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COMPUTER-AIDED INSPECTION 

PLANNING SYSTEMS FOR  

OMI AND CMMs  
 

Abstract: Computer-Aided Inspection Planning (CAIP) 

has been a research topic for the past 30 years. Most of 

the CAIP systems were developed for Coordinate 

Measuring Machines (CMMs). Recently, On-Machine 

Inspection (OMI) or On-Machine Measurement (OMM) 

has been widely used as the preferred measuring 

equipment for the purpose of direct inspections in 

manufacturing and quality control, which is a vital 

feature for an automated production system. This paper 

reviewed the recent development of these CAIP systems 

for OMI and CMMs.  
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1. INTRODUCTION  
 

Manufacturing operations are driven by 

cost requirements that relate to the value of a 

particular product to the marketplace. Given 

this selling price, the system works backwards 

to determine what resources can be allocated to 

the manufacturing portion of the cost equation. 

Then, production personnel set up the necessary 

resources and provide the workpieces that are 

consumed by the market. Everyone is happy 

until something changes. Unfortunately, the 

time constant associated with change in the 

manufacturing world has become very short. 

Requirements often change even before a 

system begins producing parts, and even after 

production is underway there are typically 

many sources of variability that impact on the 

cost/quality of the operation. Variability 

associated with scheduling changes are to be 

accommodated by designing flexibility into the 

basic manufacturing systems. However, the 

variability that is related to changing process 

conditions are best handled by altering system 

performance at a more basic level. 

Error conditions often occur where one or 

more process parameters deviates significantly 

from the expected value and the process quality 

degrades. The sensitivity of the process to these 

variations in operation conditions depends on 

the point in the overall manufacturing cycle at 

which they occur as well as the specific 

characteristics of a particular process 

disturbance. Amplitude, a frequency of 

occurrence, and a direction typically 

characterize these process errors [2, 3]. In a 

machining operation, the typical result is a lack 

of synchronization between the tool and part 

locations so that erroneous dimensions are 

produced. 

Over time, the amplitude of process errors 

is typically limited to a specific range either by 

their inherent nature or by the operator’s 

actions. For example, shop temperature profiles 

tend to follow a specific pattern related to 

cutting forces, and cutting tools are replaced as 

they wear out. As multiple process error 

sources interact, the result is typically a 

seemingly random distribution of performance 

characteristics with a given “normal range” that 

defines the routine tolerances achievable within 

a given set of operations. On the other hand, 

trends such as increased operating temperatures 

due to a heavy workload, coolant degradation, 

and machine tool component wear, have a non-

random pattern that continue over time until an 

adjustment is made [2]. 

One solution to the problem of process 

variation is to build a system that is insensitive 

to all disturbances; unfortunately, this is rarely 

practical. A more realistic approach is to use a 

manufacturing model that defines the 

appropriate response to a particular process 

parameter change. This technique can be very 
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successful if the necessary monitoring systems 

are in place to measure what is really 

happening within the various manufacturing 

operations. This approach works because 

manufacturing processes are deterministic in 

nature: a cause-and-effect relationship exists 

between the output of the process and the 

process parameters [2]. Events occur due to 

specific causes, not random chance, even 

though an observer may not recognize the 

driving force behind a particular action. If the 

key process characteristics are maintained at a 

steady-state level, then the process output will 

also remain relatively constant. Conversely, 

when the process parameters change 

significantly, the end product is also affected in 

a noticeable manner. By measuring the 

important process parameters in real time and 

performing appropriate adjustments in the 

system commands, great improvements can be 

achieved in increasing product quality and 

lowering production costs [3]. Closed-Loop 

Manufacturing (CLM) as such a method is 

widely employed in modern industry. 

 

 

2. CLOSED - LOOP 

MANUFACTURING 
 

Closed-loop manufacturing is a method for 

optimizing the efficiency of a manufacturing 

process. It involves the use of measurement 

technology (metrology), most often touch 

sensor probes, to determine actual part 

dimensions as well as coordinates of machine 

tool characteristics [4]. The elements of CLM 

are comprised of reliable machines, robust 

processes, automatic data collection, 

continuous improvement, and efficient and 

accurate analysis. Each element is supported by 

various methods which when combined deliver 

a complete closed-loop solution. The CLM 

cycles consist of measurement, data collection, 

data analysis, and process adjustment. Figure 1 

illustrates these elements and the cycle of 

CLM. 

Using the measurement of workpiece as a 

check on the CLM process is well established 

but there are a number of issues as to where to 

measure, what to measure and when to 

measure.  

 
Figure 1 - Elements of CLM [1] 

 

There are three types of measurement in 

manufacturing processes listed as follows, all of 

which can be used to provide measurement data 

for CLM processes:  

1) In-process measurement 

 with On-Machine Measurement (OMM), 

which takes place as the workpiece is 

being made. 

 with portable measurement, where the 

workpiece surface is tested when the part 

has been made but not relocated. The 

surface instrument, which is hand-held, 

has somehow to be perched on the part 

when the machining has stopped and then 

the measurement recorded. 

2) In situ measurement 

 The workpiece is removed from the 

machine and measured with an instrument 

located near the machine tool. 

3) Remote measurement 

 The workpiece is taken to a properly 

equipped inspection room to be inspected 

on a Coordinate Measuring Machine 

(CMM). 

 

 

3. IN-PROCESS MEASUREMENT 
 

Inspection, including dimensional 

inspection, has commonly been an activity 

performed after, rather than during, a 

manufacturing step or process. In many 

instances, several steps may have been 

performed before a part is measured. If the part 

is found to deviate from the specified 

tolerances, it must either be rejected at a point 
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where considerable value has been added or be 

reworked. In either case, the manufactured cost 

has been boosted. As aforementioned, in-

process measurement is significant in that it 

ultimately allows a manufacturer to achieve a 

goal of zero scrap (i.e. the “first part correct” 

paradigm), since deviations in the 

manufacturing process measured by sensors can 

be used in a corrective manner to control the 

process before tolerances are exceeded. 

Advances in sensor technology and digital 

computers and controllers are permitting a 

dramatic increase in the application of in-

process measurement and control.  

The concept of in-process measurement 

and control has to do with (a) measuring a 

process variable while that variable can still be 

influenced and (b) applying a corrective 

feedback to the machine that affects the process 

so as to encompass those sources of error that 

normally occur during the process and thus 

eliminate error from the variable on the 

resultant workpiece. Figure 2 illustrates the 

basic concept of in-process measurement. 

 

 
Figure 2. Concept of In-process measurement 

[1] 

 

In order to produce a workpiece, raw 

material is required, equipment such as a 

machine tool is needed to effect the process, 

and something to describe quantitatively the 

amount of material to be removed – the design 

drawing or data from the design – is required. 

During machining process, OMM instruments 

or portable measurement instruments provide a 

continuous measurement that can be in the form 

of an analog signal or a digital data work, 

which is compared with the required dimension 

derived from the part design. The result of the 

comparison is a compensatory signal which is 

applied to the machine control so as to restore 

the dimension within its allowable range on 

either the part being machined or subsequent 

parts. 

The use of limited in-process measurement 

coupled with the monitoring of the key process 

parameters of manufacturing process as a 

substitute for extensive postprocess inspection 

is becoming more realistic and attractive in 

achieving fully automated manufacturing 

process [3]. The two types of measuring 

devices commonly used in in-process 

measurement are OMM and portable measuring 

devices. Compared with portable measuring 

devices, OMM has been gradually used as the 

preferred measuring equipment for the purpose 

of direct inspections in manufacturing and 

quality control, which is a vital feature for an 

automated production system. In-process 

measurement with OMM operations is a 

process that integrates the design, machining, 

and inspection aspects of manufacturing to 

allow a product to be inspected and accepted 

directly on a machine tool. This process is 

accomplished by using the machine tool as the 

inspection device while the part is secured on 

the machining centre with its coordinate system 

intact. Using the machine tool as an inspection 

device eliminates the need for expensive 

inspection equipment, allowing the 

manufacturer to divert resources to other uses. 

There is no need for inspection fixture either, 

because the machine tool part fixture serves as 

the inspection fixture. As the workpiece gets 

more complicated, the role of OMM becomes 

more significant as efficient dimensional 

measuring equipment [5]. Sensors present in a 

CNC system have the capability of providing 

accurate feedback for the different 

drive/motors. They are often limited to just 

perform these functionalities and not geared 

toward supporting those inspection tasks which 

are effectively what OMM is about. The 

advantages of employing OMM for in-process 

measurement are summarized as follows [6]: 

1) Cost and time saving through 

 reducing lead-time required for gages and 

fixtures, 

 minimizing need for design, fabrication, 

maintenance of hard gages, fixtures & 

equipment, 

 reducing inspection queue time and 

inspection time, and 

 eliminating rework of nonconforming 

product. 

2) Changing from “reactive” inspection to 

“proactive” control by 

 integrating quality control into product 

realization process, 
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 using characterized and qualified 

processes to increase product reliability, 

 focusing resources on prevention of 

defects instead of detection in the end (a 

post-mortem process), 

 utilizing real-time process knowledge and 

control, and part acceptance/disposition, 

and 

 enhancing small lot acceptance capability. 

3) Elimination of non-value added operations 

such as lot inspection, sampling plans, 

receiving inspection, design, fabrication and 

maintenance of hard gages, and reworking 

nonconforming parts; 

4) Agile machining. 

 OMM enables quick responses to product 

design changes. Since inspection 

operations are carried out on the same 

machining centre, inspection gages and 

fixture changes are not required. New and 

existing technologies such as probing 

strategy, error compensation, data analysis 

software and fixture design technology can 

be integrated into the OMM system. As 

errors occurring during machining 

processes are detected and recorded as 

they appear, part distortion can be 

“corrected” promptly by adjusting the 

subsequent machining operations. 

 

Therefore, in-process measurement with 

OMM operations presents a promising solution 

toward improving manufacturing processes. 

 

 

4. CAIP SYSTEMS FOR OMI AND 

CMMS 
 

CAIP may include automated or semi-

automated modules capable of identifying and 

recognizing the dimensional inspection features 

along with the associated inspection 

constraints. It should be able to recommend an 

inspection method for each dimensional 

inspection feature. The resulting inspection 

operation also needs to be integrated into an 

overall inspection plan [7]. 

Automatic inspection planning for 

dimensional and geometric inspections can be 

at a high level or a low level. The high level 

(macro) planning is concerned with producing a 

collection of setups. Each set-up is related to 

accessibility of the features to be inspected, the 

probes to inspect each type of feature and the 

relative orientation of the part. Attempts are 

made to group the features, the types of 

tolerances and the type and size of probes to be 

used. The low level (micro) planning primarily 

addresses the issue of point selection, path 

generation, and generation of an executable 

code. Although much of the inspection carried 

out in industry continues to be conducted using 

conventional metrological equipment, most 

previous work on CAIP system has been 

directed toward inspection operations 

performed on CMMs.  

Research on CAIP systems started from 

the early 1980s. Before the mid-1990s, most of 

the research works remained at the conceptual-

level CAIP systems. These systems can be 

categorized into two groups: (a) the tolerance-

driven inspection process planning system and 

(b) geometry-based inspection process 

planning. The former focused on planning 

inspections for those features that have specific 

tolerance requirements. The latter focused on 

planning the inspection process to obtain a 

complete geometric description of a machined 

workpiece using the inspection data. Thus, 

comparison can be made with the design model 

for a complete geometry inspection. 

 

4.1. Tolerance-driven CAIP systems 

 

One of the earliest CAIP systems was 

developed by EIMaraghy and Gu [8]. It used 

the knowledge-based approach to generate 

inspection tasks. The system was developed in 

PROLOG and used a feature-oriented 

modelling approach. It took into account the 

characteristics of the CMMs, the function and 

geometry of the inspected part as well as the 

geometric and dimensioning standards and 

theories. It was the first system to group 

inspection features according to their datum, 

assign inspection priority based on the nature 

and magnitude of the assigned tolerance and 

check features accessibility in a given part 

orientation. Fig. 3 shows the planning logic 

which resulted in a recommended features 

inspection sequence, probes selection and part 

orientation sequence. The system has a modular 

structure and features serve a key role. 
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Figure 3 - Inspection planning system model [8] 

 

4.2. Geometry-based CAIP systems 

 

Unlike a tolerance-driven CAIP system, 

geometry-based CAIP systems largely ignore 

the tolerance information, but focus on the 

geometry-matching between the machined part 

and the designed shape. Duffie et al. [9] 

developed a technique to obtain a measured 

database for a machined part and then 

compared with a CAD database. Inspection 

features were defined by operators. The 

inspection of part surfaces is carried out 

automatically using a tactile sensor. This 

inspection process results in the collection of a 

database of measured coordinates on the part 

surface. This measured database is compared 

with a CAD database defining the desired part 

geometry, then results in a determination of the 

error between the actual measured part and the 

desired part geometry at each measured point. 

Geometry-based CAIP systems have not 

received as much attention as for the tolerance-

driven CAIP systems. In comparison with a 

tolerance-driven CAIP system, a geometry-

based system tries to measure the entire part 

leading to a time-consuming process. 

 

4.3. Recent CAIP systems 

 

The recent CAIP systems must have 

modules for the following tasks: 

(1) inspection feature selecting and sequencing; 

(2) measuring points/sampling selection and 

optimization; 

(3) collision-free probing path planning and 

generation (including probe probing 

accessibility and orientation); 

(4) inspection execution. 

From the middle of 1990s, research in 

CAIP started to focus on one or some of the 

above tasks for a CAIP system. At the same 

time, non-CMM measurement and non-contact 

devices such as 3D optical scanners gradually 

mature. Therefore, CAIP system research for 

non-CMM measurement methods has become 

another major research trend. Compared with 

traditional touch probes, non-contact probes are 

able to provide a large amount of data in a 

relatively short time with higher accuracy. 

 

 

5. CONCLUSION 
 

Recognizing the deterministic nature of 

manufacturing operations paves the road for 

improvements in product quality and reduction 

of production costs. This is accomplished by 

measuring the important process parameters 

and by performing appropriate adjustments in 

the system commands; through this a CLM 

system is formed. The elements necessary to 

form an efficient CLM system are an 

operational strategy or model that establishes 

acceptable limits of variability and the 

appropriate response when these conditions are 

exceeded, a means of measuring change within 

the process, plus a mechanism for inputting the 

necessary corrective response. Three types of 

measurements exist in CLM systems serving 

three types of closed-loop in the manufacturing 

systems. Compared with in situ measurement 

and remote measurement, in-process 

measurement, commonly used for process 

control loop, has the benefits of being able to 

monitor manufacturing process in real time 

when a significant alteration has occurred 

within a manufacturing cycle. Inprocess 

measurement can be used in two ways: process 
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control (monitor key process parameters) and 

process qualification (monitor workpiece 

form/dimension acceptance). The data collected 

in both practices can be used in statistical 

analysis to improve manufacturing processes. 

To facilitate process planning for in-

process measurement with OMM operations 

and to utilize the measurement data more 

efficiently, the input data must provide explicit 

and complete representation of product data 

such as workpiece features and tolerance 

requirements. Only based on this substantial 

product design information can the machining 

and inspection features be identified, and 

associated machining and measurement 

operations be sequenced in an optimal order. 

Therefore, a consolidated data model including 

product definition information, machining 

process planning information, machine tool and 

measurement sensor information is a necessity. 

 

 

REFERENCES: 
 

[1]  Yaoyao, Z. (2009). An Integrated Process Planning System for Machining and Inspection. 

Chemical and Process Engineering. University of Auckland.  

[2]  Barkman, W.E. (2000). In-process Measurement, in Handbook of Industrial Automation. New 

York: Marcel Dekker. 

[3]  Barkman, W.E. (1989). In-Process Quality Control for Manufacturing. New York: M. Dekker. 

[4]  Jesse, C. (2001). Process Controlled Manufacturing at Pratt & Whitney. Society of Automotive 

Engineers transactions, 110(01), 227-232. 

[5]  Kim, K.D., & Chung, S.C. (2001). Synthesis of the measurement system on the machine tool. 

International Journal of Production Research, 39(11), 2475-2497. 

[6]  Kamath, R. (2000). On-Machine Inspection and Acceptance (OMIA) (Master of Engineering 

Thesis). University of Missouri-Rolla, USA. 

[7]  Wong, F.S.Y., Chuah, K.B., & Venuvinod, P.K. (2005). Automated extraction of dimensional 

inspection features from part computer-aided design models. International Journal of Production 

Research, 43(12), 2377-2396. 

[8]  EIMaraghy, H.A., & Gu, P.H. (1987). Expert system for inspection planning. Annals of the CIRP, 

37(1), 85-89. 

[9] Duffie, N., Bollinger, J., Piper, R., Kroneberg, M. (1984). CAD directed inspection and error 

analysis using patch databases. Annals of the CIRP, 33(1), 347-350. 

 

 

 


