,AI 
Al,lEY YIILUE 
AI,AI -

KElCH!( 
KElCLR 

I eqult. 'Itra legmt iIId data seg •• nt 

IZIro IIbltlCt 
;set .Irtctlu reg to lorward lOyellllt 
I set IIJI tillllllt r.gl ster lor cbar rec.i pt 
;il cbltlCter nat IYlihbl. Ifter I' 
I cbecks tb.n w. ISSUI. tbe llieronEye is 
I done stD.lng 
;l1li.0 cbarlCter blS COlI o. paint DI to 
; DATAII In' get III cblrlCter Ind tben 
I repaint Dr It thl status register 
;put tilt 'ytl in tb,,-.ffer 
I1ncrtltllt IIIIltttt if bi9h lit of byte 
I us IIIIltt 
Igo aact 1ft' try an. ,.t anotber byte 
Uhis is the tileaut decrtllnter 
; if w. bue t1u4 IIIIt thin Ie chect .ad 
; If. if It got 15 liny bytts 15 If hid 
; hoped to g.t 
Ii I not .nllllgh bytes rec.IY,d th.n o. 
I b.1P to SfiDI aur .i 51u5t 
;re.nol. interrupts 
Ittll fticranEy. to relnsh .10 stDd 

Icltar k'yhlrd buffer 
Ilf If use hO-IffIYS Ind lb. 256 I 128 pictur. 
I lit '.Vt I SIlII prolllo. fhe 'mrllblt dUI 
I to (o,aI09Y acts OD tbt top arny .liCti y 
I OPPOSI t. to ohlt It Ire Istd to. So Iy.n 
I 1.0llS need to be pmussld like odd and 
; tiee-v.rsa. tb. ~uick and dirty Iii is to 
I scoot tbl entir. top Irray up on. roo. 

;if t.y is iYlillble Iral hyboar' bull.r tben 
I gilt thl I.y and lC.ncod., put in key-valul, 
I and Sit IF=O 
lotherwls. 
I just SIt IF-I 

;dens tbe .,stel keyboard buffer beciuse 0, 
; t1n't trust tbe IBN to 91t the keyboard 
; decoded p,operly when interrupts were off so 
; lang. 

SUITTL SIIOIITHING ROUTINE lor 512 I 64 pichre 

PAGE 4-2 lb. IBIt Personal Coeput.r Assflbler 07-19-83 
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SIIODTHIN6 ROUTINE lor 512 • 64 pictur. 

6486 
6486 
6489 
nBC 
6490 
6492 
10m 
m8 
6498 
mE 
64Al 
104AS 
64A7 
6419 
64AC 
"AE 
6481 
64S3 
64B1. 
6488 
6488 
64BD 
.. IF 
6ftl 
64C4 
64C6 
64C9 
64CI 
64CE 
6402 
64D4 
6405 
6409 
64DI 
64DE 
64£2 
64£4 
64E5 

IF 0022 R 
IE 28C2 R 
S8 IE 611A R 
DlE8 
89 IE 6176 R 
88 04 
88 4C 10 
8nno 
C6 06 6175 R 08 
8U4 
8UD 
S606 
88 0000 
DI EO 
80 DJ 00 
DI E1 
80 DJ 00 
DI £2 
80 DlOO 
DI El 
DI E3 
DI £0 
80 DJ 00 
DIEI 
80 DJ 00 
DlE2 
80 DJ 00 
SA IF 61Cl a 
88 lD 
47 
FE O£ 6115 R 
75 tE 
83 C6 02 
FF O£ 6116 R 
75 B2 
C3 

PA6[ 
SNOOTHB PROC 

NOV 
NOV 
NOV 
SHR 
NOV 

nODrdc: nOY 
NOV 
nOY 
NOY 
leHS 
ICH& 
ICHG 

nbitc: NOV 
SIll. 
AIlt 
SIll. 
AOt 
SHl 
ADt 
SHL 
SIll. 
SHl 
ADC 
SHl 
AIlC 
SHl 
ADC 
NOV 
NOV 
INC 
DEC 
JNE 
ADD 
DEC 
JIl 
RET 

SIIJOTIII E1IDP 

NEAR 
DI,OFFSET _NAP 
SI,OFFSET lIT""" 
81,lOraYTES ;uootb I oord It a tile to 
BIll I splld things up 
WOKDCT\BI 
AX, [51 ;blend byte on. roo iny oi th 
CI,16[SIl i the current byte and the 
Dlt321SIl I ~ytt onl roo ahud 
81 CI,S ISet IIJI bit ctr 12 bi ts/paul 
AL,AH ;Uip byte III 50 shilts properly 
CL CH 
DL:DH 
81,0 
Al,l 
8L,O 
CI,I 
ti,~ 
8L:0 
81,1 
11,1 
AX,I 

M 
Sl'O 
DI'I 
Sl'O 
IHjCPAT!Bll 
~~ 1,88 

IITCT 
pne 

~iCT 
•• ORDt 

Ithis str.tches thl illge fral I 
; 128 x 64 iug. to a 512 x 64 illg' 
; lIbich gotS a long way to correct tb. 
; ISpect ratio. th oay the 5100thlng Is 
; IccolPlisbed is tb.t by looking it fhe 
; ,ix.1 an. rOi blct and the pixil an. roo 
; aheld .. latt u~ • 4-bit piul that Is 
; .ither bllct (00001, ohite (11111 or 
; grey (01011 
;at put toglther too pickets of 4-t11t 
; pUlli becaus. its .Iw.ys easier to 
I lork with bytes Inst.id of nybbles. 
IlIben o. finish .11 this sbifting and adding 
; tb. 81 regilter will contain tb. prop.r 
I ollslt Info CPAT for the bytt representing 
I the bhck-lIIIite-grey of tb. too ~-bit 
; ph.1I oe'YI been building Ind un finally 
I put iato lb. nlxt byte 01 !be IIORXNAP buffer 
;repllt III the .bay. Ulltil w.'ft dont with 
; tb. c.,rtnt oor. 
Ipaint to th. nld 16 bits of piuls to be 
I errand.d in' repeat until dan. 11th 
; 1ft ire arrAY 

SUBTTL ENHANCE ROUTINE for 512 I 128 plctur. 



PAGE 6594 75 01 JHl "EWR~J j in lhe unual bul is an acc'rhblt alhr-
t.4E5 ENHANCE PROC NEAR Ilhis routine hkes the 756 x 128 iug. 1'01 6596 C1 RET i native approach tOlards e,n ing a 512 , 
64E5 FC CLD i the KicrDnEye ind converts it to • 512 x 6597 E9 64F7 R NEMRNJ: JIIP HEWRON ; 12B may Irol the 256 I 12B iug. Irol the 
64E6 EB 659A R CAlL CLEARN I 12B iliae Iltb troperly placed pi>e15. 6S9A ENHANCE ENOP I nieronEye 
64£9 8E 28C2 R KOV SI,OFFSET BITKAP;z.ro out ORKnAP ulferi point SI Isoorce i 
me Sf 0022 R KOV DI,OFFSET WORKnAP lind .. , to the 756 , 1 B array, and 01 to 659A CLEARN PROe NEAR !lh. CLEARN routine zero.s the NORt-nAP buller 
b4EF Al OOIC R KOV AI,SeR_ROWCT i tb. 512 x 128 array 659A SF 0022 R nov DI,OFFSET WORt.KAP 
b4F2 01 £8 SHR Al 1 ;sel up rooctr to be balf the nUlber 01 roos 6590 £80490 JHP CW itbe CLEARS routine zeroes the BITKAP bull.r 
UF4 A1 6171 R nov ROWCTR,AX ; becaus. 01 proctss in even/odd roo pairs 65AO OF 20C2 R CLEARS: HOV DI,OFFSET B1T"AP 
b4F1 C7 06 bill R 0020 newrol: KOV COLCTR,12 ;set up colctr to 12 bytes/roo to do even roo 65A3 Fe Cit: CLD Inote thlt onl{ an area corresponding 
UFO AC evrow: LODS8 i~::obnfa~~O:I~~~e.m m~:ltg! ::r~:t~d' bSA4 SD OE 0014 R KOV CX,"APBYTES ; in size to h. current picture type 
64FE DB 0000 HOV DI 0 6SA8 DI E9 SHR CI,I ; is chared 
6~01 SD D3 KOV DX;81 ; and 01 .iII catch Ih •• ven bi ts 6~AA ac DB KOV AI,DS ;sot .p the ES register to point to the 
6501 DO EO SHl At,1 ;shift high-order bit minto DI 65AC 8E CO nov ES,AI ; dah seglfnt 
6505 Dl D1 RtL BI,I 6~AE B8 0000 nov ~~6~» iSelect the val.e to be reflieated thru luory 
6~01 DO EO SHl Al,1 ;shift bi t 6 into OX 6581 F1J AD REP ;this Calland singlehanded y zeroes the desired 
6509 01 D2 Rtl DX,I 

lset up to sbift other 6 bits-- 1 Ddd, 1 even 
6~D3 C3 RET I lelory arta 

650B D9 0003 nov CI,3 6584 tLEARM EMDP 
6S0E nevby!: SHL 
650E 01 £3 BI,I Itbe odd bits ga into the 81 register such SUBm 6REYADD ROUTINE lor 512 x 64 iuge 
6510 81 E3 SHL 8X,1 ; thai the final bit pattern is: 
6512 D1 E3 SHL 8X,1 I 000,00010001000. wher' the x's corresponi to 
6514 DO EO SHL ~:l I 7 5 3 1 bit positions. 
6516 01 D3 RCL ; 
6518 DI E2 SHL DX,I ;the even bils go into the DI regilter sueh 
651A DI E2 SHL DI,I ; that the linal bi t pattern is: 
651C DI E2 SHL DI,I I oo,OOO,OOO,ooOxO 
651E DO EO SHL ~~'l 

; 6 4 2 o bit positions 
6520 01 D2 RCL 
6522 E2EA LOOP wdm ;next we cOlbine the BX and DI regist.,! sa oe 
6524 DI £2 SHL OX I i !g!x~~:xtg!!:::g bi t pattern 1ft 8X: 
6526 OB DA OR n:ox 
6528 SHI ICR6 r~I~81 ; 61 45 23 01 
652A 09 tD OR lalter •• slap 8H and BL ta get the b{tfS in 
mc 09 ~D 40 OR wDh,al I groper order, oe OR the pattern oi b the 
652F 8le702 ADD ~~t~TR ; its a1r.ady at this location and oe DR 
6532 FF O£ 6173 R DEC ; the pattern oith the bits at Ihe location 
4536 15C5 JNZ EVROM lone roo anI. 
ma £1 06 6113 R 0020 "OV COlCTR,12 ;after co:rlet ng th. even rON o. go onto 
653E AC oddrol: LODS! I tbe nex rD •• hieh is an odd ro. 
6m 8D 0000 "OV BlO ;0' get the byte and set u~ tbe II and DX 
6542 8B D1 nov 01:81 ; registers as belore. T is tile hootver 
6544 DOEO SHl AL,I ; Nt art fOin; to use a slightly dillerent 
6546 DI D3 Rtl BI,1 I bit pat ern to get things inlo tboir 
6548 DOEO SHl AL,I ; proper places 
654A 0\ 02 RCL 01,1 
6S4C 89 0003 HDV CI,1 
654F nodbyl: SHl 
654F DI E1 BI,I ithe 81 register should end up oitb the 
6551 01 E1 SHL BI,I I hllooing bit 8lttern: 
6553 DIE3 SHL BI,I ; .000,000,OOOxO 0 
6555 DO EO SHL AL,I I 1 5 3 I 
6551 DI D1 RCL DI,I 
6559 01 E2 SHL Dr,1 the OX register Should end up .ith Ihe 
655B DI E2 SHL OX,I ~~~~=~~a,~~txttt~~~~: 6~50 DI E2 SHL DI,I 
65SF DO EO SHL AL,1 6 4 2 0 
6561 01 D2 RCL ~~dYT since not all the pattern fits into DI Ie do 
6561 E2EA LOOP 5011 fancy foohork 
6565 DI E3 SHL BI,I the net result 01 III of this is tbat oe 
6561 DI El SHL BI,I cOlbint BI and DI to gft Ihe lolloNing: 
6549 DI £l SHL 81,1 .000 .. 00xxOO .. 00 0.00 
656B D1 EA SHA 01,1 7 56 14 12 0 
6560 9F LAHF 
656E DI EA SHR DI 1 
6570 OBDA OR Bl;OI 
6572 8HB ICH& ~~\~L 81 

th. bit pattern is then OR'ed oith tbe bits 
6574 09 ID DR it the current pOSition in tbe irray 1.5 oell 
6516 095040 OR 6UOh,!1 is .ith lhe bits one rowloay ,r, ,",,, .. -, 
6579 BB 0000 "OV 81,0 you can see that alter oe b~ve do e thi 5 lor 
mc 9£ SAHF every roo in the array every pi .. 1 in lbe 
651D DI DB RCR BI,1 512 , 128 array 'ncep[ lor 50 .. 01 tho .dge 
657F 01 ED SHR ~~bb 8M 

pi,els} oill De fill.d in. 
6581 08 70 02 DR 11 you bave referred to the Advanced KieronEye 
6584 08 70 42 DR 6md,BH Sfeli on 01 the linual it .ay b. apparent 
6587 83 C1 02 ADD DI,2 that oe bave .... g.d [0 fill in the 'boles' 
.58A FFOE6I1lR DEC COLCTR as o. o.nt along by 'borroling' the pixel 
658E 7UE JHZ OODRON ,alufs 01 tbe cflls fro. the rD. previou5 
0590 fF OE 61i1 R. DEC ROMCTR ThiS is not the fill-in .Igorith ... ntlDned 
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GREYAOO ROUTINE lor 512 x .4 iuge FlLUN ROUTINE FOR MO • 12 picture 

PASE PASE 
6584 GREYADD PROe NEAR 6600 FllUN2 PROe NEAR 
6584 FC eLD 15et lor.ard direction 6600 BE 0022 R nOy SI,OFFSET NORKnAP 
65B5 BE 28C2 R nov SI,OFFSET 8IT"AP JU5e 8ITnAP as 5Durce and MORI(MP as 6.03 BD IE OOIC R nov BX,SCR ROMCl las discussed in the topology sectiDn and 
65BB SF 0022' R nov OI,OFFSET MORKBAP Ithe destination 6.07 01 E8 SHR 8X I - i else.here, the 256 '.128 array needs to 
65D8 B8 IE 617A R nov 81, lOTBYTES 6609 89 IE 6171 R nOy RO~CTR,BX i be descrilllied and Itlled in. Ihis takes 
658F 01 E8 SHR BI I iset up count 01 .Drds to be processed 6600 88 16 ODIE R noy DX,SCa COLCT i care of the IiIHn .hen .. ~andtng the 
65CI S9 IE 6176 R nOy NORDCT,81 6611 01 EA SHR 01, I - i 256, 128 to 1024 , 128 (c Ifped to 
65CS 89 0008 noord: noy ex,s iset up lOop ctr, .e dD 2 bits per piSS 6613 S9 166m R noy COlCTRIDX i 640, 128because of screen "Itations. 
h5CB 88 04 BOY AX. [SII iODrd Irol lirst iuge in AI 6611 8B 04 nebyt: nov AI,ISI ito do the hllin oe look at the bytes one 
h5CA 88 94 28AO nOy nX;VORD PTS (OFFSET B1TnAPB - OFFSET B1THAPlISIl 6619 8BDS HOV BX,AX i rD. bad and one roo fDr.ard. ~here there 
65CE BH4 XCH6 AL,AH ;cDrresponding ODrd Irol second iug. in OX 661B SB BC oOAO HOV CI,160ISIJ i are 'holes' they octur in groups 01 ho. 
h500 8U6 XeKS Ol,DH Irealign byte sex lor roper shifting h61F GSCI OR AX.eX ;the righhost hole 01 the ho is the result of 
h502 BB 0000 nbitd: HOY ax,o iBI is lDing tD be bui t up to cantlin I 6621 25 1414 AND AX;I4I4H ; OR'ing the bits one rD. back and one row 
h505 01 EO SHL AI,I ; ~tr 0 the prD~er pattern tD represtnt h624 23 09 AND BI,CX ; ahead 
h5D1 800300 ADC BL,O ; sets of 4-bi black, obite, or grey blDbs 6m 81 £3 2828 AND BX,282SH ;the lelhost holt of the 110 is the rfSult Df 
650A 01 E2 SHL OX, I I depending Dn the yalues 01 cDrresponding 662A OBCl OR AX!BI ; AND'ing the bits ani rD' bact and one row 
65DC 80 Dl 00 AOC Bl,G ; pixels in the t.o iuges mc 094450 OR 80 SIJ,Al I ahead 
6511f 01 E3 SHL 8X,1 ithl5 is done by shifting a pixel out AX and 6h2F 83t602 ADD SI,2 
65E! DI E3 SHL 91,1 ; 01 .nd puttin, the SUA in 01 creating the 6632 4A DEC DI 
65E3 DI EO SHL AX,I I lirst 4-bit bob's ftr (O=blick, I'gre{, 6613 15£2 Jtll HEBYT 
65E5 80 D3 00 ADC 8L,0 ; 2=.bitell ••. shift he SUI Dver hD bi 5, 6m 88 16 6173 R nOy DI,COLCTR 
65E8 01 £2 SKL DX,1 I take the ne.t tiltl out 01 AX and OX, SUI 6&39 8D 04 nobyt: nOy AX,ISIl i.he • • , oort .ith the odd ro.s •• do e .. ctly 
65EA 80 D3 00 AOC Bl,O ; the. ind put t at SUI in 8X as .ell 6038 8BBa HOY Bl,Al ; as we di d Dn the .ven ro.s. the Dnl y 
65ED SA SF 61BS R BOY 8H1DPAH811 jthe result 15 I ~tr into DPAT that .ill return om 8B 8C OOAD BOY CX,1601Sll ; di lIerence is ohere the hDIeS hi I. 
65FI 88 30 nOY [0 J,BH ; a dDuble blob hit is thin put intD the 6641 08 CI OR Ax,eX ;by using a Slightly different la.k .e can 
65F3 47 INC 01 ; dutination buller 6641 25 4141 AnD AX,mIH i actolplish the task 
bSF. £2 DC LOOP H8ITD 6646 23 D9 AND Bl,CX 
65F6 8le602 ADD i~~icT 6648 BI E3 8282 AND 1~'li82H 65F9 FF DE 6176 R DEC mc 08 Cl DR 
65FD 7st6 JNl NMORD 6ME 09 44 50 DR 80/SIl,Al 
65FF C3 RET 6651 ale602 ADD 51,2 
6600 SR£YADD EHDP 6654 4A DEC OX 

j 6655 75£2 JHI NOm 
SU8TTL FllLIN ROUTINE FOR 640 • 128 pictur. 6m 88166173 R BOY :~'E~iCTR 6658 FF DE 6171 R DEC 

66SF 15 B6 JNI HEBYT 
6661 C3 RET 
6662 FIlUN2 £110' 

I 
SUBTTL ENHANCE ROUTINE lor 640 • 128 pictur. 
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ENHANCE ROUTINE lor 640 I 128 picture GREYADD ROUTlIlE lor b4Q ,'128 piclur. 

PAGE PA6E 
66b2 ENHANCES PROt NEAR ooC6 GREYADD2 PROC NEAR 
6662 £8 b5AO R tALL CLEARG O6C6 Fe CLD 
"65 BE 5162 R lillY SI,OFFSET BmAPB 66C7 BC DS HOY AX.OS ;this routine is my silplistic 
"6B BF 28C2 R lillY ~~t~~~S£T BlIMP 60C9 BE CO HOV ES; AX i •• takes the i sages produced by the too 
666B EB OA 90 JIIP bbCB BE 28C2 R HOV SI,OFFSET BITMAPj dJlfer.nt .'posur. tIles and alternately 
666E E"HrulCE6 ENDP boCE SF 0022 R HOY DI,OFFSET MORr.HAPi use the bits frot one iug. with the 

I 60DI 88 IE 0014 R HOV BX.HAPBYTES i bIts IrDI the oth.r i.age 
bbbE ENHAWCE2 PROC NEAR bbOS 01 EB SHR ax;1 
bbbE E8 659A R CAtL CLEAR. b6D1 AD ngrey: LOOSW 
6671 BE 2SC2 R nov Sl,OfFSETBlTftAP .bDB BB 00 HOV CI, lOll 
6m SF 0022 • nOV D I, OFfSEt 10RKnAP bbOA 25 555~ ArlO AI,5555H 
.. 77 ENTRYD: bbDD 81 £1 MAA AHO Cl,OAMAH 
6611 FC CLD b6EI OBCI OR AI,el 
6618 88 IE OOIC R HOV ax,SCR_ROWCT 66E3 AD STOSI 
mc Dl E8 SHR 81,t bbEI 4D DEC ex 
bb7E D2 OA HOV Dl,lO 6bE5 75 FO JNt NGm 
6680 SAF2 .row2: nov OH,OL 66El Cl RET 
6682 AD Abe2: LOOSK bOEB SREY~D2 ENDP 
6681 BOC. ICHS AL,AK ; 
b6SS 89 0008 nov cr,s 6bES ACIACLR PRot NEAR 
66SB DI EO Dxtl: SHL AI.I 66E8 sa 16 6162 R IIlIV OX, CONTROL 
bbBA 13 04 JNC NOCA 66EC 80 CO IIlIV AL,OCON isend uste, resft to CUI'I 
6.DC BotD 50 03 DR BYTE PTR SOlDIJ,3 66EE EE BUT DI,AL 
b690 DI EO noca: SHL :8f' l6EF 8028 nOv AL,28K ; send cater a protocol of 
6692 13 03 JNC 60FI EE OUT DX,At i I start, 8 data, I stop bits 
6694 BO ODOC OR WE PTR IDll,OtH 66F2 C3 RET 
6697 47 noeb: INC 66F3 ACIAClR ENDP 
6698 EHE lOOP Nm i 
669A FE CE DEC DK 6bF3 SENDCnD PROC NEAR 
bm 75£4 JNt NDEl b6F3 sa 16 blb4 R nov Ol,STATUS 
6m SA F2 nov ON OL b6f7 £C IN At,OX i,et status 01 calera 
66AO S3 C60C ADD 51;12 iSkip to stlrt of next raw 66FB AS .0 TEST ~~~~~D ISII if cOllind Cin be sent 
6CAl AD nb02: lODSM 66FA 74f7 Jl ;loop until ready 
h6M SbC4 XeHS AL,AH 66FC BAC. nov AL,AH i set up cOllind 
6bA6 89 0008 noy ex,s 66FE SB 16 bl6S R nov OX , DATAOUT 
66A9 01 EO nxll: SHL :~~ 6102 EE OUT DX,At Isend calera calland 
66AD 7303 JWC 6703 C3 RET 
66AD SO 00 CO OR BYTE PTR tDI J, OCOH 6704 SENOCnD END' 
bbDO 01 EO notc: SHL ~~~~ I 
6bB2 13 04 JNC 6104 SOAK PROt NEAR 
6684 SO 4D 51 30 OR UTE PTR 811D1l,30N 6704 88 OE blOC R nov ~~S~~~OSE_ TlftE ;soaktiae • nUlbtr 15ft delay 
66B8 47 noed: INC 670B E3 09 Jcxt 
6689 E2EE LOOP NXTl 670A 51 51: PUSH CX 
6m FE CE DEC DH 6108 89 0106 nOv g.262 l5et up loop far I Isec 
66DO 15£4 JNl "B02 b10E E2FE S2: LOOP 
66SF Slt6 DC ADD :1,12 6710 59 pop Cl 
6bC2 4B DEC 6111 E2 F7 LOOP SI 
66C3 7UI JNl NROW2 6113 Cl NOSDAr.: RET 
66C5 C3 RET 6714 SOAK EIIlIP 
66t6 ENHANCE2 EHOP 

~REYSDAk PRDC NEAR I 
6REYADD ROUTINE lor no I 128 picture 

6714 
SUBTTL 671. 88 OE mc R nov ~~~mDSE_ TINE 

I>71S E3 09 JClI 
671A 51 GI: PUSH CI 
67IB 89 OODE noy ~~,222 
b71E E2FE 62: lOOP 
6720 59 PDP ex 
6721 E2F1 lOOP 61 
bm C3 ~~mt~r. R~:DP 6724 

I 
6724 BEEP PRDC NEAR 
6724 84 02 nOV AH,2 j DOS cill to sound bill 
6126 82 07 nov OL,7 
6128 CD 21 INT 21" 
672A C3 RET 
6728 BEEP ENOP 

i 
6721 (SEa ENOS 

END 



The IB" Personal COi~uter A.seabler 07-19-83 PAGE SYlbols-1 The IU Personal coaguter Assubler 07-19-83 PAGE SYlbols-2 
"ICRotlnE ASSE"BLER R UTINES I mEDRVR I mRONEYE ASSmLER R UTlNES I"EYEDRVRI 

Seglents and groups: IOCHR •••••••••••••• L NEAR 6346 cm 
NODSYT ••••••••••••• L NEAR b54F cm 

N i • e Size align cOlbine class ROKEY •••••••••••••• L NEAR 647F CSEG 
NOSOAK ............. L NEAR 6713 CSEG 

CSEG .............. 672B PARA PUBLIC NOTNO •••••••••••••• L NEAR 62AB CSEG 
NPUT .............. L NEAR blBB [SEG 

SYlbols: HROW2 •••••••••••••• L NEAR 6680 cm 
NTA ••••••••••••••• L NEAR M.C CSEG 

N a I e Type Value AUr MTO ••••••••••••••• L NEAR 6449 CSEG 
NWORD •••••••••••••• L NEAR 6~CS CSEG 

ACIACLR ••••••••••••• N PROC 66E8 CSEG Length -OOOB NWORDC ............. L NEAR 6496 CSEG 
ARRAY CT ••••••••••••• l WORD 0020 CSEG Nil2 •••••••••••••• L NEAR 6688 CSEG 
BEEP •••••••••••••• N PROC 6724 CSEG Length =0007 Min •••••••••••••• L NEAR 66A9 CSEG 
81TtT •••••••••••••• L 8YTE 6175 CSEG NITBYT ••••••••••••• L NEAR 6353 CSEG 
BIT"AP ••••••••••••• L BYTE 28C2 tSEG length =2BAO NITROU ••••••••••••• l NEAR mB CSEG 
BIT"APB ••••••••••••• L BYTE SI62 CSEG Length =1000 NilSET ••••••••••••• l NEAR 632B cm 
BYTES TAB •••••••••••• L WORD 6JAO CSEG OODROW ............. L NEAR 653E CSEG 
CLEARS ••••••••••••• L NEAR 6SAO CSEG PARRelt ••••••••••••• F PROC 0006 CSEG length =0006 
ClEARN ••••••••••••• N PROC 659A CSEG length =OOIA PAR" I ............. l NEAR 0009 CSEG 
C~ TAB ••••••••••••• l WORD MAC CSEa PCALe .............. N PROC 627B CSEG Lfn;th =0095 
COLtTR ••••••••••••• l MORD 6173 (SE6 PIC ••••••••••••••• l MORD 61E4 CSEG 
COlC! TAB •••••••••••• L WORD 6194 CSEG PICA •••••••••••••• L NEAR 6253 (SEG 
CORRARo ••••••••••••• L BYTE 6170 CSEG PICB •••••••••••••• L NEAR 6254 CSEG 
CONTROL ••••••••••••• l WORD 6162 CSEG PICC •••••••••••••• L NEAR 6257 (SE6 
CPAT .............. L BYTE blC3 cm PICD •••••••••••••• L HEAR 62bO CSE6 
CM .... '" ........ l NEAR 6SA3 CSE6 PICDU"P ••••••••••••• F PROC OOOC CSE6 Len;th =0004 
DATAIN ••••••••••••• L WORD 6166 CSEa PICE ••••••••••••• , L NEAR 6263 CSEG 
DATAOUT ••••••••••••• L NORD bl6B CSEG PleF •••••••••••••• L NEAR 6269 (SEG 
DIICHK •••••••••••••• l NEAR 6438 CSE6 PICTYPE ••••••••••••• l WORD 0018 CSEG 
DONE .............. l NEAR 622E CSE6 PUT8YTE ••••••••••••• l NEAR b384 CSEG 
OPAl •••••••••••••• l BYlE bIBB CSE6 PUTSTR ••••••••••••• l NEAR 6389 CSEG 
EARL Yl ••••••••••••• L NEAR 637F CSE6 RECHK •••••••••••••• L NEAR 6429 CSEG 
ENDSTR ............. L NEAR 6398 CSEG RESTART ••••••••••••• L NEAR 620F CSEG 
ENHANCE ••••••••••••• " PROC 64E5 CSEG lengt. -00B5 ROMCTR ............. L MORD 6171 cm 
ENHANCE2 •••••••••••• N PROC b66E CSEa Length =0058 ROWCT TAB •••••••••••• l WORD 4188 CSEG 
ENHANCES •••••••••••• N PROC 6662 CSEG length =OOOC ROWOK: ............. l NEAR 6m CSEG 
ENTRYI ............. L NEAR 6677 CSEG SI ••••••••••••••• L NEAR 670A CSEG 
EVROW •••••••••••••• l NEAR 61FD CSEG S2 ••••••••••••••• l NEAR 670£ CSEG 
EIITEOF ••••••••••••• L MORD 616A CSEG SCRDU"P ••••••••••••• N PROC 6310 CSEG length =0088 
EXPOSE tiRE. • • • • • • • • • • l MORD 616C CSEG SCREE" START • • • • • • • • • • L MORD OOIA CSEG 
FG2 •• - ••••••••••••• l NEAR UF2 CSEa SCRXFER ••••••••••••• F PROC 0010 eSEG Length =0004 
FILLlN2 ••••••••••••• " PROe 6600 CS£6 len;th =0062 SCR COLCT •••••••••••• L MORD 001£ CSEG 
FLIPIT ••••••••••••• L HEAR 635A cm SCa-ROIICT •••••••••••• l NORD OOIC CSEG 
FRAnEGRAB •••••••••••• H PROC 63DF CSEG length -00A7 SENDCftO ••••••••••••• N PROC 66F3 CSEG length =0011 
61 ••••••••••••••• l NEAR 671A CSEG SETSftP ............. L NEAR 6lEF CSEG 
G2 ••••••••••••• ' •• l NEAR 671E CSEG S"ODTHB ••••••••••••• N PROC 6486 CSEG Length =005F 
SETPIC ••••••••••••• N PROC 61F' CSEG Length =OOB5 SOAr. .............. • PROC 6704 CSEG length -0010 
SEIPICT ••••••••••••• F PROC 0000 CSEG length =0006 SOAKPTR ••••••••••••• L WORD 61FO CSE6 
SlIN •••••••••••••• l BYTE 610C CSEG STATUS ••••••••••••• l MORD 6164 CSEG 
GPIC I ••••••••••••• L NEAR 0003 [SEG TEITSE! ••••••••••••• l BYTE 6108 CSEG 
GREYIDD ••••••••••••• " 'ROC 6584 CSEG length -004e TOTBYTES •••••••••••• L MORD 617A CSEG 
GREYAD02 •••••••••••• N PROC 6bC6 eSEG length =0022 TOT TAB ••••••••••••• l MORO mc CSEG 
GRBGRAB •••••••••••• N PROC 6306 CSEG Length -0009 TSET •••••••••••••• L NEAR 6377 CSEG 
GREYSOAl •••••••••••• N PROC 6714 CSEG length =0010 MHITECT ••••••••••••• L MORO 6178 CSEG 
GRLEN •••••••••••••• L WORD 61EO CSEG WHITE PCT •••••••••••• l MORD 616E CSEG 
GRSHUP ••••••••••••• L BYTE 61Dl cm NORDCT ............. L WORD 6176 CSEG 
KEYCHK ............. l NEAR 6460 [SE6 WOHK"AP ••••••••••••• l BYTE 0022 CSEG length =2BAO 
KEYCLR ••••••••••••• L NEAR 6480 CSEG 
rEY VALUE •••••••••••• L NORD 0016 CSEG Warning Severe 
ftAPADR ••••••••••••• l MORD 61F4 CSEG Errors Errors 
nAPBYTES •••••••••••• L MORD 0014 CSEG 0 0 
ftOVESCR ••••••••••••• N PRoe 6398 [SE6 length =003B 
NB02 .............. L NEAR 66A3 cm 
NBE2 .............. l NEAR 6682 CSEG 
RBITC •••••••••••••• l NEAR 64A9 cm 
NBITD •••••••••••••• l NEAR 6502 [SEG 
MEBYT •••••••••••••• l NEAR 6b17 eSEG 
HEVBYT ••••••••••••• L NEAR 6S0E CSEG 
NENROM ............. L NEAR 64f7 CSEG 
HENRNJ ............. l NEAR 6597 CSEG 
NFBYT •••••••••••••• l NEAR 6426 CSEG 
.GREY •••••••••••••• l NEAR 6.07 CSEG 
HGSOAK ............. L NEAR 6723 CSEG 
N02ARRAY •••••••••••• l NEAR 62FF CSES 
NOBYT •••••••••••••• L NEAR 6639 CSEG 
WOCA .............. l NEAR 6690 CSEG 
HOCB .............. l NEAR .691 CSEG 
NOCC .............. l HEAR 6680 [SEG 
HOCD .............. l NEAR 66&8 [SEG 



APPENDIX F 

GUIDE TO OPTICS SELECTION AND LIGHTING TECHNIQUES 

F.1 LIGHTING CONSIDERATIONS FOR THE IS32 OPTICRAM 

The IS32 OpticRAM lends itself to profiling scenes and component 
parts by imaging the dimension to be measured onto a matrix of light 
sensors vlhere each light sensor is equal to some distance in physical 
space. 

The MicronEye Camera needs a high contrast scene in order to 
image the object into the IS32. Unlike a TV camera which can respond 
to shades of gray, the IS32 is a digital chip where each picture 
element makes a black/white judgement based on an arbitrary light 
level used as a threshold (trip light level). Portions of the scene' 
that are lighter than the threshold level will be judged as white 
while portions of the scene darker than the threshold level will be 
judged as black. 

For example, if the trip light level is made lighter, then a new 
slice of the scene would be captured around that light threshold. One 
can look at shades of gray as planes of binary light level slices. 
One example: 64 gray scales means 64 binary light level slices. 

The trip light le.vel can be changed in one of three ways: 

1. Changing the exposure time. 

2. Changing the f-stop on the lens. 

3. Changing the light on the scenes itself. 

Doubling the exposure time is the same as opening the f-stop by 
one stop, (changing the f-stop to the next smaller number), or in 
other words doubling the amount of light. Contrast can now be defined 
as a minimum difference between adjacent slices. Example: In taking 
64 gray scale slices there is normally only one slice where the 
adjacent slice is of a minimum difference. 
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GUIDE TO OPTICS SELECTION AND LIGHTING TECHNIQUES 
LIGHTING CONSIDERATIONS FOR THE IS32 OPTICRAH 

High contrast means that there are more than two adjacent slices 
that are about the same (usually three or more adjacent slices are 
about the same). 

F.1.1 FRONT LIGHTING 

Front lit scenes, where the camera is on the same side of the 
scene as the light source or ambient light, usually is low in 
contrast. In this situation extreme care in setting up uniform 
lighting on the scene is necessary and the optimum trip light level 
needs to be used. Front lighting requires a multiple diffused light 
source such that the contrast in the scene is increased. If defects 
or points of interest are to be emphasized, side lighting such that 
the defects or points of interest cast a shadow, or increase in 
spectral energy (reflection) will usually point out the defects. 

To set up a front lit scene, normally one or more flood lamps 
(outdoor flood lamps purchased from a local hardware store are 
adequate) are arranged around the scene far enough away so that there 
are no shadows. Then the f-stop, focus and lamps are adjusted for 
maximum contrast and focus. Adjust the focus where the smallest part 
of the scene has the most detail. The depth of focus (the distance 
the scene can move in relation to the camera and still be in focus) is 
increased at higher f-stops. Increase the amount of light and/or the 
integration time to optimize the result. 

A trade-off of lighting, integration time, f-stop and 
scene-to-camera positioning (also lens selection) is necessary to 
optimize the result. Due to light falling off (at a slope of 
cos*cos*cos*cos) from the center of the lens going to the edges of the 
lens, the periphery of a scene takes more light for a uniform trip 
light threshold to capture the scene. 

F.1.2 BACK LIGHTING 

For a backlit scene, the light comes from behind the scene so 
that the object being viewed is shado~led into the camera. 
Backlighting the object, for maximum contrast will give the best 
repeatable results. Backlighting is recommended if the camera is used 
to measure the object or certain aspects of the object and/or for part 
recognition since the trip light level can move a large amount without 
degrading the results. 

The backlit light source must be large enough so that the camera, 
without the object in the field of view will see a uniform amount of 
light. This is normally accomplished by using several flood lamps and 
shining the flood lamps onto a diffused surface (ground glass, or 
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GUIDE TO OPTICS SELECTION AND LIGHTING TECHNIQUES 
LIGHTING CONSIDERATIONS FOR THE IS32 OPTICRAM 

diffused white plastic, or frosted mylar), such that a uniform light 
source is created. Placing the object between the diffused surface 
and the camera will shadow the object into the camera with maximum 
contrast. Adjust the f-stop to the maximum value that the amount of 
light and integration time will allow. NOTE: For non-contact 
measurement of the objects' size, the magnification changes in 
relation to its distance from the camera to the object. 

In selecting a lens, the magnification change as the object moves 
in the Z axis must be considered. The farther the lens is from the 
object the less the size changes as the object moves in the Z axis. 
The equation that relates the Z axis motion of the object to the 
change in lens-to-object distance is: 

Z = change in object motion to/from the camera 
L= Lens to object distance; 

% area change = 200 * (Z/L + Z*Z/L*L) 

For example, if the Z axis motion is 1/2 inch and the lens to 
object distance is 20 inches, then the change in size of the scene, as 
the computer sees it, is 5.25% in area. In comparing the MicronEye 
camera, lighting and processing, to other industrial systems that do 
gray scale processing, where lighting is not a dominant factor, there 
is usually a 300 to 1 cost trade-off. Placing more emphasis to 
correct the lighting so that a single threshold can be used produces a i 

saving of 300 times. 

F.1.3 ILLUMINATION SOURCES 

Some of the common illumination sources are tungsten, quartz 
halogen, quartz iodine, fluorescent, and mercury or xenon arc lamps, 
as well as various flash lamps, lasers and LED sources. The common 
ways to configure these sources are: 1) illumination of the scene, 2) 
backlighting (shadowing) of the scene or 3) a combination of both, 
depending on the type of information desired from the camera. See 
figure F-1. 
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GUIDE TO OPTICS SELECTION AND LIGHTING TECHNIQUES 
LIGHTING CONSIDERATIONS FOR THE IS32 OPTICRAM 

C~era 0 Camera C~er. 0 
Ligh'~ll~gh' o Object 0,,1 

Light 
SHADOW IMAGING 

FRONT-LIT BACK-LIT (for hole or 
IMAGING IMAGING bump defect 

detection) 

:amei) 
Li9hO 

or? ~K 
.-. 
.~ 0 
~ ---- , 

o<m~1 : C~era I ~ \ Camera 

~0 ~ \ 'ooi 

.-. Light 
\ 

Lens 

SPECTRAL ILLUMINATION SPECTRAL ELIMINATION COLLIl1ATED LIGHTING 

Figure F-1. Illumination Techniques 

The light intensity required by the image sensor must be well 
defined in order to have even illumination of the scene, since the 
camera uses a common threshold for the entire scene, calling it light 
or dark. Only a small portion of light from the light source, via the 
scene, actually ends up in the sensor. Therefore, in choosing a 
suitable light source, such factors as even illumination versus 
threshold, f-stop and magnification of the lens, and the surface of 
the object (light or dark, diffused or specular) must be considered. 
Certain sections of the object may require spotlights to create an 
even illumination where a meaningful threshold scene can be produced. 
The amount of light coming through the lens is increasingly attenuated 
as the angle between the center of the lens going to the edge of the 
lens increases. 

F.2 OPTICS 

The MicronEye comes standard with a C-mount lens. Special 
applications may require the use of other lenses or filters which are 
not of the C-mount variety. C-mount adaptors are available for the 
more common lens types discussed below. 
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F.2.1 LENS TYPES 

GUIDE TO OPTICS SELECTION AND LIGHTING TECHNIQUES 
OPTICS 

Three common lens types are the C-mount series, U-mount series, 
and L-mount series. 

F.2.1.1 The C-mount Lens - The C-mount has a flange focal distance of 
17.526mm (.690"). The flange focal distance is the distance from the 
lens mounting flange to the convergence point of all parallel rays 
entering the lens when the lens is focused at infinity. The C-mount 
lens is the \'lOrk horse of the TV camera world. 

Its format is designed for performance over the diagonal of a 
standard television camera videcon. This lens was selected by Micron 
because of its popularity and ease of availability. The mounting 
thread characterics are: 1" diameter, 32 threads/inch (machinist 
thread information 1"-32um2A). 

Generally, this lens is an excellent choice for the OptiCRAl-'i. 
However, due to geometric distortion and field angle characteristics, 
short focal length lenses should be evaluated as to suitability for 
metrology (measurement) imaging. For instance, an 8.5rnm focal length 
lens should not be used with an image sensor greater than 1/8" in 
length (the OpticRAM is .174") if the application involves metrology. 
Also, the majority of lenses should not be used wide open because of: 
the light falloff characteristics. 

The lens-to-OpticRAM distance has been established by using the 
flange focal distance dimension for fixed focal length lenses 
(non-adjustable focus). For close-ups, lens extenders will be 
required. The lens extender is used behind the lens to increase the 
lens to OpticRAM distance. 

Spacer Lens (in mm) = Focal Length / Magnification 

For a given lens, as magnification increases the distance between 
lens and focal plane decreases. Figure F-2 contains graphs of object 
distance versus magnification for common C-, U-, and L-mount lenses. 
These charts are a useful "ballpark" guide for lens focal length 
selection. 

F.2.1.2 The U-mount .Lens - The U-mount lens is a focusable lens 
having a flange focal distance of 46.52mm -(1.7913"). The 
characteristic of the mounting threads is M42x1. This lens was 
primarily designed for 35mm photography, applications. A C-mount to 
U-mount adapter can be purchased from most camera stores. 
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GUIDE TO OPTICS SELECTION AND LIGHTING TECHNIQUES 
OPTICS 

F.2.1.3 The L-mount Lens - The L-mount lens is a fixed-focus 
flat-field lens designed for committed industrial applications. This 
lens was originally designed for photographic enlargers. The flange 
focal distance is a function of the specification of each lens 
selected. 

F.2.1.4 Microscope Lenses - There are standard microscope lenses 
available. These are to be used in applications where a magnification 
of less than one is required. However, a microscope lens to C-mount 
adapter in most cases needs to be individually designed because 
generally long lens extenders are needed. 
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F.2.2 TERMS AND DEFINITIONS 

ARRAY SIZE: The physical size of the OpticRAr,! array from the 1 st to 
the last pixel. The size can be looked at from many points of 
view. Care must be exercised in how the scene is projected onto 
the array via the optics. 

Example: 
174.016 
The rmv 
pixels) 

From the 1st pixel to the last pixel the column size = 
mils and the row size of either section = 34.52 mils. 

dimension of the total array (of both arrays plus space 
= 73.764 mils. 

FIELD OF VIEW (FOV): The maximum image dimension plus an allovlance 
for alignment and part variation. 

FOCAL LENGTH (F» Type of lens, defined in millimeters. The present 
lens that is shipped with the camera is a 16mm C-mount lens. 

F-STOP: The opening of the iris on the lens is calibrated in f-stops. 
Each higher number requires twice the light on the object for the 
same amount of light falling on the array. 

LENS TO HlAGE DISTANCE (S'): The distance from the lens to the image 
(scene) . 

LENS TO OPTICRA~1 DISTANCE (S): The distance from the shoulder of the 
lens mount to the surface of the integrated circuit inside the 
OpticRAH package (plane of best focus). A lens extender may be 
required for objects that are closer to the lens than the normal 
lens design dictates. 

MAGNIFICATION (M): A camera lens is a transformation device that will 
make the image projection onto the array either smaller or larger 
depending on the lens and the distance away from the lens. The 
ratio of the object's true size to the size of the projection on 
the array is called the magnification. 

PIXEL COUNT: A count of the number of pixel pitches that an aspect of 
the image traverses on the array, directly proportional to the 
magnification. In image space each pixel pitch represents a 
minimum resolution (image resolution). 

RESOLUTION: The smallest size that is of interest in the field of 
view of the camera. The resolution is pixel pitch times the 
magnification. 

Z AXIS CHANGE: The change in the distance between the camera and the 
object. As the distance betw'een the scene and the camera 
decreases, the image projected onto the OpticR~l gets bigger, and 
therefore covers more pixels. As the distance between the scene 
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and camera increases, the image gets smaller. If the distance 
between the camera and the scene is closer than the lens will 
focus, a spacer can be inserted between the lens and the camera 
to extend the focus range, or a different lens may be used to 
enhance the focus. The spacer length formula is used to 
determine the size of the spacer needed. 

F.2.3 USEFUL EQUATIONS 

IMAGE SENSOR 

M (movnillcotlon) - Image Field of vr.w / optrcRAIII Si •• 

- S'/S 
- F'/(S-F) 
- (S'-F)/F 

F (Focal L.en9th) - S'/(I.I+1) 
- (S.M)/(M+I) 
- (S+S")/(M+Z+(I/M» 
- (l.lto(S+S'»/(M"'I) 

S' ( ..... to object di.lonce) - SoM 
- Fo(M+I) 
- (S.F)/(S-F) 

Figure F-3. Simple Lens Equations. 
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NETRIC 
CONVERSIONS: 1 INCH = 25.4 Millimeters 

1 INCH = 2.54 Centimeters 
1 FOOT = 304.8 Millimeters 
1 FOOT = .3048 Meters 
1 YARD = .9144 M.eters 

1 ltli 11 i second = .001 seconds (msec) 
1 Microsecond = .000001 seconds (usec) 

The resolution in the scene is dependent on the pixel pitch times 
the magnification. However, since the row pitch and the column pitch 
are different, this will correspond to a different magnification in 
the XY plane. Care must be exercised in selecting the dominant pitch. 

PERCENT OF ¥~GNIFICATION CHANGE PER IMAGE AXIS = (Z/S') * 100 

As the scene moves towards the camera, each scene axis gets 
bigger. As the scene moves away from the camera, each scene axis gets 
smaller. This equation relates the total Z axis motion (to and away 
motion of the scene as related to the camera) to on edge change 
providing the scene is still in focus. 

F.2.4 LENS SELECTION CONSIDERATIONS 

The selection of a lens requires the consideration of many 
parameters such as lighting, edge sharpness of the scene, Z axis 
motion of the scene, and distance from the camera to the scene. The 
lens provides a projection of the scene into the OpticRAM. This means 
if the lens is not selected properly or is misadjusted (out of focus, 
etc.) the information that the OpticRAM sees will not adequatly 
represent the scene, (for the threshold data slice of the scene will 
not represent the scene). One will be hard pressed to interpret what 
the camera is looking at. The choice of a lens in terms of focal 
length and field of view are directly affected by restrictions which 
may exist on the working distance of the camera. For example, a room 
size may restrict the camera from moving back far enough to have the 
scene in focus or fully captured. 

The least resolvable element or increment in a measurement system 
may be the dominant factor, implying that more than one camera may be 
required in the system. In our system, with a built in threshold 
sensing technique, the resolution is equivalent to one pixel. The 
scene resolution is the pixel pitch times the object magnificati~n. 

Accuracy is the degree of exactness to \vhich the measurement can 
be made. Under controlled conditions, accuracy can equal the 
resolution. When measuring the distance between two edges of an 
image, the accuracy is equivalent to one element per edge under 
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conditions of having a sharp optical image of the object's edge. If 
lesser accuracy occurs, it is usually due to an unsharp edge, created 
by poor contrast between the object and the background, or due to 
dynamic aspects of object movements and integration time. However, by 
averaging one edge (or edges), the accuracy can be finer than the 
object resolution. 

The following example discusses how one would select each 
component part for the camera and system configuration: 

A disk is to be measured for its diameter on a translucent 
conveyor. The conveyor speed is 15 feet per minute. The disk size is 
.2 inches (with .02 inches of variation) with a height variation of 40 
mils. This includes the conveyor thickness variation and vibration. 
NOTE: The limit tolerance in relation to the nominal size is .02 
inches. However, the measurement of the part may require 10 times 
better resolution than the limit requires, 1% in this case. 

In this example we will look at two ways to implement the 
solution. One solution is using a strobe light \'lhile the other 
solution is to analyze the motion of the part as it relates to the 
array. Figure F-4 describles the disk on the conveyor. 

i 
Motion 

Left side I 
C&!nter Overlap 

Back edge 

Actual 
size 

Right side 

Scan 

Figure F-4. Dynamics of Sample Problem 
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F.2.4.1 SOLUTION 1 - The Field of Vievl (FOV) is .2 + (.02x2) = .240 
inches. This gives a tolerance of the maximum disk size with .01 
inches on top and bottom for location variation. 

Calculate the magnification using the row dimension of 129 
elements (34.52 mils). This is the dominant dimension in this case 
since the diameter of the disk need to be contained within the field 
of view of the camera. The column dimension of 514 elements is 
174.016 mils. 

M = .240 inches / .03452 inches = 7.0 Y-LAGNIFICATION 
USING THE ROVl 
AXIS 

Resolution in the Row Axis = 7.0 x .26772 mils = 1.87 mils static 
resolution. Resolution in the column axis = 7.0 x.33858 mils = 2.37 
mils static resolution. However, the 174.016 mils column axis times 
7.0 ="1.218 inches. The FOV window at a magnification of 7.0 in space 
is .2416 inches by 1.218 inches. This gives a lot of space for the 
disk to move around, yet it can still be accurately measured. 

This means that if we project the OptiCRAM array into the object 
plane, each row axis pixel will have a pitch of 1.87 mils and each 
column axis pixel will have a pitch of 2.37 mils. 

Using the chart for C-mount lenses (Figure F-2) for a 
magnification of 7.0, the lens to image distance for different lenses 
could be: 

12.5 rom = 2.5" 
16 mm = 3.75" 
25 mm = 5.75" 
50 mm = 14" 
75 mm = 22" 

To find the image distance, find 7.0 on the magnification axis. 
Follow it until it intersects the lens typ~s and read off the walues 
of the working distance on the other axis. 

The disk height variation of 40 mils creates a change of 
dimension (magnification change). The percent of dimensional change 
is related to the height variation, divided by the lens-to-object 
distance times 100 «Z/C')*100). If a lens extender is required, the 
extender length can be calculated by dividing the lens focal length by 
the required magnification. Units are in millimeters. The resulting 
image will focus when the lens focus control is set in its mid-point 
position. The following lenses can all be used to give a 
magnification of 7.0: 
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Lens to % Deviation Spacer 
Image Distance Versus Z Change Length 

2.5" 1.6 % 1 .8 rom 
3.75" 1 . 1 % 2.3 mm 
5.75" .67% 3.75mm 

11 " .28% 7.1 mm 
17 " .18% 10.7 mm 

The 75mm lens will provide the least amount of f.lagnification 
distortion. If there is enough physical space, then selecting the 
75mm lens with a 10.7mm extender ring places the camera ajd lens 22" 
above the disk conveyor. 

The dynamic property of the system is the smudge. As the part 
passes the field of view of the camera, the edge of the part is 
smudged across several pixels as the camera integrates the light 
entering the camera. Since the part is traveling at 15 ft. per 
minute, what must the integration time be so that only one pixel vdll 
be smudged? Converting feet per minute to inches per second = 

15 ft/min * 12 inches/ft * 1 min/60 sec = 3 inches/sec 

As calulated before, 1 pixel of the row dimension = 1.87 mils. 
This means that for each frame scan the part can only move 1.87 mils" 
per scan and since the part travels at 3 inches/second, then: 

.00187"/scan * sec/3" = .000623 sec/scan = 623 microsec/scan 

This is clearly too fast for the camera, which can operate at only 4 
scans per second. What is the solution? At each scan, the disk 
moves: 

3 inches/sec * .25 seconds/scan = .75 inches/scan 

The part is only .24 inches in diameter. This means for every scan, 
the part can move approximately four times its diameter through the 
field of view of the camera. The solution is to place a photo 
transistor looking across the conveyor to an LED. As the disk blocks 
the LED light to the photo transistor, it triggers a strobe light that 
is mounted below the translucent conveyor. Select a strobe light ~d th 
a flash of peak energy shorter than 613 microseconds. The setup is 
shown in Figure F-5. 

As the strobe light flashes, it also triggers the software that 
brings in the camera data. The camera integration time is directly 
linked with the part pitch. However, care must be taken so that the 
integration time does not exceed where the ambient light or dark 
current rises above the camera threshold. If the conveyor stops or no 
parts come down the conveyor, this fact must be sent to the software 
v7here it will input data from the camera and throw it away (dummy 
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read) to refresh the pixels to keep the camera in the alert condition. 
By having a photo-transistor that precedes the strobe 
photo-transistor, the first photo-transistor does a dummy read. This 
arms the camera and after the flash the camera will contain the 
correct data. A strobe light is an effective tool to freeze action in 
dynamic situations. However, in many situations a strobe light may 
not be required. 

21------------- -----------r--I1o Lamp I I photo 

I t ~~a~~;~~~r 
0 1--------------------------- -- 0 
~I -~ Lamp Disk to be measured Transistor 

to Clear I ~lrn a~e 

I ,,,, ~,,- 1 I 
Figure F-5. Triggering Camera Based on Part Location 

F.2.4.2 SOLUTION 2 - This solution shows how to approach the problem 
without using a strobe light. Assume that an incandescent light is 
used to backlight the part, and the OptiCRAM is operated at 120 frames 
per second, which translates to 8.33 msec/frame. The part is still 
moving at 3 inches/sec, as we calculated in the previous solution. 

Calculate the distance over which the disk is smudged: 

.083 sec/scan * 3 inches/sec = .025 inches/scan smudge 

From 
field of 
smudge to 
Dividing 
calculate 

scan to scan, the part moves .025 inches. Therefore, the 
view needs to be the size of the part (.24") plus 2x the 

allow for the smudge of the leading and trailing edges. 
the FOV (.29") by the row dimension (.03452) we are able to 
a magnification constant of 8.4. 

Assuming that a 75mm lens was selected gives a distance of 26" 
from camera to scene and a deviation of .15 percent of Z-axis 
magnification change with a spacer of 8.9mm. The row axis resolution 
is determined by the product of .268 mils * 8.4 giving 2.25 mils. The 
column axis resolution is the product of .33858 mils * 8.4 giving 2.84 
mils. 
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This means that each edge has a gradient (in this case) of 12 
pixel smudge motion. See figure F-6. If the threshold is centered to 
the midpoint of the light amplitude, the 12 pixels that are smudged 
will go to 6 pixels (actual edge) on each side. The actual size can 
be realized by either changing the intensity of the lamp via a fixed 
threshold or by changing the threshold and holding the intensity of 
the lamp constant. However, since size is directly related to light 
versus threshold levels, the lamp output needs to be accurately 
stablilized. 

(Cross-section of a Row of Diodes in the Direction of Motion) 

, 
tE----? Srnudqe ~ ~smlJdgc H 

__ ----..' I I I Li ht ov 
I I 

I 
___ -:::...~---l--------L--_r---'T""""hreshold 

I 

I 

O.uk 

KIE----+) ~~t~~! ~::~~~. as p7::~~r:~ ~( ---71)1 
measured in the row direction. 

5V 

Figure F-6. Length Measurement of a !-ioving Obj ect 

We have talked so far about what happens to the middle of the 
part, now we need to talk about what happens at the left or right edge 
of the part in a dynamic situation. (Refer back to Figure F-4) 

Assuming the right most edge or left most edge covers a pixel, 
the question is, for what duration is the pixel covered? Assume from 
scan to scan that the disk moves .025 inches. Using the formula for a 
chord of a circle (Figure F-7), we need to determine the error at 
point A and point B. 
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I( Co -----71 

/ 

Figure F-7. Chord of a Circle Equation 

From earlier calculations, the pixel width in the column axis of 
2.84 mils, with .1 inch radius is: 

Co = SQRT(4(2*.00284*.1 - .00284 2 » = .0476 

.0476 " * scan/.025" -- 190% f th t· th A dB' I ,., k o e ~me e an p~xe s are oar 
suggesting that the error at points A and B 
is neglible. (190% of the time is an awkward 
way of saying that the disk travels only 
about half the distance between points A and 
B in one scan period. Ehen the percentage 
exceeds 60%, we can say for certain that the 
left/right edge pixel represents the part • 
. Hotion is alvlays a problem even in static 
situations because between the camera and 
the scene there is vibration which may 
require careful attention to detail. 

Once data is captured either by a strobe lamp or by back lighting 
(shadowing) and stored in the computer memory, statistical averaging 
is then done in order to improve the data. EXAl-1PLE: Using the 
formula to find how many row pixels should come dark at the same time 
at the entry and exit. The row resolution is .00225 inches per pixel. 
Using the formula for a chord of a circle: 

Co = SQRT(4(2*.00225 * .1 - .00225*.00225» = .042 mils 
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.042 mils * pixel/.00225 mils = 18 pixels 

This indicates that if 18 pixels are averaged at the 
max/min points then the resolution and accuracy can 
be increased by a value of: 

SQRT(number of pixels) / 2 

Find the midpoint of the circle, then average the 10 pixels 
on either side (20 pixels) 

SQRT(20)/2 = 4.5/2 = appro x 2 

This suggests a half a digit increase in accuracy. 

1.84 mils/.2 diam * 100 = .92% + .23% for Z axis Motion = 1.15% 

1.15% / 2 = .575% resolution (after calibration). 

From disk to disk, one should be able to resolve each disk to 
about .6% The design goal was 1%. If it is desired, an out of round ( 
figure of merit can also be calculated: 

area = pi * R*R 

circumference = 2 * pi * R 

area/circumference = R/2 

Adding the area pixels and dividing by the edge pixels, should 
give a number close to half the radius pixel as a ratio. The ratio 
should hold. If it does not, this is an indication of out of 
roundness. One can also sort parts for rough cut-of-round tolerances. 

F.3 OTHER CONSIDERATIONS 

Since backlighting is a problem on most conveyors then using a 
structured light may be the solution. 

In general, arbitrary 
acceptable because it can 
reflections, shadowing, and 
lighting system illuminates 
resulting image is minimized, 

lighting of the environment is not 
result in low-contrast images, specular 
extraneous details. A well-designed 
the scene so that the complexity of the 
while the information required for 
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inspection or manipulation is enhanced. 

Once the data of the scene is in memory, further algorithms can 
be employed to extract useful feature data, such as: modeling the 
algorithm of an object to extract the following features: area, 
parameters, centroid, ratio of minimum to maximum moment of inertia, 
axis of least moment of intertia, diagonal length of a bonding 
rectangle, and simple dimensional measurements at key points that can 
resolve a problem. 

ILLUMINATING AN OBJECT WITHOUT ILLUMINATING CONVEYOR 

HEIGHT MEASL'RATION 

Laser 

~ caws" rod Light curtain 

~d .. ,,7 .3" • 12") 

" .. .... 

Object 
Conve'!L0:::.r __ -L-__ '--_-"'-__ 

Figure F-8. Other Useful Lighting Techniques 
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APPENDIX G 

HARDWARE DESCRIPTION 

G.1 TIMING GENERATION CIRCUIT 

This circuit generates the timing signals for the operation of the 
MicronEye. A CMOS oscillator circuit generates the basic clock 
signal. This signal is divided down to produce the various possible 
baud rates and the timing signals which drive the IS32. The baud 
clock signals sequence the Interrupt Generator and the Transmitter 
circuit. 

The oscillator circuit consists of a ClvlOS inverter, a crystal, 
two resistors and two capacitors. It generates a 4.9152 Mhz signal ( 
which is buffered by an inverter (A4,pin2). Thiq frequency is divided 
in half by a D flip-flop at A3-5, and again at A3,pin9. Both outputs 
lead to baud rate selection pads. Flip-flop output A3,pin9 also 
connects to the clock input at B5,pin10. IC B5 does successive 
frequency divide-by-twos. The various outputs lead to other baud rate 
selection pads. Pads 5 through 8 are baud Clock signals. one of 
these baud clocks is used in the transmitter and Interrupt Generator 
circuit. Pads 1 through 4 are clock signals that are 16 times higher 
in frequancy than the baud clocks. One of these 16x clock signals is 
used in the receiver circuit. 

The output of B5,pin7 drives the Optic R~l timing aircuitry which 
generates RAS, CAS and R/W (read/write). The outputs of inverters 
A4,pin4 and A4,pin6 are identical. A4,pin4 drives the RAS input to 
the Optic Ram, and is buffered separately because it is required to 
drive its signal through the ribbon cable if a Bullet MicronEye is 
used. A4,pin 6 is identical to the RAS signal, but it is used as 
inputs to other camera circuitry and is labeled RAS'. 

Whan the camera is not in an Interrupt mode (i.e., is not 
transmitting data from the OptiCRAM), CAS and R/w are disabled. The 
signal INT is low and INT/ (The "I" after a signal name indicates the 
complement of the signal.) is high, so the AND gate driving CAS 
remains low and the OR gate driving R/w remains high. 
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During an Interrupt cycle, INT goes high and INT/ goes low, 
enabling CAS and R/vl. RAS' goes low with RAS vlhich latches the Row 
address into the OpticRAM. RAS' passes through a delay line 
consisting of 2 inverters and an RC network, and then causes CAS to go 
low, latching the Column Address into the OpticRAM. At this time the 
R/W signal is still high, so the accessed pixel is read out. After 
another delay period, R/W goes low, which causes the OptiCRAM to write 
data into the accessed cell. The addressing circuitry presents the 
proper data on the Data In pin to make sure that 5 volts is written 
back into the cell. 

When RAS' goes high, the Interrupt cycle is terminated and CAS 
and R/W are disabled. 

G.2 COMMAND RECEIVER CIRCUIT 

G.2.1 General Description 

The serial command line carries the camera commands from the computer 
to the camera. This data enters the command receiver circuit one bit 
at a time. The first bit to arrive is the start bit, followed by 8 
data bits and then the stop bit. The start bit enables the input 
shift register and starts the shift register clock. The clock is 
initially low. When it goes high, the start hit, which is a high, is 
latched into the first of eight data positions in the shift register. 
When the clock goes low, the first data bit arrives at the shift 
register input. On the rising edge of the clock, the shift register 
"shifts" the high start bit from position 1 to position 2, and shifts 
the first data bit from the shift register input, into position 1. As 
each successive bit arrives, each one is shifted into the shift 
register on the rising clock edge. 

Vlhen the start bit finally shifts into position 8, the camera has 
received all of the command information., The first six data bits are 
transferred from the shift register into a latch (memory) called the 
Command Register. The clock is disabled and the shift register is 
cleared. Now the six camera command bits are in the Command Register 
and the receiver is ready to get another command. 

G.2.2 Circuit Description 

The start bit from the computer appears as a high level at the output 
of the inverter at G1-12. The rising edge of this start bit clocks 
flip-flop F1-9 to the high state. This line clears the reset on IC's 
F2 and F4. F2 is a shift register and F4 is used as a divide-by-16 
counter. F4's input is a clock whose frequency is 16 times greater 
than the baud rate (16x clock). After eight clock cycles, the counter 
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output (F4-11) goes high, shifting the start bit into position 1 
(F2-3) of the shift register. 8 clock cycles later, the shift 
register clock at F4-11 goes low and the first data bit arrives. 8 
clock cycles later F4-11 goes high, shifting the data bit into 
position 2 (F2-3), and the start bit into position 1 (F2-4). This 
process continues until the start bit reaches position 8 (F2-13). The 
high start bit causes a low at the flip-flop RESET input (F1-13). 
This causes the flip-flop Q/ output (F1-8) to go high, latching the 
serial register data into the Command Register, F3. At the same tinle, 
the flip-flop Q output (F1-9) goes low, resetting F2 and F4. 

G.3 ADDRESS REGISTERS 

This circuit latches the Row, Column and Refresh pointers for the 
OpticFAM addressing. 

G.3.1 General Description 

Address registers C4 and C3 hold the RAS and CAS addresses, 
respectively. These registers are enabled only when the camera is to 
fetch and transmit a single bit of information from the OptiCRM~. i 
This fetch operation is initiated by the INT signal going high, and is ' 
called an Interrupt cycle. An Interrupt cycle is started on the 
rising edge of RAS' and is ended on the next rising edge of RAS'. 

When the camera is not in an Interrupt cycle, the Refresh 
Register, C2, is active. This register increments the Row Address 
from 0 to 255, thus performing a refresh operation on the OpticRAM. 

All three Registers have tri-state outputs and only one register 
is active at anyone time. The selected register drives its data onto 
a common bus called the Present Address bus. The Present Address 
passes through the descramble and soak circuitry, to the OptiCRAM, 
where it is used to select a Row or Column. The Present Address bus 
also connects to the Address Circuit, where a value of 0, 1 or 2 is 
added to the Present Address value. 

The resulting sum is driven out of the adder onto the Next 
Address bus. This bus connects to the inputs of each of the Address 
Registers. The value on the Next Address bus is latched into the 
selected Address Register and then that Register is disabled. 
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G.3.2 Circuit Description 

When the HicronEye is not in an Interrupt mode, the INT signal is low 
and the INT/ signal is high. this forces the Enable inputs (active 
low) to C3 and C4 to remain high. When RAS I and Td go high and INT is 
high, the NAND gate output at A1-3 is low, enabling C2. C2 drives its 
data onto the Present Address bus. The data propagates to the 
OpticRAM and to the Adder circuit. The Adder circuit ades a 1 to the 
value on the Present Address bus and drives the sum onto the Next 
Address bus where it appears at the inputs to C2. When RAS I goes low, 
the descrambled Present Address is latched into the OpticRAl'1, and the 
output of A1-3 goes high, clocking the value on the Next Address bus 
into C2 and turning off the outputs. 

During an Interrupt cycle, INT/ is low, so C2 is disabled. The 
rising edge of RAS' initiates the Interrupt cycle, so initially RAS' 
(and Td) and INT will be high, driving th~ NAND gate A1-8 low and 
enabling the Row Register, C4. C4 drives its value onto the Present 
Address bus. Some value, either 0,1 or 2 is added to it in the Adder 
and the sum is placed on the Next Address bus. When RAS' goes 10\'1, 
the Next Address value is latched into the Row Register, the Row 
Register outputs are disabled . and the Column Registers outputs are 
enabled. The data from the Column Register, C3, is driven onto the 
Present Address bus, through the Adder Circuit (where it may be 
incremented) and onto the Next Address bus. It also propagates to the 
OpticRAM where it is latched when CAS goes low. When RAS' goes high, 
the value on the Next Address bus is latched into the Column Register 
and it's output drivers are disabled. 

The Array Selection circuit determines whether one or both arrays 
are transmitted. If 2ARRAY/ is high, the output of the OR gate 
(B4-11) is always high and the Row Register value (C4) will never be 
less than 128. Thus, only the second array (rows 128 to 255) will be 
addressed. If 2ARRAY/ is low, however, the OR gate will appear 
transparent and the value on the Next Address bus line D7 will drive 
onto C4. This means all addresses from 0 to 255 will be selected and 
both arrays will be transmitted. 

G.4 ADDRESS DESCRAMBLE, SOAK/, AND DIN/DOUT CIRCUITS 

G.4.1 Address Descramble 

The internal circuitry in the OptiCRAM scrambles the RO\'l and Column 
Address values when accessing a cell. The Address Descramble circuit 
reverses the OpticRAMscramble. It transforms the Data from the 
Address Registers into a ne", address, which the OptiCRAM decodes to 
access the desired pixel. 
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HARDWARE DESCRIPTION 
ADDRESS DESCRA~mLE, SOAK/, AND DIN/DOUT CIRCUITS 

The circuit consists of 2 inverters, 3 Exclusive-OR's and a 
multiplexor (D2). The invertors and Exclusive-ORs provide the 
descramble function on the Rowand Column addresses. The multiplexor 
selects between the descrambled Rowand Column address' at the 
appropriate time and drives the address to the OpticRAM. The 
multiple~{or uses RAS' to determine which address is selected. If RAS' 
is high at the multiplexor SEI,ECT input CD2-1), the B inputs, which 
are the descrambled Row Addressinputs, are selected. When RAS' is 
low, the A inputs, or descrambled Column Address inputs, are selected. 
The descramble truth-table is available in the IS32 data sheet. 

G.4.2 SOAK/ 

The purpose of the SOAK/ circuit is to prevent the refresh from 
reaching the OpticPAM. The OptiCR~l is light sensitive only when it 
is not being refreshed. When INT is low (which is when the Refresh 
Register is active) and SOAK/ is low, the output of the NOR gate, 
B3-13, is high. This sets the multiplexor Enable input (D2-15) high 
and drives the multiplexor outputs low. 'l'he high NOR gate output at 
B3-13 also forces a low at the inverter output E3-8, which forces the 
outputs of the four AND gates (D4-3,6,8,11) low. Thus, the OpticRAM 
address inputs remain low, and the refresh function is performed only 
on address 0, i.e., only Row 0 gets refreshed. ( 

When SOAK/ goes high, the multiplexor and AND gate outputs are 
enabled and the refresh addresses reach the OpticRAM and the entire 
chip is refreshed, making it insensitive to light. The SOAK/ command 
can be thought of as an electronic shutter control. 

G.4.3 Din/Dout Circuit 

This circuit controls the input to the OptiCR~l Din (Data In) pin and 
also detects when a cell in the OpticRAH has been "exposed" to the low 
state. 

For a cell to be light sensitive, it must be initially charged to 
+5 volts. This is done by writing data into the cells. Due to the 
operation of the OptiCRAM internal circuitry, a logic "1" must be 
written into all cells with row addresses between 0 and 127, and a 
logic "0" must be written into all cells with row addresses betttleen 
128 and 255. The most significant row address bit, Q7, is latched 
(during interrupt cycles) by flip-flop E4 on the falling edge of RAS'. 
~1hen the row address is between 0 and 127, row address bit 07 is a 0, 
and when the row address is between 128 and 255, row address bit Q7 is 
a 1. The inverting output of flip-flop E4 (E4-8) is connected to the 
Data In pin on the IS32. Thus, the proper data will be presented to I 

the OpticRAM to write each cell to +5 volts. 
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HARDWARE DESCRIPTION 
ADDRESS DESCRAr'lBLE, SOAKI, AND DIN/DOUT CIRCUI'l'S 

The Exclusive-OR gate (E2-8,9,10) compares the data out of the 
OpticRAH with the data tht was read into it. Notice that the input to 
the Exclusive-OR gate at E2-8 is the complement of the value at the 
Din pin. 'rhus, if the OptiCRAI'1 cell being read out is still high, the 
two flip-flop outputs, E4-8 and E4-9, will be at opposite levels and 
the output of the Exclusive-OR (E4-10), will be high. Conversely, if 
the cell has been exposed to the low state, the two inputs to the 
Exclusive-OR will be the same and it's output, E4-10, will be low. 
The output of E4-10 propagates to the TransQitter circuit, where it is 
latched and transmitted to the computer. 

G.s TRANSMITTER AND INTERRUPT GENERATOR CIRCUIT 

This circuit transmits the serial information, 
and stop bits where appropriate, and generates 
signals for fetching pixel information. 

G.s.1 General Description 

inserting start 
the INT and INTI 

At the heart of this circuit is the ripple Counter, D1. D1 is enabled 
when the HicronEye has been commanded to transmit data. It inhibits 
the Interrupt circuit when start and stop bits are being transmitted, 
and enables the Interrupt circuit 'when it is transmitting data. The 
Transmitter is clocked by the baud clock. On each baud clock cycle, 
only one start, stop or data bit is transmitted. 

The Interrupt Generator is enabled by both the ripple counter 
(D1) and the baud clock, but the Interrupt cycle is clocked by RAS'. 
Remember the purpose of the Interrupt cycle is to fetch a single pixel 
for transmission, and only one pixel can be tansmitted on each baud 
clock cycle. The rising edge of the baud clock enables the Interrupt 
circuit. The next rising edge of RAS initiates the Interrupt cycle, 
causing a pixel to be read from the OptiCR~~l. The INTI signal feeds 
back into the Interrupt circuit, resetting the Interrupt enable. When 
RAS' goes high again, the Interrupt cycle is terminated. The next 
rlslng edge of the baud clock will enable the Interrupt circuit again 
(unless a start or stop bit is to be transmitted). Thus, only one 
pixel is transmitted during each baud clock cycle. 

The WIDEPIX circuit is used to help compensate for the 2.5 to 1 
aspect ratio of the OpticRA!>l. If the optic data is displayed on a 
screen with a 1 to 1 aspect ratio, the image will appear to be 
squeezed in the horizontal direction. The WIDEPIX circuit helps 
compensate for this by causing each pixel to be transmitted twice, 
doubling the width of the image. The circuit is enabled when the 
MicronEye is transmitting and the VlIDEPIX command bit is high. This 
causes the flip-flop output A2-s to toggle on every baud clock cycle. 
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HARDWARE DESCRIPTION 
TRANS}!J.ITTER AND INTERRUP'I' GENERATOR CIRCUIT 

'I'his flip-flop inhibits the Interrupt cycle on alternate baud clock \ 
cycles. During baud clock cycles in which the Interrupt is inhibited, 
the pixel from the previous Interrupt cycle is transmitted again. 

G.S.2 Circuit Description 

When the MicronEye is not in a Transmit mode, the XMIT signal is low, 
driving the ripple counter RESET input high (01-15). This puts the 
ripple counter in a reset state in which output QO (D1-3) is high. 
The high on QO drives the RESET input at E5-1, low and the flip-flop 
QI output ES-6, high. ES-6 is the data transmission line to the 
computer. The high level of QO (D1-3) also drives the flip-flop data 
input (ES-12) high (let's assume LINE is low). This prevents any 
Interrupt cycles from occuring. 

vlhen the HicronEye receives a Transmit command, XMIT goes high, 
XMITI goes low and the ripple counter D1 is enabled. D1 is clocked by 
the rising edge of the BAUD clock. The first clock causes QO (D1-3) 
to go low and Q1 (D1-2) to go high. This sets the transmit line ES-6 
low, representing the start bit. The first clock also forces a high 
at flip-flop data input, ES-12. The baud clock is delayed through an 
RC network (R3 and C2) and now clocks the high input at flip-flop 
ES-12 to the output at ES-9. This forces a high on the input of the 
Interrupt flip-flop, A2-12. When RAS' goes high at the flip-flop 
clock input A2-11, it initiates the Interrupt cycle. INT goes high 
and INTI goes low. INTI is an input to the AND gate. B2-1 and forces 
the flip-flop RESET inputs (ES-13) low. This forces A2-12 low, so on 
the next rising edge of RAS', the Interrupt cycle is terminated. INTI 
going high clears the RESET at e%-13 and another interrupt will occur 
when the baud clock goes high again. 

When the WIDEPIX bit is set 
high, enabling the flip-flop. 
request and inhibits every other 
input A2-13 low. 

high, the RESET input at A2-1 is 
The output toggles on each interrupt 

interrupt cycle by bringing the RESET 

The LINE and LINEI signals indicate that the Column Address 
Register has reached terminal count. These signals inhibit further 
interrupts from occurring during data bit transmissions, so the value 
of the last accessed data bit is repeated to complete the current byte 
transmission. This guarantees that the next byte transmitted contains 
information from the next row, i.e., no single byte will contain 
information from two rows. When the stop bit is to be transmitted, 
LINE at E1-5 causes an Interrupt Request and LINEI at A1-4 ensures 
that the Interrupt flip-flop is enabled. This "dummy" interrupt is 
used to increment the Row Address Register. The pixel that is 
accessed during this cycle is blanked by the transmission of the stop 
bit. 
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HARDWARE DESCRIPTION 
ADDER AND END-OF-FRl'.ME CIRCUIT 

G.6 ADDER AND END-OF-FRAME CIRCUIT 

This circuit adds the proper increments to the RO~l, Column and 
Refresh Registers and generates signals indicating End-of-Line and 
End-of-Frame in the OpticRAI-1. 

G.6.1 General Desription 

When any of the Address Registers drive a value onto th~ Present 
Address bus, the Adder circuit receives this value, adds a a, 1 or 2 
to it (depending on the control inputs) and drives the sum onto the 
Next Address bus. The control lines are RAS', LINE, ALTBIT and INT. 
~lhen the Refresh Register is active, the INT line causes a "1" to be 
added each cycle. During interrupt cycles, the Rowand Column 
Registers are active. The Adder sequences these registers through the 
OpticRA11 in a column-fast mode, i.e., the Adder adds a "zero" to the 
Row Address and a "one" to the Column Address until the end of the 
column (End-of-Line) is reached. the Adder then adds a 1 to both the 
Rowand Column, thus incrementing the Row Register and resetting the 
Column Register to zero. 

The ALTBIT input simply adds another "1" to the value on the 
Present Address bus during Interrupt cycles" thus the Rowand Column 
Reigsters are incremented by 2 rather than 1. 

G.6.2 Circuit Description 

During Refresh cycles, the INT signal is low, forcing the Carry 
In input to the Adder (C1-13) to be high. Thus, a value of "1" is 
added to the value on the Present Address bus on each Refresh cycle. 

During Interrupt cycles, the INT signal is high. Let's assume 
LINE and ALTBIT are low. For the first half of the Interrupt cycle, 
the Row Register is active and RAS' is high, forcing the Carry-In 
input of the Adder to be low. A zero is added to the Present Address 
value, so the Row Register address remains unchanged. 

When RAS goes 10~1, the Column Register is active and a high is 
driven onto the Adders Carry-In input. A "1" is added to the Present 
Address bus and the incremented value is stored back into the Column 
Register. Thus, the Registers count down the columns in the same row. 

When the last cell is acessed, the Column Address is at the 
Adder's terminal count of 255, setting the carry-out signal high. 
(The Column Register is incremented to zero). The high Carry-out 
signal is latched by the rising edge of INT/ at F1-2, and forces the 
outputs, LINE and LINE/ (F1-5 and 6) to the asserted state. These 
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HARDWARE DESCRIPTION 
ADDER AND END-OF-FRA:t-m CIRCUIT 

signals cause the next Interrupt cycle to occur during the 
transmission of the next stop bit. The LINE input to the Exclusive-OR 
at E1-2, reverses the effect of RAS' on the Adders' Carry-In input. 
'rhus, a "1" is added to the Row Register and a "0" is added to the 
Column Register. The pixel that is accessed during this Interrupt is 
blanked by the stop bit transmission. At the start of the next 
Interrupt cycle (when RAS' goes high), LINE and LINE/ are reset and 
the circuit sequences down this next row. 

Let's assume the last pixel in the OpticRAM has been accessed and 
LINE has been set. The Column Register has been incremented to zero 
and the Row Register is at terminal count (255). The next Interrupt 
cycle forces the Row Register to drive its value of 255 onto the 
Present Address bus and to the Adder. The Adder adds a "1" to it and 
drives a value of zero onto the Next Address bus and also sets the 
Carry-Out (C5-14) high. The Carry-Out and LINE signals force the 
output of the AND gate (B2-11) high, thus setting the flip-flop input 
(E4-2) high also. When RAS' goes Im'l, the NOR gate (B3-10) goes high, 
clocking E4-3. The Q/ output of the flip-flop (E4-6) goes low. This 
is the End-of-Frame signal. The EOF is connected to the reset input 
of the Command Register, so a Iowan the EOF line resets all of the 
command lines to zero. The XMIT command line is connected to the 
flip-flop reset (E4-1), so when XMIT goes low, flip-flop E4-1 is reset 
and the EOF signal is reset high. Note that the Rowand Column 
Registers both now hold a value of zero. 

G-9 



G) 
I 

o 

... ""w.." W/rz.Sf.Pr;,.CT TO 

~----------~------~ 

~ ----;c::;;a~77-1~--, 

-10'1 C>-..,..-tJ'*'--' ..... \pt....J---U:t-<~iS'I--~'h 
CRI 

1011 
~1i>.IE2 
"Ill 

+!>v 

1Z'!>·2~Z 
OUT'PUT 

I 0-

+SV 
ICo ill 

7 
Ii!Z 

40 .. 
I 

M 

/lO1( 

• C.\ IW 

--1-------------

[. 



c 

D 

TIMING GENERATION CIRCUIT 

CD/"IO'-lO 

(;5 

5 

3 '-0 ~'5-"2.3G. Qc.-\o DC COv'\~ 
1______ (n01 sh ..... ) 

5 

G-11 

i 

N.te.' /) - • S"V Pull up 

z) R'1 = 101<.n. 
J)Rr,/OI<.Ii­

'1)R~·IO"-.A. 

>1117' lOOn. 

~ll\r, 8Z0K.r.. 

lEO 
'11)2. 

7 

'Il C3 . S-I rf 
8) C'1' :J9p.f' 
'I) C5": $'1 rtF 
IO)C6' 39rT 
,.) 0' 3'~f" 

c. 

o 

, I 



COMMAND RECEIVER CIRCUIT 
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ADDRESS REGISTER CIRCUIT 
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ADDRESS DESCRAMBLE, SOAK, DIN/DOUT CIRCUIT 
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TRANSMITTER AND INTERUPT GENERATOR CIRCUIT 
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ADDER AND END-OF-FRAME CIRCUIT 
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WARRANTY 

If a MicronEye fails to perform properly due to a defect 
in workmanship or material within ninety (90) days from date of 
purchase, Micron will repair or replace it free of charge. 
Should this product require service during this warranty period, 
return the product to Micron at the following address, 
transportation charges prepaid: 

MICRON TECHNOLOGY, INC. 
2805 E. Columbia Road 
Boise, Idaho 83706 

Attach to the MicronEye your name, address, telephone 
number, a description of the problem and proof of date of retail 
purchase. This warranty does not apply to defects caused by 
unreasonable use. 

THE FOREGOING IS IN LIEU OF ALL OTHER WARRANTIES EXPRESSED 
OR IMPLIED. MICRON TECHNOLOGY, INC. NEITHER ASSUMES NOR 
AUTHORIZES ANY PERSON TO ASSUME FOR IT ANY OTHER OBLIGATION OR 
LIABILITY IN CONNECTION WITH THE SALE OF THIS PRODUCT. IN NO 
EVENT SHALL MICRON TECHNOLOGY, INC. OR ITS DEALERS BE LIABLE FOR 
SPECIAL OR_ CONSEQUENTIAL DAMAGES ARISING FROM THE USE OF THIS 
PRODUCT. 

WARRANTY REGISTRATION 

To receive full warranty protection, YOU 
REGISTRATION WITHIN 10 DAYS AFTER DATE OF 
Technology, Inc., Attn: Sales and Marketing 
East Columbia Road, Boise, Idaho 83706. 

Purchaser's Name 
Address 

MUST RETURN THIS 
PURCHASE to Micron 
Department, 2805 

City State Zip 
Telephone Number ----------
Place of Purchase--- '------~D~a~t~e--------

City State Zip 
Serial Number ----------------- ---------



ICRON 
TECHNOLOGY INCORPORATED 

2805 East Columbia Road 
BOise. Idaho 83706 
(208) 383-4000 
TWX 910-970-5973 

MICRON TECHNOLOGY manufactures high quality semicon­
ductors in beautiful Southwestern Idaho. Micron's products reflect 
its continuing emphasis on quality products competitively priced. 
On-going research and development projects are geared to the con­
tinued supply of unique innovative products that are easy to use and 
complimentary in a wide variety of applications. 

We're building our reputation on innovation. 


