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Synopsis 

    Continuous operation of assembly machines results into machine faults and subsequent machine downtime. The goal of this research project is to 

develop and validate a machine vision inspection (MVI) system for the early detection of faults to minimize downtime. A comparison is made of three 

MVI algorithms for fault detection on an industrial O-ring assembly machine, with a novel index used to compare performance.  A single camera with 

appropriate lighting is used to obtain videos of the machine operation. The machine is controlled by a PLC with an HMI used to introduce the faults. 

Three computer vision algorithms available in the literature are modified for this application:  1) Gaussian Mixture Models with blob analysis, 2) optical 

flow and 3) running average. A Machine Vision Performance Index (MVPI) based on five measures of performance: accuracy, processing time, fault 

detection speed, sensitivity to noise, and ease of implementation is developed and the significance of the results is discussed. 

Introduction 

    To achieve high production throughput and to gain competitive advantages, automated machines are preferred for assembly in modern manufacturing 

industries. Continuous operation of an assembly machine results in wear of its various mechanisms that in turn lead to machine faults such as part jams, 

missing parts in the as-assembly, misalignment, and blockages. The faults can cause delay in production due to machine downtime, out of the 

specification products and higher running cost. The goal of this research project is to develop and validate a MVI system for the early detection and 

classification of faults to minimize downtime. Once properly tuned for a specific fault, all three methods are able to detect and classify the faults. In 

order to compare the performance of three methods, the MVPI is developed.  

Methods and Results 
    Method 1: This method uses the foreground detector object to monitor the machine while it is in operation and classifies the operating condition into 

a normal operation or a faulty operation. The foreground detector object reads grayscale video frames to compute and return the foreground mask using 

Gaussian mixture models (GMMs) [1]. Method 2: This method estimates the motion from a video using optical flow [2] and classifies an operation 

into normal or faulty based on the optical flow density. Method 3: A background estimation using a running average [3] followed by morphological 

image processed steps is the approach implemented in this method. It is simple in terms of mathematical complexity and tuning. The results of all three 

methods applied to transfer track 1 jam are given in Figs. 1 to 4. The overall performance is reported in Fig.5 in the form of the MVPI. 

 
 

  
Fig. 1. Transfer  1 Jam Fig. 2. Jam Detection with Method 1 Fig. 3. Jam Detection with Method 2 

 

  

 Fig. 4. Jam Detection with Method 3 Fig. 5 MVPI 

Conclusions                                                                                                              

       Three MVI methods are implemented and tested for fault detection in the assembly machine. Method 1 uses complex processing 

steps such as GMMs and blob analysis. Method 2 is based on optical flow for motion detection and Method 3 is constructed using 

running average and simple morphological processing. Method 1 has achieved the highest MVPI and method 2 has the lowest amongst 

all. Method 3 performed equally well for actual data but it failed to perform for noise data. In relative comparison, method 1 is 31% 

better than method 3 and 20 % better than method 2. The MVPI is the decent way of the performance evaluation.   
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