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(57) ABSTRACT 

A CNC control unit 1 With learning ability solves the 
problem of automatic and intelligent generating of NC 
programs for CNC machining centers for milling, drilling 
and similar operations. The key module of the CNC control 
unit 1 is a neural network (NN) device 7, that learns to 
generate the NC control programs through an NN teaching 
module 4. Upon completion of learning process the NN 
device 7 can generate automatically, Without any interven 
tion of the operator, merely on the basis of the CAD 2D, 
2,5D or 3D part models, taken from a conventional CAD/ 
CAM system 29, various neW NC control programs for 
different parts, Which have not been in the machining 
process before. The CNC control unit 1 With learning ability 
is suitable especially for machining centers intended for 
milling, including face milling (rough), contour milling 
(rough), ?nal milling following the contour and in Z-plane, 
?nal contour 3D milling, contour ?nal milling, milling in 
Z-plane, ?nal contour milling on the equidistant, and milling 
of pockets; drilling, including normal drilling, deep drilling, 
and center drilling; and reaming, sinking and threading. 
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CNC CONTROL UNIT WITH LEARNING ABILITY 
FOR MACHINING CENTERS 

FIELD OF THE INVENTION 

[0001] The invention relates to manufacturing technology, 
in particular to programming and numerical control of 
machining centers for milling, drilling and similar opera 
tions. 

[0002] The conventional control units for the CNC (Com 
puter Numerical Control) machining tools, especially the 
control units for machining centers intended for milling, 
drilling and similar operations, typically contain a micro 
computer, consisting of a decoder, a position memory, a 
function memory, an interpolation program, and a functions 
program. The NC program is fed to the computer either 
through a punched tape reading device or in a DNC (Direct 
Numerical Control) mode through an interface. A manual 
input is also foreseen, but it is limited to smaller corrections 
of the NC control program or to individual changes of 
technological parameters. The NC functions program com 
prising the technological data is sent to the NC machine 
through an adaptable interface. The NC positions program is 
send through a comparison unit and an ampli?er unit to a 
step motor of the NC machine. Either the support for the part 
or the cutting tools of the machine can be moved folloWing 
the geometric data. Aposition meter perceives every move 
ment and sends a regulated position value to a position 
measuring module, Which forWards the data to comparison 
unit, Where the difference betWeen the actual and the desired 
position is calculated. The geometric data is obtained from 
the NC control program for the part and is processed in the 
position loop. 

[0003] A neW NC control program must be supplied to the 
CNC control system for each part, as the control system does 
not remember the operations already performed and can not 
automatically change the program parameters, With the 
exception of some technological parameters, for eXample 
the cutting conditions, corrections of tool length, offset of 
reference or Zero points. 

[0004] The use of modern CAD/CAM systems does not 
solve this problem. These systems just enable that a neW NC 
control program is performed faster and more reliably. Some 
systems alloW saving of certain processing strategies, nev 
ertheless, the intervention of skilled NC programmer is still 
necessary. The programs made in this Way cannot be used 
directly for the CNC control of the machine tool; they must 
be adapted in a post-processing phase. The task of this phase 
is to modify a generally valid ?le of the tool path (CLDATA) 
for each machine tool, i.e. for each CNC control. Every NC 
control program and every change must go through such 
post-processing phase. 

[0005] The technical problems indicated above can be 
solved by an NC control system With learning ability and the 
ability of automatic intelligent generation of NC control 
programs Which folloW the computer read engineering draW 
ings and/or 3D CAD models of the parts to be processed. 

[0006] In the patent DE401 1591 (JP19890098177) an 
NC control unit With integrated learning function is 
described. The NC control unit makes a teaching NC control 
program that is compared With the inserted NC control 
program to make the resulting NC control program. The 
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actual NC control program can be changed or supplemented 
by the machine operator Who chooses the “teaching” Way of 
operation and then supplements the NC control program. 
The solution requires the intervention of a skilled operator or 
a programmer. 

[0007] The patent application US2001/0000805 A1 
describes a device for generating a tool path on NC 
machines and the pertinent NC control system. First, the 
device identi?es the geometric feature characteristics of a 
CAD model, and then it chooses the most suitable tool path 
amongst the stored processing procedures (machining 
cycles, sub-programs). Only the machining procedures, 
Which have been de?ned as typical processing procedures 
for particular sub-programs, are available for selection. 

[0008] The patent US. Pat. No. 6,022,132 describes a 
method and a device for programming the CNC machine 
tools on the basis of a probe built-in into the main spindle of 
the machine tool. The probe is moved manually folloWing 
the required pro?le (tool path). After receiving the data the 
computer generates an automatic NC control program, 
Which gives the commands for the movement to the CNC 
control system. This method does not include any elements 
of arti?cial intelligence. 

[0009] The patent U563 14412B1 describes an evolutional 
control of a driving machine in a vehicle With respect to 
chosen coef?cients. A scheme of the control unit is con 
structed on the evolution principles. The system is adapted 
for building-in into a vehicle. 

[0010] The patent EP0726509A1 describes an interactive 
programming system for CNC machine tools. It alloWs the 
operator to choose interactively betWeen different control 
programs and procedures, Which are then automatically 
composed into an NC control program. The solution requires 
the intervention of an operator or a programmer. 

[0011] The patent JP2001034155 describes a learning 
method and a device made for this purpose. A special 
man-machine interface is built-in into the control unit of the 
machine to enable a conversation With the user and the 
learning process. 

[0012] The patent JP 11242510 describes a device and a 
method for generating the NC control programs. A special 
device saves the data about the part, pertinent coordinates, 
junction’s characteristics and the time necessary for assem 
bling the individual electronic components. The solution 
enables a reduction of time needed for preparing the NC 
control programs and a reduction of mistakes arising at 
preparing the programs. 

[0013] In all the solutions presented above manual inter 
vention of a skilled operator or a programmer is necessary 
for preparing the NC control program for CNC machine 
tools. The systems cannot create the NC control programs 
for the parts, Which are not saved in the database, and cannot 
choose and use the machining strategies automatically. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0014] The object of the invention is to provide an 
improved programming and numerical control for machin 
ing centers intended for milling, drilling and similar opera 
tions Which has the learning ability and the ability of 
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automatic intelligent generation of NC control programs. 
The said object of the invention is achieved by means of a 
neural netWork (NN), Which learns to generate NC control 
programs through a teaching module. Consequently, the NC 
control programs can be generated automatically Without 
any intervention of the operator, merely on the basis of the 
2D, 2,5D or 3D computer models of the parts to be pro 
cessed. 

[0015] The objects, advantages and features of the inven 
tion Will be presented in detail by means of draWings in the 
folloWing ?gures: 

[0016] FIG. 1—shoWs a block diagram of a CNC unit 
With learning ability for machining centers according to 
present invention, 

[0017] FIG. 2—shoWs a schematic layout of a neural 
netWork device, FIG. 3—shoWs a How chart of learning and 
generating the neural netWork, FIG. 4—shoWs a schematic 
layout of the neural netWork. 

[0018] The learning process and the automatic intelligent 
generation of the NC control programs 28 take place in a 
neural netWork (NN), built-in in a special NN device 7, 
Which receives the learning instructions from the NN teach 
ing module 4. The NN teaching module 4 is not a constituent 
part of the CNC unit 1 and Works independently. Upon 
completion of learning process the NN device 7 can generate 
automatically, merely on the basis of the CAD part model 5, 
coming from conventional CAD/CAM system 29, and With 
out any intervention by the operator, various neW NC control 
programs 28 for different parts, Which have not been in the 
machining process before. 

[0019] The NC control programs 28 are fed from the NN 
device 7 to a modi?ed microcomputer 2, Which includes 
internal interface 9 for transmission of NC control programs 
28 to a position memory 11 and to a function memory 12. To 
the function memory 12, the manual commands 6 from the 
manual input module 8 can be fed as Well, to Wit through the 
decoding module 10. The commands 6 are mostly of tech 
nological nature, ie feed rate, revolution speed, sWitch 
on/off of cooling liquid etc. 

[0020] The teaching data for the NN device 7 come from 
a special teaching module 4, Which is not a constituent part 
of the CNC control unit 1. The task of the teaching module 
4 is to teach the neural netWork in the NN device 7 the 
principles and the technology of NC programming for all the 
machining operations on CNC machining centers, above all 
for milling, drilling and similar operations. 

[0021] In general, different neural netWork systems and 
different softWare products, also softWare developed for 
commercial purposes, can be applied. HoWever, if special 
criteria have to be considered and met in machining pro 
cesses, e.g. costs, time, quality of cutting, tool life, high 
speed cutting etc., the neural networks developed especially 
for speci?c purposes should be used. 

[0022] The schematic diagram of the NN device 7 accord 
ing to the invention is shoWn in FIG. 3. The NN device 7 
consists of a module 25 designed to recogniZe geometric and 
technological features from CAD part model 5 and to 
generate the features based CAD part model 26. The CAD 
part model 26 is fed to the NN milling module 27, Which has 
before that, namely in the learning phase, been instructed by 
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the NN teaching module 4 to generate the speci?c NC 
control program 28 for speci?c machining operation, e. g. for 
milling or drilling or similar operation. 

[0023] In the learning phase, the N7N device 7 is con 
nected to the teaching module 4 designed for instructing the 
neural netWork (NN). The teaching module 4 takes the data 
from conventional, commercially available CAD/CAM sys 
tem for programming the NC/CNC machine tools. By means 
of a conventional CAD/CAM system 29, the teaching NC 
programs 36 are prepared for different parts, de?ned in 
engineering draWings module 35, and are sent to the teach 
ing module 4. In the decision module 38, subsequent to the 
testing module 37, the decision is taken on the success of 
teaching. In case that the decision is NO, the path 39 is active 
and the repetition of the teaching process takes place. If on 
the other hand the NN device 7 has learned enough, the path 
40 is active and the generated neural netWork is sent to the 
NN device 7. 

[0024] The functioning principle of the NN device 7 is 
shoWn on FIG. 4. The neural netWork built-in in the NN 
device 7 consists of three layers: the input layer 43, the 
hidden layer 44 and the output layer 45. On the input layer 
43, the X-Y-Z sets 42 of coordinate points appear, repre 
senting the coordinate point values obtained from the modi 
?ed CAD model 26 for individual machining operations 
types 41. The coordinate point values are determined 
according to special procedure. Through the intermediate 
hidden layer 44 the input coordinates are transposed into 
output layer 45 in a form of a set of coordinate points X1, Y1, 
Z1 46, representing the position values of the tool path for 
individual machining operations. 

[0025] By means of the neural netWork the folloWing 
machining operations can be carried out: face milling 
(rough), contour milling (rough), ?nal milling after the 
contour and in Z-plain, ?nal contour 3D milling, contour 
?nal milling, milling on Z-plain, ?nal contour milling on 
equidistant, milling of pockets, normal drilling, deep drill 
ing, centering, reaming and threading. 

[0026] The CNC control unit 1 according to the invention 
can function in either of the folloWing tWo modes: 

[0027] 1. Programming mode, ie the mode of intelligent 
and completely automated processing of a CAD part model 
into a speci?c NC control program. 

[0028] 2. Learning mode, in Which a learned NC program 
ming system based on the principle of a neural netWork is 
entered through the teaching module 4 into the NN device 7. 

[0029] The principle of generation of the NC control 
program is shoWn in FIG. 4. In the programming mode, the 
CNC control unit 1 gets the data package of the CAD part 
model 5 from the conventional, commercially available 
CAD/CAM system 29 intended for programming the CNC 
machines. The model is then transmitted to the NN device 7, 
Which identi?es and classi?es the individual geometric and 
technological features 25 of the CAD part model. Based on 
these characteristic features a neW CAD part model 26 is 
built, Which is transmitted to the N7N milling module 27, 
Where on the basis of learned intelligent procedures the most 
suitable machining operations and cutting parameters (cut 
ting speed, feed-rate and the depth of cutting) With respect 
to chosen conditions (machining time, surface quality, 
machining costs) are de?ned. 
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[0030] The output of the NN milling module 27 is the NC 
control program 28 for the processed part, Which includes 
the geometric data about the mode of cutting tool path 
(linear G01 or circular G02/G03 interpolation), the coordi 
nates of the cutting tool path (e.g. milling cutter), the 
technological data (revolution speed, feed-rate, depth of 
cutting) and auxiliary data (coordinates of reference, Zero 
and starting points, direction of rotation of the main spindle 
M02/M03, change of cutting tools M06, etc.). 

[0031] The data is then transmitted to internal interface 9, 
Which splits the data in the NC control program into tool 
path data (coordinates of movement in aXis X, Y, Z and/or 
rotation A, B, C around coordinate aXis X, Y, Z) saved in 
position memory 11 and into functions data (M, S, T) saved 
in function memory 12. 

[0032] The NC functions program 14, Which contains the 
technological data, is transmitted through adaptable inter 
face 18 to the NC machine 3. The NC position program is 
then sent through the comparison unit 15 and the ampli?er 
unit 17 to the step motors 19 of the NC machine 3. Either the 
machine tool slide 32 or the cutting tools 31 can be moved 
in accordance With geometric data 24. The position meter 20 
perceives the movement and sends a regulated value 22 into 
the position-measuring module 16, Which transmits the data 
to comparison unit 15, Where the difference betWeen the 
actual and the programmed position is calculated. 

[0033] The geometric data are obtained from the NC 
control program 28 for each part and are treated in the 
position regulation circle 23. 

[0034] In the learning mode, the learned NC programming 
system based on the principle of a neural netWork is fed to 
the NN device 7 through the teaching module 4, Which 
conducts the teaching of the NN device 7. The functioning 
of the NN module is schematically shoWn in FIG. 3. 

[0035] The origin for the teaching process is the engineer 
ing draWing 35 of a prismatic part, suitable for processing on 
machining centers, designed for milling, drilling and similar 
operations. First, the teaching NC program 36 is generated 
by the conventional CAD/CAM system 29 and sent to the 
NN teaching module 4. Then, testing 37 of the obtained NC 
program is performed. In the decision module 38, the 
decision is brought on Whether the NC control program is 
suitable and Whether the neural netWork in the NN teaching 
module 4 has learned enough. In the beginning the statement 
NO 39 is valid and the teaching process is repeated using the 
engineering draWing 35 of another part. In such a Way the 
series of teaching cycles is performed until the testing 37 
shoWs, that the decisional condition in the IF module 38 is 
ful?lled, i.e. that the state 40 is accomplished. Here, the 
teaching process of the NN module ends and the learned 
neural netWork is transmitted into the NN device 7. 

[0036] The CNC control unit 1 can learn hoW to generate 
the NC control programs for the folloWing machining pro 
cedures: 

[0037] 2.1—milling 

[0038] 2.1.1—face milling (rough) 

[0039] 2.1.2—contour milling (rough) 

[0040] 2.1.3—?nal milling folloWing the contour 
in Z-plane 
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[0041] 
[0042] 
[0043] 
[0044] 
[0045] 

[0046] 2.2—drilling 
[0047] 2.2.1—normal drilling 

[0048] 2.2.2—deep drilling 
[0049] 2.2.3—centering 

[0050] 2.3—reaming, 
[0051] 2.3—sinking 
[0052] 2.4—threading 

[0053] The NN device 7 can be built-in into any CNC 
control unit for milling machines as shoWn in FIG. 1. The 
standard parallel data transmission is used. In case that it is 
not possible to reprogram the internal interface 9, the NN 
device must be connected to eXisting DNC interface, Which 
is a constituent part of every CNC control. The NN teaching 
module 4 is connected to the NN device 7 by means of a 
standard serial interface. The CAD part model 6 is sent to the 
NN device 7 through a standard communication interface. 

[0054] For teaching of the NN device 7 through the 
teaching module 4, different commercially available CAD/ 
CAM programming systems 29 can be used, for eXample 
Unigraphics Solution, I-Deas, Catia, HyperMill etc. 

2.1.4—?nal contour 3D milling 

2.1.5—contour ?nal milling 

2.1.6—milling on Z-plane 

2.1.7—?nal contour milling on equidistant 

2.1.8—milling of pockets 

1. A CNC control unit 1 for machining centers for milling, 
drilling and similar operations With learning ability and the 
ability of automatic intelligent generation of NC control 
programs 28, comprising a neural netWork (NN) device 7, a 
modi?ed microcomputer 2, a comparison unit 15, a position 
measuring unit 16 and an ampli?er 17, the improvement 
comprising the NN device 7 that takes instructions from the 
NN teaching module 4, Which is not a constituent part of the 
CNC control unit 1 and operates independently taking as a 
basis for its operation the data package received from a 
conventional CAD&CAM system, in order to operate as 
intelligent programming module after the teaching process is 
completed and to automatically generate adequate NC con 
trol program 28 for a given part to be processed in the 
machining center; the said NC control program 28 being fed 
to the modi?ed micro computer 2 including an internal 
interface 9 With its ?rst output connected to the position 
memory 11 and its second output connected to the function 
memory 12, Which accepts also the manual input commands 
6 fed through the manual input module 8 and the decoding 
unit 10; the modi?ed microcomputer 2 further includes a 
function program module 14, With its input connected to the 
function memory 12 and its output connected to the adapt 
able interface system 18, and an interpolation program 
module 13 With its input connected to the position memory 
11 and its output connected to the comparison unit 15 Which 
has its other input connected to the output of the position 
measuring module 16, to Which the position data 22 are fed 
from a position meter 20, While the output of the comparison 
unit 15 is connected to an ampli?er 17 Which feds the 
geometric data 24 to the step motor 19. 
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2. The CNC control unit 1 for machining centers de?ned 
in claim 1, Wherein in the mode of intelligent and automated 
processing of a CAD part model 5 into a speci?c NC control 
program 28 the data package of the CAD part model 5 is fed 
to the N7N device 7, Which ?rst identi?es and classi?es the 
individual geometric and technological features 25 of the 
CAD part model 5 and then builds a neW CAD part model 
26, Which is transmitted to the NN milling module 27, 
supplying on its output the NC control program 28 for the 
processed part, the said NC control program 28 being fed to 
the internal interface 9, Which splits the data in the NC 
control program 28 into a position package saved in the 
position memory 11 and into function data saved in the 
function memory 12, Wherein the NC function program 14, 
containing the technological data, is transmitted through 
adaptable interface 18 to the NC machine 3, While the NC 
position program, generated in the interpolation program 
module 13, is sent over the comparison unit 15 and the 
ampli?er unit 17 to the step motors 19 of the NC machine 
3 resulting in a suitable movement either of the parts support 
32 or of the tools 31 in accordance With geometric data 24, 
Wherein the position meter 20 perceives the movement and 
sends a regulated siZe 22 into the position measuring module 
16, Which transmits the data to comparison unit 15, Where 
the difference betWeen the actual and the programmed 
position is calculated, While the geometric data are obtained 
from the NC control program for each part and are treated 
in the position regulation circle 23. 

3. The CNC control unit 1 de?ned in claim 1, that can 
automatically generate the NC control programs by means 
of the instructed neural netWork contained in the NN module 
4 using the engineering draWings 35 of parts, Wherein in the 
learning phase the NN device 7 is connected to the teaching 
module 4 Which takes the teaching NC programs 36 for 
different parts de?ned in engineering draWings module 35 
from the conventional CAD/CAM system 29, and Wherein 
the decision on the success of teaching is taken in the 
decision module 38, subsequent to the testing module 37, so 
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that in case the decision is NO, the path 39 is active and the 
repetition of the teaching process takes place, While on the 
other hand the NN device 7 has learned enough, the path 40 
is active and the generated neural netWork is sent to the NN 
device 7. 

4. The NN device 7 de?ned in claims 1, 2, and 3, Wherein 
the said NN device 7 is realiZed in a microprocessor tech 
nique and contains an identi?cation module 25 that recog 
niZes the geometrical and technological features of different 
CAD part models 5, a generating module 26 that produces 
neW feature based CAD models of parts, an NN milling 
module 27, and an automatically generated NC control 
program 28 for a given part. 

5. The CNC control unit 1 de?ned in claim 1 Wherein the 
NN milling module 27 enables intelligent, automatic gen 
erating of NC control programs that enable the folloWing 
machining operations to be executed on prismatic parts: 
milling, including face milling (rough), contour milling 
(rough), ?nal milling folloWing the contour and in Z-plane, 
?nal contour 3D milling, contour ?nal milling, milling in 
Z-plane, ?nal contour milling on the equidistant, and milling 
of pockets; drilling, including normal drilling, deep drilling, 
and center drilling; and reaming, sinking and threading. 

6. The procedure of teaching in the CNC control unit 1 
de?ned in claims 1, 2, 3 and 5, the improvement comprising 
a process of generation of NC control programs in a con 
ventional CAD/ CAM system 29 based on engineering draW 
ings of parts, the said NC control programs serving as 
teaching NC programs 36 in the NN module 4 that instructs 
the NN device 7, Wherein the decision on the success of 
teaching is taken in the decision module 38, subsequent to 
the testing module 37, so that in case the decision is NO, the 
path 39 is active and the repetition of the teaching process 
takes place, While in case that the NN device 7 has learned 
enough, the path 40 is active and the generated neural 
netWork is sent to the NN device 7 


