United States Patent po [11] Patent Number: 4,884,220
Dawson et al. [45] Date of Patent: Nov. 28, 1989
[54] ADDRESS GENERATOR WITH VARIABLE 4,660,157 471987 Beckwith et al. ... .. 364/518

SCAN PATTERNS 4,742,343 5/1988 O’'Donneii .... .. 340/750
4,841,292 6/1989 Zemo 340/736
{75] Inventors: John F, Dawson; Joseph W, .y o A T Tt
‘Ben‘nmin" both of Aibuquerque; Primary Examiner—David L. Clark
Marie A. Stoffer, Rio Rancho; James Assistant Examiner—Raymond J. Bayerl
A. Cousens, Albuquerque, all of N.M. Attorney, Agent, or Firm—Arnold L. Albin
[73] Assignee: Honeywell Inc., Minneapolis, Minn. ~ [57] ABSTRACT
111 Asnl Ne . 202 €20 An apparatus for reading a first addressable memory
l‘:lj [‘\PPL iU ‘UJ’WJ
) and writing into a second addressable memory wherein
[22] Filed: Jun. 7, 1988 the first addressable memory is logically arranged in a
[51] Int. CL* GO6F 15/62  rectangular matrix and is scanned at an arbitrary angle
[52] US.CL 364/521; 364/518; with respect to the matrix for producing a plurality of
340/736 scan patterns whoge parameters can be altered and con-
[58] Field of Search ........ 364/518, 521, 200 MS File, trolled by an external source, while the second address-
364/900 MS File; 340/736, 750 able memory, also arranged in a rectangular matrix, is
[56] References Cited written into along parallel rows and columns. The appa-

U.S. PATENT DOCUMENTS

4,228,432 10/1980 Osborne
4,387,370 6/1983 Katagi

... 364/521
.. 340/750

ratus is particularly adapted for use with a digital map

display system having an airborne computer for genera-
tion the scan parameters.

4,511,962 4/1985 Machida 340/750 14 Claims, 20 Drawing Sheets
20
92 ). 54
DECODER | COMNANDS ]
N ) N
( ]/M
PROCESSOR T 4 . r -
ADDRESS ¥ ) /f’f 1 Wad
PARAMETERS
FRONT-END ]  READ WRITE
e PROGESSOR [ ADDRES! ADDRESS
LOOK-UP TABLES ~64 o GENERATOR —w| GENERATOR
62
o U 2
| 71 JUU &
\PROGESSOR ./'5" ,"! ) VUEPPIGIEN IS
DATA S0~ S START 66
e CONTROLS|  spquencer; | CONTROLS )
CotNTERS ;gf‘ CONTROLLER {
5 STATUSL CONTROLS
P 72 l 0 | 30 |L~7¢
v
7
READ
”"{ LK l/
¥EITE ADDRESS
¥ WRITE READ ADDRESS AND COEFFICIENTS
CONTROLS oLk (CAGHE NEMORY) (DISPLAY BUFFER)



4,884,220

Sheet 1 of 20

Nov. 28, 1989

US. Patent

viva — 5
419 3L1YM _
—- , 434408
$53400Y 3L1YA v ity
) . N
s/ ST041N09 47
97—
~— 9/
26— VIV a
(3YA) f SRENLEL g
T ELEE 08 N ISILEL R
- $SI40 QY IHIY9
07~ 3T11VS¥3A SSIMQ0Y QV3Y _\v gz
0F
Sng VLva ONV SS34aaV
o 52




4,884,220

Sheet 3 of 20

Nov. 28, 1989

U.S. Patent

yedid
\\\\a\ XV
e
~ o AV
g \.\.\xxc Td
-~ “V-\q )
ANV
\A/
28

[ S

X

S

o

.—.—54@_

x
-\_.x
gk

A\
AVAVAY

AN

LK

AR




U.S. Patent  Nov. 28, 1989 Sheet4of20 4,884,220
>
N
S g
;-. Pl 'S
g ‘\\
e A >..z')-_
NEEZ % IR [P N
N I -aj|
">\ T ﬁ / <SS
t N < 7 —
P u.l
4 \\ // :
3 7
SN\ /
/
N7
\\ /
B




US. Patent  Nov. 28, 1989 Sheet 5of20 4,884,220 |

__-.X

o
Q.
/"f ® T
VI X
Vi | > \\
7 \ N
\
T1e \‘\ \\ \\
L
UEN \[ |
X|-o>l—| | ™ o .
NiEE ﬂ <_'>‘
N gy ot
(ol / L.
\ X3 / |
\ < /
\\\ ,,/
N w4
N pd




Nov. 28, 1989 Sheet 60f20 4,884,220

. Patent

)]

-«
©

40LYYINIY $SIUAQV
SS3U0QV (L x.\uL .
114K HOLY 1
4 v2,
\\
J3d . SYIINAOD
3% 17 »yx
\ 1y /
- . —/ N— 977
e ven ) ) vz Y ew
wf be) J2 )
i 934 SKNS 934 13VIS ' EVARVIALT
N7 JLIN1 X 938 XV 93y KXV 93y _}—awo a1
~ P [}
) s
- P " 934 01— 0/T +
\3. 2 4 a,
< > N
HolvuaNIe| .
sSIWaqy | 3= | ¥3ddng 433408 )\
a¥3y A ._ — _ ¥ —
E —_— 9T,
< N L . L AN > " le— >
ﬁ 43dne| ) VIO
29
95
| fs318vL dn-¥001 B S
pp~—"11 DIMIINONI YL e———— 4300930 9914 )
¥0$530 044 v




US. Patent  Nov. 28, 1989 Sheet 70f20 4,884,220
100 124 |
{ RESET (  lgs DATA BUS
. 'y
xwatel | Y WRITE S My
AT counTERs [T “ICOUNTERS |~ -
A 104 114
A8 A
1104 /‘13"”
118
RD X BUFFER | |/ BUFFER fa— R0\
WR ADDRT’ WR ADDR
/ T 1
112 l L
N N\
120 _
» BUFFER »| BUFFER [—LZ4
EN W cip o7
ADDR f Fi1u.1.
2052 //0 //Q
LZ v v
X WRITE Y WRITE
ADDRESS ADDRESS
/ SCENE MEM/N\  / SCENE MEN/\
OVERLAY PROC/ SQVERLAY PROC/
50
DATA BUS - s RESET COUNT -
f LD X . nEusE vERL
COUNT ——— INITIALIZE
116"'\_ l \ L'.[J‘f
L~ X DONE
N\ LATCH coﬁm - PROM
o~ BILINEAR DONE
J y §
130 132 136
N\, oy N
y COUNT > PKUM "1 UUNE
IFF—] L~ 40
FIQ R
1 1.V,

o )

—<

[ RO
ol_
<
——
—



US. Patent

4884220 |

Nov. 28, 1989 Sheet 8 of 20
X DONE 3

Y DONE VAG STATUS
BILLINEAR DONE

F16.10.

N N
I
MODE ] lannpll\JlT > fln‘oynrn
u UENUVER
/| CONTROL 7
\ STROBES —- —
\j 1
CLOCK
% GENERATORS
7
\/
VIDEO PROCESSOR CONTROL ]
SCENE MEMORY WRITE 60 —
CACHE MEMORY READ g 40 NH2
OVERLAY PROGESSOR CONTROL 0SC
INITIALIZE
PROCESSOR
ADDRESS LD X INITIAL PL X
s LD Y INITIAL D PLY
7 LD X COUNT D P2 X
LDY COUNT DP2Y
INITIALIZE D P3X
RESET WR. ADDR. D P3Y
40 DECODER LD CONTROL D P4 X
LD A X P4 Y
LDAY RADIUS
LD A XX INC. ANGLE
’ LDAYY ST ANGLE
—
60 STOP ANGLE



US. Patent  Nov.28,1989  Sheet9of20 4,884,220

TIMING DIAGRAM
20 Wz GLK "l__{_‘l__{—‘.__,'_‘LJ_Lﬂ_ﬂ!_,HL_ﬂ_ﬂ_ﬂ_ﬂ__ﬂ_r
10 MHz Ok _ [ I !J I A B
00 tomkz ok [ L LT 1 'lr LI
20 5MHz CLK _J | I a
2D 2.5 MHz CLK¥ L1 | -
30 5MHz oLk | I 1 2
10 2.5z 6Lk [ ! l .
4D 5 MHz CLK I onm RS B N
P CLK J‘""’_"*IFE I
CACHE BIT CLK LI l_J‘ 1

—+ ! 'i l ! 1. !
0 100 ns 200 ns 300 ns 400 ns 500 ns 600 ns
FIG.11.

TIMING DIAGRAM
NEAREST NEIGHBOR MODE
END OF A LINE/BEGINNING OF NEXT LINE

10 MH. CLK LI L1 | | I L_d L

ENX &Y % LT
EN SUM % l |
EN DELTA XX & YY¥ { l
EN DELTA X & Y¥ L |
]
INC X WR ADDR | o T T T I |
—
RESET ; I
| | | | ! | !
i | | ] I i i
0 100ns 200 ns 300 ns 400 ns 500 ns 600ns

F16.14.




U.S. Patent

Nov. 28, 1989

INITIALIZE

Sheet 10 of 20

START © INITIAL X, Y

LATGH START OF SGAN LINE

HNT
}

a1

STROBE DATA FRON GACHE
QUTPUT WRITE ADDRESS
T

v

ADD AXX, AYY
LATCH POSITION ON SCAN LINE

VAG CONTROL FLOW
CHART NEAREST
NEIGHBOR MODE

F16.12.

|
L |

DEGREMENT X COUNT

OUTPUT READ ADDRESS

Y

STROBE DATA TO SCENE MEMORY

[7)
—
l—

INCREMENT X WRITE ADDRESS

Y
OUTPUT WRITE ADDRESS

an
v

ADD AX,
LATGH POSITION 0

I
G
N

DECREMENT Y GOUNT

4

4,884,220



U.S. Patent  Nov. 28,1989 Sheet 11 of 20 4,384,220
TIMING DIAGRAM
NEAREST NEIGHBOR MODE
SEQUENCE START
tomiz ok [ L [T L [ LI
EN X & Y % I
]
EN ONE % |
|
EN SUN |
EN DELTA XX & YY¥ '
EN DELTA X & ¥ %
|
LD ONE i
ONE X 1 |
ONE ¥ |
LD X ALU OUT L ] 1
LD Y ALU OUT 1 TT 1 I 1 | L
LD SuM N I T R R e A e A B R
X CNT & LD RD ADDR L L L] L] LT
CLK GAGHE RD U T ] [ LI
CLK SCENE WR l | L
]
INC X WR ADDR [ | L
RESET X WR % |
| | | | | | |
i 1 i i I i |
0 100 ns 200 ns 300 ns 400 ns 500 ns 600 ns

F16.13.



U.S. Patent  Nov. 28, 1989 Sheet 12020 4,884,220
VAG CONTROL FLOW INITIALIZE
81LINEAR ;
IWTERPOLATION I STaRT™ IiTIALIZE X,
‘ LATGH START OF SCAN LINE
FIG.15A. ;
0UTPUT READ ADDRESS =
)
DECREMENT X GOUNT
INGREMENT BILINEAR COUNT
)
STROBE Py, FROM GACHE
n=1,2.3.4| FRACTIONAL ADDRESS TO VIDEO PROGESSOR
‘//—
BILINEAR pz\YEs SOLVE FOR Pp P, 0 VIDEO PROCESSOR =
DONE /| XL-X+L S
e X
ADD AXX,AYY /" \ts [SOLVE FOR 73
LATGH POSITION ON *Qw L ~{ P, T0 VIDEO PROGESSOR |
SCAN LINE / KX 2
Pg T0 VIDEO |
PROCESSOR SR PY | o vivEo Processorf-
\ X3=X+1 3
Y3 Y41
DEGRENT X GOUNT
INGREMENT BILINEAR COUNT e
QUTPUT READ ADDRESS
1
STROBE Pr, FRON CAGHE
he1.2.3.4 | FRACTIONAL ADDRESS TO VIDEO PROGESSOR
BILINEAR N\JES | SOLVE FOR Pp
S P2y = PLTO VIDEO PROCESSOR |~
0 Yi- ¥
! /K
ADD AXX, AYY YES | SOLVE FOR Py
LATGH POSITION ON _<M\ 2| _oIP, 70 VIDED PROGESSOR }o-
SCAN LINE / X2= X
‘ NO YZ“ Y+.1_ \




U.S. Patent

Nov. 28, 1989 Sheet 130f20 4,884,220
| o f
' SOLVE FOR P
Pq TO VIDED L. o T T4 L TP, T0 VIDEO PROGESSOR |
FRKUUVEQOUK Ad=XAt+ 1 .
\
[ ouTPuT WRITE ADDRESS |
Y
DECREMENT X COUNT
INCREMENT BILINEAR COUNT e
OUTPUT READ ADDRESS
)
STROBE P,, FROM CACHE
n=1,2.3,4 | FRACTIONAL ADDRESS TO VIDEQ PROCESSOR
ﬁ NO "\ YEs [SOLVE FOR P
. 2| . .
sone M- b AALE P_T0 VIDEO PROGESSOR
N(T XL Y
YES ; P
FOR P WRITE T0 2
/K pa3)IE SO,L_YE " 31 o SCENE || TO VIDED |
Re= X MEMORY PROCESSOR
o N\JES  NO Y2 Y1
X UUNE 1 )
\ l SOLVE FOR P, ] |INCREMENTX P3
- b=t WRITE =] T0 VIDED =
% X = X+d ADDRESS | |PROCESSOR
Y Y =Y+1
LATCH POSITION ON A
SCAN LINE __‘____.6.1 YES B
! \/ —
P4 TO VIDEO o
PROCESSOR
¥ .
ADD AX,AY CC\E
LATCH START OF NEW SCAN LINE
L]
P, T0 VIDEO PROCESSOR
Y
VAG GONTROL FLOW DECREMENT Y COUNT
BILINEAR
INTERPOLATION Y
MODE A
rib.1o0.




US. Patent  Nov. 28, 1989 Sheet 140f20 4,884,220 |

/\
VAG CONTROL FLOW A
o BILINEAR
INTERPOLATION I
MODE INCREMENT BILINEAR COUNT

FlG 150 GUTPUT REl;ﬁ ARODRESS
STROBE P, FROM CACHE
n=1,2,3,4{ FRACTIONAL ADDRESS TO VIDEO PROGESSOR

- I . NEADCUMENT V AAIINT
. UCUREMULINT A VUUIVI
' )

|

CIILNERNNO, /7 \JEs] SOLVE FOR P,
nn pa2 »

Py TO VIDEO PROCESSOR >

NE v _ v
uvivk AL=SATL
/ "Y Yi=Y .
T AYE& SOLVE FORP3| _| WRITE T0 P2
RUU LOAAO 111 [} -
? X2- X SGENE | TO VIDEO -
LATCH POSITION ONY - Y2=Y+1 WEMORY PROCESSOR
P T0+V|DEO ! SOLVE FOR Px‘{\ INCREMENT X P5
4 = P WRITE  p=f TO VIDEO
ROGESSOR e ADDRESS | |PROCESSOR

INGREMENT X COUNT
[MCREMENT BILINEAR GOUNT -
QUTPUT READ ADDRESS

d
X

STROBE P, FROM CACHE
n=1,2,3,4 |FRACGTIONAL ADDRESS TO VIDEO PROCESSOR
/

CBILINEARNNO, 7 NYES [SOTVE FOR 7y
DONE X1-X+1
/ N\( Y1- Y

Y

D —

PyTO VIDEQ PROCESSOR >

0
 N\YES[SOLVE FOR Pz] | WRITETO | | "2
pa3 L Y - SUENE -t (U VivLu
\/_' r2=X MEMORY PROCESSOR
N0 Y2=Y+1
———————— [INCREMENT X P3 .
L WJSULYETUR Fal I wRiTE | TOVIDEO —,ﬁ&
X§=X+l ADDRESS | |PROCESSOR
Y3-Y+1




h o

.SO

e

atent  Nov. 28, 1989 Sheet150f20 4,

/N
JAAN
P4 TO VIDEO PROCESSOR

'
A
' |
STROBE P, FROM GACHE

Y

ADDRESS TO VIDEQ PROCESSOR

!

DECREMENT- Y GOUNT

ALY AC

QUTPUT READ ADDRESS

FRAQCTINNAL
rRAaviivivao

y .
Py TO VIDEO PROCESSOR

v
P, TO VIDEO- PROCESSOR

|
y

WRITE TO SCENE MEMORY

]

P; TO VIDEO PROCESSOR

] <

INCREMENT X

RITE ADDRESS

o lt—{ =

Ps TO VIDE

Py T PROCESSOR

e —

Py TO VIDEO PROCESSOR

Y
WRITE TO SCENE MEMORY

VAG DONE= INTERRUPT
T0O THE DSM

VAG CONTROL FLOW
BILINEAR INTERPOLATION MODE

FIG.15D.




US. Patent  Nov. 28, 1989

Sheet 16 of 20

4,884,220

CIRCULATE AND LOAD FIRST LINE START POINTS,
LENGTH OF FIRST LINE, A X TO NEXT LINE,
COEFFIGIENTS FOR DISPLAY BUFFER
AND DATA MANIPULATOR

/

V4

START . INITIAL X,Y
LATCH START OF SCAN LINE

!

DECEREMENT X GOUNT
y

STROBE DATA FROM CACHE MEMORY

¥

QUTPUT WRITE ADDRESS
Y

ADD A XX, A YY -
LATCH POSITION ON SCAN LINE

Y

DECREMENT X COUNT |
v

OUTPUT READ ADDRESS |

DISPLAY
BUFFER 1ES

INGREMENT X WRITE ADDRESS
T ‘
OUTPUT WRITE ADDRESS

N

|

N
[

%

FULL

DISPLAY
BUFFER\Y—Es—v RESET ¥ WRITE

(=

INCREMENT Y WRITE ADDRESS
RESET X WRITE ADDRESS

Qno N>
X

ADD , &
LATCH NEW STAR

X,4Y
T OF SCAN LINE

(Y -1 DECREMENT Y COUNT

Y

STROBE LAST DATA-TO DISPLAY BUFFER

v
VAG DONE INTERRUPT TO PROCESSOR




US. Patent  Nov. 28, 1989 Sheet 17020 4,884,220
CALCULATE AND LOAD AXX, A YY FOR START
ANGLE, NUMBER OF LINES,COEFFICIENTS FOR
DISPLAY BUFFER, AND DATA MANIPULATOR
e ~

START . INITIAL X, Y
LATCH CENTER OF STAR

CALCULATE AXX, AYYFOR
FOR NEXT LINE

Y
N
Gy

YES|[TAD NEW A XX, A1V

\ \

. NO

-
Y
DEGREMENT X COUNT
)
STROBE DATA FROM CACHE MEMORY
)
OUTPUT WRITE ADDRESS
‘ )
ADD AXX, N YY :
LATCH POSITION ON SCAN LINE
)
DEGRENENT X GOUNT
v
OUTPUT READ ADDRESS |«

1
y
STROBE DATA TO DISPLAY BUFFER

AD
AV

DISPLA

L
BUFFER e l

FULL
RESET Y WRITE

| INCREMENT X WRITE ADDRESS X ADDRESS
I |
y e ENE—
OUTPUT WRITE ADDRESS
INCREMENT Y WRITE ADDRESS
RESET X WRITE ADDRESS
NO ]
{ DONE
< / ANTOILT ACuTCON
. Vulrul UENIEK
YES INITIAL X,Y
=0 TINGRENENT ¥ counT
Y
STROBE LAST DATA TO DISPLAY BUFFER INTERVISIBILITY
T SCAN MODE FLOW DIAGRAM

VAG DONE INTERRUPT TO PROCESSOR

FIG.LT.




4,884,220

Sheet 18 of 20

Nov. 28, 1989

U.S. Patent

y

1N03niL

405539044

J00N QITVANI

1433X3 S1ndiN0
Q49440 ON HLIR

NY3IVIQ0 MOT4 300K

WYYIVIQ MOT4 300N

NVYOVIQ MOTd 3Q0N

WYYAYIQ MOT4 300N

81914

HYYOYIQ MOT4 JGON (4V1S) (1va10234vHlL) : ”
yyaniig ALITI8ISIAYILNI M3ITA IATLI3dS¥3d xomzoﬂmﬁ %wux<mz gsmirw_m
0L 09, 01 09 01 09 A
534 $3A $34 §14 §14
\\\\ //// \\\\ //// \\\U,u_>//// HogH9 13N
1531 1S3YVIN ¥YINITIE
L_¢ -m-Tling >__4m:w”>wuhzﬁv.|.AA“ IAIL93dSH3d (NYDS 13X1d) WITA NVT4
ON =300H ON =300H 0 HMQQIW\\\ RIIA NY1d ON mgoz\\\\
//// ,///waoz

SYILINVYVI J00H
avol gNy 31vingvo
ONV 300N INTWY3 L3I0

A

NVIS INVYd 04
SY31S1934 9V A
dN S13S ¥0553904d

REYANL AN R




US. Patent  Nov. 28,1989 Sheet 19 of 20 4,884,220

VAG SEQUENGER OUTPUTS SEQ.
START
SEQUENGER ADDRESS (10:3)(SEQ_ADDR) (10; 3) | 000X 001 X002
CONDITION INPUT MULTIPLEXER SELECTS(1:0) (MUXSEL 1,MUXSEL ) X1~
X RD. ADDR. GEN. A OPERAND SELECTS (1:0) (X_A_OPSEL 1,X_A_OPSEL () _
0= DELTA X * * %
1= DELTA YY
2= TERD
3=ONE (INTEGER ONE)
Y RD. ADDR. GEN. A OPERAND SELECTS(L:0) {(Y_A_OPSEL,Y_A_OPSEL D)
0= DELTA Y IXFE__X¥E
1=DELTA YY
2=1ER0
3 ONE (INTEGER ONE)
X AND Y RD. ADDR. GEN.B OPERAND SELECT (B_OPSEL)
0=SUM X/Y [*%_
1=START X/1 ‘
LINE COUNTER ENABLE (LINE_CNT_EN¥) . -
—
START X/Y REGISTER LOAD ENABLE (LD_START %) -
SUM X/Y REGISTER LOAD ENABLE (LD_SUM ¥) o . S
VIDEO PROGESSOR ENABLE TO START USING GAGHE DATA (ST_PX)%% T
DISPLAY MEMORY WRITE PHASE SELECT (WR_PHASE) B
DISPLAY MEMORY WRITE ENABLE (DM_WR_EN¥) ¥ ¥ o
CACHE MEMORY READ PHASE SELECT (RD_PHASE) , o
CACHE MEMEOY READ ENABLE (CM_RD_EN %) ¥ ¥ Loee
INVALID GONDITION INPUT ADDRESS TO SEQUENGER (TIMEOUT %) .
SEQUENGER PERFORMING SEQUENGE (USED TO INDICATE THAT 1

SEQUENGCE HAS NOT YET ENDED) (SEQLOST %)
END OF SEQUENGE HAS BEEN REACHED (STOP) B o
ENABLE TO INCREMENT /DECREMENT X WRITE ADDRESS (X_WR_EN¥)¥% %

X WRITE ADDRESS INCREMENT/DECREMENT (X_UPDN) X% -
RESET X WRITE ADDRESS TO ZERO (RST_X_WR %) ¥ ¥ o
ENABLE TO INCREMENT/DECREMENT Y WRITE ADDRESS (Y_WR_EN¥) %3¢ o

Y WRITE ADDRESS INGREMENT/DECREMENT (Y_UPDN) ¥ % B




US. Patent  Nov. 28, 1989

Sheet 20 of 20

VAG SEQUENGER QUTPUTS

4884220

LINE END/
LINE START END
IO FREEFEXEE KR, a0 X125 X126

) X1

4

I < T (D €= 23

Y, (2

TG, RO @ X
(RIS O Av— i 55
.,_,__._;';_.I | ¢
_..,_.__._{f_.___j l 4 ‘
R - ;-
—— .
f § —
————-‘ [ ¢ 4_'45 AI——_—_—_
——— ¢ < ¢ I WJ_____..
-, 1
— (s y
| I—
——— 3 f §
%% DEPENDS ON MODE BEING EXECUTED
o 1Q0
1 G.1YD.




4,884,220

! 1

ADDRESS GENERATOR WITH VARIABLE SCAN

T ATTEDATQ
AL LYW

BACKGROUND OF THE INVENTION

This invention was made with United States Govern-
ment support and the U.S. Government has certain
rights therein.

1. Field of the Invention

The invention relates to apparatus for reading a first
addressable memory and writing to a second address-
able memory, and more parncularly to such apparatus
for display of images represented by digital data, where
the first addressable memory is logically arranged in a
rectangular matrix and scanned at an arbitrary angle
with respect to the matrix for producing a plurality of

scan patterns whose parameters can be altered and con-

trolled by an external source The second addressable

memory is logically arranged and written in a rectangu-
lar matrix format.

2. Description of the Prior Art

Address generators in which data to be displayed are
stored in the form of digital data are well known. Rep-
resentation of characters or images in digital form pro-
vides a convenient way in which to transmit or process
the data, espeaauy in c.d.nugfapmc. maplays

One such address generator is disclosed in copending
patent application Ser. No. 192,798, filed May 11, 1988,
Digital Map Display, assigned to the assignee of the

present invention. In the referenced application an ad-

dressable memary is scanned in rows or columns paral-

lel to the rectangulax matrix in which the data is stored.
Hence, to provide a rotated image, or one which is not
symmeirically scanned with respect to the memory
plane, requires extensive additional processing and
computational time.

Another address generator adapted for use in a digital
map dlsplay system is taught by Wa.lter, et al, in U.S,
Pat. No. 4,477,802, issued Oci. 16, 1984. This invention
discloses an address generator capable of generating
addresses which lie along parallel lines angularly dis-
posed with respect to the orientation of the rows and
columns of storage elements in the memory. However,

the Walter invention does not provide for generating

areas having an asymmetrical or non-rectangular con-
ﬁguration and provides for generation only of sequen-
tiai addresses. Thus, it is not suitable for applications
which process image data bilinearly and hence scan the
stored addresses non-sequentially. Further, the afore-
said invention does not provxde for reading ‘from a first
memory and wrmng into a second full field _memory,
and can updaie map daia only one row or coiumn at a
time between successive fields of displayed map data.
In a typical display system, the screen or display
space of the display device may be thought of as com-
prising a plurality of picture elements or cells (some-

times called

. ad it rows and colimn
pzxels ) arrang\,d il TOWS ana Coiumns.

Each point may therefore be defined by the X and Y
coordinates of a Cartesian grid. Data representing, for
example, the intensity or color of light to be displayed at

each particular segment of the screen may be produced
in a known manner and stored in a random-access mem-

peiiviess

ory of a general purpose computer, along with data
representing the X and Y coordinates of that element’s
position on the screen.

To cause an image to be displayed, the computer
transfers the image information to a frame buffer or
storage array, the individual elements of which are
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arranged to form a Cartesian grid corresponding to the
Cartesian grid formed by the picture elements or raster
of the display screen. A display control unit retrieves
the data from the display buffer in accordance with the
particular raster of the display device and activates the
dlsplay device to display an image corresponding to the
data stored in the frame buffer. Thus, the X and Y coor-
dinate data stored in the computer determines the posi-
tion in the frame buffer in which each unit of image data
is stored and the pattern of data stored in the frame
buffer determines the image to be displayed.

The problem being confronted was the means re-
quired in a digitai map computer to scan out of a cache
memory an arbitrarily rotated and zoomed pattern
which maintained a fixed resolution. These patterns
include a trapezoidal pattern for the generation of a
perspective view of digital terrain data, a star pattern
for the overlay of ‘an intervisibility function, and a rect-
angular pattern for a top-down plan view of digitized
aeronautical charts and digital terrain data. The mis-
match between the regular Cartesiari pixel grid array of
cache memory and the various patterns required for the
display formats had to be compensaied for in such a
manner that the displayed image remained smooth and
stable under animation.

The known prior art has not attempted to support the
programmability of the patterns nor the variety of pat-
terns available in the present invention. The pefspeuxve
view format has been implemented previously via a
radial scan pattern similar to the star pattern of this
invention. Each ray projected from the viewpoint onto
cache memory corresponds to a column of pixels on the

= alamo thn ener Ancnase Ao d
display device. Each sample along the ray corresponds

to a row of pixels on the display device. Plan view has

been implemented previously with a parallel scan algo-

rithm similar to the rectangular pattern algorithm pres-
ented here. The nearest neighbors surrounding the cal-

culated scan address of the cache memory addresses is

determined. The terrain data is then transferred to the
display control unit for graphic rendering and display.

The shortcomings of the previous method of perspec-
tive view generation do not allow for locking the scan
pattern to the terrain (i.e., synchronization with the
cache addresses). As a result, the interpolation calcula-
tions that are performed to map the scan addresses
(rows and columns of pixels on the display) onto the
Cartesian grid of the cache memory (terrain data base)
cause a fluctuation of the image under animation. Thus,
the frame to frame coherence problem causes degraded
image quality A scanning capability limited to parallel
or radial scans limits the formats that may be supported.
Digital map applications are substantially enhanced by
overlays onto the background terrain image. A pro-
grammable pattern scanner can support new applica-
tions as mission requirements change

This invention differs from the prior methods of per-
spective view generation in that a trapezoidal scan pat-
tern is used instead of the radial scan method. The trape-
zoidal pattern is generated by an orthographic projec-
tion of the truncated view volume onto the cache mem-

ory (terrain r‘lata\ The radial scan concept is retained,

but used for an intervisibility overlay instead of the
perspective view generation. The radial scan is en-
hanced to inciude a full 360 degree arc with program-
mable attributes. The rectangular pattern retains the
parallel scan methodology for plan view map genera-

tion. Both a nearest nelghbor and a full bilinear interpo-

caq ig
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lation method of scan address generation
mented.

The shortcomings of the prior method of perspective
view generation are solved by this invention. The inte-
rior scan pattern of the trapezoid is locked to the hori-
zontal axis of the cache memory. This guarantees that
the terrain data posts selected (cache memory ad-
dresses) are consistent from frame to frame under ani-
mation. The image quality of the plan view rectangular
parallel scan can be more precisely controlled by select-
ing either a nearest neighbor algorithm or the full bilin-
ear interpolation algorithm. Under bilinear interpoia-
tion, the four nearest neighbors in cache memory are
selected surrounding the generated scan address and
used to calculate an intermediate point instead of the
default selection under single nearest’ neighbor. The
additional radial pattern for inter vmlbuuy is uupll:-
mented with programmable attributes to accommodate
a variety of mission requirements. -

SUMMARY OF THE INVENTION

The present invention relates to an address generator
for scanning an addressable memory logically config-
ured in a rectangular matrix, which receives data and
instructions from an external source, and generates scan
parameters, the parameters being programmable for
providing a predetermined scan pattern. It includes:

a processor coupled to receive the commands for
computing angles of an envelope deﬁning the contour
of a scan pattern and angles of rotation for successive
lines of said scan pattern,

a read address generator responsive to the processor
for providing incremental horizontal and vertical values

for generating each line of the scan pattern,®

tha cnan
a write address generator coupled to receive the scan

pattern for generating sequential write addresses for
wntmg into a further addressable memory configured
in a rectangular matrix,

a counter for counting the number of incremental
addresses in accordance with a predetermined line
length and the number of scan lines in accordance with
a predetermmed line count and for prov1dmg a signal
indicative of the completion of each line and indicative
of the generation of a complete frame at the completion
of the line count, and

a timing source for generating timing and sequencing
signals for generating each scan line, reading the scan

lines into the first addressable memory, and writing the

contents of the first addressable memory into the second
addressable memory.

In a further preferred embodiment, the contents of
the second addressable memory are written into a digi-
tal display.
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The invention solves a number of problems in the

area of digital map display generation The address
gcm:rawr supportis perspectwe view, intervisibility,
plan view, data frames, and aeronautical chart display
formats while minimizing hardware. It retains full pro-
grammability of aircraft parameters and view selection
attributes such as roll, pitch, heading, posmon, slew,

view angle, lock down angle, front and back clipping

planes, and zoom. It maintains high image quality
(IKXIK resolution) while scanning patterns at a 20
Hertz frame update rate. The nature of the patterns
scanned out for further processing guarantees the frame
to frame coherence of the animation, eliminating boil-
ing, strobmg, and greatly reducing aliasing artlfacts
The invention can be applied to any system requiring

60

ra nui memory-to-memo;

trary patterns
RRIEF DESCRIPTION

FIG. 1is a block diagram showing the present inven-
tion and its interface with a digital map display system.
FIG. 2 is a block diagram showing a preferred em-

‘bodiment of the present invention.

FIG. 3 is a diagram showing a rectangular scan pat-
tern generated by the present invention.

FIG. 4 is a diagram showing a trapezoidal scan pat-
tern generated by the present invention.

FIG. 5is a diagram showing a star scan pattern gener-

+ 3 +3 ey
ated by the present invention.

FIG. 6 shows the details of the X and Y read address
generator.
FIG. 7 shows the details of the X and Y write address

generators.
FIG. & shows the details of tha X and V line caountars

AR ST SAAW TV T VAW W WAAD Wi VAW <k AN 4 LIMG VUULILTLD.

FIG. 9 is a block diagram of the timing and sequence
generator.

FIG, 10 shows details of the output parameters gener-
ated by the decoder.

FIG. 11 is waveform diagram of clock sign
ated by the timing and sequence generator.

FIG. 12 is a flow chart showing operation in the
nearest neighbor mode.

FIGS. 13 and 14 are timing diagrams for the nearest
neighbor mode.

FIGS. 15 A-D are flow charts showing operation in
the bilinear interpolation mode.

FIG. 16 is a flow chart showing operation in the
perspective view scan mode.

FIG. 17 is a flow chart showing operation
intervisibility or radial scan mode.

FIG. 18 is a top-down flow chart showing selection
of a desired mode of operation.

FIG. 19 is timing diagram showing the phase relation
between waveforms generated by the timing and se-
quence generator.

DESCRIPTION OF THE PREF
EMBODIMENT

Referring now to FIG. 1, there is shown the intercon-
nections of an address generator 20 to a digital map
display system. Address generator 20 receives instruc-

onale from » nrocassor PO
tions and control signalsfroma processor 22 via address

and data bus 24, The processor 22 can be designed in the
form of a microprocessor which receives aircraft and
map data in digital form from an auxiliary airborne
computer (not shown). The bus 24 also provides address

and data signals and receives status information from

cache memory 26 and display buffer 28. Address gener-
ator 20 provides read address commands along X and Y
Cartesian coordinates which form a rectangular matrix
via bus 30 and read clock strobe 80 to cache memory 26,
and write addresses and control signals to display huffer
28. The data read out of cache memory 26 is couplcd
into display buffer 28 via data bus 32. Dlsplay buffer 28
feeds a full-field bit-mappeu memory {not shown) via
data bus 34. Display data is extracted from the cache
memory 26 and transferred to the bit-mapped memory
in blocks, controlled by the address generator 20, which
outputs a write address 74 and write clock strobe 78 to

ornala demdon dlan 32 1 o
write the data and control signals 76 into the display

buffer 28 and bit-mapped memory at a specified loca-
tion.

he
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Referring now to FIG. 2, the structural details of the
address generator 20 are shown in greater detail. Ad-
dress signals from processor 22 are applied to a decoder
40 via a bus 42. Decoder 40 provides output commands
such as initialization of the initial X and Y coordinate
starting points, and initial X and Y pixel and line count
and scan mode. Decoder 40 is a set of gates for routing

v Aiffar, Aagtisn
information from a mn5u- scurce to different destina-

tions at different times. Such a circuit is also referred to
as a demultiplexer. Such demultiplexers are available as
standard integrated circuit components which can be
configured in arrays to decode any size data words.

1 tally ~f £
The address generator 20 consists essentially of five

function blocks: a front-end processor 44, a read address
generator 46, a write address generator 48, X and Y line
counters 50 and a timing and sequencer controller 52.
The commands from decoder 40 are coupled to read

address generator 46 and write addrese generator 42 on

ddress generator 46 and write address generator 48
bus 54. Further commands to timing and sequence con-
troller 52 are applied on bus 56 and to front-end proces-
sor 44 via bus 58. Line counters 50 receive initialization
commands and send status commands on bus 60 to data
bus 62, which is energized by the processor 22. Front-
end processor 44 which may comprise addressable sine
and cosine lookup tables, provides computed control
parameters to read address generator 46 and write ad-
dress generator 48 on bus 64.

The timing and sequence controller 52 distributes the
priorities of access to the read and write generators via
lines 66 and 68 and to the line counters via line 70. Line
counter status, such as X DONE, Y DONE, is returned
via line 72. Timing and sequence controller 52 provides
the control timing and clock signals required by the
various other circuit elements. The control logic can be
designed by well known techniques Processor 22 also

controls u.ming and sequence coniroller 52 oy xmuaung

performance and specifying what scan mode is to be

performed.
The output of read address generator 46 is applied to
the cache memory 26 via bus 30. Write address genera-

trae AQ aonedan o ozl P PO

10T 40 pIroviaes a write address via bus 74 to ulaplay
buffer 28.

Referring now to FIG. 3, there is shown a graphical
illustration of the parameters involved in addressing the
cache memory 26. The point Xo, Yo represents the map
center The arrows Xand Y represent the uu.hu&uudl
axes of the logical cache memory storage array. The
array is seen to be configured as nine segments, each
comprised of 64 bytes, each byte having a unique ad-

dress. The storage segments are arranged along rows
parallel to the X axis and columns parallel to the Y axis.

Pomts P1, P2, P3, and P4 represent the corners of a
rectangular envelope 80 disposed at an angle ¢, with
respect to the X, Y coordinate system. The storage
location represented by the point P1 represents the
address of the storage element where a scan line of the
cache memory 26 is to begin to read the map data en-
compassed by envelope 80 and the point P2 represents
ihe address of the storage element where the scan ine
ends. It may be seen that each scan line originates from
a different point along the line P1-P3 of the envelope
80. The number of origin points corresponds to the
number of scan lines. The number of storage elements
along each scan line corresponds to the number of dis-
playable picture elements (pixels). The number of scan
lines corresponds to the number of displayable scan
lines in a complete frame.
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The parameters defining the rotated set of points or
origin and the rotated envelope will now be described.
Referring to FIG. 3A, a scan line 82 is seen to originate
at point P1. The slope of line 82 is defined in conven-
tional manner by the tangential components with re-
spect to the horizontal X axis. Thus AYY defines the
vertical displacement with respect to an arbitrary hori-
zontal measure AXX, The parameters A AYY and AXX

may be dynamically varied by the processor 22, thereby
providing a flexible and programmable line-to-line scan
capacity. For the rectangular scan mode, parameters
AXX and AYY will be held constant.

In a similar manner, the slope of the points of origin
between successive scan lines 82 and 84 is defined by the
tangential components AX and AY. Varying the ratio of
AX and AY or their individual magnitudes will vary the
slope of the sides of the envelope 80. These parameters
are also programmable by the processor 22.

FIG. 4 shows a graphical representation of a trape-
zoidal scan envelope 90. The points P1, P2, P3, and P4
define the contour of the area 0 be scanned. However,
in trapezoidal mode the scan lines are oriented parallel
to the X axis to permit a 1:1 correspondence with the
segmented storage elements. The parameter AXX is set
to 1, and AYY is set to 0. The slope of a side 92 of the

trapezoid 90 is determined by the parameters AX and

AY In order to assure that the position generated by the
address generator correspond with identical storage
segments from frame to frame, AY is set to 1 and AX
will determine the slope of side 92. In this manner, the
segmented storage elements of the cache memory are
locked to the map display, and the same polygon will be
generated from frame to frame.

A star or radial scan patiern, which may be used, for
example, for overlaying a target pattern on a terrain
display, is generated as shown in FIG. 5. An origin 0.0
at a center point P1 of the display and a radius defining
the scan line Pl-PZ is calculated by the processor 22.
s{all ‘Llld ﬂb\lll a.usn.a Ul ﬂ.ll ﬂllElC Uf uhauEC Ae llldy dlBU
be defined. The input commands are applied to proces-
sor 44 where sine and cosine lookup tables generate the
corresponding parameters AXX and AYY defining the
slope of each successive scan line. The point of origin is
nlwzvc held constant at P1 (AX AY — n\ It ic a feature

S NCIC CONSANl al 2 Bl,8 X = 4L 15 & iCaure

of the present invention that the dlsplay may be modu-
lated based on aircraft altitude, sensor, and terrain
height by providing a data flag corresponding to the
address generated by the address generators.

The operation of the address generator will now be
explained. Referring to FIG. 6, which shows a detailed
circuit of the read address generator, read address gen-
erator 46 is basically an arithmetic logic unit which
performs a series of incremental adds after receiving a
starting X, Y point, scan line slope or pixel-to-pixel
increment AXX, AYY values, and line-to-line slope
increment values AX, AY, which is the pixel-to-pixel

i Vina cbnetisne malombn  fanoe +ho
distance between scan line swarung poinis, 1rom inc

processor data bus 62. The initial X and Y starting
points are calculated by the processor airborne com-
puter using a normalized coordinate system and the
aircraft heading information. These initial into the X
register 91 and corresponding Y register (not shown)
P2 P3, P4) based on the sca.le, center/decenter mode,
zoom, headmg, and aircraft posmon The four cache
point addresses surrounding the calculated point posi-
tion for a bilinear interpolation or the nearest neighbor
processing are calculated by methods well known in the
art. See, for example, U.S. Pat. No. 4,528,693, and Digi-
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iai Picture Processing, Rosenfeid and Kak, 2nd Ed., Vol
2, pp. 33-36. While FIG. 6 refers to the X coordinate
address generator, the Y coordinate generator functions
in an identical manner, except that the parameters
loaded are, of course, the Y axis increments and starting

point.

Processor 44 comprises addressable sine and cosine
PROM’s which receive angular parameters from the
data bus 62 for calculating the linear coordinate incre-
ments in the star display mode. Processor 44 uses the

mnuf data parameters from the airborne comnntars (i e

data parameters from the airborne computers (i.e.
mode and four corner points or center point, radius,
angle of change, and start/stop angles). These parame-
ters are used to set default values or calculate the pa-
rameters used by the address generator: AXX, AYY
(scan line slope); AX, AY (slope from scan line to scan
lme) line lengths and number of lines. The X read
address generator 46 generates addresses to read from
cache memory, passes value through (adds zero), adds
one to the previous address and adds a delta value to a
previous address. Delta value can be positive or nega-
tive and can be any absolute value from zero to 3.999
(approximately) Depending upon programming, these
addresses can be generated as across a line or aspects of
four points across a line set up as (X,Y), (X+1,Y),
&Y + 1), X+ 1,Y+1). The addresses can be generated
at 100 nanosecond time intervals. A rectangular, trape-
zoidal, or star shape of points can be created with any

S aemtats e
Oricniation.

FIG. 7 shows the details of the X and Y write address
generators, and FIG. 8 shows details of the X and Y line
counters X and Y count parameters are provided on bus
116 from the airborne computer. The X count is loaded
into 2 latch and stored by the LD X count command
from decoder 40. The value stored in latch 130 repre-
sents the number of pixels in a line, which corresponds
to the length of the line for a given pixel-to-pixel incre-

ment, The value in latch 130 is applied to load an initial
X count into counter 132 on an INITIALIZE com-
mand from decoder 40 applied to gate 134. On subse-
quent commands, counter X is decremented after each
address is generated along the scan line until a count of
1 is reached, indicative of the end of the'scan line. This
signal applied to PROM 136 is indicative of the comple-
tion of data transfer from the cache memory along the
scan line.

In a similar manner, Y count 138 is loaded and decre-
mented after the completion of each scan line. Counter
138 is initialized with a count indicative of the number
of scan lines in a frame, while PROM 140 provides a
signal when the complete frame of data has been trans-

v
ferred.

In the display list mode, typically the X count wouid

be comprised of 256 pixels and the Y count would be s

compnsed of 4 lines. In the map display mode, the X
count is typically 484 pixels and the Y count also 484

pixels. The count is adjusted by the airborne computer

to allow for the display mode, such as bilinear interpola-
tion, and high resolution or low resolution operational
modes. The outputs of the X and Y counters provide a
signal X DONE indicating the end of each scan line
count and Y DONE indicating when a block transfer

operation is complete. In the map mode, the counters’

are loaded to take into conmsideration the additional
couniing sieps needed to find the four points around
each address used for bilinear interpolation, and a BI-

LINEAR DONE signal is generated.
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The write address generators consist of counters used
to provide addresses to a full-field bit mapped scene
memory for the transfer of display data or to an overlay
memory for the transfer of overlay data. They are
clocked directly by the timing generator and state se-

- Trreita avrea b Poeu B ¥ 4
quence S52. An X write counter 100 and a Y

counter 124 are coupled to a reset line 104 which is fed
by the decoder 40. On reset the counters are cleared to
accept a new count sequence. Timing and sequence
generator 52 provides a 10 MHz clock X signal on line
106 to the X write counter and a 10 MHz clock Y signal
on line 108 to the Y write counter. The output of X
counter 100 is coupled to a first buffer 110 which is
enabled by a read signai 112 from the decoder 40. This
provides a signal indicative of the X write counter sta-
tus to data bus 114. The output of X write counter 100
is coupled on line 118 to a second buffer 120. Buffer 120
when activated by a write enable strobe from timing
generator and sequence controller 52 applies an X write
address to the display full-field memory (not shown).
The Y write counter circuit, comprlsed of counter 124
and buffers 126 and 128, operates in a manner similar to
the X write counter circuit, hence need not be described
in detail.

Refemng now to FIG. 9 which shows details of the
timing generator and state sequence 52, and FIG. 19
which shows the timing sequences and their relative
phases, the address generator circuit is provided with
all of the necessary control signals and clocks required
for its operation during the different modes. A 40 MHz
oscillator is divided to prov1de a controllmg 10 MHz
clock frequency and several phases of the 10 MHz
clock. After the airborne computer has supplied the
address generator with the necessary initialization and
control parameters, it starts the timing generator and
sequencer 52. Circuit 52 then provides the requlred

oy 1timlavad
internal control signals based upon its multiplexed in-

puts to generate the addresses and output control sig-
nals as necessary for the mode that the airborne com-
puter has loaded into the address generator decoder.
The sequencer 52 also provides control signals to a
video processor for use in its bilinear interpolation cir-
cuitry,  clock signals to the cache and scene memories to
read or write data, 10 MHz clocks, control signals to the
overlay processor to transfer dispiay lists, and clock
signals to the video processor and to the overlay proces-
sor. The multiplexed inputs include X done, Y done,
bilinear done, last line, address generator done, and
other related signals.

FIG. 10 shows the output commands generated by
the decoder 40 in response to the parameters from the
airborne computer.

FIG. 11 shows the clock signals generated by the
timing and sequence generator 52. FIG. 12 shows a
flow chart for the nearest neighbor mode, and FIGS. 13
and 14 are timing diagrams for the nearest neighbor
mode. FIGS. 15 A-D are flow charts for the bilinear
interpolation mode. FIGS. 16 and 17 are flow charts
showmg operation in the perspective view and radial
scan view modes, respectively, while FIG. 18 is a top-
down flow chart showmg selection of a desired mode of
operation. FIG. 19 is a tlmmg dlagram showmg the
relation of waveforms generated by the timing genera-
tor and sequence controller 52.

While the invention has been described in its pre-
ferred embodiments it is to be understood that the

words which have been used are words of description

rather than limitation and that changes may be made
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within the preview of the appended claims without
departing from the true scope and spirit of the invention
in its broadest aspects.

Embodiments of an invention in which an exclusive
property or right is claimed are defined as follows:

1. An address generator for scanning a first address-
able memory logically conﬁgured in a rectangular ma-

h’n' WhFY‘FIH a na"m’n nf' dnfn m ernrnnl In a p"‘detef-

mined orientation with respect to said matrix, and for
writing to a second addressable memory comprising:
input means for receiving parameters from an exter-
nal source, said parameters being programmable
for providing a predetermined scan pattern from a
plurality of scan patterns substantially independent
of said predetermined orientation,
processor means coupled to receive said parameters
for computing angles of an envelope defining the
contour of a scan pattern and angles of rotation for
successive lines of said scan pattern,
read address generator means responsive to said pro-
cessor means for selectively generating address
signals 5o as to read out said pattern information in
a given direction with respect to said predeter-
mined orientation, wherein said given direction is
substantially independent of said predetermined

arientation, and for nroviding incremental horizon-

ientation, and for providing incremental horizon-
tal and vertical values of read addresses for gener-
ating each line of said scan pattern and reading
values of digital signals stored in said first memory
at corresponding addresses,

write address generator means coupled to receive
said parameters in the form of a first parameter
defining a starting point of a first scan line, a second
parameter defining the slope of said scan line, and a
third parameter defining the slope of starting points
of successive scan line, said first, second, and third
parameters being dynamically and sequentially
variable in accordance with command signals from
said external source to form one of said plurality of
scan patterns, for generating sequential write ad-
dresses for writing into said second addressable
memory configured in a rectangular matrix,

counter means for counting the number of incremen-
tal addresses in accordance with 2 nradeterminad

addresses in accordance with a predetermined
line length and the number of scan lines in accor-
dance with a predetermined line count and for
providing a signal indicative of the cempletion of a
scan line and a signal indicative of the generation of
a complete frame at the completion of said line
count, and

timing means for generating timing and sequencing
signals for generating each scan line, reading said
first addressable memory along said scan lines, and
wrmng the contents of said addressable memory
into said second addressable memory.

2. An address generator as set forth in claim 1,

wherein. said parameters applied to said processor

means comprise the corner points of a geometric figure.
3. An address generator as set forth in claim 2,
wherein said geometric figure comprises a trapezoid.
4. An address generator as set forth in claim 3,
wherein said scanning line shave a slope of zero with
respect to a horizontal axis of said rectangular matrix
and the slope with respect to said horizontal axis of an
edge of said irapezoid defined by said enveiope deter-
mines the start or end points of successive scan lines.
5. An address generator as set forth in claim 4,
wherein said geometric figure comprises a rectangle.

15

30

35

45

50

55

10

6. An address generator as set forth in claim 5,
wherein successive scan lines are scanned in parallel
fashion with fespect to one another, but not necessarily
parallel to an axis of said rectangular matrix, and the
slope of an edge of said rectangle defines the start or end
points of successive scan lines.

7. An address generator as set forth in claim 2,
wherein said geometric usuxc \.urupim’c‘a at least a por-
tion of a star having a plurality of radially extending
members, and said input parameters comprise a center
point, a line radius, and an included angle or a start

angle and a stop angle defining an included angle.

8. An address generator as set forth in claim 2

address generator as set forth in claim 2,
wherein said processor means comprises trigonometric
look-up tables responsive to address parameters for
generating values of slopes of said angles in Cartesian
coordinate form.

9. An address generator for scanning a first address-
able memory loglcally configures in a rectangular ma-
trix and writing to a second addressable memory com-

rising:
input means for receiving parameters from an exter-
nal source, said parameters being programmable
for providing a predetermined scan pattern,

processor means coupled to receive said parameters
for computing angles of an envelope defining the
contour of a scan pattern and angles of rotation for
successive lines of said scan pattern,

read address generator means responsive to said pro-

cessor means for providing incremental horizontal

and vertical values of read addresses for g\-ue:.atnus

each line of said scan pattern and reading values of
digital signals stored in said first memory at corre-
sponding addresses,

write address generator means coupled to receive
said scan pattern for generating sequential write
addresses for writing into said second addressable
memory configures in a rectangular matrix,

counter means for countiing the number of incremen-
tal addresses in accordance with a predetermined
line length and the number of scan lines in accor-
dance with a predetermined line count and for
providing a signal indicative of the completion ofa
scan line and a signal indicative of the generation of
a completed frame at the completion of said line
count, and

timing means for generating timing and sequencing
signals for generating each scan line, reading said

first addressable memorvy alnng said scan lines. and

t addressable memory along said scan lines, and
writing the con tents of said first addressable mem-
ory into said second addressable memory;

wherein said read address generator means com-
prises:

an X read address generator and a Y read address
generator for receiving parameters representative
of the starting address of a scan line, first incremen-
tal X and Y correction values corresponding to a
slope of said scan line; and second incremental X
and Y correction values corresponding to the rela-
tive slope of successive scan lines,

means for computing read addresses corresponding
to at least one of said scan lines by summing the
respective X and Y starting addresses and corre-
sponding first X and Y incremental values and
sequentially incrementing said summed read ad-
dresses by said first incremental values,

means responsive to the completion of a scar

summing the respective X and Y starting pomts
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and corresponding second X and Y incremental
values, thereby defining the start of a successive
scan line, and

means for sequentially incrementing said read address
by summing said first and second X and Y incre-
mental values therewith until a predetermined plu-
rality of scan lines defining a frame is completed.

-10. An address generator as set forth in claim 9, fur-
ther comprising:

means for sequentially addressing a plurality of stor-
age location of said first addressable memory of the
form P1=X)Y, P2=X-+1Y, P3=XY+l,
P4=X+1, Y+1, said points neighboring a point
corresponding to the value of a storage location in
said first addressable memory.

11. A counter means as set forth in

ing:

latch means for receiving and storing an initial X
count corresponding to said line length from said
input means, said latch means also responsive to a

control signal from said input means to retumn or

decrement said initial count,

first presettable counter means responsive to said
input means to be preset to said initial X count and
responsive to said latch means for providing a dec-
remented X count,

first logic means coupled to said first presettable
counter means to detect when a predetermined X
count has been reached thereby and to provide a
signal denoting completion of a scan line and for
resetting the count of said first counter means to a
further initial X count at a successive scan line,

second presettable counter means responsive to said
input means to be preset to an initial Y count corre-
sponding to the number of scan lines in a frame and
further responsive to said input means for provid-
ing a decremented Y count, and

second logic means coupled to said second counter
means to detect when a predetermined Y count has
been reached, thereby to provide a signal denoting
reading of a complete frame for writing the con-
tents of said further addressable memory means
into said display means. »

12. A write address generator as set forth in claim 9,

further comprising:

means coupled to said timing means for receiving

regular clock pulses,

address counting meang for nn“nhng said clock

COuniing meang Ior countin, Lo

pulses to produce an address for said second ad-
dressable memory,

means for supplying said address to said second ad-
dressable memory to designate an address corre-

b vslaialy
‘““""‘“g to a storage location therein in which

stored data is written, and

claim 9, compris-
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means coupled to said timing means for selectively
enabling said means for supplying an address.
13. A write address generator as set forth in claim 12,

further comprising mean for writing the contents of said

second addressable memory into a display means.

14. A method for scanning a first addressable memory
iogicaily configured in a rectangular matrix and writing
to a second addressable memory comprising:

providing control parameters from an external

source, said parameters being programmable for
providing a predetermined scan pattern,

applying said parameters o a processor and comput-

ing angles of an envelope defining the contour of a
scan pattern and angles of rotation for successive
lines of said scan pattern,
deriving incremental horizontal and vertical read
address values for generating each line of said scan
pattern from said computed angles, and reading
values of digital signals stored in said first address-
able memory at corresponding addresses,

generating sequential write addresses for writing into
said second addressable memory configured in a
rectangular matrix,

counting the number of incremental addresses in ac-

cordance with a predetermined line iength and the
number of scan lines in accordance with a predeter-
‘mined line count and providing a signal indicative
of the completion of a scan line and a signal indica-
tive of the generation of a complete frame at the
completion of said line count,

generating timing and sequencing signals for generat-

ing each scan line, reading said first addressable
memory along said scan lines and writing the con-
tents of said first addressable memory into said

second addressable memory, applying said parame-

ters representative of the starting address of a scan
line, first incremental X and Y correction values
corresponding to a slope of said scan line, and
second incremental X and Y correction values
corresponding to the relative slope of successive
scan lines to corresponding X and Y read address
generators,

computing read addresses corresponumg to at least
one of said scan lines by summing the respective X
and Y starting addresses and corresponding first X
and Y incremental values and sequentially incre-
menting said summed read addresses by said first

incremental values,

on completion of a scan line summing the respective
X and Y starting points and corresponding second
X and Y incremental values, thereby defining the
start of a successive scan line, and

sequentially incrementing said read addresses by sum-
ming said first and second X and Y incremental
values therewith until a predetermined plurality of
scan lines defining a frame is compieted.
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