
A SYSTEM TO UNDERSTAND HUMAN-MACHINE FUNCTION ALLOCATION 
ISSUES IN VISUAL INSPECTION 

2-487 

X. hang, .I Bingham, R. Master, A. K. Gramopadhye, B. J. Melloy 
Department of Industrial Engineering 

Clemson University 
Clemson, SC 29634.0920 

ABSTRACT 

Product inspection is an important step in ensuring product quality with one of its most important 
tasks being visual inspection. If an inspection is to be successful, it is critical that the various functions 
constituting an inspection task be performed optimally. An inspection lask typically consists of the 
following functions: orientation, search, decision-making, and recording. Orientation and recording, 
essentially manual activities, are best automated. The search and decision-making functions, however, are 
essentially cognitive activities and have been shown to he the most important determinants of inspection 
performance that system designers riced guidance in allocating. With the customer demand for zero defects 
in products, 100%~ inspection using automated systems has seen more frequent application than traditional 
sampling inspection using human inspectors. Despite the advantages of automation, these inspection 
systems often fail to meet expectations primarily because they ignore humans’ ability in pattern 
recognition, as rational decision-makers and their tlexihility to adapt to new situations. Thus, designers of 
systems which include an inspection component need guidance on human/machine function allocation to 
ensure that the inspection is perl’ormcd at the very least adequately and, preferably, effectively and 
efficiently. In response to this need, this paper describes a system that will Sacilitnte the conducting of 
controlled studies to address issues related to human machine system design and function allocation in 
visual inspection. The system simulates the search and decision making functions of a Printed Circuit 
Board (PCB) inspection task. The system can operate in three separate modes: (I) human inspection mode 

where all the functions are performed by the human, (2) automated inspection mode - where all the 
functions are performed by the computer and the role of the human is that of a supervisor, and (3) hybrid 
inspection mode - where inspection functions can he allocated to the human, the machine or both. 

INTRODUCTION 

Customer awareness regarding product quality and 
increased incidence of product liability litigation have caused 
inspection processes to become an important factor in 
manufacturing industries (Mall, 1976). Inspection is a careful 
search for nonconformities in a product. The two functions 
that are central to inspection are visual search and decision 
making (Drury, 1988). These functions have also been shown 
to be the primary determinants of inspection performance 
(Sinclair, 1984; Drury, 1992). If inspection is to be 
successful, it is critical thal thcsc functions he perf<xmed 
effcctivcly and efficiently. 

Unfortunately, while the need for error-free detection is 
important, human inspectors are less than 100% reliable 
(Chin, 1988: Drury, 1992). To overcome this deficiency, 
autumated inspection is considcrcd the solution to remove 
errors from the system. Howcvcr, it seems that due to the 
changes in the availability of computer-based systems and 
lrlicroprocessor~hased optically-sophisticated devices, 
designers have been automating the various functions of the 
inspection task, overlooking the innate abilities of humans to 
recognize patterns, make rational decisions, and quickly adapt 
to new situations. 

It is known from literature that Ihumans and automated 
devices have their own advantages and disadvantages. Large 
individual differences have been reported in human visual 

inspection perI’ourmancc (Wiener, 1975). The human visual 
system is adapted tu perfixm in a world of variety and change; 
the visual inspection process on the other hand requires 
observing the same type of image rcpcatedly to detect 
anomalies. Sumc studies show that the accwacy of human 
visual inspection dcclincs with dull, endless routine jobs and 
olicn slow, amtic inspection is the Iresult. The advantages of 
an automated system al-e well documented, some of which 
include its ability to work on a dull routine job, sustain 
perlbrmancc over time (reliability) and easier record keeping. 
However, humans are intelligent and flexible to adapt to 
changing situations. Humans at least for simple tasks are 
known to behave as rational decision-makers who take into 
account probabilities and cost/value structure. Besides, human 
information processing is automated and quick. In signal 
processing, humans are good at detecting signals in 
overlapping noise spectra and can make inductive decisions in 
new situations; however they are limited in their 
computational ability and short-term memory. On the other 
hand computers arc guild at computation, memory storage and 
retrieving, but are poor at detecting signals in noise and have 
very little capacity fur creative or inductive functions. 
Therefore neither an entirely human nor a purely automated 
system may fully achieve the dcsircd performance in an 
inspection task. It is possible tl~at superior perf<xmance could 
he achieved by a system in which certain machine 
characteristics are dependant on tasks humans are better at 



executing. One challenge in designing such an inspection 
system is determining how hest to allocate functions between 
humans and machines in this hybrid inspection system. There 
is a need to develop a methodology for using humans and 
machines in combination as an inspection system and Lo 
demonstrate the feasibility of such a hybrid system. We see 
many practical be&its in such a system if this hybrid system 
can bc demonstrated to perform better than comparable purely 
human or entirely automated systems. The specific objectives 
01 this research are to: 
iinvestigate issues relating to dynamic function allocation 

between humans and machines in a hybrid inspection 
C”Y,lOllIll~llt 

iinvestigate issues relating to humanlmachinc 
communication in a hyhrid inspection environment 

icompare the performance of a human inspection system, 
automated mspection SyStCXl, and combined 
human-and-automated (hybrid) inspection system for select 
industrial and scrvicc-oriented inspection tasks and for 
different task and cnvironmentnl factors 

2demonstretc the feasibility of n hyhrid inspection system 
tdevelop a fiemcwork lbr function allocation between 

humans and !machines in an mspectton system iis a slcp 
toward contributing to “hat system performance.” 

To address issues related to human-machine function 
allocation, an inspection simulator was developed. The 
simulator described in the following paragraphs will enable us 
to conduct controlled studies on human-machine function 
allocation issues. 

System Specification 

The Visual Inspection System program runs on n 
Pcntium computer and uses a 19” high-resolution monitor. 
The program was written in Microsoli Visual Basic (5.0) and 
the database was constructed and maintained using Microsoft 
Access 97. The program uses text, graphics and audio. The 
system’s input devices UC a keyboard and a mouse. To train 
the inspectors on dil’i’erent defects, n library of computer 
images, consisting of good and defective PCBs, was 
developed. Because the quality OS images will directly 
infucnce the inspector’s perf~rmence, special aucntion was 
devoted to generating high quality computer images. These 
images were designed using Adohe PhotoShop 4.0. 

System Architecture 

The program runs using six distinct modules that 
reference a dntahase of information. The information stored in 
the database consists of both fixed, predetermined data such as 
ilnage ID numbers, and data that is collected by the program 
and stored in the dntahnse at run time such as inspector 
performance measures. The modules are accessed and 
executed in a specific order. The basic structure and order of 
rhc system is shown in Figure I. 

The program uses a dat&asc consisting of six tables to 
vefercncc system inConnation in order to operate the five 
sepamic modules. Figure I details the system architecture hy 
showing the relationships between the modules and the 

database tables. Each module references at least one database 
table. Figure 2 shows each module and the database tables 
used by the modules. 

Table I details Ihc relationship that exists between the 
mudules and the database by detailing the information that is 
contained in each database. It is important TV remember that in 
some cases the inlhnnation is drawn Cram the table by the 
module and other times the module collects the information 
I’m storage in the table. 

System Structure 

The inspection system consists of the following major 
modules: 

The System Admi,Gstrcrtion Module. Using this system, 
administrators will hc able to add. delete, and update the 
records of all the tables when necessary. In order to provide 
system security, different access rights will be granted to 
different uscn. For example, instructors can access all the 
modules while inspectors can not access parameter setup and 
system administration module. 

The Pummeter .Scw<p Mod& This module will allow 
system administl-ators to setup all the necessary parameters for 
inspection. These include inspection system mode (human 
inspection mode, computer inspection mode and hybrid 
inspection mode), images for inspection, detection time fol 
each image, false alarms, classification (Accept or Reject), 
message (System failure, system comes back and so on.), etc. 

The U+ct Trrrining Mod&. This module provides 
introductions to good and defective images. It also describes 
various defects in detail. The purpose of this module is to 
familiarirc the subjects with both the search and decision 
making criteria (dcfcct characteristics and how to use defect 
weights to classify an itnage as acceptable or rejectable). 

The /n.s/?ecrion Training Module This module trains tbc 
subjects on the starch and decision making components of the 
inspection task. The Inspection Training Module uses the 
concepts of active feedback and progressive parts training. 

The In.~pecfion Module. This module is divided into three 
dil’fcrcnt pats. They are Human Inspection, Computrl 
Inspection, and Hybrid Inspection Modules. In the human 
inspection mode, the human will perform hoth the search and 
decision making components. In the computer inspection 
mode, the computer will do all functions automatically and 
independently of human intervention. The hybrid inspection 
can be opcratcd in various modes based on whether the 
functions are perfimned by the human, machine or both. Table 
2 lists the various hybrid modes (Hou, Lin & Drury, 1992). 

CONCLUSIONS 

Controlled studies conducted using the simulator will lead 
to a greater understanding of the issues related to the human- 
machine inspection system design. The understanding will 
enable us to make the hest use of the respective advantages of 
humans and machines in designing “best performance 
inspection systems,” ultimately leading to improved inspection 
performance and quality. 
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System AdministratIon 

Defective Jmages 

InsDccmr Performance 

I Parameter I 

Figure I: Describes the order in which the modules are accessed at run time 

Table 2: Allocation alternatives in hybrid inspection task (Hou, Lin & Dnxy, 1992) 
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Figure 2: Database table and module relationship 

Database Tables Information Retrieved or Recorded 
User Administt-ation Add/Delete/Modify user information and/or Privileges 
P~u-amrter Setup AddiDelctciModify Image ID, System Mode, Detection 

Time, Confidcncc Lcvcl, False Alarms, Classification 
Good lirmgc.~ Add/Delete/Modify Jmn,ss of Good PCBs 
De >ctive Ima ,es AddiDelctc/Modify Images of Defective PCBs 
D&TS AddiDelelelModil~j Images of Defective PCBs 
In.sp’c’or Petj%nlmcc Add/DelcwModiSy Data from Jnspeclor Performance 

Table 
Records Jmagc ID, System Mode, Detection Time, 

Table I: Describes the information shared by the database and the module 
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