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[57] ABSTRACT 
An element responsive to the level of re?ected light 
scans a document in consecutive parallel scan lines, 
producing an electrical output signal which is con 
verted from analog to digital form. The digital output 
is entered into one of a pair of storage resistors. A 
copy of the document is produced by a multi-hammer 
helix printer which composes one line of dots at-a 
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COPIER SYSTEM 

CROSS REFERENCE TO RELATED APPLICATION 

This application is a continuation-in-part of copend 
ing application Ser. No. 136,950, entitled “Facsimile 
Printing System,” ?led on Apr. 23, 1971 by John T. 
Potter and assigned to the assignee of this application. 

BACKGROUND OF THE INVENTION 

The invention relates generally to optical scanning 
and copier systems, and more particularly to improved 
systems for controlling the operation of an electro 
mechanical printer in response to the output of an opti 
cal scanning system. 
Unlike most photographic or xerographic copiers, 

the copier, or facsimile system of the instant invention 
?rst scans the original document with a light level sen 
sor to produce electrical signals which drive a dot 
printer. The dot printer'reproduces the original, one 
narrow line at-a-time. 
The mechanical and electrical elements of improved 

helical bar facsimile printer are disclosed in the afore-, 
mentioned copending application Ser. No. 136,950. 
Brie?y, that printer comprises a continuously rotating 
helical bar with a plurality of convolutions and a corre 
sponding plurality of hammer blades aligned in parallel 
with the helix axis. Paper and inked ribbon are carried 
between the bar and hammer blades. Dots are printed 
by individually impelling the hammer blades against the 
bar. As the bar rotates the points where the helical bar 
and hammers intersect are continuously and repeatedly 
advanced along a line in each line segment. An entire 
line is thus composed by printing a plurality of line seg 
ments simultaneously. 
While the multi-hammer helix printer operates at 

much higher speed than single-bladed, “lawn mower” 
type helix printers, scanning of the original document 
is complicated by the fact that the print line is divided 
into a plurality of simultaneously printed segments. In 
the past, special scanning systems were designed for 
scanning corresponding line segments of the original 
document simultaneously. In particular, in the afore 
mentioned copending application, Ser. No. 136,950, 
the original document is scanned with a plurality of 
equally spaced photocells riding on a linear track. Each 
cell is simultaneously moved over a segment of the line 
corresponding to a particular hammer in the printer. In 
a copending application Ser. No. 178,211, ?led Sept. 
7, 1971, entitled "Optical Line Scanner and Facsimile 
System” assigned to the same assignee as this applica 
tion, a video tube scanning system is disclosed repre 
senting another technique for simultaneous scanning of 
plural line segments. Mechanical systems employing 
photocells do, however, have an advantage over video 
systems: photocells cost less, are inherently capable of 
higher resolution and‘ have an output which is easier to 
transmit. However, if a single photocell is swept over an 
entire line, the electrical output is serial; that is, the 
output represents the light level point-by-point along 
the entire length of the scan line. The serial signals are 
therefore not in the proper form for operating a multi 
hammer helix printer. 
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SUMMARY OF THE INVENTION 

Accordingly, the general purpose of the invention is 
to improve scanning systems and control circuits asso 
ciated with multi-hammer, simultaneous line segment, 
facsimile printers. Another object of the invention is to 
enable the output of a single photosensor scanning sys 
tem to drive a multi-‘hammer facsimile printer by reor 
ganizing the output so that it corresponds with the line 
segments printed by each hammer. A further object of 
the invention is to employ digital techniques to enable 
a multi-hammer helix printer to print dots with a plural 
ity of discrete levels of darkness representing the tonal 
ity of corresponding points in the original document. 
These and other objects of the invention are achieved 

by employing a pair of alternated storage registers into 
which digital signals representing the analog output of 
a single photosensor are serially entered and then read 
out in parallel fashion to the hammer drive circuits of 
a multi-hammer helix printer. The original document is 
fastened to the surface of a continuously rotating scan 
drum. The photosensor is moved step-wise along a lin 
ear track extending parallel to the axis of the drum such 
that the document is scanned in consecutive, parallel 
sweeps. The helix printer includes a continuously rotat 
ing helical bar and a plurality of hammer blades aligned 
parallel to the axis of the bar such that each hammer 
blade corresponds to an adjacent helical convolution. 
Paper and ink ribbon are carried between the helical 
bar and the aligned hammer blades. The paper is ad 
vanced one line at a time in a direction perpendicular 
to the helix axis. The step-wise advancement of the 
photosensor corresponds to the movement of the paper 
in the printer. The output of the photosensor is digi 
tized in an analog-to-digital converter. The converter 
output is alternately passed on corresponding cycles of 
the rotating helical bar to the serial input of either one 
of the pair of storage registers. The analog-to-digital 
converter and storage register are gated or clocked 
during input at a rate corresponding to the number of 
print positions along the entire print line. For example, 
in one embodiment the helix printer employs 12 ham 
mers having 154 dot print positions for each hammer 
resulting in 1,848 print positions along the entire print 
line. Accordingly, the analog input to the converter is 
regularly sampled 1,848 times per cycle of the scan 
drum. Similarly, each storage register must provide 
1,848 bits of storage per output bit of the analog-to 
digital converter. 
Each storage register is tapped to provide a plurality 

of parallel output lines to the hammer drive circuits in 
the printer. In the above embodiment each storage reg 
ister would provide 12 parallel output lines per con 
verter output bit. After the digital information for one 
complete scanning cycle is stored in one of the regis 
ters, that register is switched to the output mode in 
which the stored bits corresponding to consecutive 
print positions are clocked past each of the hammer 
output lines at a rate corresponding to the number of 
dot print positions per hammer during each cycle of the 
helical bar. While one storage register is in the output 
mode the other storage register is in the input mode re 
ceiving digital information from the next scanning cy 
cle. A digital-to-analog converter and hammer drive 
circuit are associated with each hammer in the helix 
printer. Corresponding output lines from the storage 
register in the output mode are connected to the digi~ 
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tal~to~analog converters which cause the hammer 
‘blades to be ?red with variable impact corresponding 
to the digital signal from the storage registers repre 
senting the analog output of the photosensor. 

A BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic and block diagram illustrating 
the scanning apparatus and helix printer employed in 
the facsimile system according to the invention. 
FIG. 2 is a block diagram illustrating the electronic 

circuitry which receives the output of the photosensi 
tive element and reorganizes the input signals in digital 
form to provide outputs to drive the helix printer of 
FIG. I. ' 

FIG. 3 is a block diagram illustrating one of the stor 
age registers of FIG. 2 in more detail for an embodi 
ment in which the converted analog output of the pho 
tosensitive element is coded in three bits. 

DESCRIPTION or THE PREFERRED 
EMBODIMENT 

In FIG. 1 the scanning apparatus 10 provides an elec 
trical analog output representing the re?ected light 
level of an original document along a plurality’of paral 
lel'scan lines. A helix printer l2 reproduces the original 
document, that is, creates a facsimile thereof, in re 
sponse to the electrical output of the scanning appara 
tus 10 by printing a plurality of dots of varying darkness 
along print lines which correspond to the scan lines 
along which the original document is read. The scan 
ning apparatus 10 includes a rotatable cylindrical drum 
14. The original document is affixed to the surface of 
the drum by means of suitable clamps (not shown). The 
clamp space occupies only a small portion of the cir 
cumference of the drum. A photosensor carriage as 
sembly 16 is mounted for linear travel along a track 18 
adjacent to the drum surface and extending parallel to 
the drum axis. The carriage assembly 16 houses a high 
intensity lamp 20 and a photosensor 22 which is opti 
cally aligned with a converging lens 24. The electrical 
output of the photosensor 22 represents the intensity of 
light re?ected from the focal point of the lens 24 within 
the area illuminated by the lamp 20. The carriage 16 is 
movable along the track 18 by means of a taut cable 26 
passing over a drive capstan 28 and a pulley 30 at oppo 
site ends of the track 18. A stepping motor 32 drives 
the capstan 28 which imparts motion to the cable 26 
and carriage 16. The capstan 28 may be mounted di 
rectly on the shaft of the stepping motor 32. When 
pulsed, the motor 32 provides an incremental, linear 
displacement or step of the carriage 16. The travel of 
the carriage 16 during one step should correspond to 
the motion of the paper in the printer 12, as explained 
below. A pair of limit switches 34 and 36 are located 
at opposite ends of the track 18. The switches 34 and 
36 operate a switch 38 which alternately connects the 
stepping motor 32 to a source of paper feed pulses and 
a source of fast return pulses 40. For example, if the 
scanning proceeds from left to right as viewed in FIG. 
1, when the carriage 16 engages the limit switch 34, the 
switch 38 will disconnect the stepping motor 32 from 
its normal pulse signal to the fast return pulse generator 
40 so that the carriage I6 is quickly returned to its orig 
inal position. After a series of closely spaced pulses 
from the fast return pulse generator 40, the carriage 16 
engages the limit switch 36v which causes the switch 38 
to return to its normal position for providing the step 
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4 
ping motor 32 with more widely spaced pulses during 
the next scanning operation. 
The mechanical elements of the printer 12 are similar 

to those described in detail in the above-referenced co 
pending application, Ser. No. 136,950. The printer 12 
comprises a cylindrical drum 42 which is driven contin 
uously at high speed by a motor 44 in close proximity 
to a row of hammers 46 aligned along a line parallel to 
the rotational axis of the drum 42. The motor 44 is also 
mechanically coupled to drive the drum 14 of the scan 
ning apparatus 10 at the same speed, although inter 
connected scanning and printing drums are not essen 
tial as explained below. The embodiment of the printer 
12 herein described has twelve hammers, although only 
four are shown in FIG. 1, for convenience of illustra 
tion. A helical bar 48 on the cylindrical surface of the 
drum 42 extends around the drum in one complete 
convolution for each hammer 46. Each hammer 46 
comprises a blade 50 positioned so that its edge will 
strike the helical bar 48 when the hammer is actuated. 
Each blade 50 spans only one convolution of the helical 
bar 48 so that when the hammer is actuated, the blade 
will strike the bar 48 at only one point. Each of the 
hammers 46 includes a light weight electrical coil 52 
af?xed to each respective blade 50. The coils 52 are in 
a constant magnetic ?eld provided by a permanent 
magnet field structure (not shown). To actuate each 
hammer 46, a ?ring pulse is applied to the coil 52 
which drives the associated blade against the helical 
bar 48. 
Paper on which the printing is carried'out and an ink 

or carbon ribbon (not shown) are positioned between 
the blades 50 and the drum 42 so that when an actuated 
hammer blade is impelled against the bar 48, a dot will 
be printed on the paper at the intersection of the blade 
and the helical bar. As the drum 42 rotates, the inter 
section of the bar 48 and each blade 50 will move re 
peatedly from left to right across the blade. As the in 
tersection progresses in one pass by a blade 50, the 
hammer can be actuated repeatedly to print a selected 
pattern ofdots along the line corresponding to the edge 
of the hammer blade. This line, extended along all of 
the blade edges is referred to as the “print line.” It is 
important to note that corresponding intersections of 
the blades 50 and respective convolutions of the bar 48 
occur simultaneously along the length of the drum 42. 
For example, if twelve spaced dots are to be printed by 
respective blades 50 at corresponding locations along 
each blade, the blades will all be ?red at once. 
The print paper is advanced perpendicularly to the 

drum axis as the printing is carried out so that parallel 
lines of dot patterns are printed. The print paper is ad 
vanced through the printer 12 by means of a paper feed 
motor 54. The motor 54 causes the paper to be ad 
vanced through the printer one line per revolution of 
the drums 42 and 14. The same pulses which activate 
the paper feed motor 54 also activate the stepping 

vmotor 32 so that the photosensor carriage 16 and the 
paper in the printer are advanced synchronously at the 
end of each complete revolution of the print drum 42 
and scan drum 14. 
Associated with each hammer blade assembly 46 is 

a hammer ?ring circuit 56 which produces the current 
pulses for the coil 52. Twelve digital-to-analog convert 
ers 58 provide respective outputs to the hammer ?ring 
circuits 56. 
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The inputs to the digital-to-analog converters 58 cor 
responding to the 12 hammer blades are produced by 
a signal processing system, as shown in FIG. 2, which 
is responsive to the output of the photosensor 22 of 
F IG. 1. The output of the photosensor 22 is passed via 
a pre-ampli?er 60 to an analog-to-digital converter 62 
which samples and converts the analog output of the 
pre-ampli?er 60 at a pre-determined rate. A pair of 
identical storage units 64 and 66 are provided for stor 
ing the output of the analog-to-digital converter 62. 
Each storage unit 64, 66 is comprised of shift registers. 
The number of shift registers in each storage unit corre 
sponds to the number of parallel output lines of the 
converter 62. The output of the converter 62 may be 
connected via a switch 68 to the serial data input of ei 
ther storage unit 64 or 66. The switch 68 is operated by 
a transfer switch control 70 responsive to the output of 
a transducer 72 arranged adjacent to an index wheel 74 
connected for rotation with the print drum 42. The 
transducer 72 provides one pulse per revolution of the 
print drum 42. The switch control 70 reverses the 
switch 68 once per revolution, causing the output of 
the converter 62 to be routed on one cycle to the stor 
age unit 64 and on the subsequent cycle to the storage 
unit 66. The storage units 64 and 66 have clock pulse 
input terminals 76 and 78 respectively. A logic unit 80 
provides a pulse output which gates the analog-to 
digital converter 62 and provides a clock pulse input to 
the storage units 64 and 66. The storage units 64 and 
66 are alternated. While one storage unit is in the input 
mode, the other storage unit is in the output mode, and 
vice versa on alternate cycles of the drum 42. The 
clock pulses from the logic unit 80 are passed to either 
storage unit 64 or_ 66 via a switch 82 also controlled by 
the transfer switch control 70. Accordingly, during one 
cycle of the scan drum l4 and print drum 42, when the 
output of the converter 62 is connected via the switch 
68 to the serial input of the storage unit 64, the clock 
pulses from the logic unit 80 are received at the termi 
nal 76 via the switch 82. During this cycle, then, the 
output of the converter 62 will be entered serially into_ 
the storage unit 64. Serial entry of the output of the 
converter 62 into the other storage unit 66 is accom 
plished in a similar manner on the next cycle after the 
switches 68 and 82 have been thrown to their alternate 
positions by the switch control 70 between the two ad 
jacent cycles. 
The logic unit 80 includes a two-input AND gate 84. 

One input to gate 84 is from a transducer 86 arranged 
adjacent to an index wheel 87 connected for rotation 
with the scan drum 14. The transducer 86 provides 
2,000 pulses per revolution of the scan drum 14. The 
other input to the AND gate 84 is from a copy limit 
transducer 88. The transducer 88 includes a ?xed pho 
tocell arranged to receive light reflected from a narrow 
strip 90 about one end of the scan drum’s surface. The 
strip 90 has a darkened section corresponding to the 
clamp space on the scan drum. Accordingly, the output 
of the copy limit transducer 88 has two levels. The out 
put of the transducer 88 will be a logic zero during the 
interval corresponding to the clamp space and a logic 
one during the remainder of the cycle. Thus, the output 
of the AND gate 84 in the logic unit 80 will be a pulse 
train interrupted once per cycle during the interval cor 
responding to the clamp space. The logic unit 80 has a 
second two input AND gate 92. One input to the AND 
gate 92 is the output of the AND gate 84. The other 

25 

40 

55 

60 

65 

6 
input to the gate 92 is provided by the output of a 
counter 94 responsive to the pulse output of the AND 
gate 84. The counter 94 is implemented to provide a 
logic one output until 1,848 pulses have been counted 
during one cycle, at which time the output of the 
counter 94 falls to the logic zero state. Accordingly, the 
output of the AND gate 92 will be a pulse train of 1,848 
pulses per cycle of the scan drum 14. These 1.848 
pulses from the logic unit 80 serve to gate the converter 
62 and to shift the storage unit 64 or 66 during the 
input mode 1,848 times per cycle of the scan drum 14. 

The logic unit 80 and analog-to-digital converter 62 
cooperate to vdivide the scan line, that is one circular 
pass of the photosensor 22 over the circumference of 
the drum (except for the clamp space), into 1,848 
points or units. In the helix printer 12, the print line 
consists of 1,848 ‘dot positions. Each dot position corre 
sponds to a point along the scan line at which the con 
verter 62 sampled the analog output of the photosensor 
22. The 1,848 dot positions are distributed over the 12 
hammers 46. Each hammer must therefore be capable 
of printing 154 dots to compose a line segment. The 
154 dot positions per hammer correspond to respective 
angular orientations of the print drum 42 because the 
angular position of the drum 42 determines the point 
of intersection of a convolution of the helical bar 48 
and its corresponding hammer blade 50. 
The storage units 64 and 66 provide twelve sets of 

parallel output lines each to the digital-to-analog con 
verters S8 of the helix printer 12. The reason why the 
outputs of the storage units 64 and 66 are in parallel in 
stead of serial form is because the helix printer 12 com 
poses a print line in parallel or simultaneous line seg 
ments rather than in a series of dots from one end to the 
other of the entire print line. Although the helix printer 
12 prints all 12 line segments simultaneously, the scan 
ning apparatus 10 reads a scan line in a serial manner. 
Therefore, each storage unit 64, 66 must reorganize the 
digitized input signals originated by the photosensor 22 
for operating the printer 12. A set of ganged switches 
94, only three of which are shown for convenience of 
illustration, alternately connect the outputs of the two 
storage units 64 and 66 to respective digital-to-analog 
converters 58 of the helix printer 12. Each switch 94 is 
a symbolic representation of a plurality of switches, as 
each of the twelve sets of output lines ordinarily in 
cludes several individual leads corresponding to binary 
digits. In the condition illustrated in FIG. 2, the storage 
unit 66 is in the output mode in which its parallel out 
put lines are connected to the converters 58 of the 
printer 12. At the same time, the storage unit 64 is in 
the input mode in which data from the converter 62 is 
loaded serially into the storage unit by means of the 
clock pulses from the logic unit 80. On the next cycle 
of the scan drum 14, the roles of the storage units 64 
and 66 will be reversed; that is, the storage unit 64 will 
be in the output mode and the storage unit 66 will be 
in the input mode. Between cycles, all of the ganged 
switches 68, 82 and 94 will be thrown to their alternate 
positions by means of the switch control 70 in response 
to the output of the one pulse per revolution transducer 
72 associated with the printer 12. 
When in the output mode, the storage unit 64 or 66 

is clocked at the rate of 154 pulses per revolution of the 
print drum 42 by connecting the clock input 76 or 78 
via a switch 96 to a transducer 98 arranged adjacent to 



7 
an index wheel 100 connected for rotation with the 
print drum 42. The transducer 98 produces 154 output 
pulses per revolution. The switch 96 is operated by the 
switch control 70. When the switch control 70 is 
pulsed, the clock inputs to the storage units 64 and 66 
are interchanged. For example, on the cycle following 
that depicted in FIG. 2, the output of the logic unit 80 
will be connected to the terminal 78 and the output of 
the transducer 98 would be connected to terminal 76 
of the storage unit 64. 

In the input mode the storage units receive 1,848 
clock pulses per drum cycle. The remaining 152 pulses 
from the transducer 86 correspond to the clamp space. 
That is, one line of the document is scanned in less time 
than it takes to complete one drum cycle. In the output 
mode, the storage units receive 154 clock pulses during 
a drum cycle. Therefore, the storage units are clocked 
at an average rate per drum cycle about 12 times faster 
during the input mode than during the output mode. 
The analog-to-digital converter 62 may provide as 

many output bits as desired. If only one output bit is 
provided by the converter 62, the converter will oper 
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ate as a threshold detector having a single binary out- » 
put. In this case, each storage unit 64, 66 will comprise 
a single shift register of 1,848 bits. In the preferred em 
bodiment, the converter 62 provides three parallel out 
put bits. With three bits, the amplitude of the analog 
signal may be represented as any one of eight (2‘) dis 
crete levels, that is from “000” to “l l l”, inclusive. Ac 
cordingly, each storage unit will include three synch 
roneously operated shift registers. The details of the 
storage unit 64 used with a three bit converter are 
shown in FIG. 3. The storage unit 66 is implemented in 
a similar manner. The three line output of the analog 
to-digital converter 62 is connected via the switch 68 
(FIG. 2) to the serial inputs of three respective shift 
registers 102, 104 and 106 in the storage unit 64. Each 
shift register is divided into 12 states corresponding to 
the hammers 46 of the printer 12. Each stage of each 
register consists of 154 bits. In FIG. 3, only the ?rst and 
twelfth stages of the shift registers are shown for conve 
nience of illustration. The clock pulse inputs of the 
three shift registers 102, 104 and 106 are all connected 
in common to the terminal 76. During the input mode 
the clock pulse terminal 76 is connected to the logic 
unit 80, and the three line output of the converter 62 
is passed in parallel to the inputs of the shift registers 
102, 104 and 106 for serial data entry. 
After 1,848 bits of information per shift register are 

stored during one complete cycle, the storage unit 64 
is switched to the output mode by means of the 
switches operated by the transfer switch control 70. In 
the output mode, the serial data entry inputs of the shift 
registers are disconnected and the clock pulse output 
terminal 76 is connected to the transducer 98 asso 
ciated with the printer 12. As shown in FIG. 3, only the 
last or 154th bit of each stage is tapped for output. The 
outputs from corresponding stages among the shift reg 
isters are grouped in three‘s corresponding to the re 
spective hammers 46 of the printer 12. For example, 
the outputs from the 154th bit of the 12th stage in shift 
registers 102, 104 and 106 are passed to the digital ana 
log converter 58 associated with the twelfth hammer 
46. Likewise, the last bits of the ?rst stages in the shift 
registers are passed to the digital-to-analog converter 
58 associated with the ?rst hammer 46. 
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The contents of each stage are shifted past the tapped 

bit synchronously with the occurrence of the corre 
sponding dot positions along each hammer blade 50 in 
the printer 12. Following a given shift pulse, the three 
bit signal is applied to the respective digital-to-analog 
converter 58 which provides an analog output current 
through the coil 52 which ?res the associated hammer 
blade 50 with suf?cient impact to print a dot of corre 
sponding darkness. After 154 bits have been shifted 
past each tapped output bit, the one pulse per revolu 
tion transducer 72 activates the switch control 70 (FIG. 
1) to return the storage unit 64 to the input mode in 
which data from the analog-to-digital converter 62 is 
again serially entered into the three shift registers 102, 
104 and 106. ‘ 
The dot printed by the printer 12 in each of the dot 

positions along the print line will have a darkness corre 
sponding to one of eight discrete levels to represent the 
tonality of the corresponding point on the original copy 
scanned by the photosensor 22. 
As shown in FIG. 1, the print drum 42 and scan drum 

14 are mechanically coupled so that there is no require 
ment for electrically synchronizing their relative speed 
or phase. If it were desired to separate these drums for 
facsimile transmission, for example, several synchroni 
zation systems are available. In one system, a straight 
forward phased locked servo-mechanism can be used 
to control the speed and phase of the scanning drum 
through the input to its drive motor in response to a sig 
nal representing the speed and ‘phase of the print drum 
42. Other systems must be used if the two drum speeds 
are independent of each other. In one system, the scan 
ning drum 14 would be run at more than twice the 
speed of the printing drum 42. This relationship would 
always allow enough time to read each line regardless 
of the phase relationship between the two drums. A 
scanning or reading cycle would be initiated after a 
given storage register was transferred back to the input 
mode, but not until the beginning of a copy limit signal 
appeared. Then, the 1,848 samples would be serially 
entered into the storage register and stored or held 
until the helical bar 48 returned to the start position. 
That vis, samples would be held for whatever part of an 
incomplete helix revolution remained. In this system, 
the frequency response of the photosensor 22 would 
have to be doubled. Another system for non-phase~ 
locked drums is similar to the foregoing system, except 
that the scanning drum speed would be increased only 
suf?ciently to always exceed the speed of the printing 
drum 42. Instead of waiting for the copy limit signal the 
data from the photosensor 22 would start being entered 
into the available storage unit as soon as transfer oc 
curred. Because the start of the scanning cycle would 
not usually correspond to the normal starting point of 
a scan line, that is, the end of the clamp space, addi 
tional logic would be required to shift the information 
in the storage registers to its proper position. This 
would require that each shift register be provided with 
a number of bits corresponding to 2,000 scanning 
points rather than 1,848. In addition, a loop would have 
to be provided to connect the last bit of the shift regis 
ter to the ?rst bit in order to run the bits in storage 
around until the 152 bits corresponding to the clamp 
space were located in the last bits of the storage register 
associated with a recognition circuit. 
The use of the two alternating storage units 64 and 

66 permits the serial output of the scanning apparatus 
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to be reorganized in an efficient manner so that the in 
formation printed by the helix printer ]2 lags the infor 
mation scanned by only one cycle. The multi-hammer 
helix printer [2 is thus operated as a facsimile printer 
without reorganizing the scan line into parallel seg 
ments at the scanning end of the operation. Moreover, 
the digital storage units facilitate digital representation 
of the tonality of the scanned points on the original 
document. As a result, the helix printer 12 is capable 
of faithfully reproducing a graphical representation 
having areas of varying darkness by printing dots of 
nonuniform density. 

It will be understood that various changes in the de 
tails, materials, steps and arrangements of parts which 
have been herein described and illustrated in order to 
explain the nature of the invention, may be made by 
those skilled in the art within the principle and scope 
of the invention as expressed in the appended claims. 

I claim: 
1. A copier system for reproducing an original ‘copy 

by composing a facsimile with a plurality of dots of 
variable darkness, comprising scanning means includ 
ing photosensor means for producing an analog electri 
cal output representing the reflected light level at 
points on said copy and means for causing said photo 
sensor means to scan said copy in consecutive parallel 
scan lines, converter means operatively connected to 
receive the analog output of said scanning means for 
conversion thereof to a multi-bit digital output, means 
for storing said analog-to-digital converter means out 
put, digital-to-analog converter means operatively con 
nected to receive the output of said storing means, and 
multi-hammer printer means responsive to said digital 
to-analog converter means output for simultaneously 
printing a plurality of line segments along a print line 
by printing dots of variable darkness corresponding to 
the tonality of respective points on said copy for com 
posing a facsimile thereof. 

2. The copier system of claim 1, wherein said storing 
means includes storage register means for serially re 
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ceiving the output of said analog-to-digital converter ' 
means and for providing a plurality of parallel outputs 
corresponding to the hammers of said printer means, 
and said digital-to-analog converter means includes a 
plurality of digital-to-analog converters operatively as 
sociated with respective ones of said hammers for re 
ceiving corresponding ones of said parallel outputs 
from said storage register means. 

3. The copier system of claim 2, wherein said printer 
means includes a helical bar having a plurality of con 
volutions, means for imparting continuous rotation to 
said bar about its axis, a corresponding plurality of 
hammer blades arranged in a line next to said helical 
bar and parallel to the axis thereof, and a plurality of 
?ring circuits associated respectively with said hammer 
blades for selectively impelling individual ones of said 
hammer blades against said helical bar with variable 
impact in accordance with the respective outputs of 
said digital-to-analog converters. 

4. A copier system for reproducing an original copy, 
comprising means for scanning said copy in consecu 
tive parallel scans to produce an analog electrical out 
put representing the level of re?ected light from said 
copy, analog-to-digital conversion means connected to’ 
receive the output of said scanning means, a pair of dig 
ital storage units, means for alternately connecting said 

45 

55 

10 
storage units in an input mode for serial entry of the 
output of said analog-to-digital conversion means on 
corresponding alternate scans, means for alternately 
connecting said storage units in an output mode for 
providing a plurality of parallel outputs from said stor 
age units on corresponding alternate scans such that 
one unit is in the output mode while the other unit is 
in the input mode, and vice versa on alternate scans, a 
plurality of digital-to-analog conversion means con 
nected to receive respective ones of said parallel out 
puts from said storage units, and printer means having 
a plurality of print hammers and respective hammer ?r 
ing circuits for impelling said hammers with variable 
impact in accordance with the output of said digital-to 
analog conversion means. _ 

5. The copier system of claim 4, wherein said printer 
means further includes a helical bar having a plurality 
of convolutions corresponding to said hammers, means 
for- imparting continuous rotation to said bar about its 
axis, said hammers being arranged in a line next to said 
‘helical bar and parallel to the axis thereof and being im 
pelled against said corresponding helical convolutions 
when ?red. 

6. The copier system of claim 5, wherein said scan 
ning means includes a single photosensitive element 
and means for causing said element to execute a plural 
ity of consecutive parallel scans of said copy. 

7. The copier system of claim 6, wherein both said 
means for alternately connecting are responsive to the 
rotation of said helical bar for interchanging said stor 
age units once per complete revolution. 

8. A copier system, comprising: a scanning system in 
cluding a drum upon which said original copy is fas 
tened, means for imparting continuous rotation to said 
drum and a carriage having a light sensitive element 
mounted adjacent to the surface of said drum for linear 
travel in a direction parallel to the rotational axis of 
said drum such that said light sensitive element exe 
cutes consecutive parallel scans of said copy; a helix 
printer including a helical bar with plural convolutions, 
means for imparting continuous rotation to said bar 
about its axis, a corresponding plurality of hammer 
blades arranged in a line next to said helical bar and 
parallel to the axis thereof for printing simultaneously 
a plurality of line segments along a print line, a plurality 
of digital-to-analog converters corresponding to said 
hammer blades, and a plurality of ?ring circuits asso 
ciated respectively with said hammer blades for selec 
tively impelling individual ones of said blades against 
said helical bar with variable impact in accordance with 
the output of respective ones of said digital-to-analog 
converters; and a data conversion system interposed 
between said scanning system and said helix printer in 
cluding an analog-to-digital converter connected to re 
ceive the output of said light sensitive means, a pair of 
digital storage units each having a serial data entry ter 
minal, a clock pulse terminal and a plurality of parallel 
output lines corresponding in number to said helix 
printer hammer blades, input switch means for alter 
nately applying the output of said analog-to~digital con 
verter to the serial input terminals of said storage units, 
output switch means for alternately connecting each 
set of parallel outputs associated with said storage units 
to the respective inputs of said digital~to~analog con 
verters, clock pulse switch means for applying two dif 
ferent clock pulse rates alternately to the clock pulse 
input terminals of said storage units, one said clock 
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pulse rate corresponding to the number of dot print po 
sitions occurring in an entire print line during one com 
plete cycle of said helical bar, the other of said clock 
pulse rates corresponding to the number of dot print 
positions occurring within a line segment printed by 
one of said hammer blades during a complete cycle of 
said helical bar, and transfer switch control means op 
eratively connected to said input, output and clock 
pulse input switch means for reciprocation thereof be 
tween respective alternate positions in response to each 
complete cycle of said helical bar, such that one of said 
storage units is in the input mode clocked at said one 
rate while the other storage unit is in the output mode 
clocked at said other rate, and vice versa on alternate 
cycles. 

9. The copier system of claim 8, wherein saidanalog 
to-digital converter providesa plurality of parallel bi 
nary outputs and each said storage unit includes a plu 
rality of shift registers corresponding in number to the 
outputs of said analog-to-digital converter. 

10. The copier system of claim 9, wherein the num 
ber of said hammers in said helix printer is N and there 
are X dot print positions assigned to each hammer, 
each said shift register in each said storage unit being 
divided into N stages, each said stage having X bits of 
storage, said parallel output lines from each unit each 
including one output line associated with the last bit in 
each corresponding stage of said shift registers. 

11. A method of producing a facsimile of an original 
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copy, comprising the steps of scanning said copy in 
consecutive parallel scan lines to produce an analog 
electrical output representing the level of light re 
?ected from said copy. converting said electrical out 
put to a digital signal, storing said digital signal, recon 
verting the stored digital signal to an analog signal, and 
printing dots of variable darkness simultaneously in a 
plurality of line segments along a print line in accor 
dance with said analog signal. 

12. The method of claim 11, further comprising the 
step of rearranging said stored signal in parallel form 
corresponding to said line segment before reconverting 
said stored digital signal to an analog signal. 

13. The method of claim 12, wherein said scanning 
includes continuously rotating a scan drum on which 
said copy is fastened and moving a light sensitive ele 
ment adjacent to said scan drum in a direction parallel 
to the rotational axis of said scan drum to produce said 
electrical analog output, and said printing is accom 
plished by continuously rotating a helical bar and selec 
tively ?ring against said bar a plurality of hammers 
aligned in parallel adjacent to said bar. 

14. The method of claim l3, wherein said bar and 
said scan drum are rotated at the same speed with pre 
determined relative phase. - 

15. The method of claim 14, wherein said scan drum 
is rotated at over twice the speed of said bar without a 
predetermined phase relationship. 

* * * =|= * 


