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[57] ABSTRACT 
The invention discloses a digital position instruction 
signal modi?cation device for use with a memory con 
trolled manipulator apparatus of the type in which, 
during a teaching operation, a desired position of ma 
nipulator arm means is stored in memory means, and the 
stored position is read out during repetitive work cycles 
to cause the manipulator apparatus to reproduce a series 
of motions taught during the teaching operation. The 
digital position instruction or command read out from 
the memory means may be modi?ed by a modifying 
value entered by a modifying value setting device so 
that all or desired digital position command or instruc 
tion signals stored in the memory means may be modi 
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SIGNAL MODIFICATION DEVICE FOR MEMORY 
CONTROLLED MANII’ULATOR AI’PARATUS 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND OF THE INVENTION 

The present invention relates to generally a memory 
controlled manipulator apparatus capable of repeti 
tively performing reproducible operations, and more 
particularly to a digital position instruction or command 
signal modi?cation device for use with a memory con 
trolled manipulator apparatus, which may modify some 
or all of the digital position instruction or command 
signals stored in a memory without repeating the man 
ual teaching operation, merely by setting or entering 
desired modifying values. 

In order to enable a manipulator device to perform a 
desired series of programmed operations in succession 
during the repetitive working cycles, the manipulator is 
manually and sequentially displaced during the teaching 
operation from one desired position to another accord 
ing to the desired series'of operations to be performed, 
so that digital position signals representing the desired 
positions of the manipulator may be stored in a memory. 
Instruction signals for peripheral equipment for en 
abling various operations to be performed in coopera 
tion or synchronism with the manipulator are simulta 
neously in the memory with operation instruction sig 
nals such as the driving speed instruction signals for the 
manipulator. In repetitive working cycles, the digital 
position signals and other various instruction signals 
stored in the memory are sequentially read out so that 
the manipulator may perform the desired series of oper 
ations. In the operation of manipulator apparatus of the 
above type, it is necessary to modify some or all of the 
digital position instruction signals stored in the memory 
when the actual position of the manipulator deviates 
from a programmed position or when the position of the 
manipulator with respect to an article to be handled by 
the manipulator is changed. For this purpose, the new 
teaching operation must be performed in the conven 
tional manipulator apparatus, resulting in the consider 
able loss in time. 

SUMMARY OF THE INVENTION 

In view of the above, one of the objects of the present 
invention is to provide an improved programmed ma 
nipulator apparatus which overcomes the above and 
other defects and problems encountered in the conven 
tional manipulator apparatus. 
Another object of the invention is to provide an im 

proved programmed manipulator apparatus in which 
the digital position instruction signals may be modi?ed 
by a simple operation without repeating or performing 
a new teaching operation. 

Brie?y stated, the present invention may be practiced 
using a memory-repeated reproducible operating ma 
nipulator apparatus of the type in which the digital 
signals produced when the manipulator is sequentially 
displaced from one desired position to another during 
the manual teaching operation to perform a desired 
series of operations are stored in a memory as the digital 
position instruction signals which are used to cause the 
manipulator to perform or reproduce the desired series 
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2 
of operations in succession in the repetitive working 
cycles. According to the present invention, it is not 
required to perform a new teaching operation when 
some or all of the digital position instruction signals 
stored are to be modi?ed. The modi?cation of the de 
sired digital position instruction signals stored may be 
effected only by entering or setting a modifying value 
and the address in the memory of a digital position 
instruction signal to be modi?ed. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a block diagram of an instruction modifica 
tion device used for the explanation of the underlying 
principle of the present invention; 
FIG. 2 is a detailed block diagram of an address set 

ting device and an address buffer storage for the device 
shown in FIG. 1; 
FIG. 3 is a detailed block diagram of a modi?er set 

ting device and a modifier buffer storage for the device 
shown in FIG. 1; 
FIG. 4 is a detailed block diagram of an adder and a 

digital position instruction signal buffer storage for the 
device shown in FIG. 1; 

FIG. 5 is a detailed block diagram of a control unit 
for the device shown in FIG. 1; 
FIG. 6 is a timing chart used for the explanation of 

the mode of operation of the control unit shown in FIG. 
5; and 
FIG. 7 is a block diagram of one preferred embodi 

ment of a programmed manipulator apparatus in accor 
dance with the present invention, incorporating the 
instruction modi?cation device shown in FIG. 1. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring first to FIG. 1, therein is shown a digital 
position instruction modi?cation device D comprising a 
modifying value setting device 10, a modifying value 
buffer register 11, and adder 12, a digital position in 
struction signal buffer register 13, an address setting 
device 14, an address buffer register 15, a control unit 
16, a start signal generating switch 17, and a memory 18 
in which are stored digital position instructions gener 
ated during the teaching operation of a manipulator 
apparatus. In response to the start signal 89 from the 
switch 17, the control unit 16 is actuated to apply the 
control signal S10 to the buffer register 15 so that the 
address signal S7 set by the address setting device 14 is 
transferred into the address buffer register 15. The digi 
tal position instruction S5 stored at the address desig 
nated by the address signal 53 from the address buffer 
register 15 is thereby read out from the memory 18 and 
transferred to the digital position instruction buffer 
register 13. Also in response to the control signal S10 
from the control unit 16, the modifying value signal S1 
set by the modifying value setting device 10 is trans 
ferred to the modifying value buffer register 11. The 
modifying value signal S; from the buffer register 11 
and the digital position instruction signal S3 from the 
buffer register 13 are added in the adder l2, and the 
output (modi?ed position signal) S4 from the adder 12 is 
stored in the digital position instruction buffer register 
13. The modi?ed digital positioning (position) instruc 
tion signal S6 from the buffer register 13 is stored at the 
address in the memory 18 designated by the address 
signal S; from the address signal buffer register 15. (As 
will be apparent in the following description, the con 
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trol signal S10 is actually comprised of a series of sepa 
rate control signals.) 
Thus the digital position instructions may be easily 

modi?ed within a short time without performing a new 
teaching operation in the manipulator apparatus by 
setting by the address setting device 14 an address of a 
digital position instruction to be modi?ed, setting by the 
modifying value setting device 10 a modifying value, 
and repeating the above two steps. 
Next referring to FIGS. 2-6, the construction of the 

structural components of the digital position instruction 
modi?cation device D will now be described in detail. 

Referring to FIG. 2 illustrating in block diagram 
form the address setting device 14 and the address sig 
nal buffer register 15, a two-digit decimal number se 
lected from the range between 00 and 31 is entered by 
two binary coded decimal switches 19 and 20, and the 
binary coded decimal signals S11 through S16 represent 
ing the entered decimal number are applied to a binary 
coded decimal-to-pure binary converter 26 to be con 
verted into the pure binary signals S33 through 531. In 
like manner, the binary coded decimal signals 8" 
through 829 representing a four-digit decimal number 
selected from the range between 0000 and 1023 entered 
by four digital switches 21 through 24 are applied to a 
binary coded decimal-to-pure binary converter 27 to be 
converted into the pure binary signals S35 through 547. 
The pure binary signals S30 through S31 representing a 
decimal number selected from the range between 0 and 
7 and entered by a digital switch 25, and the pure binary 
signals S33 through S37 and S33 through S47 are trans 
ferred in response to the change of the control signal 
S65 from 0 to 1 to a buffer register 28 consisting of 18 
direct-coupled flip?ops. The pure binary output signals 
S43 through $65 from the buffer register 28 make up the 
address signal 83 shown in FIG. 1. 
Next referring to FIG. 3, the modifying value setting 

device 10 and its buffer register 11 will be described. 
The pure binary signals S63 through S11 representing a 
decimal number 0, 1,2, 3, 4, 5, 6, 7, 8, or 9 entered by a 
digital switch 30 are applied to EXCLUSIVE OR gates 
31 through 34, respectively. The polarity signal S61 
entered by a digital switch 29 is 0 or 1 depending upon 
whether the decimal number entered by the digital 
switch 30 is positive or negative, respectively, and is 
applied also to the EXCLUSIVE OR gates 31 through 
34. In response to the change of the control signal S“ 
from 0 to 1, the polarity signal 561 and the output signals 
512 through S15 from the EXCLUSIVE OR gates 31 
through 34 are transferred into a buffer register 35 con 
sisting of ?ve direct-coupled ?ip-?ops. The pure binary 
signals S76 through 580 representing the decimal number 
with its sign + or — make up the modifying value 
signal S; shown in FIG. 1. 

It should be noted that, when the output 8; represents 
a negative number, due to the presence of a 1 signal S61 
from the digital switch 29, the outputs 872-575 of the 
EXCLUSIVE OR gates 31-34 will be the 1's comple 
ment of the pure binary signals Sag-S71 applied from the 
digital switch 30 to the EXCLUSIVE OR gates 31-34. 
FIG. 4 shows the adder l2 and the digital position 

instruction buffer register 13. The digital position in 
struction signals 5| 1; through Sm forming the signal S5 
read out from the address designated by the address 
signal S3 in the memory 18 are transferred into a 16-bit 
two-channel multiplexer 37. When the control signal 
S|49 applied from the control unit 16 to the multiplexer 
37 is l, the channel in which the digital position instruc 
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4 
tion signals S113 through Sm are stored is selected, so 
that the output signals $|z9 through S144 are transferred 
into a buffer register 38 consisting of 16 direct-coupled 
?ip-flops, in response to the change from 0 to l of the 
control signal Smapplied to the buffer register 38 from 
the control unit 16. The output signals Sal through S95 
from the buffer register 38 are applied to a 16-bit binary 
full adder 36 so as to be added to the pure binary signals 
876 through $50 from the buffer register 35 (See FIG. 3). 
When a positive modi?cation is to be made, i.e., when 

the modifying value is positive, as discussed above, the 
signal S16, corresponding to the polarity, is 0, and the 
signals S-n-Swareapurebinarysigrmcorrespondingtn 
the decimal digit to be added. When the number is to 
subtracted, i.e., when the modifying value is negative, 
asdiscussedabove, thesignalsrsis Landthesignals 
$11-$30 correspond to the 1's complement of the pure 
binary representing the decimal digit. Thus, in 
accordance with known arithmetic techniques, when 
the modifying value is negative, the 1's complement 
signal S-n-Swis added to the quantity to be modi?ed in 
thefidladder36,andthelsignalS-misaddedtothe 
leastsignificantdigitinthefulladder36asanend 
aroundcarrysignahsothatthedesiredsubtraetionis 
effected by adding. The principle of this technique of 
subtraction is well known. 

In thesystemofFIGAnhesignalS-misappliedtothe 
ieastsigni?cantdigitofadderxasthecarryinput 
signal S143. 
TheoutputsignalsS91throughSmfromtheadder36 

are transferredintotheotherchennelofthemultiplexer 
37,arethenceappliedtothebufferregister38whenthe 
controlsignalsmis?andarestoredinthebuffer 
registeraintothechangefromotolofthe 
controlsignalsmappliedwthebufferregister?as 
the modi?ed digital position instruction ' 
NextreferringtoFIGSSand?thecontml unit 16 

willbedescribed. Whenaswitchl'lisclosed, thesignal 
Sqchangesfrom ItoOsothatamultivibi-a 
tor 39istriggeredtogenerate theshotpulseatartsignal 
Smwhosepulseduntionisdependentuponthetime 
constantwhichinturnisdependentuponthevaluesof 
aresistor40andacapacitor4LThestartsignalSmsets 
an R-S ?ip-?op?aothatthecontrolsignal Si49atthe 
output thereof changes to l. The control signal Sm is 
applied to the multiplexer 37 (See FIG. 4) and to the 
memory I8(SeeFIG.1)sothatthelatterisdriveninto 
theread mode. whenthestartsignalsmchmgesfrom 
l to 0, a monostable multivibrator 43 is triggered to 
generate the control signal 856 (see FIGS. 3 and 3) 
whose pulse duration is dependent upon a time constant 
ofa circuit consistingofa reaistor44andacapacitor45. 
Thestartsignal SmisalsoappliedtoanR-S?ip-?opa 
by way ofa series resistor 46 and shunt capacitor 47. so 
that the triggering of the 11-8 flip-flop by the signal S15! 
is delayed by a time corresponding to the time constant 
which is determined by the values of resistor 46 and 
capacitor 47. Upon being triggered, the [1-8 flip-flop 48 
generates the read signal S151 to be applied to the mem 
ory 18. 
The read signal S15; is applied to monostable multivi 

brator 51 by way of series resistor 49 and shunt capaci 
tor 50, so that the triggering of the monostable multivi 
brator 51 by the signal S151 is delayed by a time corre 
sponding to the time constant determined by the values 
of resistor 49 and capacitor 50. Upon being triggered, 
the monostable multivibrator 51 generates a shot pulse 
signal S153 whose pulse duration is dependent upon the 
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time constant of a circuit consisting of a resistor 52 and 
a capacitor 53. The shot pulse signal S153 is applied as 
one input of an OR gate 54, whose output S150is applied 
as the control signal to the buffer register 38 (See FIG. 
4). 
The shot pulse signal S153 which is applied by way of 

a time constant circuit consisting of a series resistor 55 
and a shunt capacitor 56 to the reset terminals of the 
R-S flip-flops 42 and 48 so that their output signals S149 
and S152 are changed from 1 to 0 after a delay time 
corresponding to the time constant of resistor 55 and 
capacitor 56. 
The signal S149 passes through an inverter 57 to be 

come the inverted signal 554. The signal 854 is applied 
by way of a time constant circuit consisting of a series 
resistor 58 and a shunt capacitor 59 to a monostable 
multivibrator 60 so that following a delay determined 
by the resistor 58 and capacitor 59, the multivibrator 60 
generates a shot pulse output signal S|55 whose pulse 
duration is dependent upon the time constant of a cir 
cuit consisting of a resistor 61 and a capacitor 62. The 
output pulse signal S155 is applied as a second input to 
the OR gate 54, the output of which is applied as the 
control signal $150 to the buffer register 38 as above 
discussed. 
The output pulse signal 855 is applied by way of the 

time constant circuit consisting of a series resistor 63 
and a shunt capacitor 64 to a monostable multivibrator 
65 to trigger the multivibrator 65 after a delay corre 
sponding to the time constant of resistor 63 and capaci 
tor 64. The multivibrator 65 in turn generates the write 
pulse signal S156 having pulse duration dependent upon 
the time constant of a circuit consisting of a resistor 66 
and a capacitor 67. The signal S155 is applied to the 
memory 18. 

In the sequence of operation of the system of FIG. 1, 
under the control of the signals illustrated in FIG. 6, 
generated by the control circuit of FIG. 5, in the ?rst 
step the control signal S149 is applied to the memory 18, 
to set the memory in the read mode. This signal also sets 
the multiplexer 37 so that its output corresponds to the 
?rst channel, i.e., the signals $113-$123. Then the control 
signal S66 effects the storage in the address buffer regis 
ter 15 of the address set in the setting device 14, so that 
the address of the data to be modi?ed is applied to the 
memory 18. The signal S66 also effects the storage in the 
buffer register 11 of the modifying value set in the set 
ting device 10, so that the modifying signal is applied to 
the adder 12. Then, the read signal S152 reads out the 
address data of the memory 18 for application to the 
?rst channel of the multiplexer 37, and since at this time 
the multiplexer 37 under control of the signal 149 is still 
switched to the ?rst channel, the following ?rst pulse of 
the control signal S150 effects the storage in the buffer 
register 38 of the data previously stored in the memory 
18. This data is applied to the adder 36. 
The signals S149 and S152 are then released, to remove 

the memory from the read mode, and to switch the 
multiplexer 37 to the second channel. Then, the second 
pulse of the control signal 150 effects the storage in the 
buffer register 38 of the data applied to the second chan 
nel of multiplexer 37, i.e., the data modi?ed in the adder 
36. Since the output of the buffer register 38 is also 
applied to the memory 18, the subsequent write pulse 
signal 156 applied to the memory 18 effects the writing 
in the memory of the modi?ed data, at the selected 
address. 
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6 
FIG. 7 illustrates a manipulator apparatus in accor 
ce with a preferred embodiment of the invention, 

incorporating means for modifying the digital position 
instructions. In this ?gure, the block D represents the 
digital position instruction modifying device illustrated 
in FIG. 1, incorporating the memory 18. 

Referring to FIG. 7, a driving signal generating cir 
cuit 70 is provided for producing a control signal S169, 
for driving a manipulator 72 during a manual teaching 
operation. The driving signal S160 is an analog signal, 
and is applied to a manipulator driving device 71, which 
produces an output signal 161 in response to input sig 
nals applied thereto, for driving the manipulator 72. 
The manipulator 72 may, for example, be a mechanical 
arm adapted to position objects in a desired manner. A 
digital position detector 73 is mechanically coupled to 
the manipulator 72, for example by means of the cou 
pling S162, whereby the detector 73 provides an output 
digital signal S163 corresponding to the position of the 
manipulator 72. This signal is applied to the memory 18 
in the digital position instruction modi?cation device D, 
and is stored therein as a digital position instruction 
signal. Thus, in a manual teaching operation, the manip 
ulator 72 may be controlled to perform a desired se 
quence of movements, in response to the control thereof 
by the signal S160 from the signal generating circuit 70. 
The signal generating circuit 70 may be manually con 
trolled. The addressing of the memory with respect to 
given instruction signals may be effected in any conven 
tional manner, so that the programmed steps for the 
movements of the manipulator are readily accessible in 
the memory 18. 

In the motion reproduction mode or repetitive work 
ing cycles of the manipulator, the digital position signals 
S|63 are no longer applied to the memory 18, being 
applied instead to the comparator 74. In this position, 
the digital position instruction signal S5 corresponding 
to the movement of the manipulator 72 to be made is 
read out of the memory 18, and stored in a buffer regis 
ter 75. The output signal S164 from the buffer register 75 
is compared in the comparator 74 with the digital posi 
tion signal Sm. The output, or differential signal S165 
from the comparator 74 is applied to a digital to analog 
converter 76, for conversion to an analog differential 
signal 5166. The signal S166 is applied to the manipulator 
driving device 71 which, in the motion reproduction 
mode, is not controlled by the driving signal S160. 

In response to the output signal $161 from the driving 
device 71, the manipulator 72 is moved in such a direc 
tion as to minimize the differential signal S|65. When the 
differential signal S|65 becomes zero, the output signal 
S|61 disappears, and the manipulator 72 hence stops. 

If the positions of the manipulator deviate from pro 
grammed positions, or if it is desired to change the 
position of the manipulator at any given step, in accor 
dance with the present invention, referring to FIG. 1, 
the address of the instruction corresponding to the posi 
tion to be changed is set into the address setting device 
14, and the modifying value for the given step is set in 
the modifying value setting device 10. In other words, 
referring to FIG. 3, digital switch 30 may be manually 
set to a value corresponding to the desired degree of 
modification and digital switch 29 may be manually set 
to provide a 0 or 1 output, dependent upon where the 
modifying value is to be added or subtracted respec 
tively from the stored signal. 

Following the setting of the digital switches 29 and 
30 and the address setting device 14, the start signal 
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switch 17 is depressed, to effect the modi?cation of the 
program at the determined address, as above described. 

While, as above described, a single buffer register 38 
may be employed in combination with the 16 bit two 
channel multiplexer 37, it will be apparent that two 
separate buffer registers may be employed in place of 
the single buffer register 38. In such an arrangement, the 
multiplexer 37 may be omitted, with the ?rst of the 
substituted buffer registers being connected to directly 
receive the data from the memory 18, and the second of 
the buffer registers being connected to directly receive 
the modi?ed data from adder 36. The output of the ?rst 
substituted buffer register is connected to the adder 36, 
but not connected to the memory 18, and the output of 
the second substituted buffer register is connected to the 
memory 18. In such an arrangement, the control signals 
applied to the substituted buffer registers may be suit 
ably modi?ed, for example, by applying the ?rst pulse 
of the control signal S160 to the ?rst buffer register, and 
by applying the second control pulse of the signal $150 
to the second buffer register. The control signal 5150 
may be modi?ed for the above purpose by conventional 
means. While the invention has been disclosed and de 
scribed with reference to a limited number of embodi 
ments, it will be apparent that variations and modi?ca 
tions may be made therein, and it is intended in the 
following claims to cover each such variation and modi 
?cation as falls within the true spirit and scope of the 
invention. 
What is claimed is: 
l. A digital position instruction signal modi?cation 

device for a memory controlled teachable manipulator 
apparatus of the type comprising 

i. manipulator means for performing a predetermined 
series of operations in succession at predetermined 
positions during the operating mode thereof, 

ii. means including a manipulator position detector 
for generating a digital position signal representing 
the actual position of said manipulator apparatus, 
memory means for storing therein a plurality of 

digital position signals generated by said digital 
position signal generating means during the teach 
ing mode of said manipulator apparatus as the digi 
tal position instruction signals to be used for caus 
ing said manipulator means to perform said prede 
termined series of operations, each of said position 
instruction signals being stored at a corresponding 
predetermined address within said memory means, 

iv. comparator means for comparing the output signal 
from said memory means with the output signal 
from said digital position signal generating means 
in a motion reproduction mode of said manipulator 
apparatus to produce an output error signal pro 
portional to the difference between said two output 
signals, and 
manipulator apparatus driving means for driving 
said manipulator means in such a direction as to 
make said output error signal zero, thereby causing 
the position of said manipulator apparatus to corre 
spond with the corresponding instruction signal, 
characterized in that said digital position instruc 
tion signal modi?cation device comprises 
a modifying value setting means coupled to said 
manipulator position detector for setting a modify 
ing value for modifying a desired digital position 
signal stored in said memory means, 
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b. ?rst buffer register means for storing therein said 
modifying value from said modifying value setting 
means, 

c. address setting means for setting the address in said 
memory means of the digital position instruction 
signal to be modi?ed, 

. second buffer register means for storing therein the 
output from said address setting means, 
third bu?'er register means for storing therein the 
digital position instruction signal read out from said 
memory means in response to the output signal 
from said address setting means, 

f. adder means for adding the modifying value from 
said ?rst buffer register means to the digital posi 
tion signal from said third buffer register means, 
thereby modifying said digital position signal, 

. fourth buffer register means for storing therein the 
modi?ed position signal and transferring the same 
to said memory means, and 

h. manually operable control means operative at 
times other than during said operating and teaching 
modes of said manipulator apparatus for control 
ling the storage of signals in said ?rst, second, third 
and fourth buffer register means and for control 
ling the position of said manipulator apparatus at 
such times. 

2. Thesystemofclaimlwhereinsaidaddercom 
prisesabinaryfuiladdenandanoutputofsnid ?rst 
buffer register is connected as an input of said binary 
full adder. 
3.’!‘hesystemofclaiml?utheratwo 

channel multiplexer having ?rst and second channels 
selectively coupled to 1 output in response to 
signals applied to a control terminal, said common out~ 
putbeingappliedtosaidfourthbufferregistensaid 
means reading out said memory means comprising 
meansappiyingtheoutputofsaidmemorymeansto 
said ?rstchannelandsaidmeansforapplyingtheoutput 
ofssidaddingmeanatosaidfourthregistermemscom 
prising meansapplyingtheoutputofsaidedding means 
to said second channel. 

4. Thesystem ofclaim3whereinsaidcontmlmeans 
generates ?rst, second and third and fourth sequentially 
occurringcontrolsignals, furthermeansfor 
applying said ?rst and fourth signals to said memory 
meansasreadand writesignalsrespectively, means for 
applyingsaidsecondandthirdsignalstosaidfourth 
bu?'er register to e?‘ect the storage therein of signals 
applied thereto, and gaierated by said control means a 
?fthsignalforconnectingsaid?rstchanneltosaid 
fourth buffer register during said second signal, and for 
connectingsaidsecondchanneltoslidfourthbuffer 
register during said third signal. 

5. In a programmable manipulator, the combination q? 
a mnipulatorormmowobleinoplumllgmfoxes: 
memorystorage meonshovlngstondthereinopro 
grammed sequence ofd?iml command signals cone 
spondr‘ngto thesuceesriwmmmrteppositions to 
whlclisoidonnistobemoveddun‘ngeochouqfo 
plurality of playback cycles: 

addras means for causing sold stored command signals 
to appear at the output afraid memory means in a 
predetermined sequence; 

means or sequentially moving said am to the positions 
represented by said stored command signals.‘ and 

means controlled in part by and address means ?r 
modifying soid stored command signals in at least one 
preselected program step in accordance with press 
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lected data corresponding to positional modifications 
in direction and magnitude relative to said one stored 
program step position and storing said modified com 
mand signal in said memory, said modifying means 
including means for identifying said preselected pro» 
gram step and for controlling said address means to 
cause said preselected program step command signal 
to appear at the output of said memory means. 

6. The combination of claim 5, wherein said modifying 
means further includes means for combining the command 
signal corresponding to said one preselected program step 
and said preselected positional modi?cation data, and 
means for transferring said combined modified data into 
said memory storage means at said one preselected pro 
gram step location therein. 

7. Apparatus for modi?ving a selected program step or 
program steps of a programmable manipulator according 
to preselected positional modification data, the program 
mable manipulator including a manipulator arm movable 
in a plurality of axes, memory storage means having stored 
therein a programmed sequence of digital command sig 
nals corresponding to the successive program step positions 
to which said arm is to be moved during each one of a 
plurality of playback cycles, address circuitry for causing 
the stored command signals to appear at the output of said 
memory means in a predetermined sequence, and means 
for moving said arm sequentially to the positions repre 
sented by said stored command signals, said modifying 
apparatus comprising: 
means for identifying the particular digital command 

signal to be modified and for controlling said address 
circuitry; 

means for combining said identified digital command 
signal and said positional modification data to pro 
duce a modi?ed positional digital output representing 
the desired modified position; and 

means for controlling the writing of said modified posi 
tional output data into said memory storage means at 
the same address location as said identified command 
signal. 

8. The method of modifying the programming of a ma 
nipulator provided with a memory storage means in which 
are stored a program of digital command signals corre 
sponding to successive different positions to which said 
manipulator is to be moved during successive program 
steps, which comprises the steps of reading a selected one of 
said command signals out of said memory storage means 
and temporarily storing the same, combining said tempo 
rarily stored command signal with preselected data corre 
sponding to a desired positional modification in direction 
and magnitude to provide a modified command signal, 
and storing said modified command signal in said memory 
storage means. 

9. The method of claim 8, wherein said modified com 
mand signal is stored at the same address location in said 
memory storage means as said selected one command 
signal. 

10. The method of claim 8, wherein said combining step 
is performed by complementary addition with said desired 
positional modification is in a predetermined direction 
relative to said one command signal. 

I]. In a programmable manipulator, the combination 
of a manipulator arm movable in a plurality of axes, 
memory storage means having stored therein a program of 
digital command signals corresponding to successive differ 
ent positions to which said arm is to be moved during a 
playback cycle of said manipulator. means for sequentially 
moving said arm to the positions represented by said stored 
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command signals during each one of a plurality of play 
back cycles, means for establishing a desired increment of 
movement in a predetermined direction along one of said 
axes. means jointly controlled by said memory storage 
means and said increment establishing means for generat 
ing a modi?ed command signal and for storing said modi 
fied command signal in said memory storage means, said 
modified command signal differing from an original one of 
said stored command signals by said desired increment. 
and means for thereafter utilizing said modified command 
signal in place of the original command signal to control 
said arm moving means during suceeding playback cycles. 

12. The combination of claim I], wherein said generat 
ing means includes means for writing said modi?ed com 
mand signal in said memory storage means. 

13. In a programmable manipulator, the combination 
of a manipulator arm movable in a plurality of axes. 
memory storage means having stored therein a program of 
digital command signals corresponding to successive differ 
ent positions to which said arm is to be moved during a 
playback cycle of said manipulator, means for sequentially 
moving said arm to the positions represented by said stored 
command signals, modifying value setting means for estab 
lishing a desired increment of movement by which one of 
said command signals is to be modified, address setting 
means for identifying the address location of said one com 
mand signal in said memory storage means, means jointly 
responsive to said modifying value setting means and said 
address setting means for developing a modified command 
signal which differs from said one command signal by said 
desired increment, and means for storing said modified 
command signal in said memory storage means at said 
identified address location. 

14. The combination of claim 13, which includes register 
means. means for reading said one command signal from 
said memory storage means and temporarily storing the 
same in said register means, and means jointly responsive 
to the setting of said modifying value setting means and the 
output of said register means for adding said desired incre 
ment to said one command signal, thereby to develop said 
modified command signal. 

15. The combination of claim 13, wherein said modify 
ing value setting means includes a manually adjustable 
member which is movable to di?erent positions correspond 
ing to different increments of desired movement to be 
added to said one command signal. 

16. The combination of claim 13, wherein said modify 
ing value setting means includes a first manually adjust 
able member which is movable to different positions corre 
sponding to different increments of desired movement, and 
a second manually adjustable member which is movable to 
either one of two positions corresponding to the polarity of 
said desired increment of movement relative to said one 
command signal. 

I 7. The combination of claim 15, which includes means 
controlled by said manually adjustable member for devel 
oping a digital control signal representing said desired 
increment of movement‘, and means ?rr supplying said 
digital control signal to said jointly responsive means. 

18. The combination of claim 13, wherein said address 
setting means includes a manually adjustable member 
which is movable to different positions corresponding to 
different address locations in said memory storage means 

19. The combination of claim I 8, which includes means 
controlled by said manually adjustable member for devel 
oping a digital control signal representing the address loca. 
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tion of said one command signal, and means for supplying 
said digital control signal to said jointly responsive means. 

20. The combination of claim 13, wherein said modified 
command signal is substituted for said one command sig 
nal in said memory storage means. 

2]. The combination of claim I], which includes a direc 
tion establishing member movable to two different positions 
corresponding to the desired direction of said increment of 
movement, said generating means being also responsive to 
the setting of said direction establishing member in gener 
ating said modified command signal. 

22. The combination of claim 13, wherein said modified 
command signal developing and storing means includes 
multiplexer means having ?rst and second input channels. 
buffer register means, means controlled by said address 
setting means for transferring said one command signal 
from said memory storage means to said ?rst input channel 
of said multiplexing means, means connecting the output 
of said multiplexing means to said buffer register means so 
that said one command signal is stored in said buffer regis 
ter, adder means having ?rst and second inputs, means 
connecting the output of said adder means to said second 
input channel of said multiplexing means, means connect 
ing the output of said bu?'er register to said ?rst input of 
said adder means. and means connecting the output of said 
modifying value setting means to said second input of said 
added means. thereby to develop said modified command 
signal at the output of said buffer register means when said 
multiplexer means is connected to said second input chan 
nel thereof 

23. The combination of claim 22. wherein said modified 
command signal developing and storing means further 
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includes means for writing the output of said buffer register 
means into said memory storage means. 

24. The combination of claim 22. wherein said modify 
ing value setting means includes means for developing a 
digital control signal corresponding to the magnitude of 
said desired increment of movement, and means for sup 
plying said digital control signal to said second input of 
said adder means. 

25. The combination of claim 24, which includes a modi 
fying value register whose output is connected to said sec 
ond input of said adder means, and means connecting said 
digital control signal to the input of said register. 

26. The combination of claim 24, which includes a series 
of exclusive OR gates connecting said digital control signal 
to the input of said modifying value register. and means for 
controlling said OR gates in accordance with the sign of 
said desired increment of movement. 

27. In a programmable manipulator, the combination 
of.‘ a manipulator arm movable in a plurality of axes. 
memory storage means having stored therein a program 
comprising a plurality of digital command signal steps 
corresponding to successive di?'erent positions to which said 
arm is to be moved during each one of a plurality of play 
back cycles; means controlled by said stored command 
signal program steps for sequentially moving said arm to 
said dt?'erent positions. means for setting and inputting 
preselected data corresponding to a desired modi?cation in 
direction and magnitude of at least one of said stored 
program steps, means for identz?ring and addressing said 
one program step in said memory storage means, means for 
combining said one program step and said desired posi 
tional modi?cation data to produce a modified program 
step, and means for writing said modi?ed program step 
into said memory storage means. 
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