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[57] ABSTRACT

A printer-plotter system is provided having a single
horizontally movable, print-plot head comprising geo-
metrically arranged thermal resistor elements which are
processor-controlled for plotting continuous multi-
directional line segments and for printing, while plot-
ting, upper and lower case alphanumeric characters and
punctuation characters in four orthogonal directions.
Characters are printed in 5-columns-by-7-rows dot ma-
trix form, with neighboring dots partly overlapping
each other in order to impart a continuous or drawn
appearance rather than a discontinuous dot appearance
to the printed characters. The geometric arrangement
of the head elements also provides for varying the
width of line segments plotted along selected orthogo-
nal directions.

12 Claims, § Drawing Figures
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THERMAL PRINTER-PLOTTER SYSTEM FOR
MULTI-DIRECTIONAL PRINTING AND
PLOTTING

Matter enclosed in heavy brackets [ J} appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made

by reissue,
Y 10

BACKGROUND OF THE INVENTION

The present invention relates generally to printer-
plotter systems and, more particularly, to dot-matrix
thermal printer-plotters. Thermal printer-plotters are 15
known which have thermal resistive elements (dots)
arranged 1n matrix form, each column and each row of
matrix having multiple resistive elements.

However, to form the vertical portion of a character,
the column elements of the matrix are sometimes ener- 20
gized simultaneously. This often results in non-uniform-
ity of contrast between portions of the character formed
by a given number of the matrix elements energized
simultaneously and other portions of the character
formed by a different number of simultaneously ener-
gized elements. This non-uniformity in contrast is
caused by parasitic losses, such as are produced by a
battery return lead and resistance, which reduce the
amount of power supplied to each element as a function 30
of the number of simultaneously energized elements.

To avoid this problem of non-uniformity in contrast
assoctated with simultaneously energized elements, a
printer-plotter with individually energizable print and
plot elements is needed. Also, for purposes of compact- 35
ness and simplicity, the elements should be arranged in
a single print-plot head in such a manner that, to print a
selected character, the same elements may be used to
print the character in one direction as to print the char-
acter 1n other directions. 40

25

SUMMARY OF THE INVENTION

According to the illustrated preferred embodiment of
the present invention, a print-plot system is provided s
having a central processing unit (CPU), a memory unit
containing a stored program, and a printer-plotter unit
with a print-plot head. The print-plot head comprises
ten geometrically-arranged thermal resistive elements,
one of which is used to plot lines and nine of which are 50
used to print upper and lower case alphanumeric char-
acters in four orthogonal directions, under program
control.

The geometric arrangement of the character-printing
elements enables these elements to be individually ener- 55
gized when printing a character, thereby eliminating
the problem of non-uniformity of contrast associated
with simultaneously energized contiguous printing ele-
ments. Any of the printing elements may be energized
simultaneously with the plotting element in order to
print characters while plotting selected line segments.
The arrangement of the elements also diminishes the dot
appearance of the printed characters and improves
character appearance by printing the dots in slightly ‘5
overlapped fashion. Furthermore, the arrangement of
the elements provides for varying the thickness of a
character or orthogonal line segments by selectively
energizing one or more individual elements.

60

2

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 115 a block diagram of the printer-plotter sys-
tem of the present invention.

FIG. 2 is a combined perspective view and block
diagram illustrating the printer-plotter and controlier of
the system of FIG. 1.

FIG. 3 is a top view of the elements of the print-plot
head employed in the system of FIG. 1.

FIG. 4 is a diagrammatic illustration of elements of
the print-plot head of FIG. 3 used to print a character.

F1G. 5 is a logic flow diagram of a routine stored in
a ROM of the system of FIG. 1, illustrating one mode of
operation of the system.

DESCRIPTION OF THE PREFERRED EM-
BODIMENT

FIG. 1 shows a printer-plotter system having a logic
unit 11 and a printer-plotter unit 13. The logic unit 11
comprises an input unit 15 such as a keyboard, optical
reader or magnetic tape device for entering data into
the system, a read-write memory (RWM) unit 17, a
read-only memory (ROM) unit 19 having a stored rou-
tine, a processing unit 21 and a print-plot controller 23.
The processing unit 21 stores the data from input unit 15
into RWM 17, processes the stored data under control
of the ROM routine, and applies the processed data via
controller 23 to printer-plotter 13 for plotting and print-
ing.

FIG. 2 shows the printer-plotter 13 comprising a web

'Or paper drive unit 25, a print-plot head 27 engaging the

web, and a coordinate actuator or head drive unit 29 for
moving the print-plot head 27. The paper drive unit 25
includes a stepper motor 33 coupled to a platen 35 for
moving paper 31 forward (from 4y to —y) or rearward
(from —y to +y). The head drive unit 29 includes a
head motor coupled to head 27 by means of a guide wire
39 for moving the head 27 from left to right (from —x
to -+x) or from right to left (from +x to —x). FIG. 2
also shows print-plot controller 23 comprising a head
posttion controller/driver 41, a paper position control-
ler/driver 43, and a head power controller/driver 45.
Upon application of a signed, binary value from proces-
sor 21 to head position controller/driver 41 (the sign of
the binary value specifying the direction of movement
of the head 27 and the magnitude of the binary value
indicating the number of steps that the head 27 is to be
moved), the controller/driver 41 converts the signed
binary value to two signals with a +90° phase delay
between the two signals when the sign is negative, and
to two signals with —90° phase delay between the sig-
nals when the sign is positive, and applies the two sig-
nals to head motor 37. Head motor 37 moves head 27 a
distance corresponding to the number of cycles of the
signals, in the direction from —x to +x when the ap-
phed signals are out of phase by +90°, and from +x to
—X when the applied signals are out of phase by —90°.
In similar manner, a signed binary value applied by
processor 21 to paper position controller/driver 43
causes controller/driver 43 to apply two signals with
+90° or —90° phase delay between them to stepper
motor 33. Stepper motor 33 rotates a sprocketed por-
tion of platen 3§, moving paper 31 a distance corre-
sponding to the number of cycles of the applied signals.
Paper 31 1s moved forward (+y to —y) when the sig-
nals applied to motor 33 are out of phase by +90°, and
moved rearward (—y to +y) when the signals applied
to motor 33 are out of phase by —90°. A binary pattern
of ten bits is applied, in parallel, by processor 21 to head
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power controller/driver 45 specifying the thermal ele-
ments of head 27 that are to be energized.

FIG. 3 shows a top view of the thermal resistive
elements of head 27. (In an alternative embodiment of
the present invention the thermal elements of the head 3
may be arranged along a single diagonal.) Seven ele-

4

means that at an initial positioning of head 27 element
E6 is energized to form a portion of character E,

(=)

ments are used for printing upper and lower case char-
acters, at least two elements used for printing punctua-
tion characters, and one element 47 is used to plot lines.

means that at the next positioning of the head (1.e., at
head position two), element E3 is energized to form

For example, when the head 27 is moved from left (—x) 10 another portion of the E,
to right (4 x), to print upper and lower case, characters
E and e, thermal elements E1, E2, E3, E4, ES, E6 and
E7 are used, to print a lower case character with a (E4) (E?)
“descending portion” such as "p”, elements E3, E4, ES, p/ p7
E6, E7, E8 and E9 are used, and to print a punctuation 15
mark such as a comma, elements E7, E8 and E9 are means that at head position seven, elements E4 and E7
used. Each printing element partly overlaps its neigh- are energized to form two other portions of the E, and
boring element in a column-wise and row-wise fashion so on. Note that at head position three, elements E8 is 1n
as indicated by reference numerals 49 and 51 of FIG. 3. position for forming a punctuation character or lower
This overlapping arrangement permits the printing of 20 portion of a lower-case character (if such a character
contiguous, partly-overlapping dots, forming charac- were needed) and, hence, is not energized to form a
ters having a non-dot-like appearance. _Th*”-' elements are portion of the E. Table ! shows the element used to
connected to twelve leads, one lead being a ground lead print upper-case character “P,” punctuation character
53 common to elements E1-EY, nine lead being conduc- “* and lower-case character “p.”
TABLE 1
Element used
te form Elcment used
Example character to form
Orignta- of Character  Direction Direction in order descender
tion of character orienta- of of of use, portion
charac- orienta-  tion head move- paper from left {(in order
ter tion (Cartesian) ment movement to right of use}
First P, +vto —y —xto +Xx Nec movement  E6,E3E5SE2. E%ER
orthogonal E7,E4.E]
Second —vio+y +Xxto —X No movement E4E7.E5ER EILE2
orthogonal E3 E6,ES
Third —xto +%x No movement +y 10 —y E1,E2,E3E4 E6ES
arthogonal ES.E7ERB
Fourth +X to —x  No movement —y 10 +y E9.ESETES E4.E]
orthogonal ES.E3E2
First P +yto —y —xt0o +X No movement  ES.E6ELES, None
orthogonal ESE7.E4
A flow chart of the operations performed by proces-
tor leads 57-63, 65 and 69-75, each connected to one of  sor 21 under control of the routine stored in ROM 19
the nine elements E1-E9, and one grounded lead 55 and 45 (FI1G. 1) is shown in FIG. 5. Each block of the flow
one conductor lead 67 connected to plot element 47. chart represents an operation performed by processor
The twelve leads to the head 27 are, in turn, connected 21. For a given sequence of input data received and
to head power controller/driver 45 of pninter-plotter stored by logic unit 11, or generated by processor 21
controller 23 via a flexible cable 77. Processor 21, under (pursuant to calculation operation) and stored in RWM
control of the routine shown in FIG. 5 and Table 2 50 17 for plotting and printing, the print-plot routine as
following, moves the head 27 or paper 31, or both, to a shown by block 77 accesses the first data word to be
selected position and applies a binary pattern to head 27, plotted, positions the paper and head as shown by
energizing selected elements to plot a point or to print blocks 79 and 81, and plots the contents of the accessed
one or more points as part of a character. data word. As shown by block 83, plotting is achieved
FIG. 4 shows the elements E1-E7 used to print the 55 by applying the accessed data to head power control-
character “E,” and the particular move or position of ler/driver 45 (FIG. 2) where the data 1s used to gate
the head (pl being a first position, p2 being a second power from a power supply 105 to plot element 47 of
position, and so on) at which each element 15 energized. head 27. Following the plotting operation as block 85
The elements E8 and E9 are not used to print portions shows, a test is made to determine if printing 15 to be
of the E, instead, these two elements are used to print 60 performed. If no printing is to be performed (indicated
punctuation marks and the lower portions of lower-case by a print flag not having been preset), control 1s trans-
characters when such characters are oriented in the ferred to block 101. If a print flag has been present
same direction as the E. For example indicating that character data are to be printed, the
orthogonal orientation of the character is determined as
65 shown by blocks 87 and 89, and head 27 or paper 31 1s

(%)

moved to a selected coordinate as shown by blocks 93
and 91, causing selected elements of the head to occupy
selected positions over the paper 31 corresponding to
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the data word to be printed. To accomplish the head
and paper movement indicated by blocks 93 and 91, for
a given character orientation determined from blocks 87

and 89, signed binary values are applied to head-posi-

6

which there is a matching 1"’ bit in the dot-pattern. As
block 99 shows, after each dot-pattern word is pro-
vided, control is returned to blocks 95 and 97 for suc-

cessive dot-pattern words to be output. When all of the

tion and paper-position controller/drivers 41, 43. Bit 5§ dot-pattern words (preselected for annotating a plotted

patterns (dot patterns in binary form) of alphanumeric

characters printable by the system are pre-stored in
word groups in ROM 19, each word group containing

the dot (bit) pattern corresponding to one character.

data value) have been printed, control is transferred to
block 101 which, in turn, returns control to block 77 if
additional data values remain to be plotted, or termi-
nates the print-plot operation if no data values remain to

For a given character stored in RWM 17, the group of 10 be plotted. To plot lines having a selected thickness, a

words from ROM 19 containing the dot pattern corre-
sponding to the stored character are accessed. This
access operation is shown by block 98, after which the
contents of each word are applied to head power con-
troller/driver 45 (FIG. 2) as shown by block 97. As
shown by gates 103 and power supply 105 of FIG. 2, the
contents of each dot-pattern word serve to gate power
from power supply 105 to those elements of the head for

15

plot element 47 of selected size may be used, or individ-
ual elements may be energized selectively to produce,
along a selected orthogonal direction, a line made up of
a desired number of contiguous dots. To print charac-
ters having a selected thickness, selected dot patterns
may be used. Table 2 shows a listing of the individual

“instructions of the print-plot routine.

TABLE 2

Print-Plot Routine

ROM o Sub- Operation
Se~- Address Ob- rou- code
guence (in ject tine (instruc-
no. octal) code label tions) Remarks
8674 €I325¢& P3I1U¥S5S NYTPO OEF we¢iw
8675 BJINSS BVR134E - LDA DEFG CHECK OECELERATION FLAG
0676 DBIRYE N722442 SIA =+D SET DECELERATE
E677 L3957 ne6275 JHP DECEL
2:;: A3Csd PadSsL7 L08 CHMOD
V3361 V14443 CPB O ACCE £
QoBY VBiGL2 B6H262 JMP téCEL TEEELERlTh7
B::; BIZHI 31453 LOA SCNTR
e PIJbé 972422 SZA ne2 TIN R
B6BY WINES5 866252 JMP KPSLW Né.EJEgTPSEEI
@O¥4 L3366 B14106 CPB 07 CRUISE?
¢O8S BANS7 vpb212 JMP L STCK YES
BLRG  “3n7d¥ 024123 ADB N4
G687 w3IA7Y 176902 SUP pe?
RE6BB 3072 @66145 - JMP FETOY
AE8Q VSA73 p24t1y7 ADB N2
BH90 ©¥INZ4 {76uu2 SBP a2
ﬁbﬂl BIN7?5 B66218 JMP SPCE
BoW2 HSA76 041322 NEWCH LDA YBUFF FETCH NEW (HARA
BeYd Q3077 272285 RIA FETAS IF & THEHrOO Cslgu
MHhO4 UVSIvVA B4E5317 182 CHMOD SET CVYHMOD = 7 '
MOSS  Y31ul Uv20141 LODA Mi2 SETY
CO90 U112 BI1454 STA CLCNT CRUISE COUNT
go%7 PRIird 2662472 JHP LSTCH AND JUuNP
BO6FL BSlvd 035322 FETAS STB 1BUFF CLEAR THBUFF
LOS RAAINSG PAS2USS AND 0177 MASK OFF EXYRA BITS
8702 603116 C10074 CPA EOTCH EOQT? -
B761 wdipn? po66124 JHP E£EQTPT YES
B7¢2 V8114 BICUSY CPA 017 HANDSHAKE?
A7V 811y 266125 JMP HSPRY YLS
R2vd €3112 2201724 ADA N4D ADD OFFSET
U743 13119 rigeet STA ¥ PULTIPLY
B7085 w3114 17064 SAL BY
B7R7 3118 pagesn ADH A 3 ' ‘
B708  1I116 J(2uug LA P



B/
Bn7 14

a/11
0712
71

8714
215
8716
@717
(718
8719
p720
8724
6722
e2d
P724
A725
8726
n2¢e?
p728
A7 29
p7 30
w731
@732
7383
8734
735
B734
B?237
A7 38
A738
8740
R7 41
6742
B74)
B7 44
a7 45
87406
6747
p748
N749
7oA
67 3)
g7 52
B753
2754
873595
87356
Q757
7 VA
759
g7o0
0761
a762
0763
764
gr765
p7E6
p707
n768

M3iy7
nN3yzn
312t
r3i2d
hI129
‘NEWVE
F3125
P3i26
n3127
13138
JRBID
N313°2
E3ILII
dd134
AT
PITI6
VI Y/
w3140
v3i4]
vil1d4e
b 14d
noldd
r3145
L3146
KWd147
n3iso
3151
*31 92
231543
dS8y54
3155
BI136
E3157
KA16Q
N31061
Pd1¢62
P316d
Ediod
B3II6S
23166
vb3iv?
L3170
3171
kalz2d
03173
BJdl174
P31735
3178
r3y77?
KLY
Bazuvy
VICIEY

AR
SN RN
V3cod
PA2¥6
La2n/7
cl21¢
P21
IV NB W

7
052451 AN
D27&804 AR
24000 - ApB
35355 STCAD S§T138
JHbL 13D JHP
L6768 EOTPT LDB
66122 JHP
2A6764 HSPRY LB
056122 Imp
AANA78 MODCG LDA
RB IR W STA
228129 LD&
cI3ido4 STL
Bud )15 LOB
Jéudz | JSH
k24115 £08
624115 ADR
824115 ADB
26330 ADB
BISILE STh
WD J42 LDA
231360 5TA
R45554 FETDT 18?2
A551 50 JMP
24S31? IS2
145355 LDY
0dldH LOA
170140 CHMA
J31IEN STa
J72und n.A
{2477 RRK
045350 1872
17454/ SBR
a77v 4 SLB
624114 408
174601 SBL
{74594 Sun
W4ag47 1 JoM
AR NOP
66241 ) JhnpP
eRABLNG NOP
Jl3iSA LDA
131361 STA
BV 42 LDA
174640 Sl
174533 CONRY SBR
170600 SAL
d77¢¢2 SLs8
22243 AD A
048436 ¢ 1§87
266174 JHP
JSuea STA
W44l SKPRY JSM
g56217 JHP
042401 JSH
3567 JHP
2424 JSH™
L4S817 SPCE 132
chL 216 | J P
49354 LSTCH [S2
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(0176K
BLXKAD
A

CLOAD
HOCCG

EQT 4D
STCAD
HSAD
STCAD
0J
CHHMODN
NS
CLONTY
P3Y
DCKEKX
hio
HiD
1O
MAK
HSKJSTY
uCi1o
FLOP

CLCNT
"2

CHMOD

CLDOAD, !

FLOP

FLOP
4+

8
CLDAD
8

.+
N1

s

i
DCHEK

SKPKY

MQ
RVCONT
0Ci1@
i

{
!

I
O
KYCNT
CONKY

DCHEK
PRT
SWAP
PRY
Swip
CHHOD
LERQS
CLOCNT

¥

LDD TO TARLE CFFSET

CURK, LETTLER DOT N0,
CHALGE MUDE &AWND CONTINUL
SEY

CKMOD 70O 3

SET

FOR 35 COLUMNS

CHECKX O PARAMETER

CALCULATE START OF MASK

INITIALIZE FLOP
JHNCREMENT CLCNT

1F 8 CONTINUE

1F =4 THEN SET FOR SPACE

SKIP IF =}
PUT BITS IN LEFT BYTE
INCREMENT CLDAD AND CONTINUE

SKIFP IF KEFERENCED TO TOP
CLEAR TOP QR BOTY(OM BIT-
CHECK D PARAMETER

Ds § OR 2

ELSE

SET
REVERSE COUNT

INITIALIZE REVERSE

CHECKX D PARAMETER



n769
B7/ 3
6771
g7272
B77%
Q774
8775
n77’6
n777
@773
779
P73
0781
p782
B783
@784
p78S
37586
B767
W768
B7HY
B76p
3791
P79z
B793
A794
B76S
R7Y6
R797
g798
p79%
PRUP
AEL1
nea2
AENY
D644
NEAS
06Y6
P87
BEQS
@RAG
gBIM
BBy
BEY2
B614
e84
PR1S
BE1A
AEY7
AR1A
SRR
AT
B2
PHZZ
FE2 X
Ak24
DE2Y
PB26
BE27
HH28
Q629
Ao 3

Bl214
o214
83215
wizi16
3217
Bl22d
032214
n3yzz?e
3223
PA22 4
vdzes
63226
83227
MI23@
vdZ2sd
MAZ32
BI23d
3234
03235
3216
34237
BI243
Ad24
w3242
B3243
23244
RI245
h324h
K247
BIZ256
R3251
Wa2od2
A28
BI254
H32sbs
BIebo
RIL257
az2o Y
BS261
hd262
D326
U326 4
PIZ2RS
Ad26b
BI267
BI272 ¢
03271
R3272
3273
PS274
3275
3276
2a277
P33V06
L3I ng
PaIne
RRYIN
P33 d
0IIng
N3Jpnbd
SRR,
BAI1Q

9

66216
8435346
45945
dJdrd?2
13535137
0ldnd?
3356
B31357
WobzZ2l]
1e1337
{91357
Q60¢81
SICEARG YYD |
B45357
P45337
Wualld
1114)7
Nd244@
11135957
B56244
Eobe? 4
dAd2L¥5
Q313537
Vo111
1732014
174003
335123
EAB217
331423
BRI
A31353
23610z
BRI}
843353
266247
174600
Bi{d17
S1ARB IR
dedbIlT
CADS4A5
NéES347
E663N7
034d22¢@
BIDIS4S
Ned 4l
A4 ?2
31353
Bldif2
ndidl17
Dasndid
Bo534%

256387

D0 a?
AS11i1
13849
111320
165127
¥Nli1e
Nd1dl16
1635127
Bad345
Ualsdd

ZEROS
PRT

MK i

MK 2

MK3J

DONE

KPS W

ACCEL

DECEL

OTPTY

JHP
152
157
LDR
STH
LOB
LDA
STA
JMP
LD A
AND
10R
STA
187
152
LOA
C¥A
JSH
CPA

IMp

JHP
LDA
STA
LOA
RET
SRL
ST8
D4
STA
LDA
STA
LDA
ST A
152
JMP
Sdi.
CPaA
JHP
JMPF
I1S2
152
JMP
LDB
ST8B
AUB
LDA
ST A
LDA
STA
JHp
0DS7
JMP
LO&
5T 4
ST A
CPA
JMP
LDA
STA
JMP
LOA
LDA
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ZERDS
GEFG
NTEMP
oL TA

HUFPT, I

CCT0O
MSKST
HSKPTY
K2

RUFPT, I
MIKPT, ]

B

8
MSKPT
BUFPY
N

BUFPY, I

MK 3

MSKPT,I

DONE
MK}
BUFST
BUFPT
N

!

Q

HEDWD
PRTSY
STRUSAR
M A
SCNTR
08
B
SCNTR
CTPY

:

OTPTY
oTPTY
UTEMP
TACCT
OTPT
SLKCT
DYEMP
01
DCTG
SCNTR
06
CHMON
OTPTY
UTEMP
TP
CCT10
USER
DEFD

DEFFG

INRET, !

XPRES
LSTCX

INRET, I

NDTENP
STROSB

CHMOD

STILL CRUISING
DONE CRUJISING,

DO COLUMN UF 2ERQOS

POSITION BITS FOR
PRINTING AND STORE

SET
STRO8

RESETY
SCNIR

INCREMENY QTEMP
IF TACLCY w9 THEN

KEEP ACCELERATING
ELSE DO ONE SAMP_E OF SLEW

SEY
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We claim: .
1. A system for forming visual output [ manifesta-
tions} images on a web, comprising: |

head means having a non-linear plurality of print
elements engaging said web, each element being
located at the intersection of first and second [co-
ordinate positions] coordinates of position in the
head, with no [element occupying] two elements
having the same first coordinate [position]} and no
[ clement occupying] two elements having the same
second coordinate [position];

drive means coupled to at least one of the web and the
head means for providing relative motion [of]
between the head means [with respect to] and the
web along at least one of the two orthogonal coordi-
nates of the web; and

logic means disposed to receive data and coupled to
the drive means and to the print elements of the head
means for forming visual output [manifestations}
images on the web in one of four directions along
the two orthogonal coordinates of the web by caus-
ing the drive means to move at least one of the web
and head means to a selected position in selected
steps and energizing selected print elements of the
head means to form selected portions of the visual
output [manifestations] images in response to said
data at each position of the head means relative to the

web.
2. The system as in claim 1 wherein each first coordi-

nate of the print elements is a row coordinate and each
second coordinate is a column coordinate, the print
elements being symmetrically located about at least one
of two substantially 45° diagonals.

3. The system as in claim 1 wherein the logic means
includes a stored routine for producing alphanumeric
characters, the web is thermally sensitive paper, and the
print elements comprise at least nine thermal resistive
elements.

4. The system as in claim 1 wherein the head means
includes a plot element for plotting lines on the web.

5. The system as in claim 2 wherein the print elements
are aligned in overlapping contiguity along the coordi-
nates, this arrangement being effective for producing
contiguous partly-overlapping marks on the web.

6. The system as in claim § wherein the drive means
includes a web drive means and a head drive means, and
the logic means controls [the head means,] the head
drive means, the web drive means and [controls] the
energizing of selected numbers of those print elements
contiguously aligned along a selected coordinate, to
produce line segments in the direction of the selected
coordinate having thickness related to the number of
elements energized.

7. A method of forming output [manifestations]
images having one or more rows and columns on a web
using a movable head with a non linear plurality of print
elements thereon to form portions of each output [ man-
ifestation} image in one of four orthogonal directions,
the method comprising the steps of:

selecting a number of print elements to be energized;

positioning one of the head and web with the selected

print elements located over selected portions of the
output [ manifestation] image to be formed in such
a manner that at each positioning no more than one
print element is located over a column of the output
[ manifestation] image to be printed, and no more
than one print element is located over a row of the
output [manifestation} image to be printed; and
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energizing the selected print elements to form por-
tions of the output [ manifestation] image in one or
four orthogonal directions.

8. The method of claim 7 where the step of position-
ing includes the steps of moving the head in a first direc-
tion to produce output [manifestations] images ori-
ented in said first direction, and moving the head in a
second direction to produce output [manifestations ]
images oriented in said second direction.

9. The method of claim 7 where the step of position-
ing further includes the steps of moving the web in a
third direction to produce output [manifestations]
images oriented in a fourth direction opposite to said
third direction, and moving the web in a fourth direc-
tion to produce output [manifestations] images ori-
ented in the third direction.

10. The method of claim 7 where the movable head
includes a plot element for forming lines on the web 1n
any selected direction and the method includes the steps
of:

selecting the plot element to be energized,;

positioning one of the head and web such that the plot

element is located over a segment of the line to be
formed; and

energizing the plot element to form the line segment

in the selected direction.

[11. A print head comprising a cluster of a selected
number of print elements disposed on and about at least
two diagonals for forming output manifestations on a
web in any of four orthogonal directions, such elements
being located at the intersection of first and second
coordinate positions, with no element occupying the
same first coordinate position and no element occupy-
ing the same second coordinate position. }

[ 12. The print head as in claim 11 wherein each first
coordinate of the print element is a row coordinate and
each second coordinate is a column coordinate. ]

[ 13. The print head as in claim 11 wherein the print
elements are aligned in overlapping contiguity along
the coordinates for producing partly-overlapping con-
tiguous output manifestations on the web.]

[ 14. The print head as in claim 11 wherein the print
elements are disposed having independent conductor
leads and a common ground lead. ]

[15. The print head as in claim 11 wherein a first
group of the selected number of print elements are used
for printing output manifestations in the form of upper
case characters, a second group of said elements are
used for printing lower case characters, and a third
group of said elements are used to print punctuation
characters. }

[16. The print head as in claim 11 including a plot
element disposed externally to the cluster of print ele-
ments for plotting lines. }

17. A system for forming visual output [manifesta-

tions] fmages on a web, comprising:

head means having a non-linear plurality of print
elements and a plot element engaging said web,
each element being located at the intersection of
first and second [coordinate positions} cartesian
coordinates of position in the head, with no [ele-

- ment occupying] two elements having the same first
coordinate [position] and no [element occupy-
ing] having the same second coordinate [posi-
tion];

drive means coupled to at least one of the web and the
head means for providing relative motion [of]
between the head means [with respect to] and the
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web along at least one of the two orthogonal coordi-
nates of the web; and

logic means disposed to receive data and coupled to

the drive means and to the head means for substan-
tially simultaneously printing and plotting visual
output [manifestations] images on the web in one
of four directions along the two orthogonal coordi-
nates of the web by causing the drive means to move
at least one of the web and head means to a selected
position in selected steps and energizing selected
print elements of the head means to form selected
portions of the wvisual output [manifestations]
images 1n response to said data af each position of the
head means relative to the web.

18. A method of substantially simultaneously printing
and plotting visual output [manifestations] images
having one or more rows and columns on a web using a
movable head with a non-linear plurality of print ele-
ments and a plot element thereon to form portions of
each output [manifestation] image in one of four or-
thogonal directions, the method comprising the steps of:

selecting a number of print elements to be energized;
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positioning one of the head and web with the selected
print elements located over selected portions of the
output [manifestation] image to be formed in such
a manner that at each positioning no more than one
print element is located over a column of the output
[ manifestation] /image to be printed, and no more
than one print element is located over a row of the
output [manifestation] image to be printed: and
energizing the selected print elements to form por-
tions of the output [ manifestation] irmage in one of
four orthogonal directions.
£19. A print head comprising a plot element and a
cluster of a selected number of print elements disposed
on and about at least two diagonals for printing and

plotting substantially simultaneously and forming out-
put manifestations on a web in any of four orthogonal
directions, such elements being located at the intersec-
tion of first and second coordinate of positions, with no
element occupying the same first coordinate position
and no element occupying the same second coordinate

position.
% ¥ ¥ K »
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