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Abstract This paper presents a Knowledge-Based Intelli-

gent Decision system (KIDs) that takes information from

a vision sensor within the manufacturing process and gen-

erates automatic planning/path-planning decisions in for

collision avoidance in virtual CAM production. In this

paper, the integration of KIDs approach is presented in

the context of conventional multi-axis machining. The pro-

posed system would be implemented in the conventional

machining processes and, in this paper, its future imple-

mentation in the context of STEP-NC-based CAM systems

is also discussed. This contribution provides secure solu-

tions that can detect and avoid collisions using multiple

solutions including tool diversion strategy, but also offers

many other opportunities such as process change, sequence

change, plan change, etc. A bi-turret machining scenario

is used as a test case, where two tools working together

possess a synchronization issue. Multi-tool synchronization

cycles during preparation should take into account the man-

agement of materials left on the work part. The proposed

solutions allow multiple opportunities where the machining

units (blank groove) can be enriched with new associated

data such as uncut material (identified visually) that may

cause collisions during production. It is not limited how-

ever and therefore could be integrated into the STEP-NC in
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CAM simulation environment where the system is gaining

acceptance from industry.
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1 Introduction

Multi-axis, multi-tool, multi-workpiece, multi-channel,

multi-programming and hybrid (Mill-Turn) machines have

been developed to adapt to the daily demand of high-speed

production for compact and complex process planning with

a minimal number of setups. The integration of more pro-

cessors and turrets as shown in Fig. 1 for complex parts

production increases the complexity of the process and

hence, the risk of collisions between different production

tools, a tool with unfinished workpiece, or tools with other

machine elements. The integration of multi-turret and multi-

spindle in a single machine [16, 18] vouch for the complex-

ity of such machines, where multiple tools might work on

the same workpiece at the same time. These machines are

capable of precise production with time efficiency but the

increase in complexity increases the need for the machine

intelligence (automatic work and reaction). An intelligent,

fast, and automatic decision-making process is required to

avoid unwanted situation such as collisions during virtual

and real production. The current method of human inter-

vention can be avoided the in multi-axis Computer Numeric

Control (CNC) machine production processes as well as

its associated Computer-Aided Manufacturing (CAM) vir-

tual simulations (preparation) for collision avoidance. The

unavailability of such intelligence causes the potential risk
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Fig. 1 Multi-axis machine (Super-NTX 5)

of collisions, and hence machinery damage and production

stops.

In the state-of-the-art machining technologies, human

intervention exists in many processes but the knowledge-

based decision approach presented in this paper will focus

on the intelligence during CAM collision avoidance for non-

functional (speed displacements) tool-paths [1, 3, 4, 10], for

multi-tool working on the same workpiece with the prospect

of application to real manufacturing. A recent development

[19] highlights the practical applicability of the collision

prevention systems, which further increases the need to

investigate multi-tool synchronization.

The problem of collisions Collision is an important prob-

lem for multi-axis machines because the current machining

technologies lack proper feedback systems between differ-

ent processes and hence a minor difference between the

real and virtual scenes may cause collisions in the real pro-

duction [8]. Operator mistakes and machine complexity are

the other important causes of collisions [3, 4]. The state-

of-the-art approaches [20] for existing CAM software and

multi-axis machines are capable of detecting collisions but

are unable to automatically provide safe solutions for their

avoidance. During multi-tool synchronization CAM soft-

ware is unable to provide a better solution for collision

detection and avoidance. Current CAM software products

(TopSolid - Missler) are not able to take into account the

evolution of the workpiece during production, especially for

tool collisions verification with the unfinished part of the

workpiece.

Many existing CAM software products verify tool-paths

while simulating the real process but they propose no auto-

matic solution for avoidance when a collision is detected [2,

4, 5, 15, 19, 20]. Sometimes one simulates a process with

ideal conditions but there are always a lot of important fac-

tors that need to be taken into account. For example, one

normally takes the pre-defined (once defined to the CAM

system) dimensions of the machine-tool or workpiece in

our simulation process but in reality tools and workpiece

dimensions vary and, as a result, there exists the chance of

collision. Sometimes, the software shows a collision but in

fact there is no real problem of collision.

Conventional CAM systems are not only limited for

automatic collision avoidance but in some scenarios even

collision detection could be a problem. The CAM software

is able to detect collisions when a trajectory is programmed

for a single production tool, but when multi-tool trajec-

tories are synchronized, the software cannot even detect

such collisions. The most important collisions during tool

synchronization are collisions with unfinished parts of the

workpiece. This is due to the lack of system intelligence

during multi-tool synchronization.

2 Related work

Researchers [11, 20] across different disciplines have been

focusing on the problem of collisions. The most popular

concepts in this regards are elastic string [13, 17], general-

ized pattern search algorithm [6], and A* method (extension

of Edsger Dijkstra) [7, 14] in robotics. These methods work

fine for collision detection but multi-axis CNC machines,

especially multi-tool synchronization, is a much more dif-

ficult challenge. C-space [12, 15] is one of the approaches

used both in robotics and machine-tools for collision detec-

tion, which uses 2D grids data. However, the method is not

suitable in its current form for automatic collision avoid-

ance, especially when dealing with a workpiece undergoing

continuous updates.

Xu [22] developed a feature extraction system to take

a STEP-NC files as input for feature-based process plan-

ning activities. STEP-NC feature-based programming is

a hierarchical data structure that contains product geom-

etry, working-steps, and machining parameters for parts

manufacture. The authors presented a survey of the inter-

operable, open, and intelligent CNC machine-tools using

STEP-NC. They believe that availability of design data at

the machining stage enables a reliable collision check, accu-

rate simulation, and feedback from the machining stage to

the design stage.

Visibility data-based vision approaches [21] proved to be

better for extracting the real information about the scene for

collision detection but multi-tool synchronization and col-

lision avoidance are not taken into account. Vision-based

tools and methods [2, 5] are good options for offline path

planning in the context of multi-axis machine-tools because

of their many advantages [4] such as exact information

extraction, adaptability, and equipment costs. The limitation
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of vision-based approaches lies in the availability of a robust

sensor in the market. Vision systems are also limited for

real-time control of the machining environment, where the

formation of chips and lubricant might not allow online

surveillance. However, for offline path planning, vision data

is an image of the working volume taken at a single instant,

e.g., initial status of machine before processing, which can

be used for CAM correction.

The developed methods for collision detection and avoid-

ance [1, 2, 4, 5, 19] are applicable to static scenarios

where one tool is working on a workpiece and the rest

of the objects (tools) present in the scenario are consid-

ered as obstacles. Although some dynamic solutions [3] are

proposed, when multiple tools are working in the same envi-

ronment and on the same workpiece, the problem becomes

more complex, and therefore, a more general approach is

required so that the aspect of evolution of a workpiece is

taken into account. Currently, multi-tool synchronization

may create collision problems with the unfinished parts of

the workpiece, which is not taken into account by the CAM

software and is not even treated in the literature.

The objective of this paper is to provide multiple solu-

tions that might be applied in the case of collisions, which

will enhance the multi-axis machine-tool (Mill-Turn) col-

lision free trajectory generation for CAM. The proposed

method uses knowledge from the vision system and man-

ufacturing and proposes solutions for automatic collision

detection for conventional CNC machining. This paper

also provides guidance for the future implementation in

STEP-NC data model for CAM systems. The proposed

Knowledge-Based Intelligent Decision system (KIDs) is an

intelligent tool that will make the behavior of the machine-

tool (virtual) more intelligent in order to respond quickly

to the problems related to collisions. This system will

automate the machine preparation processes, increasing

autonomy during safe productions. It will also provide solu-

tions to the operator for re-planning the trajectories when a

collision is detected.

3 Knowledge-based intelligent decision system

(KIDs)

A Knowledge-Based Intelligent Decision system (KIDs)

is devised, which takes information from the vision sen-

sor, manufacturing data from the CAD/CAM and CAPP

i.e. machine strategy and initial path already planned from

the G-code. After having this information, the system veri-

fies expected collisions by using the developed knowledge.

In the case of collisions, a feasible solution is proposed

from various possibilities, such as an automatic safe detour

around the obstacle.

3.1 How KIDs works?

The KID system will provide extra security to machining

process with continuous surveillance of the scene. The pro-

posed possibilities of solutions include intelligent decisions

as follow:

– Changing the process plan such as changing the number

or type of machines for processing

– Changing the strategy or sequence of operations

– Changing the process itself

– Changing the tool position around the obstacle to a

secure position

The two important steps of KIDs include the following:

information extraction and knowledge development; and

collision detection and avoidance methodology. First, data

is collected from the different counterparts of the manufac-

turing process, which gives knowledge about the process

and then based on that information, expected collisions are

detected with a devised methodology.

3.1.1 Information extraction

The data extraction and interpretation is the most impor-

tant process to define the scenario at hand and clarify the

risk of collision and also help in the decision of a proper

action to generate a safe machining process. The follow-

ing knowledge information data shall be required for an

effective decision:

– Data for part (workpiece) or object model can be

extracted from the CAD such as gross workpiece, final

shape and updated information of the workpiece,

– Data regarding operation strategies, operation

sequence, and process can be obtained from CAM

simulations and the STEP-NC data model [26],

– Data for setups and machine architecture can be

obtained from CAPP and STEP-NC [25],

– Data regarding tool-paths are captured from CAM and

G-code,

– Object detection and identification data to differenti-

ate between the potential obstacles are captured through

image processing and knowledge data,

– Data about specific processes such as turning and

milling can be obtained from process information from

the CAM and G-code, and also ISO standards such

as ISO14649, Part11 [28] and ISO14649, Part12 [29]

respectively,

– General process data can be obtained from ISO14649,

Part10 [27].

The flowchart of KID system shown in Fig. 2, clearly

indicates the data extraction from manufacturing process,
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Fig. 2 KID system flowchart

G-code, and vision system actual data. The informa-

tion data extraction is partially automated. For exam-

ple, different objects and their associated features are

stored in the database manually. Data from the G-code

and information from fresh image pixels are extracted

through the Matlab program and stored in the database

automatically.

3.1.2 Knowledge development

The data obtained previously are stored in a database cre-

ated in the Protegee Software. Relations are developed

between different data-sets stored in the database and rules

are defined to associate data into their product families. For

example, speed is associated with a specific tool and axis of

the machine, where, as a rule, the maximum speed limit can-

not be crossed. Relations are created between different data

and linked in the form of an informal ontology. Currently,

no standard is applied to the knowledge ontology but future

work will cover the interoperability issue of formal ontolo-

gies across different domains. However, the knowledge-

base is accessible from Matlab (computational tool) where

a decision methodology is implemented to select a feasible

solution for the collision problem. Knowledge is generated

out of the data specified in the database and the developed

rules. For example, a reference image stored in the database

contains a workpiece, tool, and machining setup, which are

represented by pixel values. Once a new image is taken

with a new object in the scene, its associated pixel values

are compared with the base image and finally an object is

detected with the fresh and previous data. Once a new object

is detected in a fresh image, its contour/feature information

helps in finding the object in the database. When the infor-

mation about the new object is found in the database, its

associated information can provide further details about its

mission in the scene. With enough information about an

obstacle, the proposed methodology then searches for a fea-

sible solution to avoid the unwanted situation and continues

to process automatically.

3.2 KIDs methodology

Once the important data are obtained about the process,

the actual scene data can be captured using the vision sys-

tem. The image information obtained from the scene is used

to detect different objects in the scene and, by using the

machine strategy and the initial path, the future positions

of the tool are calculated to check if they will encounter

any of the obstacles in the scenario matrix as shown in the

methodology flowchart in Fig. 2.

3.2.1 Collisions detection

The fresh image obtained is transformed into a binary image

with Matlab, where 1’s representing objects and 0’s free space.

The trajectory generation process then verifies whether the

next path point lies on the obstacle location. In the case,

if the next trajectory point is determined to fall on an

obstacle location or inside the danger area, a collision is

detected. Once the risk of potential collision is detected

a proper action is taken to avoid collision. The flowchart

shows a secure position selection with diversion algorithm

and other feasible solutions that are explained in the next

section.
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3.2.2 Proposed solutions to avoid collisions

Several solutions are proposed by the KID system to avoid a

detected potential collision. Since real-time collision avoid-

ance automatically in conventional system is not possible

at the machine level, a secure point is selected offline and

the rest of the trajectory is calculated and re-transferred to

the CAM machine. In this case, if the secure point strategy

does not provide a feasible, safe solution, then other solu-

tions, discussed below, are considered to avoid collisions.

The STEP-NC model can give the flexibility to back track

the process, easily access all the knowledge in the data-base

and modify and improve data/processes and therefore the

other solutions can be achieved. The KID system proposes

many solutions for collision avoidance, as shown in Fig. 3.

In Fig. 3, a manufacturing chain is shown that rep-

resents conventional manufacturing methods based on G-

code. Both virtual preparation and real machining scenes

are observed using vision sensors. The risk of collision

is detected using images and manufacturing information.

Once a collision is detected, the following solutions are used

for the avoidance:

– Call CAPP for changing macro process plan (Fourth

priority)

– Modification into the CAPP file for operation

change, number or type of machines used, as

per the details explained with an example in

Section 4.

– Call CAM for process change (Third priority)

– This CAM process planning change may

includes changing the process itself. Using

another type of process to do the same job

on-hand as also explained later in Section 4.

– Call CAM for changing micro process planning (Second

priority)

– This micro process planning includes chang-

ing the strategy of operations, or operation

sequence or synchronization time if multi-

ple tools are working in the same scene, as

explained later in Section 4.

– Call Diversion strategy Algorithm (First priority)

– The advanced version of safe path generation

algorithm based on Snakes and Ladders Anal-

ogy for Production Trajectory (SLAPT) [2] is

used to calculate and select a feasible secure

position once a collision is detected.

– Tool is diverted to this secure position and

trajectory is re-calculated onwards.

The four solutions proposed above are selected accord-

ing to the priorities specified. These priorities are defined

pursuant to the work and time feasibility of each solution.

For example, when a collision is detected, the first prior-

ity is to divert the original path, change the tool to another

location and continue working. This will help in making the

process faster for collision avoidance and production can

continue after minor corrections to the previous trajecto-

ries. In this case, if priority 1 is not feasible for any reason,

e.g., occlusion in the scene, the strategy/sequencing of oper-

ation is changed or tool synchronization time is changed.

When priority 2 does not provide a feasible solution, the

KID system proposes that the operator change the process

and switch to other strategy (priority 3) or change the oper-

ation, or number/type of machines used (priority 4). In the

current state, the KID system generates solutions using the

knowledge base and system priorities and asks the opera-

tor to change the process plan accordingly. In future work,

Fig. 3 Possible KID system

solutions for collision avoidance
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the KID system will provide specific information on when

and how to change the process plan between these different

priorities.

3.2.3 Diversion strategy algorithm

Once a collision is detected, using pixel information from

the updated images of the scene, a secure point is selected

to divert the tool. In order to select a secure point, the diver-

sion strategy algorithm generates some secure points in the

space above the gross workpiece having a pixel value equal

to 0. A secure point is selected using the distance criteria.

The secure point is selected, and the onward trajectory is

recalculated unless the final point for the next production

point is reached.

One solution is selected according to the scenario at hand

from amongst all the given solutions for a specific collision

avoidance problem. The diversion strategy is first priority

as it could be an easy solution to stay in the same param-

eters of the processing and only modifying the trajectory.

If the obstacle is permanent (e.g., a support needed for

future processes) and if the same operations are repeated,

then the trajectory solution obtained above could be saved

to the knowledge base or STEP-NC model for the future

processes.

4 KIDs application examples

In the case of collisions, several solutions are suggested

by the KID system. For example, a change in operation

strategy or process or process planning. The conventional

method does not provide the possibility of transferring these

changes automatically but the STEP-NC model has the flex-

ibility of changing this by modifying the STEP-NC file. Let

us take the example of a workpiece that needs to be man-

ufactured and explain all three changes that could be made

for avoiding the potential collisions.

Operations Strategy change A part can be manufactured

by using various strategies. If a certain strategy is unable to

work on the shop-floor and needs to be changed, the KID

system will propose moving back to the micro-planning pro-

cess of the CAM process, where the strategy applied to the

workpiece can be changed while using the same machine-

tool. For example, as illustrated in Fig. 4, the turning

operation can be performed using different tool approach

strategies.

A sequence of operation changes could also be a strategy

for change during production. For example, Fig. 5 shows the

working-step list and process sequence graph for a work-

piece production process [23]. Given the manufacturing

features, machining operations and their process sequence

Fig. 4 Example: strategy change

graph, the manufacturing part can be machined in a number

of different ways such as: 1-8-2-7-3-4, 1-3-4-2-6-5-7, or 1-

3-4-2-5-6-7. These sequences can be alternately used when

any problem such as collision is expected during one of the

sequences programmed on the shop-floor.

Process change A process change for the same machine-

tool is realized if the above changes are unable to avoid

collisions in certain production scenarios. Conventional

manufacturing practices do not permit the process change

but they could be easily obtained in the STEP-NC model.

This process change also occurs at the micro-planning level

where the CAM process can be called upon for assistance

and modifications. If an ongoing process is determined to

be unsuitable for a manufacturing operation then this pro-

cess can be changed. For example, in Fig. 6, the same

part can be produced by either a turning or milling process

on the same machine-tool (Mill-Turn). The ISO standard

Fig. 5 a Working-steps list. b Process sequence graph [23]
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Fig. 6 Example: process change

(Turning or Milling process)

addressed for process change is the STEP-NC data model

would be addressed in [26].

Process planning change The process planning change,

unlike the other changes discussed above, is macro-

planning, where the plan change occurs among different

processes of the same or different machines. Let us take

the example of a part that could be produced on differ-

ent machines using various setups. In Fig. 7, this part can

be produced using two setups on two different turning

machines. The current part of the operation is visible at each

setup, the supporting planes are used to support the work-

piece during production. Hence, changing the number or

type of machines for a certain process is the process-change,

above the machine level, that could be achieved easily in

the STEP-NC environment because of the communication

feedback loop. The same part can be produced using a Mill-

Turn machine-tool as shown in Fig. 8, where one setup

can finish the job required. Two spindles will do the turn-

ing process either simultaneously or one-by-one. From this

example, we can see that a single part can be produced with

a different process plan. STEP-NC can provide the possi-

bility of changing this process plan while addressing the

STEP standard [25] at the higher level and therefore call-

ing the CAPP process. STEP-NC provides this opportunity

by enhancing the communication process between the shop-

floor and CAPP processes for any change required in the

process plan.

5 Validation of KID approach

When there is a problem on the shop-floor, such as when

a collision is detected by the KIDs, the system can pro-

pose many solutions for its avoidance. It can command

directly the CAM process for change in the sequence of

operation, change in operations strategy, change of the

time of synchronization, or change of the process itself.

The system can also call CAPP processes for process plan

change, i.e., using another type of machine-tool or changing

the number of machines. These solutions can be imple-

mented automatically in the STEP-NC environment because

it can provide easy communication and data/process can be

changed/adapted according to necessity, which is not the

case in conventional machining. The KID system can also

use diversion strategy algorithms (developed in Matlab) to

Fig. 7 Example: process plan

01 (Turing at two different

machines 01 or 02)
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Fig. 8 Example: process plan

02 (Both processes at the same

machine)

provide secure positions for the production tool and update

the real status of the workpiece in the STEP-NC data model

during production. The results of the last solution are val-

idated next while all other solutions will be implemented

later in the STEP-NC model.

Validation scenario A multi-axis virtual machine as shown

in Fig. 9 has been selected to apply the vision-based KID

system solution for safe trajectory generation during CAM

simulation. Improper tool synchronization can cause colli-

sions with the unfinished part of the workpiece, which needs

to be avoided.

A multi-axis machining scenario has been selected to

check the limitations of CAM software (TopSolid/CAM)

in the case of multi-tool synchronization in terms of col-

lision detection and avoidance, as shown in Fig. 10. This

scenario shows the possibility of collision in a multi-axis

machining environment and, at the same time, the problem

of multi-tool synchronization and the lack of intelligence for

automatic collision detection and avoidance in conventional

CAM software.

Different conditions for the scenario treated:

– Multi-axis machine trajectories

– Two tools working on the same workpiece

Fig. 9 Multi-axis machine virtual model (Ref: Index G300 (8-axis),

2 spindles and 2 turrets)

– Obstacle is the rotating workpiece unfinished part

– Tools are synchronized to work together

– Tool speed and acceleration issues are not treated in this

paper.

In the scenario presented here, two production tools work

together to produce the final product.

– When the two tool trajectories are programmed sepa-

rately and executed separately the production process

works well without collisions. However, when pro-

duction tools synchronization is executed in order to

get maximum advantage of the multi-axis, turn-mill

machine complexity for efficiency in time, the collision

risks increase. Currently, the collision is observed by

the vision system, but the CAM software cannot detect

it. This is because the current CAM software does not

update itself to the changing environment. In particu-

lar, it does not update with regard to workpiece changes

during the multi-tool synchronization process. In other

words, CAM software products are unable to detect

the net workpiece left at a certain time during pro-

duction process synchronization. The CAM software

can update the workpiece during production when one

Fig. 10 Multi-axis machining scenario, two tool synchronization
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production tool is working. But when multiple tools are

synchronized, then the software lacks the intelligence

to coordinate then and a collision may occur with the

un-finished blank part of the workpiece.

– The problem is explained in Fig. 11 where Tool 01

is machining circular grooves, while Tool 02 is doing

the major material removal from the outer surface

of the workpiece by roughing and finishing opera-

tions. The synchronization graph on the upper part of

Fig. 11 clearly shows that the CAM software starts

both machining processes at the same time if no human

intervention is there. When such parallel operations are

programmed, it reduces the production time and hence

the gain in time will increase the overall production.

Therefore, Tool 01 will collide with the un-finished part

(raw) of the workpiece as detailed in Fig. 12. This collision

can be avoided manually using the CAM operator’s expe-

rience, by programming and synchronizing both tools such

that the tools do not have to encounter the problem of col-

lision with the un-finished blank part of workpiece during

the manufacturing process. A manually synchronized solu-

tion for the same scenario is given in Fig. 13 that clearly

shows the synchronization graph where Tool 01 is synchro-

nized after 3 min of the processing done by Tool 02. This

is a manual solution provided by an operator for the same

problematic.

Multi-tool automatic synchronization is important because

it can reduce the time of production. An overview of the

time taken for overall workpiece production for the exam-

ple treated is shown in Table 1. This figure shows the time

taken to do both operations, the time taken with automatic

synchronization with collision, which is not detected by the

CAM software and time taken after manual synchroniza-

tion. The manual synchronization time does not include the

Fig. 12 Collision scenario during two production tools trajectories

synchronization for Index G300 (8-axis) machine

CAM operator intervention time, which should be added

as well.

The unfinished part of the workpiece that is involved

in the collision is more clearly demonstrated in Fig. 14.

Here, the production Tool 01 follows the machine strat-

egy to pass from one circular groove to another for the

next working-step. The collision occurs because the soft-

ware only calculates the non-functional trajectory between

the two circular grooves using the final finished product dur-

ing synchronization processes and therefore cannot see the

un-finished material left at the production spots.

The novelty of our approach is that it uses information

about the trajectory generation strategy (i.e., straight line

strategy) and process knowledge and therefore detects the

potential collision and avoids it automatically for multi-tool

synchronization problem. The proposed vision-assisted KID

system will detect the real status of the workpiece at an exact

time and, in the case of collision, proper action will be taken

to include a detour in the programmed trajectory.

Fig. 11 Automatic trajectory

synchronization by CAM

software causing collisions
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Fig. 13 Manual trajectory

synchronization by operator for

safe trajectory generation

Solution proposed The diversion strategy algorithm pre-

sented in Section 3.2 is applied to the scenario and the

resulting safe trajectory (without collision) is shown in

Fig. 15. The figure shows two types of trajectory before and

after the application of the KID system. ‘Trajectory with

collision’ is the trajectory generated by the CAM software

when both synchronized tools work together. The software

is unable to detect the material left during the non-functional

trajectory in between the two functional working-steps for

machining of the circular grooves. The proposed system

takes the image of the scene and detects the material left

and ultimately defines the safe trajectory by avoiding col-

lision automatically and intelligently using the procedure

defined previously. The safe trajectory, ‘Trajectory without

collision,’ is generated by the approach and fed back into

the CAM system. The solution obtained is not applied back

to the STEP-NC environment but a futuristic way is shown

in which this solution could be obtained and will be applied

back into the STEP-NC-based machining process.

The solution generated above is one of the solutions

proposed by the KID system for safe trajectory genera-

tion. All other solutions presented previously could also be

implemented as discussed.

Table 1 Production time comparison

Operations Time taken

Time to do both operations separately 6 min

Time with automatically synchronization 4 min 40 sec

of both operations (with collisions)

Manual synchronization 5 min 13 sec

6 Discussion and perspectives

The KID system tool gives many advantages to CAM

systems for complex multi-axis machining scenarios:

– It detects collision by capturing the real situation from

the scene by using images/videos and knowledge data,

– It proposes safe trajectory solutions by detecting and

avoiding collisions automatically and thereby giving

more autonomy to the manufacturing process,

– The vision-based KID approach enhances the commu-

nication process between different parts of the manufac-

turing chain especially enhancing the feedback system

from manufacturing to CAM system,

Fig. 14 Collision with the gross material left during production
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Fig. 15 Results: generated safe trajectory and interpreted trajectory

with collision

– The system captures the exact information about the

scene from various counterparts of the design and

preparation stages,

– As a results of the advantages discussed above, the sys-

tem increases productivity, autonomy, and intelligence

of CAD-CAM and CNC.

Multi-axis and multi-functional NC machining, with the

use of G-code, have many limitations currently because

of the limited availability of knowledge information, scene

complexities, weak communication between different coun-

terparts of the design and production chain and one-way

communication from design to production. Besides its com-

plexity, the most important challenge is to make this pro-

cess more hybrid and intelligent. To communicate between

CAD/CAM/CNC systems, the STEP-NC (data model) [9,

24] tries to build a bridge to strengthen the link between dif-

ferent counterparts of the production chain and its basic idea

is to make all information/knowledge available at each stage

in the design and production chain.

The advantage of the KID system in STEP-NC con-

text is that the regeneration of trajectories can be done

automatically from real machining to CAM system; there-

fore, change of machine for avoiding collision can be done

easily when a collision is detected and the diversion algo-

rithm cannot solve the problem. Similarly, when two-tool

synchronization can lead to a collision problem, the two

operations could be transferred to different machines and

the process can be done online by updating the STEP-NC

file in the CAM systems. Collisions can also be avoided

by changing the sequence of operations, strategy of opera-

tions or the operation itself. These solutions will be treated

automatically in perspectives.

Currently, industry is not willing to invest in STEP-NC

for a complete manufacturing system because G-code-based

approaches are very well rooted. Further issues include

liability, which does not permit STEP-NC as a complete

manufacturing model. However, STEP-NC is useful for the

CAM and therefore industries have started accepting it as a

way forward in simulation. Therefore, in future, the exist-

ing KID will be adapted to automate the process of ’when

and how to change the plan.’ Future work will also focus

on standardizing the knowledge ontologies and enhancing

system interoperability.

Comparison of changes for the use of vision-based KID

system When using a KIDs approach in conventional and

STEP-NC environments, the following changes occurs.

– Conventional machining (G-code based):

– Necessity to re-define a complete tool-path

when collision is detected,

– Need to restart the preparation process,

– Post-processing translation required,

– New NC file needs to be generated.

– STEP-NC-based machining:

– No need to restart the preparation process,

– Easy to change a machine without any post-

processing required,

– New non-functional intelligent and safe trajec-

tory generated and inserted in the STEP-NC

file,

– No need to re-process the NC file,

– STEP-NC file can be updated/improved any

time.

– Current industrial adoption of STEP-NC is

only in the CAM areas and therefore KIDs

helps in capturing the real information and

providing solution proposals to the CAM sim-

ulation process. However, the future demon-

stration will also cover the real planning and

control with the help of KIDs and STEP-NC

controllers.

The proposed KID system is intelligent enough to take

into account the knowledge information from the scene and

generate safe processes for the production of a multi-tool

production process. The system is able to detect collisions

even with the unfinished workpiece part and is able to devise

11



Acc
ep

te
d 

M
an

us
cr

ip
t

a strategy for collision avoidance with multiple micro- and

macro-level solutions. The implementation of direct colli-

sion avoidance is detailed in the results section while other

strategies will be automated in future in STEP-NC model

applied to CAM systems.

7 Conclusions

A knowledge-based intelligent decision (KID) system for

production planning and decision is presented. The KID

system detects and avoids collisions for multi-axis multi-

tool machines by using knowledge from the vision sensor,

manufacturing process, and machining data. The existing

practices do not provide solutions for automated colli-

sion detection, collision avoidance, or solution proposals to

CAM in the case of problems at the machine shop floor. The

KID system proposes many solutions to collisions in CAM

simulation where a potential collision may be detected.

These solutions may include tool diversion to a secure posi-

tion, process change, strategy change, sequence change and

machine change, etc. The system implementation is imple-

mented on a multi-tool synchronization problem scenario

where the current CAM systems are unable to propose solu-

tions to avoid collisions with the unfinished part of the

workpiece. The futuristic view of integration of KID sys-

tem is presented into the environment of STEP-NC assisted

CAM, which not only proposes safe trajectory solutions

by detecting and avoiding collision using algorithms but

also proposes many ways to solve the shop-floor problem

and enhance data communication from machine to prepa-

ration. The proposed solution is currently implemented

on a knowledge-based CAM simulation environment. In

future KIDs, standardized ontologies, interoperability, and

automated planning proposals will be implemented in the

STEP-NC CAM environment.
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