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[57 ] ABSTRACT 
An installation for the electronic control of knitting 
machines from a pattern to be reproduced comprises a 
memory for storing in the form of coded information a 
limited quantity of elements from the pattern, means 
for inscription of said elements into the memory and 
means for interrogation of the memory as a function 
of the characteristics of the knitting machine and of 
the pattern. Means are provided for decoding and 
switching-over coded information from the memory 
and for transformation of the decoded information 
into electrical signals for the control of the knitting 
machine. The memory and the transformation means 
are connected by two channels: a direct channel for 
direct transfer of the contents of the memory to said 
transformation means; and an indirect channel for 
transfer of several times the contents of the corre 
sponding memory by means of an intermediary infor 
mation carrier corresponding to several sub-divisions 
of the pattern, the number of elements of which is 
greater than the capacity of the memory. 

9 Claims, 12 Drawing Figures 
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INSTALLATION FOR THE CONTROL OF 
KNITTING MACHINES 

The invention relates to installations for the elec 
tronic operation of knitting machines departing from 
patterns to be reproduced. 
The process described in British Pat. No. l73,620 

concerns the use of a computer for the processing of 
information taken from a pattern with a view to the es 
tablishment of an information carrier to operate selec 
tion members for a knitting machine. This process, 
being very rapid and consequently quite economical 
does not insure the secret of their creation to knitters 
who do not have their own computer, and makes them 
dependant on processing centres and is causing wasted 
t|me. 
The invention has for its aim the provision of an in 

stallation for the electronic operation of a knitting ma 
chine allowing, either direct control of the electromag 
netic selection members for the needles in the case 
where the pattern to be reproduced does not exceed 
certain limited dimensions or the construction of an in 
termediary information carrier used to actuate the said 
selection members. 
Another object of the invention is to provide an in 

stallation which does not require an inordinant invest 
ment and whose possibilities, performance and conse 
quently complexity are advantageously approximately 
proportional to the limited dimensions imposed. 
According to the present invention, an installation 

for the electronic control of a knitting machine from a 
pattern to be reproduced, comprising a memory (such 
as 59) for storing, in the form of coded information, a 
limited number of elements from said pattern, means 
for the inscription of said elements in said memory, 
means for the interrogation of said memory as a func 
tion of the characteristics of said knitting machine and 
of said pattern, means for decoding and switching over 
coded information from said memory, and means for 
the transformation of the decoded information into 
electrical signals for the control of the machine, said 
memory and said transformation means being con— 
nected by two channels, namely a direct channel for 
the direct transfer of the contents of said memory to 
said transformation means, and an indirect channel for 
the transfer of several times the different contents of 
the memory by means of an intermediary information 
carrier, corresponding to several subdivisions of a pat 
tern which has a greater number of elements than the 
memory can store. 
The accompanying drawings shown, by way of exam 

ple, some embodiments of the installation according to 
the invention for a circular knitting machine with one 
cylinder. 
FIG. 1 is a schematic diagram of the installation as a 

whole. 
FIG. 2 shows a small pattern surface in relation to the 

installation‘ 
FIG. 3 shows another pattern surface in relation to 

the installation. 
FIG. 4 shows a large pattern surface in relation to the 

installation. 
FIG. 5 is a schematic representation of an informa 

tion carrier. 
FIG. 6 shows a pattern area in relation to a schematic 

representation of a knitting machine. 
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2 
FIG. 7 shows a part of the means for interrogating the 

memory. 
FIG. 8 shows another part of the means for interro 

gating the memory. 
FIG. 9 shows another variant of the part shown in 

FIG. 7. 
FIG. I0 shows another variant of the part shown in 

FIG. 8. 
FIG. lIa shows a part of the sequence control. 
FIG. Ilb shows another part of the sequence control. 

FIG. I2 shows a detail of the second embodiment. 
In FIG. I, the pattern 1 of rectangular shape 

(“square" being included in the term “rectangular") is 
read and transmitted to a processing device 4, by 
means on punched cards or tapes, electrical impulses, 
manual display by means of a key board 2 optionally 
combined with a tape perforator 2a manipulated by an 
operator, or a direct reading unit 3. The latter is 
equipped with photoelectric cells and advancing au 
tomatisms according to the coordinates x and y. Such 
devices are known and described in the French Pat. 
No. 1,303,877 and 1,544,7l8. 
A particularly advantageous variation of the inscrip 

tion means 2' is described at the end of the section 
dealing with FIG. I2. 
After passing through the processing unit 4, the 

coded data is transmitted to a recorder 5. The latter re 
cords on an information carrier 6. This can be a photo 
graphic ?lm, magnetic or punched tape, etc. In the ex 
ample, a photographic film is chosen. The ?lm 6 is de 
veloped in a developing apparatus 7 and, at the right 
moment, inserted into a reader 8. The said reader 
forms part of the knitting machine 10 with the set of 
logic and power devices 9, hereafter called the “power 
stage" 9, to which it transfers the information from the 
information carrier 6 in order to control the electro 
magnetic selection members II hereinafter called se 
lection members II. In the latter, the distance, counted 
in needles, between any two neighbouring selection 
members is equal to or a multiple of the distance be 
tween the two closest spaced neighbouring selection 
members, the distance being used as a base and called 
the “equidistance‘” 
The knitting machine is directly controlled when the 

quantity of information drawn from the elements con 
tained in the pattern I does not exceed the capacity of 
the memory (described later) included in the process 
ing device 4. In order to do this, the processed informa 
tion is transmitted from the processing device 4 direct 
to the power stage 9. Therefore, the installation of an 
information carrier 6 is not necessary. 
The synchronisation of the knitting machine I0 and 

the reader 8, or the processing device 4 is actuated in 
a known way from the knitting machine 10. In FIGS. 2, 
3 and 4, the rectangular area of pattern 1, to be repro 
duced by knitting, usually drawn on squared paper 
each square representing one stitch (called “an ele 
ment" of the pattern), contains data. In FIG. 2 this in 
formation is less than the capacity of the memory 59, 
in FIG. 3 equal and in FIG. 4 greater. It is understood 
that “data" or “information“ means the constituents of 
each stitch such as color, for example. The position of 
the said stitch within the pattern 1 is not considered, 
here as "data" or “information.’1 It is memorised with 
out other means in its right place owing to the geomet‘ 
rical shape of the memory 59 similar to the shape of the 
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pattern I, for example, rectangular. Any other shape of 
memory can be considered as it is only necessary to 
store the data of pattern 1 in a speci?c order. 
The memory 59 can be constituted by a “cross bar 

programming system," by punched cards and an appro 
priate reader, by magnetic core memory or other usual 
devices in the ?eld of information processing or ma 
chine operation. 
An embodiment using a “variable pattern dimen 

sion“ is shown in FIGS. 1, 7, 8, 9, 10, II and 12. 
The aim is to provide an installation, as shown in FIG. 

1, at a reasonable cost, which can process information 
transferred from patterns 1 of any width and height, 
with a view to building an information carrier 6 and, in 
the case of direct control of the knitting machine 10, 
the installation being able to process patterns contain 
ing less or as much data as the memory can store. It is 
understood that the number of stitches in the width of 
the pattern never exceeds the number of needles on the 
cylinder of the knitting machine. 
The only (but not indispensable) limitation pre 

scribed is that the distance, counted in needles. be 
tween any two neighboring selection members 11 is 
equal to or a multiple of the distance between the clos~ 
est neighboring selection members 11 (considered as 
the basic distance and called the “equidistance”). 
The installation as shown in FIG. 1 processes the pat 

terns shown in FIGS. 2, 3 and 4. In the case of FIG. 4, 
the pattern is subdivided in parts, but these parts each 
contain less or as much information as the memory can 
store. 
The processing device 4 is provided with core memo 

ries and binary counters. The latter count from one up 
to an indexed number which is determined by the spec 
i?cation of the knitting machine and the pattern to be 
processed. (Under “indexing counter on . . the high 
est ?gure the said counter must reach is understood. 
this figure being displayed for each different case or 
once for all). Other components can be used. 
The memory 59 must be interrogated with a view to 

sending out control data for each selection member 11 
each time that the cylinder advances one needle. It is 
supposed that the pattern 1 is inscribed in a system with 
coordinates x and y of such a kind that each element 
of pattern 1 has one coordinate .t determining its loca 
tion along the width of pattern I, and coordinate y de 
termining its location according to the height. Each ele 
ment is stored by the memory 59 in the form of coded 
information, the memory location is then characterised 
by the same coordinates x and y (called the x and y ad 
dress). In order to be able to retrieve this data, the co 
ordinates x and y must be determined. This determina 
tion is called the “x calculation" and the "y calcula 
tron." 
FIG. 6a shows a pattern with a width X to be repro 

duced by knitting. FIG. 6b schematically shows the cyl 
inder 40 of the knitting machine 10, some selection 
members 11 (II/l, ll/2 . .. ll/38, ll/39), hereafter 
called “OS,“ equally spaced round the machine. In re 
ality, as there would only be 32 “05" 11 working, the 
distance between certain of the latter is a multiple of 
the said equidistance. The processing is based on the 
equidistance. obtained by the hypothesis of imaginary 
"OS" 11, and is greatly simpli?ed thereby. For this 
imaginary “OS," the data is processed as for the real 
"08” 11. 
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Around cylinder 40 is a knitting tube 41 which is 

knitted at a given time. Pattern 1 is repeated m times, 
D1, B, through DM_,' , D,,,. The latter, D,,._,, can be 
a partial pattern. At the said given moment, the start 42 
corresponding to the ?rst pattern D, is found between 
OS 1l/2 and 11/3. This start 42 corresponds to the first 
column of stitches in the pattern. The OS ll/l (obvi 
ously, with its knitting system) must, or must not, ac 
cording to the colour, “knit“ a stitch found on the line 
.1: in FIG. 6a. In the same manner, the others OS 11/2 
to lI/39 must “knit“ or must not “knit" a certain stitch 
found in the lines x2 through x39, not shown, each time 
that the cylinder 40 advances by one needle in the di 
rection of ‘the arrows 43. This determination is called 
“calculation of x's". 
The processing unit 4 is ?rstly described in relation 

to a direct control of the knitting machine 10. 
The part of the processing unit 4 involved in the cal 

culation ofx‘s is shown in FIG. 7. The impulse genera 
tor 24 emits impulses at the rate the cylinder 40 ad 
vances, the said impulses making a counter 45 advance, 
indexed at 44. This ?gure corresponds to the equidis 
tance between two 0811. When it arrives at 44, the 
counter 45 advances counter 46 by one position, 
counter 46 being indexed at 39. This ?gure corre 
sponds to the number of needles on the cylinder di 
vided by the equidistance, for example, l7l6/44 =39. 

The two counters 4S and 46 continuously indicate 
the position counted in needles from the start 42 of the 
?rst pattern D1, in relation to the OS Il/l. They are at 
?gure “one" when the start 42 is at OS ll/ 1. Consider 
ing FIG. 6b, it is remarked that the start 42 firstly ad 
vances from OS Il/I to OS ll/Z, thus a distance of 44 
needles, the counter 45 simultaneously advancing from 
I to 44. When the start 42 arrives at OS Il/2, the 
counter 45 is switched over to “one“ and setting the 
counter 46 to “two.“ Continuing to advance, the start 
42 leaves OS 11/2 and counter 45 indicates the pro 
gression. At a given moment, it is on its position 32, for 
example, thus indicating that there are 32 needles from 
the start 42 up to OS l1/2, the needle located at the lat 
ter being included. The counter 46 situated on two, in 
dicates that the start 42 is at OS 1l/2, or that it has 
passed OS ll/2, but that it has not yet arrived at OS 
11/3. 
The impulses emitted by the impulse generator 24 

makes the counter 47 advance, the latter is indexed to 
the number of stitches in the width X of the pattern 1, 
as shown in FIG. 6a. It is at ?gure ‘*one“ when the start 
42 is on OS HM, and upon each impulse it indicates 
which abscissa x, of the pattern to be reproduced is 
found at OS 11/1. 
An oscillator 50 emits impulses at a ?xed frequency. 

which is at least 39 X 44 times greater than the maxi 
mum frequency of generator 24. In the example, 2 
MHz has been chosen. The said impulses start a 
counter 51 working, forward or backwards, according 
to the order which it receives from the sequence com 
mand 52. A similar sequence control is shown in FIGS. 
11a and 11b. This counter 51 is also indexed on the 
width X of the pattern. Each time after being set to zero 
by the sequence control 52, transfer module 53 trans 
mits the position x, from counter 47 to counter 51. 
Counter 51, in counting the next 44 impulses from the 
oscillator 50 forward, i.e., in the direction x in FIG. 6a 
and in the opposite direction to the rotation of cylinder 
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40, as shown in FIG. 6b, determines the abscissa x39 
corresponding to OS 11/39. By counting 44 more for 
ward impulses counters 51 indicates x38 then, after 44 
further impulses, it indicates .t 37 and so on down to 2:3. 

Therefore, counter 55 controlling the transfer of the 
contents of counter 5l to memory 54 has to count from 
l to 44. The latter position triggers the transfer. Thus 
it counts forward in the direction +x, from .r, up to the 
end of the pattern D," and backwards in the -.t direc 
tion from x, to the beginning 42 of the ?rst pattern Dl. 
With reference to FIG. 612, it is observed that the 
counter 51 counts forward for the calculation of the .r‘s 
which are attributed to the OS ll located behind OS 
ll/l looking in the direction of rotation of cylinder 40, 
and that it counts backwards for the calculation of the 
x's which are attributable to the OS ll located in front 
of OS ll/l again looking in the direction of rotation of 
the cylinder 40, up to the limits of the mentioned pat 
terns. The OS 11 located behind OS ll/l knits the rev~ 
olution n-l and those which are found in front knit the 
revolution n of the pattern. 

It is advantageous to proceed in this way which takes 
into account that the last pattern D", can be a partial 
pattern, thus of lesser width than X and which renders 
supplementary counters, indexed to this partial width, 
unnecessary. The sequence control 52 controls the 
memorisation of x, through 2:39 in the memory 54, and 
the counting direction of counter 5]. In order that this 
may be carried out, it is controlled by counters 55 and 
56 and the comparator 57. Counter 55 is indexed on 44 
as counter 45 and counter 56 at 39, as counter 46. 
Counter 56 is switched over one position each time that 
the counter 55 makes one revolution. lt counts back 
wards at the rate of the impulses from the oscillator 50 
(namely, the ?rst count I, 44, 43 through 2, l, 44, 43 
and so on‘, and the second l, 39, 38 through 2, l, 39 
and so on). The counter 55 gives the order to memorise 
the position .1: and the counter 56 indicates to which OS 
11 x is destined. Therefore, counter 55 controlling the 
transfer of the contents of counter 51 to memory 54 
has to count from l to 44. The latter position triggers 
the transfer. The positions of counters S5, 56, and 45, 
46 are continually transmitted to the comparator 57. 
When the positions of counters 55 and 56 correspond 
to those of counters 45 and 46, the comparator 57 
transmits a signal to the sequence control 52. The latter 
puts the counters 55 and 56 to one, gives the transfer 
device the order to put the counter 5l on the position 
(.r,) of counter 47 and commands counters 51 and 56 
to count in the opposite direction. The counter 56 
counts 2, 3 and so on and the counter 51 counts x—-l, 
x-Z, through I, X, X-l, X—2, and so ,on. 
Between two impulses of generator 24, the part de 

scribed must calculate 39 x (1,, x2 . . . x39) and memo 
rise them alternatively in the memory 54; a decoder 58 
transforms them with a view to adapting them to the 
configuration of the memory 59. 
The core code memory 59, (shown in FIG. 12) com 

prises known-type electronic reading and inscription 
devices, not shown. The minimal capacity is deter 
mined in the part of the example relating to the estab 
lishment of an information carrier 6. The memory 59 
contains the data of the elements of pattern 1 in the 
form of coded information. Gradually, upon their es 
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6 
tablishment, the memorized and decoded 39x are used, 
conjointly with the corresponding 39y, as described 
hereafter (x,y,, xgyg . . .Xmym) to interrogate the mem 
ory 59, namely, as addresses in order to read the corre 
sponding data therein. This data is transmitted to a de 
coder 66 (66/1, 66/2 . . .) the con?guration of which 
is a function to the number of colors of the pattern. 
The decoded data is transmitted to a color per 

mutater 67, allowing the preselection of colors. It con‘ 
sists of a switch each position of which connects the 
four inputs 67/ l , 67/2, 67/3 and 67/4 in a different pre 
selected way to four outputs 67/5, 67/6, 67/7 and 67/8, 
By turning the switch to different positions, the output 
lines from decoders 66 can be connected in different 
sequences with the input lines of the memory 68. Thus 
the effective memory capacity is increased by a simple 
switching operation. 

If permutation is not desired, the switch is on its posi 
tion of direct line connection, connecting 67/ l to 67/5, 
and 67/2 to 67/6 and so on. 
The decoded and possibly permutated data is tempo 

rarily memorised in the buffered memory 68. This 
memory 68, with a capacity of 36 bits, of which only 32 
are used, for example, comprise 36 electronic memo 
ries (one per real OS ll), each having an input con 
nected to the corresponding output of the decoder 69 
of counter 56, a second input connected to the se 
quence control 52, a third input connected to one of 
the four outputs 67/5, 67/6, 67/7 and 67/8 of the dy 
namic color permutator 67 and outputs 6811 through 
68/ 36 connected to the power stage 9. The first of these 
inputs switches the information which has arrived by 
the third input to the corresponding memory. The sec 
ond input is used to synchronise the memorization. 
The part of the processing unit 4 involved in the “cal~ 

culation of the y‘s,“ with regard to direct control of the 
knitting machine 10, will now be described. It should 
be recalled: 

a. That the height Y of pattern I in H0. 6 can be any 
height. Thus, it is not necessary that the number of 
lines (=number of rows of stitches) is a multiple of 
the number of rows knitted per revolution of the 
cylinder 40. 

b. That pattern 1 in the example is a four-color pat 
tern. For this reason, the knitting systems are di< 
vided into groups of four systems. Each system of 
a group knits one of the four colors. 

c. That the machine works with 32 knitting systems, 
divided into eight groups of four systems (for the 
four colors). lt knits eight rows of stitches per revo 
lution. Thirty-two knitting systems lead to a better 
stitch linkage than any similar number of systems, 
regardless of the control device. 

Each group of four knitting systems knits one row of 
stitches corresponding to one line y ("to knit one line“ 
is understood as “to complete one row of stitches") of 
pattern 1. 

lt is understood that the imaginary OS 11 have no 
knitting system, they do not contribute to the knitting 
and cannot, thereby be included in any group. The real 
OS ll, of which at least one is attributed to each to a 
knitting system, are divided into four groups 70 of each 
time four OS 11, in a similar manner to the knitting sys 
tem. 

In FIG. 6a the following distribution is made: 
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Group 7U/l 2 3 4 5 6 

0511/1 ll/S ll/9 (ll/i3) lI/lti ll/24 
OSll/Z 1l/6 ll/lO ll/l4 [ll/l9) ll/ZS 
0511/3 ll/7 ll/ll ll/lS (ll/2(1) (ll/26] 
0511/4 ll/S ll/12 ll/lb ll/Zl ll/27 
OS ll/l7 ll/22 ll/28 
OS ll/23 
OS 

8 
7 8 

ll/29 ll/33 
ll/3U ll/34 
l1/3l ll/35 
ll/32 ll/36 

[ll/37) 
[ll/38) 
(ll/39) 

Each group 70 “knits“ a given line y of the pattern 
1 during one revolution of the cylinder. During the pre 
ceding revolution, it “knitted“ one line, located eight 
lines lower down leaving the lower and upper edges out 
of account. As start 42 of the ?rst design D, arrives at 
the different OS 11 of a group 70, the latter are 
switched over onto their new line y it is thus necessary 
to determine the said line y(y,,y,, ya through y,,) for 
each group 70 of the four OS 11. This determination is 
called the “y calculation.“ 
The part of the processing device 4, involved in the 

y calculation is shown in FIG. 8. 
The counters 45 and 46, described in connection 

with the .r calculation continually indicate the position 
of start 42 of the ?rst pattern D1. 
Each time the two counters 45 and 46 are at their po 

sition one, the start 42 is found at a well determined 
place in relation to the machine, in the example it is at 
OS ll/l. Being both on one, they cause connection of 
an AND circuit 71. The latter opens AND circuit 73 
which allows impulses to be passed from the oscillator 
50. These impulses arrive on an AND circuit 74, which 
becomes conducting for them, given that the second 
input 75/l is powered by the sequence control 75. A 
similar sequence control is shown in FIGS. 11a and, 
11b. The said impulses arrive at counter 76, indexed at 
a ?gure corresponding to the number of rows of 
stitches that the machine knits per revolution of the 
cylinder 40, in the example, it is indexed at 8. The 
counter 76 advances at the rate of the impulses which 
arrive, from one up to eight and again to one. Having 
arrived on one, it gives the signal to the sequence con 
trol 75 which blocks the AND circuit 74 by the line 
75/l. Thereby eight impulses from oscillator 50 pass 
through the said AND circuit 74. These eight impulses 
make the counter 77 count eight positions forward. 
The counter 77 is indexed to the height Y of the pattern 
1 to be reproduced, this height being counted in lines 
(and in rows of stitches). The new position of counter 
77, held throughout the revolution of the cylinder 40 
is transferred by means of the transfer module 78 to the 
counter 79 indexed on Y and from the latter to the 
memory 80 so that it is memorised. 
Counter 77, in progressing eight positions has calcu 

lated the new y, for the ?rst stitch of the new revolution 
to be knitted by OS ll/l. This ?rst stitch is thus found 
eight lines higher on the pattern 1 than the last stitch 
of the previous revolution. The OS 11/2/3/4 of the ?rst 
group then “knits" another eight lines lower than the 
line knitted by OS ll/l; the group two seven lines 
lower; group three six lines lower; and so on', and group 
eight one line lower, thus yr, =yl - l, y, =yl — 2 . . . 

y-z =yl — 7, and y, of the OS ll/2/3/4 =y| of the OS 
11/l - 8. 

In this special case where start 42 has not reached OS 
11/2 it is thus suf?cient for counter 70 to count back 
wards one position each time from the new yl in order 
to ?nd y, . . . y,. In order to do this, decoder 69, which 
has as many outputs as there are real OS 11, emits a sig 
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nal on the output corresponding to the position of its 
counter 56. It should be noted that the arrangement of 
the outputs corresponds to the arrangement of the real 
OS 11 on the knitting machine. If, for example, the OS 
11/37, 38 and 39 are imaginary, it is necessary that out 
puts 37, 38, and 39 of decoder 69 corresponding to po 
sitions 37, 38, and 39 of counter 56 are left out. 
The (real) outputs are connected to an OR circuit 

81. Each time counter 55 is on two (there is a risk that 
position one will only give an imperfect signal), it un 
blocks the AND circuit 82 in such a way that the signal 
coming from decoder 69 arrives at counter 88. The lat 
ter is indexed at the corresponding ?gure to the num 
ber of real OS 11 connected together in each group, 
four in the example. Each time that the counters 55 and 
56 are at their position one, counter 83 is switched over 
to its position four. For each signal arriving, it advances 
one position. When it changes from four to one (or the 
inverse), it transmits the signal to the sequence control 
75, from which a corresponding signal causes the 
counter 79 to return one position, so that in this way 
the latter has calculated the y“. This position is stored 
in the memory 80. After another group of four signals 
emitted by the decoder 69, the counter 83 emits a new 
signal which again returns the counters 79 by one posi 
tion, corresponding to y, and so on down to y , of OS 
11/2. OS 11/3 and OS 11/4. 
The y calculation for any position whatsoever from 

the start 42 is made by steps, similar to the steps of the 
x calculation, namely that the device determines the y,,, 
y? . . . in counting in one direction from OS 11/1 up to 
the end of the last pattern D,,, and the ya, ya . . . , in 
counting in the other direction, from the OS 11/1 up to 
the start 42 of the ?rst pattern. The y, is memorised 
frist and next the y“ through y2 are memorized in their 
turn. 
The OS 11 of the second group 70/2 “knits" a row 

of stitches situated on a line above that “knitted" by 
the OS 11 of the ?rst group 70/l; thus y, = yl + l,y3 
= y, + 2, and so on until 05 11 reaches, or has just 
passed the start 42. 

It is recalled that the comparator 57 emits one signal 
each time that the counters 55 and 56 have reached the 
same position as the counters 45 and 46. This signal is 
transmitted to the sequence control 52 (of the x's) and 

> from there to the sequence control 75 (of the y's). The 
latter makes the counters 83 and 79 count in the re 
verse direction, ater having put the ?rst at four and the 
second at the position of counter 77. 
The yl through 32,, are successively transferred to the 

memory 80 each time the counter 55 is switched to 
one. In this way each time that the cylinder 40 turns the 
distance separating two needles, 39 addresses y, 
through y, are successively stored with 39 x, through 
x39. It is evident that the four real addresses for any 
group are of the same value, with the exception of the 
group inside which start 42 in found‘, the eight times 
four real y addresses and the seven imaginary addresses 
will be hereinafter called ylthrough yqg. 
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The described parts of the processing unit 4, involved 
in the x and y calculations belong to the means for in 
terrogating the memory. They contain the counters. 
certain of which receive impulses provided by an oscil 
lator S0. The latter must emit high frequency impulses; 
for the described machine a frequency of ZMHZ is 
used. The described installation is also envisaged for 
the simultaneous control of several knitting machines. 
ln the latter case, the frequency should be as many 
times greater as the number of machines coupled to the 
installation. It is well known that the utilisation of such 
high frequencies necessitates special and costly precau 
tions for the protection of such installations against 
parasites and there always remains some uncertainty in 
the utilisation of such counters. 
A particularly advantageous variation of the parts in 

volved in the .t and y calculations is described below. 
The calculations are carried out by means of arithmeti 
cal operations and. thereby, said parts work with con 
siderably lower frequencies. The high frequency count 
ers are also unnecessary. 

FIGS. 9 and 10 show a second embodiment of parts 
of the processing unit 4. The latter comprises a mag 
netic core memory 59 with its peripherical modules 
connected to a set of devices 84 for decoding, switch 
ing, memorizations and, possibly permutation. The out 
puts 84/l to 84/36 are connected either to the power 
stage 9 in the case of direct control of the knitting ma 
chine 10 or to the recording machine 5. 
The part of the processing unit 4 involved in the x 

calculation of the .r‘s, will now be described with refer 
ence to FIG. 9. 
The impulse generator 24 emits impulses either at the 

rate that the cylinder 40 advances (direct control), or 
at that of the recording apparatus 5 (indirect control), 
the said impulses advancing a counter 85, indexed on 
44. This figure corresponds to the equidistance. 
Counter 85 continually indicates the address x, of the 
necessary data to the selection member ll/n which is 
located ahead of the start of the ?rst knitted pattern. 
Each time that a group of addresses x, . . . must be cal 

culated, i.e., before the selection ofa new group of nee 
dles, the sequence command 86 gives the order to 
transfer the number reached by counter 85. In order to 
do this, the “NAND“ gate 87, connected to counter 85 
each time by one input and connected by the other 
input to the sequence control 86, are made conductive 
by the latter. The ?gure reached is memorised in the 
memory 88. This is connected to an arithmetical opera 
tor 89. The arithmetical operator 89 of the full adder 
type is a combined circuit which automatically adds or 
subtracts the figure stored in the memory 88 with a ?g 
ure stored in memory 90. (ln a “combined” circuit, the 
values of the variable output binaries are entirely and 
invariably determined by those of the variable input bi 
naries.) 
For each new pattern 1 to be processed, the total 

width X is counted in elements of the said pattern 1 on 
the binary coded decimal (BCD) preselector switch 91. 
The latter is connected to the transcoder 92 which con 
verts the ?gure X (BCD) into the binary number X. If 
the “NAND" gates 93 receive a transfer order from the 
sequence command 86, the ?gure is transferred to the 
memory 90, through the line connections 93/l through 
93/8. The (BCD) preselector switch 94 is connected to 
lines 93/] . . . 93/8 through a transcoder 95 and the 
“NAND" gates 96 in as much as the latter receive 
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transfer order from the sequence control 86. The pre 
selector switches 91 and 94 are set manually. The 
greatest multiple of the width X which must be smaller 
or equul to the equidistance (in the example the latter 
is 44) is displayed on the pre-selection commutator 94: 
equidistance 2 m. X > equidistance — X where m 
l, 2, 3 through m. X is the displayed ?gure. For a de 
sign with the width X greater than the equidistance, 0 
is displayed. The static circuit 97, wired in such a way 
that it emits the corresponding binary ?gure to the 
equidistance is connected to lines 93/1 through 93/8. 
via the “NAND" gates 98 in as much as the latter re 
ceive a transfer order from the sequence control 86. 
The orders relating to the operation to be executed 

by the arithmetical operator 89 either to add or sub 
tract, are given from the sequence control 86 and 
stored in the operation memory 99. The result of the 
operation is stored in the intermediate memory 100. 
The memorized result is transferred again into the 
memory 88 through the “NAND" gates 101 in as much 
as that the latter receive a transfer order from the se— 
quence control 86. The memorized result is compared 
in the comparator 102 with the value of X, which is 
continually transferred to it through the connection 
lines 92/l through 92/8. The memory 100 is connected 
to the x decoder 58. From the latter, the result is trans 
ferred into the memory 59, when this receives the order 
to read from the sequence control 86. A second com 
parator 103 continually compared the ?gure contained 
in the transcoder 92 with the ?gure contained in the 
static circuit 97. The part of the processing unit 4 in 
volved in the calculation of the X1 through 1:39 executes 
the following steps (it is assumed that the start of the 
?rst reproduced pattern is located between the second 
selection member 11/2 and the third 11/3 and that it 
progresses towards the latter) 

x2 calculation: (all the counters shown in FIG. 11a of 
the sequence command 86 are at zero). 

a. Transfer of the contents of the counter 85 into the 
memory 88, simultaneously the memory 90 is set to 
zero. In order to carry out these operations. the se 
quence control 86 (hereinafter designated CS 86) 
gives an impulse on 86/l, 86/2 and 86/3. 

b. Addition of the contents of the memory 88 to zero 
contents of memory 90. Transfer of the result from 
the arithmetical operator 89 into the memory 100. 
In order to carry out this operation, the CS 86 gives 
an impulse on 86/5 (+) and 86/4. 

0. Comparison of memorised result with X and com 
parison of X with 44. (The comparators 102, and 
103, which are in combined systems, carry out this 
operation statically without an order being neces 
sary). 

If the result is greater than X and that X is less than 
44 (signalled by the presence of a “one" on l02/l 
and 103/1 ), there is a transfer of the number on the 
transcoder 95 into the memory 90. In order to 
carry out this operation, the CS 86 gives an impulse 
on 86/6 and 86/3. (lf the result is less than X, then 
the result is equal to x2). Transfer of the contents 
of memory 100 into memory 88. To carry out this 
gperation, the CS 86 gives an impulse on 86/8 and 
6/2. 

d. If the result is greater than X (signalled by 102/1 ), 
then the contents of memory 90 are subtracted 
from the contents of memory 88 and the new retult 
is transferred from arithmetical operator 89 to the 
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memory 100. 1n order to carry out this operation. 
the CS 86 gives one impulse on 86/7 (—l and 86/4. 

. Transfer of the contents of memory 100 into mem 
ory 88. To carry out this operation. the CS 86 gives 
an impulse on 86/8 and 86/2 and, simultaneously. 
comparison of the said contents with X. lfthe value 
of the contents is greater than X (signalled by 
102/1 ), X is transferred from the transcoder 92 to 
the memory 90; with impulses on 86/3 and 86/9. If 
the value of the content is less than X than it is 
equal to x2. 
If the value of the contents is greater than X (sig 
nalled by 102/1 ), then the contents of memory 90 
are subtracted from the contents of memory 88 and 
the new result arithmetical operator 89 to the 
memory 100; with impulses on 86/7 (—) and 86/4. 
1f the value ofthe new contents is less than X. then 
it is equal to x2. 

g. After the determination of xi, the contents of the 
memory 100 is transferred to the memory 88, with 
impulses on 86/8 and 86/2. Simultaneously an im 
pulse on 86/10 of memory 59 is made through a 
monostable 122 (FIG. lla) which calibrates the 
impulse according to speci?cations of memory 59. 
The reading cycle thus begins. 

. After reading the coded information, the memory 
59 emits an impulse on 59/1 and when the ?rst 
counter 123 (FIG. 11a) of the CS 86 has arrived on 
its eight and therefore last position, corresponding 
to step It, a signal appears on the output 86/1 1 of 
CS 86, givin the order to memorise the decoded 
and possibly premutated information. into the 
memories 84. Simultaneously, the signal of the said 
last position appears at the output 86/ 1 2. triggering 
a second counter 125 (FIG. lla) in order to calcu 
late xl. x39 . . . 13,. The signal at the output 86/12 is 
routed to second counter 125 by the following 
path: Terminal A in H6. 11a is connected to the 
same line as terminal 86/12, and thus carries the 
same impulses. Terminal A is also input terminal to 
circuitry to FIG. 1112 having output terminals 8 and 
CL 125 which are input terminals to counter 125 
of P16. llu. 

Calculation of .n: 
a’ transfer of the ?gure of the static circuit 97 to the 
memory 90 (impulses on 86/3 and 86/13). 
addition of the contents of memory 88 to the con 
tents of memory 90. transfer of the result from the 
arithmetical operator 89 into memory 100. In 
order to carry out this operation, CS 86 gives an 
impulse on 86/5 (+) and 86/4. 

c‘ as c and. in addition, if the result is greater than X 
(signalled by 102/1) and is greater than or equal to 
44 (signalled by 103/2) there is transfer of the fig 
ure from transcoder 92 to memory 93 (impulses on 
86/9 and 86/3. If the result is less than X. then the 
result is equal to .r,. 

d‘ as d. 
e’ as e (ifthe value of the contents is less than X then 

the content is equal to xl) 

g’ as g (the value of the contents is equal to x,) 
h’ after reading the coded information, the memory 
59 emits an impulse on 59/1 and the said second 
counter 125. arriving in its eight position advancing 
a third counter 127 (FIG. 110) by one position. 
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The calculation of x3”, x3“ . . 

the calculation for x,. 
Example: 
The following assumptions are made: 

5 Counter 85 is at “17"; 
Pattern width X is 250'. 
Equidistance is 44, i.e.. static circuit 97 is at “44.“ 
Step e’: Transfer from memory 100 to memory 88, 

thus memory 88 is at 31. Comparison with X 
(=250): Contents of memory 88 is less than X. thus 
X35 : 3 i . 

Steps j’: Same result as in step e’, and start 
and g‘ of reading cycle (step g’). 
Step h’: effecting calculation of x34. 

Calculation of 2:34 
Same as for x, with memory 88 at 31 and memory 90 

at 44; result: x3.. = 75. 
and so on. 

In the foregoing example some steps are repetitive 
and therefore, in a sense useless. However. all steps dis 
closed are provided to meet all particular cases of pat 
tern width etc. If they are not used, i.e., if they furnish 
the same result as a preceding step, it is more expedient 
to repeat a preceding step than to provide speci?c cir 
cuit means for suppressing a “useless" step. 
Calculation of x35 
Step 0': transfer from static circuit 97 at 44 to mem 
ory 90 at zero. thus memory 90 is at 44. 

Step b’: Memory 88 at 237 and memory 90 added: 
237 + 44 = 281; transfer to memory 100, thus 
memory 100 is at 281. 

Step c’: Comparison of memory 100 (=28l) with X 
(=250): Contents of memory 100 is greater than X 
and greater than 44 (page 22) thus transfer from 
transcoder 92 at X = 250 to memory 90. Memory 
90 now is at 250. Transfer from memory 100 to 
memory 88 (according to step c, page 21). thus 
memory 88 is at 281. 

Step (1': Memory 90 (=250) subtracted from memory 
100 (=281 1. Transfer of new result 281-250 = 31 
to memory 100 now at 31. 

Step b’: Memory 88 and memory 90 added: l7+44 : 
61; transfer to memory 100, thus memory 100 is at 
61. 

Step c’: Comparison of memory 100 (=61 ) with X (= 
250): Contents of memory 100 is less than X. thus 
x, = 61‘ Transfer from memory 100 to memory 88, 
thus memory 88 is at 61. 

Steps d',: same result as in step c’ and start of e‘,j‘ 
and g’ reading cycle (step g’). 

Step It’: effecting calculation of 1:”. 
Calculation of 39 
same as for x,; result: X” = 105 

Calculation of x3“, x31, x36 
same as for x,; results: .rm. = l49/x31 = 193M“ = 237 

. x3, takes place as for 
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Calculation of x2 
Step a: Transfer from counter 85 to memory 88, thus 
memory 88 is at 17; memory 90 is set at zero. 

Step b: Memory 85 and memory 90 are added: l'I-l-(l 
= 17; transfer to memory 100, thus memory 100 is 
at 17. 

Step c: Comparison of memory 100 (=17) with X (= 
250): Contents of memory 100 is less than X, thus 
x2: 17. Transfer from memory 100 to memory 88, 
thus memory 88 is at 17. 

6 LII 
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Steps d,e.: same result as in step c and start off and 
g reading cycle (step g). 

Step It: Triggering of second counter 125 to calculate 
X1. 

Calculation of x, 
Step a’: Transfer from static circuit 97 at 44 to mem 
ory 90 at zero, thus memory 90 is at 44. 

The part of the processing unit 4 involved in the y 
calculation will now be described with reference to 
FIG. 10. 
At each impulse of the impulse generator 24, the 

counter 85 advances one position. Each time that it are 
rives at a “one,“ it emits an impulse which advances 
counters 104 and 105. The ?rst is indexed on the num 
ber of the selection members 11, both real and imagi 
nary (39 in the example), the second on the number of 
selection members 11 which cooperate in the knitting 
of one same row of stitches (four in the example, for a 
piece of knitwear in four colors). The said impulse is 
also transmitted to counter 106, upon the condition 
that the counter 105 arrives on “one.” When it is on 
“one" it activates the AND circuit 107. The counter 
106, indexed on the height Y of pattern 1 counts for 
wards. It indicates the address y, of the data necessary 
to the selection member “In which is found ahead of 
the start of the ?rst knitted pattern D,. As it is taken 
that the start 42 of the ?rst knitted pattern is located 
between the second selection member 11/2 and the 
third 1 H3 and that it progresses towards the latter, the 
counter 106, indicates _v2. The ?gure y; of counter 106 
is memorised in the memory 108. 
For each new pattern 1 to be processed, the total 

height y, of pattern 1 is displayed on the preselection 
switch 109. This ?gure appears in binary on the output 
1 10/1 through 110/8 of the transcoder 110 and is trans 
mitted into the memory 111 if the “NAND“ gates 112 
receive an order to transfer from the sequence control 
86. The number of knited rows per revolution of the 
cylinder (eight in the example) is displayed on the pre 
selector switch 113. The preselector switches 109 and 
113 are set manually. This ?gure appears in binary 
form on the output of the transcoder 114 and it is trans 
mitted into the memory 111 if the ‘*NAND“ gates 115 
receive an order to transfer from the sequence control 
86. The arithmetical operator 116 adds or subtracts the 
?gures stored in the memories 108 and 111, according 
to the order that is received from the sequence control 
86 through the operations memory 117. The arithmeti 
cal operator 116, also known as full adder, is a com 
bined circuit, in which the values of the variable output 
binaries are entirely and invariably determined by 
those of the input variable binaries. The result is trans 
ferred into the intermediate memory 118. The result is 
transferred into the counter 106 if the “NAND“ gates 
119 receive an order from the sequence control 86. 
The ?gure appearing on the counter 106 is compared 
in the comparator 120 with the ?gure Y, which is con 
tinually present through the connecting lines 110/1 
through 110/8. The stored number in the memory 118 
is decoded by the decoder 84 when the memory 59 re 
ceives the order to deliver the data. The AND gate 121 
allows one simple impulse to pass through the counter 
106 each time that the counter 105 arrives on its posi 
tion “one“ and the said counter 106 thus moves back 
one position. 
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The part of the processing unit 4 involved in the cal 

culation of the y, through 3,, carries out the following 
steps: 
The calculation of ya. (while the other part calculates 

x2) is as follows: 
a. Comparison by comparator 120 of the contents of 
counter 106 with the value of Y of the transcoder 
110. if the value of the contents is greater than Y 
(signalled on 120/1), there is an impulse from the 
CS 86 on 86/14, and it resets the counter 106 to 
“one" (“Clear") (= electrical zero). 

b. Transfer of contents of counter 106 to the memory 
108 (impulse on 86/15), and simultaneously set to zero 
in the memory 111 (impulse on 86/16). 

c. Transfer of the result of the arithmetical operator 
116 to the memory 118 and to the counter 106 
(impulse on 86/17 (+), 86118, 86/19 and 86/20); 
the result is equal to ya. 

The calculation of 32,, while the other part calculates 
x, is as follows. 

a’ Counting of one position backwards of the count 
ers 104, 105; to carry out this operation, the CS 86 
gives one impulse on 86/21. Provided that the 
counter 105 arrives at "0ne,” the impulse is also 
transmitted to the counter 106, which also goes 
back one position. 

b’ Comparison of the contents of counter 106 with Y. 
1f the value of the contents is greater than Y (sig 
nalled from 120/1), there is a transfer of Y from 
the transcoder 110 on to the memory 111 (impulse 
on 86/16 and 86/22). 

c' Comparison of contents of counter 106 with Y. 1f 
the contents is greater than Y (signal on 120/1 )1 
the counter 106 is reset to “one" (“Clear“) with an 
impulse on 86/14. Simultaneously there is transfer 
of counter 106 to the memory 108 (impulse on 
86/ 15). 

d’ As c. The result is equal to y,. 
The calculation of y”, ya, . . . ya takes place as for the 

calculation of 3/, while the other part calculates the cor 
responding x‘s. After having calculated all the y, 
through ya”, the counter 106 must be reset to the state 
that it had before the calculation, i.e., the number of 
rows per revolution must be added; in effect during the 
calculation. row by row of the revolution actually being 
knitted had been successively subtracted. (the counter 
106 counting backwards). in order to do this, it is nec 
essary: 
a" To transfer the contents of transcoder 114 in to 

the memory 111 (impulses on 86/23 and 86/16). 
b" As c (of y) 
c" If the value of the contents of counter 106 after 

transfer from memory 118 is greater than Y (sig 
nalled by 120/1 ), the said counter is reset to “one" 
(“Clear") impulses on 86/14. Order for reading 
coded information from memory 59 is transmitted 
from sequence control 86 to memory 59 over line 
86/10. 

The sequence control 86, shown in F165. 11a and 
111;, comprises in FIG. 11a a ?rst counter 123 with its 
decoder 124, involved in the control of steps a —- h, a 
second counter 125 with its decoder 126, involved in 
the control of a’ to h’ and a third counter 127 with its 
decoder with its decoder 128, involved in the control 
of steps a" to c". The binary counters 123 and 125 can 
be of the “decade" type. The outputs one to eight are 
used for the control of the steps: the zero output is not 
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connected, its respective position serving to cut out the 
counter. The counter 127 has as many output as there 
are real or imaginary selection members plus four out 
puts. The former serve the switching over the decoded 
information on the memories ofthc members 84 three 
of the latter to the control of steps a" to c" and the 
fourth to the resetting to zero of the said counter. An 
oscillator 133 advances the said counters one after the 
other. The sequence control 86 comprises, in addition, 
the AND gates (example: 134), the OR gates (example: 
129), a “NAND‘” gate 130, the inputs 102/1, 103/1, 
103/2 and 120/1 for the signals of the comparators 102, 
103 and 120 on the outputs 86/] to 86/23 for the con 
trol impulses. The minimal frequency from oscillator 
133 is given by the formula: 

fuzz N - rz/60 (positions 123 + positions 125 X 
(OS,,—1)+4 positions of 127). 

where 
N = number of needles, for example, 1716. 
n = number of cylinder revolutions, for example 20 

per minute 
OS,I = number of real and imaginary selection mem 

bers, for example, 39. 
Therefore, 

f“, = 1,716 a 20/60 (9+9 x 38+4) =203 kHz 

FIG. 1117 shows the command for counters 123, 125 
and 127. The command obeys the following formula: 

C =B ‘ 128/39 ' C - CL 125 ' 128/42 

C1. 125 =C ' CL 125 4 CL 123 

B=L'A-B-128/39'CL123 
CL 123 =B - CL 123 ' CL 127 
CL 3C . ; 1211/42 . . (‘L 125 

Wherein "CL 127,“ for example, represents the state 
of the input of the zero setting (“Clear") of counter 
127. 
“L“ for example, represents the state at the terminal 

L. 
128/42, for example, represents the state at the ter 

minal 128/42, etc. 
This control is connected to the impulse generator 

24. It contains the “NAND“ gates, (for example, 13] ), 
the inverters (for example 132), the inputs H, A, 
128/39. 128/42, and the outputs L, Cl 123, B, Cl 125, 
C, Cl 127. lnput terminal A in FIG. 11b is connected 
to corresponding terminal A in FIG. 110 so as to re 
ceive pulses from decoder 124, and input terminal H in 
FIG. 11b is connected to impulse generator 24. 
FIG. 12 shows a memory 59, decoders 58 and 135, 

memories 54 and 80 for addresses x. through x39, and 
y, through ya, and peripheral hardware. The memories 
54 and 80 are only foreseen for maintaining the last at 
and y (one of each) during a sufficient lapse of time for 
inscription or reading coded information from memory 
59. Order for reading coded information from memory 
59 is transmitted from sequence control 52 to memory 
59 over line 52/1. 
Memory 59 is of the magnetic core type. In the exam 

ple, it is composed of eighteen superimposed layers, 
each layer of which contains 64 times 64 cores, each 
core being one “bit." Each layer contains 64 inputs 
58/1 through 58/64 and as many inputs 135/1 through 
135/64 and one given bit is accessible through the in 
puts 58/n and 135/m. The superimposed inputs of the 
18 layers are interconnected in such a way that 18 su 
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perimposed bits, forming “one word" are accessible 
through two inputs S8/n and 135/m. 
The usual patterns I are of three or four colors. In 

order to characterise one stitch xy, i.e., one element, it 
is necessary to designate its color by two coded date 2 
bits) for example: 
white: first bit 0; second bit 0: blue; ?rst bit 0 second 
bit 1 
red: first bit 1, second bit 0: black; ?rst bit 1 second bit 
1 
From the fact that two bits per stitch are necessary. 

“one couple” per element, nine couples of layers are 
available in order to memorise a pattern 1. This can be 
64 X 64 x 9 = 36,864 stitches at the maximum. 

Firstly, there will be described the inscription of a 
new pattern 1 onto the memory 59. 
Each element is analysed and, according to the color 

detected, a signal is transmitted to the coder 136 by 
one of the four wires 2/1 through 2/4. The coder 136 
transforms the signal into a coded data of two bits. The 
latter are transferred into the switching device 137. Si 
multaneously and in synchronization, the parts of the 
device attributed to the x and y calculations have calcu 
lated the corresponding addresses x and y. In order to 
do this, the keyboard 2 or the direct reader 3, as shown 
in FIG. 1, advance counter 51 FIG. 7 at the rate of the 
reading of the elements of one line of pattern 1 and the 
counter 79, FIG. 8 by one position per line. The decod 
ers 58 and 135 determine the corresponding inputs 
58/n and 135/m representing a fraction of the two ad 
dresses .r and y. The corresponding word (of nine cou 
ples of bits) is transferred from memory 59 into the 
switching component 137. The memories 54 and 80 by 
their outputs 54/1 through 54/4 and 80/1 through 80/4 
transmit the other fraction of the two addresses 1: and 
y to a member 138 for determining the position of the 
bits inside the words; this member thus determines in 
what couple of layers the said two bits must be memo 
rized. The member is called the "determination com 
ponent" 138. One of the nine outputs 138/1 through 
138/9 transmits the address of the couple of layers to 
the switching member 137. As mentioned in connec 
tion with FIGS. 7 and 8 intelligence in memories 54 and 
80 has originated during calculation of x‘s and y‘s, re 
spectively. Members 137 and 138 may be realized to~ 
gether by two known normalized integrated circuit 
components designated Ser. No. 74150 N and available 
from Texas Instruments Inc. and other manufacturers 
of semiconductor devices. 
The switching member 137 contains nine groups of 

two electronic memories each group being connected 
to a couple of layers. Before each transfer of one word 
from the memory 59, all the groups are put into their 
0, 0 state. After the said transfer, they are in the states 
corresponding to the transferred word. The couple de 
termined by the couple determination component 138 
is reset to 0, 0 and the coded data coming from the 
coder 136 is memorized by the said group. This new 
word is re-transferred into memory 59 on the nine cou 
ples of cores, which are found at the intersection of the 
inputs 58/n and 135/m. The orders for transfer and set 
ting to 0, 0 of the groups, etc. are emitted by the se 
quence control 52 (86). 
The reading of the memory to achieve direct control 

of the knitting machine is described below. 
Pattern 1 to be reproduced by knitting is memorised 

in the memory 59 in the form of coded data. Each time 
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one needle passes in front of a given place in the knit 
ting machine, for example in front of OS 11/1 32 data, 
foreseen for the 32 real OS 11 must output from the 
memory 59. 

In order to do this, the means attributed to the .r and 
y calculations calculate 39 addresses x, y,, x2 y2, x3 ya, 
through x39 ya, which are successively decoded by the 
decoders 58 and 135. Each address such as x, and y, is 
divided into two fractions by means of electrical lines. 
The ?rst fraction of the address arrives at memory 59 
through the ?rst part of memories 54 and 80, respec 
tively, and decoders 58 and 135, respectively. The sec 
ond fraction of the address arrives at couple determina 
tion component 138 through the second part of memo 
ries 54 and 80, respectively. For each ?rst fraction of 
one address xy, one word comes out of the memory 59 
and is transferred onto the switching member 137. Ac 
cording to the indications of the second fraction of the 
addresses x and y transmitted to the determination 
component for the layer couples 138, the switching de 
vice 137 chooses the couple of 2 bits attributed to said 
x and y. Component 138 decodes the second fraction 
of the address and transmits corresponding signals over 
two of nine lines 138/] through 138/9 to switching de 
vice 137. These signals control the transfer of informa 
tion memorized in the corresponding couple of layers 
to decoder 66. The 2 bits are transferred through the 
lines 137/] and 137/2 to the decoder 66 as shown in 
FIG. 7. The con?guration of decoder 66 represented in 
FIG. 7 as a plurality of decoder circuit 66/l, 66/2 . . . 
is a function of the number of colors in the pattern. In 
a four color pattern, the coded information “00" or 
“01" or “10” or "11" each designates one of the four 
colors. Decoder 66 has four outputs which are acti 
vated in response of the coded information. Thus each 
output corresponds to a color. Such decoding may be 
realized by use of known normalized integrated circuit 
components such as type Ser. No. 74156 N available 
from Texas Instruments Inc. or other manufacturers of 
semiconductor devices. 

Five to eight colors need 3 bits for each stitch and for 
each element of pattern 1. Each word of 18 bits will 
contain coded knitting information for six stitches. It 
will be memorized in memory 59 in the same way as a 
word for four colors, that is to say that the ?rst fraction 
of addresses is the same as for four colors. The second 
fraction of addresses will contain information for in 
scribing or reading 3 bits instead of 2. This information, 
after being decoded, will be transferred on three of 
nine lines I38/I through 138/9 to switching device 137. 
The coder 136 will comprise eight inputs, such as 2/1, 
and three outputs leading to switching device 137. 
A pattern I in two colors requires only I bit per ele~ 

ment and thereby a number of elements twice as great 
as for a pattern in three or four colors can be memo 
rised. Similarly, a pattern I in ?ve, six or more colors 
requires three (four, etc.) bits per element and thereby, 
only a proportionately reduced number of elements 
can be memorized. 
With the aim of rationalising the inscription of data 

contained in the pattern I, it is advantageous to com 
plete the keyboards 2 with a puncher-reader 2a for 
punched cards or tapes with a view to ?lling the mem 
ory 59 more quickly. These inscription means necessi 
rate a design, on squared paper being a copy of the 
“artist’s design," It is quite simple to undersrand that 
this copying represents a fastidious and costly effort, 
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18 
especially if the design is to be used by direct reader 3, 
each square having to be uniformly coloured to dimin 
ish the number of reading errors. In addition the pro 
posed means do not allow instantaneous veri?cation to 
determine whether the work of the operator of key 
board 2 or of the direct reader is accomplished without 
mistakes. 
A particularly advantageous inscription means 2' 

(FIG. 1) and which enables elimination of the afore 
mentioned drawbacks, is described below. 
The “artist’s design“ 1 is read by an operator and 

transmitted to the processing unit 4 in the form of elec 
trical impulses with the aid of the inscription means 2'. 
The inscription means 2' are composed of a command 
console 139, containing the display memory 140 with 
its usual inscription devices, reading devices etc. A dis 
play memory which may be used in the present inscrip 
tion means 2' is described, for example, in US. Pat. 
No. 3,529,298 granted to .I. R. Lourie on Sept. l5, 
l970, and corresponding to French Pat. Speci?cation 
No. l,576,l2l, published on July 25, I969, and to 
Swiss Pat. Speci?cation No. 476,877, published on 
Sept. 30, 1969. Particular reference is made to column 
6, lines 59 to 75 and column l8, lines 9 to 44 in US. 
Pat. No. 3,529,298. 
The command console 139 further comprises a first 

keyboard 141 (with its electronic circuits) allowing any 
bits or couple of bits to be stored in the display memory 
140, a second keyboard 142 (with its electronic cir 
cuits) allowing the contents of said couple of bits to be 
altered, and further keyboards 143 (with their elec 
tronic circuits) allowing the transfer of information 
contained in the display memory 140 to the processing 
unit 4 and further allowing the display of the sizes of 
the patterns with the aid of means described below. 
Such keyboards for altering stored information are 
known and described, for example, in patent No. 
3,529,298 referred to above, in column 13, lines 52 to 
54 and also in column 7, lines 5 to 8. Function keys for 
selecting programs are also described in the patent re 
ferred to, see column 12, lines 34 to 37. 
The display memory 140 of command console 139 is 

coupled to one unit of color display (“display-unit") 
147, the screen 148 of which is advantageously pro 
vided with a transparent ?xed or removable grid for 
easy locating of each element of the pattern displayed. 

In the apparatus described in US. Pat. No. 
3,529,298, the memory is incorporated in the process 
ing unit; however, it will be an easy matter for the ex 
pert in the art to arrange the same type of memory with 
display unit 147 as shown in FIG. 1. According to a 
lea?et published by ERA, Elektronische Rechenanla 
gen, Aachen, West Germany, such memory is incorpo 
rated in the type DIDS-400 Digital Information Display 
System manufactured by Cossor Electronics Limited, 
Harlow, Great Britain. 
Display units of the kind shown in FIG. 1 are com 

mercially available from several manufacturers. For ex 
ample, the DlDS-400 Digital Information Display Sys 
tem referred to and published in May, 1967, is designed 
for displaying characters. Obviously that known system 
may be simpli?ed for the purposes of the present inven 
tion by restricting the display to rectangular pattern el 
ements, e.g. to rectangular dots similar to the letter 
“0". A typing letter may be attributed to each color of 
the artist’s design as, for example, the letter “4" for a 
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red stitch, the letter “b“ for a blue stitch, the letter 
for a white stitch and so on, for representing the artist‘s 
design on screen 148. However, with a view to a more 
illustrative and vivid representation of the artist‘s de 
sign on screen 148, it is preferred to use a color picture 
tube in the display unit 147. It is common art to use, in 
stall and operate such color picture tubes, see, for ex 
ample, the book entitled PAL Farbferneshtechnik by 
lng. F. Mohring, published by C. F. Winterische Ver 
lagsbuchhandlung, Prien/Chiemsee, West Germany, in 
particular pages 36 to 55. 
The artist‘s design 1 shown in the upper portion of 

FIG. 1 may be read by an operator by judiciously ma 
nipulating the keys of command console 139. ln that 
way, a luminous spot travels across screen 148, and for 
each element of the artist‘s design, the operator may 
store the required information in the display memory 
140 by depressing the respective keys of keyboard 141. 
In that manner, the artist‘s design 1 is displayed on 
screen 148, and the respective information of the de 
sign is automatically stored in display memory 140. The 
connection between the artist's design 1 and the in 
scription means 2‘ shown in solid lines in FIG. 1, there 
fore, is ?ctive in that it does not represent an electrical 
connection but merely the operator’s mental and man 
ual action. However, the artist‘s design 1 may be read 
by a direct reader 3 which transmits the information of 
the artist‘s design in the form of electrical pulses to the 
inscription means 2'. In FIG. 1, the respective connec 
tions are shown in hatched lines. A direct reader, which 
may be used conveniently, is described. for example, in 
the British Pat. Speci?cation No. 1,001,433 published 
Aug. 18, 1965 granted to L. G. Simjian. The direct 
reader described comprises a scanning system includ 
ing photoelectric sensing means and automatic drive 
means for moving the sensing means in the X- and Y 
directions. During scanning, the information received 
is constantly transmitted to display memory 140 and 
displayed on screen 148. Thus, the artist‘s design ap 
pears on the screen in accordance with the movement 
of the scanning system in the X- and Y-directions. Par 
ticular reference is made to FIG. 6 in the aforemen 
tioned British Pat. Speci?cation and to the respective 
descriptive portion on page 3 from line 84 to line 1 l4 
describing the storage of color responsive signals. 
The inscription means 2' shown in FIG. 1 also com 

prises a perforator 145 allowing the recording of the 
contents of display memory 140 on a punched tape 
144, and a reader 146 either for reading a punched 
tape 144 to store the information, which it contains, in 
display memory 140, or for transferring the informa 
tion from a punched tape 144 directly to processing 
unit 4 in the form of electrical pulses as shown by 
hatched lines in FIG. 1. The solid lines between inscrip 
tion means 2’ and processing unit 4 represent the trans 
fer of information in the form of electrical pulses from 
display memory 140 to processing unit 4. Dial buttons 
149 for color composition with their circuits are also 
advantageously provided. 

Several methods of employing these inscription 
means 2' are described hereafter: 

a. The “artist‘s design" 1 is covered with a transpar‘ 
ent squared paper. Each square limits one element 
of the pattern. The operator displays the dimen 
sions of the pattern, successively reads the con?gu 
rations (for example, color) of each element and 
consequently operates the keyboard 141. Each 
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taped information is automatically memorized and 
appears on the screen 148. Once this work is ?n 
ished, the data can advantageously be recorded on 
the punched tape 144, with a view to their subse 
quent preemployment. It is rational to mount the 
inscription means 2' on a trolley 150. At the given 
moment, it is wheeled towards a knitting machine, 
connected to the processing unit 4 and the contents 
of the display memory 140 are transferred into 
memory 59. 

b. The artist‘s design“ 1 is read and transmitted into 
the displayed memory by the direct reader 3, after the 
display of its sizes. Given that such designs are not me 
ticulously accurate, the design appearing on screen 148 
shows errors that the operator detects by comparison 
with the “artist’s design,“ so that this can be done in a 
rational manner, it is preferable for the “artist‘s design“ 
to be produced with transparent color on a transparent 
support and to provide screen 148 with a ?xed or re 
movable squared grid. The “artist‘s design“ is then 
placed on the screen and comparison can be quickly 
made. Each incorrect element is covered by means of 
the keyboard 142 which makes a guide mark and which 
switches over the bit or the couple of bits of the correct 
information, operated by the keyboard 141. Once the 
corrections are made, the procedure is as noted under 
a. 

c. A pattern previously recorded on punched tape 
144 is read by the reader 146 and transferred into the 
memory 59 of the processing device 4. 

ln exploiting all the possibilities inherent in the de 
scribed systems, the knitter can make considerable 
economies. Thus, dial buttons 149 of the color compo 
sition allow combinations of pleasing colors to be found 

~ for any given design, without costly trials on the knit 
ting machine. In addition, a memorised pattern can be 
readily altered if, during knitting, it is not considered to 
be as attractive as thought. In order to do this, the con 
tents of memory 59 of the processing device are trans 
ferred into the display memory 140, corrections made 
and the corrected contents then put back into place. In 
addition, the screen can be ?lled by the automatic rep 
etition of a small memorised pattern with a view to 
judging the effect on the whole. 

In the case of isolated designs, surrounded by stitches 
of one color, “background color," it is advantageous to 
displace this or these design(s) in relation to cylinders 
40, in order to minimize knitting losses on the makeup 
of an article. In order to do this, two push buttons (not 
shown) are provided one operating the counter 45 and 
the other counter 46. By pushing the button connected 
to counter 45 n times (n being less than 44), the start 
42 as well as the patterns D, through D,,l are displaced 
of n stitches. By pressing m times on the button con 
nected to counter 46, the start 42 displaced as well as 
the patterns D, through D," are displaced of m times 46 
stitches. 
By making certain alterations, the unit 4 can be uti 

lised for the direct control of several knitting machines 
10, knitting the same pattern 1 or different patterns. In 
the latter case, the total number of data of the said pat 
terns 1 must not exceed the capacity of the memory 59. 
In addition, the number of machines controlled by this 
memory 59 is limited by the speed at which the said 
memory 59 is read. 
The modi?cations are as follows, as shown in FIGS. 

7 and 8: 
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a. Each knitting machine 10 must have its own set of 
counters 45 and 46, its own ?xed memory 68, its 
own counters 47, 76, 77 and 83 (in order to allow 
the knitting of patterns 1 of different characteris 
tics and sizes) and its own OR circuit 81 - AND cir 
cuit 82. 

b. Oscillator 50 must emit impulses of a frequency as 
many times greater as the number of simulta 
neously controlled/machines. 

c. A logic switch gear (not shown) must be added for 
switching the oscillator 50 impulses successively 
over the different counters attributed to each knit 
ting machine 10, and switching over the output 
data of the memory 59 successively to the different 
synchronised memories 68. Corresponding alterna 
tions can be foreseen in order to adapt the variant 
according to FIGS. 9, l0 and 11a. 11b for the com 
trol for several machines. 

Operation of the processing unit 4 with a view to the 
building of an information carried (?lm) 6 for the indi 
rect control of the knitting machine 10 will now be de‘ 
scribed. 
A pattern 1, as shown in FIG. 4, containing an 

amount of data which exceed the capacity of memory 
59, as shown in HQ. 7, is subdivided into horizontal 
strips 151. The width of these strips is equal to the 
width of the pattern 1 and the height is at least one rev 
olution of the machine (corresponding in the machine 
of the example to eight rows of stitches for one pattern 
l in four colors, and to twelve rows for a pattern 1 in 
three colors). According to a ?rst method, the data on 
strip 151/] and 151/2 is firstly transferred into memory 
59, next. after processing. from data strip 151/1 and 
from a part of strip 151/2 are recorded on the ?lm 6; 
next the data on tape 151/3 is transferred into memory 
59 to be memorised on the cores which previously con 
tained data from strip 151/ l; and next. after processing, 
the data from tape 151/2 and from a part of strip 151/3 
are recorded on the ?lm 6. Data from strip 151/4 is 
then transferred into the memory 59 so it is then 
memorised on the cores which previously contained 
the data from hand 151/2 and so on. The two latter 
strips l5l/n — 1 and lSl/m memorised are recorded 
after processing. one after the other. on ?lm 6. Having 
arrived at the end 64 of the ?lm, as shown in FIG. 5 it 
is rewound in such a way that the start 60 of the ?lm 
is located on the recording member (not illustrated) of 
the recording machine 5 and the processed data re 
maining from the last revolution 151/n is recorded on 
the area 65 of ?lm 6. 

in order to transfer any strip 151 whatsoever to the 
memory, by means of keyboard 2 by means of its perfo 
rator reader 2a. or by means ofthe direct reader 3, only 
counters 47 and 51 are used for the x calculations and 
the counters 77 and 79 for the y calculation. The for 
mer are indexed on the width X of the pattern and the 
second on the number of rows representing two revolu~ 
tions (16 in the example). The calculations and the 
memorisation are carried out according to the method 
described under the heading “inscription of a new pat 
tern 1 in the memory 59," except that the pattern 1 is 
replaced by the strip 51. 
The processing of data from the strip 151 with a view 

to recording on a film 6 is made in a similar way to the 
processing with a view to direct control, except that 
outputs 68/1 . . . 68/32 (. . . 68/36) as shown in FIG. 

7, are connected to the recording machine 5. as shown 
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in FIG. 1 and that the impulse generator of a same type 
as the impulse generator 24 is an integral part of the 
said inscription machine. 
The steps to be carried out are as follows: 
Step 1. Transfer of strips 151/1 and 151/2 from pat 

tern l to memory 59 of processing unit 4 over the 
inscription means 2; counter 79 runs over its posi 
tions from one up to 16. 

Step 2: Resetting counter 79 to position one. thus 
stopping the transfer from pattern 1 to memory 59. 

Step 3: Processing of informations from strip 151/1 
and part of strip 151/2 and recording on ?lm 6; 
counter 79 runs over its positions one to eight. 

Step 4: Resetting counter 79 to one. 
Step 5: Transfer of strip 151/3 into memory 59 (new 
information takes the place of that from strip 
151/1); counter 79 runs over its positions one to 
eight. 

Step 6: Processing and recording of information from 
strip 151/2 and part of strip 151/3; counter 79 runs 
over its positions nine to 16. 

Step 7: Resetting counter 79 to nine. 
Step 8: Transfer of strip 151/4 into memory 59. This 
information takes the place of that from strip 
151/2; counter 79 runs over its positions nine to 16. 
and so on. The control circuits for the transfer and 
switching operations mentioned above are not 
shown. 

When a pattern 1, with a number Y of lines which is 
not a multiple of the number of knitted rows per revo 
lution (eight in the example), must be treated with a 
view to making a ?lm 6, the said pattern 1 must be 
transferred and processed/recorded several times. 
Advantageously, a counter (not shown) on the direct 

reading device 3, for example. is foreseen, as shown in 
FIG. 1, this counter being indexed on the smallest com 
mon multiple of Y and of the number of rows per revo 
lution. lt advances one position each time that one line 
of pattern 1 is transferred and it halts the installation 
when it reaches the indexed position. 
The minimal capacity of memory 59 satisfying this 

process is determined by the greatest width of the pat 
tern (calculated in stitches) which is commercially 
valid multiplied by the greatest number of rows possi‘ 
ble for two revolutions times two (2 bits necessary per 
stitch), for example, 570 stitches wide times 24 rows 
times 2 bits is equal to 27,360 hits. Memory 59. as de 
scribed, is of a suf?ciently large capacity; in fact, it has 
been calculated that it can store the coded data for 
36,864 stitches. 
Some adaptations are described hereafter which en 

able in memorising a pattern 1 of a certain area, knit 
ting patterns (D,, D2. . . as shown in FIG. 6b) of an area 
several times greater. The said adaptations are possible 
without additional means or with the addition of inex 
pensive hardware. They allow the reproduction of pat 
terns Db D2 . . . exceeding the capacity of memory 59 
on one or several knitting machines 10, directly con 
trolled, thus without the adjunction of an information 
carrier 6. Owing to these adaptations the designer’s 
work is made less dif?cult and the cost for the informa 
tion carrier 6 is unnecessary. 
The described forms of this installation allow, in 

memorising a basic pattern 1, to knit symmetrical pat 
terns, composed of the said basic pattern 1, and sym 
metrical pattern in relation to vertical and/or horizon 






