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Abstract 

In this paper, an automatic visual inspection system using 

image processing techniques to check the consistency of 

color of the wire after insulation, and meeting the 

requirements of the manufacturer, is presented. Also any 

color irregularities occurring across the insulation are 

displayed. The main contributions of this paper are: (i) the 

self-learning system, which does not require manual 

intervention and (ii) a color detection algorithm that can be 

able to meet up with varied finishing of the wire insulation. 

A manually focused camera was used for capturing images 

for the entirety of the wire. Top, bottom and center pixels' 

RGB values were captured and adjusted manually using a 

potentiometer so as to exactly align with the diameter of the 

wire. The RGB values of the pixels obtained are matched 

with the Reichs-Ausschuss für Lieferbedingungen (RAL) to 

RGB database. The closest match will be obtained by least 

square error method and the corresponding RAL color is 

displayed. A complete standalone system to achieve color 

detection and identification will be implemented using 

'Raspberry pi 3' microcontroller and the RAL value is 

communicated to the Siemens Programmable Logic 

Controller (PLC). The proposed system is implemented and 

tested in a real production line of different colored wires. 

Test results illustrated a high level of accuracy and the 

absence of false negatives which act as a key point in order 

to guarantee defect-free productions. The future 

enhancement is to propose a system that inspects and 

identifies the color of multi colored wires in different types 

of electrical cables and validating the same in a real 

production line. 

Keywords: Visual inspection, Image processing, Wire color 

detection, Reichs-Ausschuss für Lieferbedingungen (RAL) 

Color, Raspberry pi 3.0, Arduino, HMI and PLC. 

 

INTRODUCTION 

Image processing can be defined as the processing or 

altering an existing image in a desired manner.  Digital 

image processing performs automatic processing, 

manipulation and interpretation of visual information, and it 

plays an increasingly important role in our daily life. Also it 

is applied in a variety of disciplines and fields in science and 

technology. Some of the applications are television, 

photography, robotics, remote sensing, medical diagnosis 

and industrial inspection. Probably the most powerful image 

processing system is the human brain together with the eye. 

The system receives, enhances and stores images at 

enormous rates of speed. The objective of image processing 

is to visually enhance or statistically evaluate some aspect of 

an image not readily apparent in its original form. Image 

processing is carried out by mathematical operations by 

using different forms of signal processing for which the 

input is an image, a series of images, or a video and the 

output of image processing may be either an image or a 

manipulation of the characteristics or parameters related to 

the image. Color information obtained from image 

processing [1],[2] can be used in the following domains such 

as road sign detection, face detection, skin color detection, 

object detection, iris identification and object tracking etc. 

The present work is motivated by the need to perform an 

accurate quality control check on the production of cable 

wires. The automatic optical inspection method of capturing 

the images of colored wires2 implemented with the help of 

image processing tools is necessary for effectively assuring 

a quality check on 100% of the produced parts. Quality 

check systems based on visual inspection can be very 

convenient and capable of interfacing with the Human 

Machine Interface (HMI) and PLC. 

 

A. Vision Systems  

Today’s vision systems are virtually all color-blind. Yet 

there are applications where colors are intrinsic. Color 

standards find their usage in a variety of disciplines in our 

day-to-day life. Traditional areas where color standards are 

in use are those involved in wires and cables [3], textiles 

[4],[5], dyes, paints, plastics, ceramics, dental materials, 

pharmaceuticals [6] and cosmetics. Non-traditional uses 

have been found in the food and agricultural sectors [7]. For 

e.g., Inspection and grading of fruits [8], vegetables [8], 
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biscuits and other food products are carried out using color 

as one of the grading factor. Also there are widespread use 

of color coding for wiring and components in the electrical 

and electronic industries. In industrial applications, colors 

are an essential part of branding, store layout, web design 

and product classification. As the performance of an image 

processing application is adversely affected by the previous 

modules, the accuracy of color detection with a high quality 

inevitably becomes crucial in some applications. Neglecting 

its influence and importance is risky and impacts business 

outcomes.  

 

A 1.  Role of Color Coding 

Colors used in wires and cables gain their importance as 

they identify their usage such as positive, negative and 

neutral. Apart from normal power cables using colors like 

red, yellow, blue indicating three phases and black for 

neutral of the power supply, some communication, control 

and instrumentation cables find their crucial roles in various 

applications using different colors for their identification. 

Automatic optical inspection of such cables/wires cannot be 

done without relating to color. For example, considering the 

scenario that the color coded wires of an European power 

cable is identified to ensure that a power plug is safely 

wired. For this application a straightforward and reliable 

inspection system can only be produced using color 

information. Thus the importance of color standard in 

industrial applications is deeply understood and studied. 

A color model is an abstract mathematical model describing 

the way colors can be represented as tuples of numbers, 

typically as three or four values or color components. E.g.: 

RGB, CMYK, CIE XYZ, CIE LUV and CIE Lab are some 

of the Color Models. Each industry that uses color employs 

a color model that suits them well. For a cable industry, they 

are using the RGB Color Model [9] as their industry 

standards for performing color matching. In 1925, the 

private sector and the German government of that time 

founded the "Reichs-Ausschuss für Lieferbedingungen" - 

RAL - (Committee of the German Reich for Terms and 

Conditions of Sale). RAL is a color matching system used in 

Europe whose goal is to standardize technical descriptions 

and terms of supply of all kinds of goods. Usually the RAL 

color codes are represented in RGB values. Approved RAL 

products are provided with a hologram as of early 2013 to 

make unauthorized versions difficult to produce. Imitations 

may show different hue and color when observed under 

various light sources. Figure 1 shows different shade for the 

RAL Color codes, whose equivalent RGB values are used as 

the database for achieving the exact color match. For e.g., 

the RGB equivalent of RAL 1000 is 214-199-148 (app) 

[10]. 

 

The three colors, Red (R), Green (G), and Blue (B) are 

combined to form color monitors for TV and computer and 

are called RGB format. RGB color model contains the three 

primary colors of light. An RGB color model is an additive 

color system. A wide range of colors can be created by the 

subtractive primary colors of pigment (cyan (C), magenta 

(M), yellow (Y), and black (K)).  E.g., a color in a video 

monitor is produced by combining lights from 3 screen 

phosphors CRGB = RR + GG + BB. Each component of (R G 

B) is in the pixel range of [0, 255].  Those colors then define 

specific color spaces. RGB color space is confined to a unit 

cube, as shown in the Figs 2 (a) and 2 (b). 

 

(a) 

 

(b) 

Figure 1: (a) RAL Color shades (b) Its equivalent  

RGB Values 

The driving forces in today’s manufacturing environments 

are: quality improvement, cost reduction, increased volume 

and shorter cycle times for manufacturing11. In the industry 

it requires a high standard and uniformity on the part done 

by the human operator who is doing the quality control 

check on the products. However, the inspections performed 

by the operators have many pitfalls, like consuming more 

time, false prediction, inconsistency between different 

inspectors etc., than an automated system. Also in practical 

life, human efficiency is not always the same, since it may 

be affected by several external factors like environmental 

and personal. This results in a higher capital cost for the 

industries, without a full guarantee of the outcome of the 

inspection. 
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A2. Need for Automation 

 When an inspection process is automated, it is intended to 

simulate the intelligence and human experience at a high 

processing speed. To achieve this goal, several solutions are 

built around like using cameras, image processing tools and 

techniques, using computers and lighting systems, which all 

together make up the so-called machine vision system or 

automatic visual inspection system [12], [13]. These systems 

use various techniques of image processing to extract the 

required information, which are processed to achieve the 

expected performance of the proposed system. 

 

                                              (a) 

 

(b) 

Figure 2: (a) RGB Color space and (b) RGB Color Cube 

 

Visual inspection for industrial production is a fast growing 

field, that widespread across several sectors, ranging from 

production of food [7], [8] and medical [14] to fabric [4]. 

Several works in the literature have been focused on 

industrial assembly inspection [15] and inspection system 

for hot steel slabs [16]. Similar types of works have been 

done related to visual inspection systems using color of the 

products.  

 

A3.  Related work 

There are many literatures that have detailed analyses of 

color information. Normally, color information is managed 

and colors of same type are classified and clustered using 

well known histogram method. But there are so many other 

convenient methods that exist in the literature. In the paper 

[9], efficient color detection in RGB Space is done using the 

neural network in a hierarchical manner. In the paper [17], 

the design and development of a prototype unit for color 

detection is described. The unit will capture a picture for 

small undamaged part of the car panel, which will be passed 

to a program for analyzing and coding the actual color to its 

basic color percentages. A similar work involving automatic 

visual inspection system for checking the sequence of 

colored wires in electric cable is presented in paper [2]. The 

system is able to inspect cables with flat connectors 

differing in the type and number of wires. Another work 

focusing on designing a prototype in aid for color blind 

people in detecting the color and edges of a given image 

which are of similar colors, is proposed  in paper1. In paper 

[18], a system for checking connectors while cables are 

being crimped to them has been presented and the system 

verifies the correctness of the sequence of wires. 

Analysis of color information is an exploring field in 

computer vision for much kind of applications, including 

visual inspection systems [19], [20]. They inspect objects 

having non-uniformity in color and illumination changes, 

but do not aim at an accurate way of measuring color. 

Illumination is one of the critical issues faced when dealing 

with the color parameters since it adversely affects the color 

measurement. On the contrary, it is often possible to control 

the illumination and the imaging process in industrial visual 

inspection since much higher accuracy in color 

measurement is needed there.  

In the proposed work, a controlled illumination is obtained 

by means of an LED light fixed along with a camera and 

external light is shielded by using a metal case. Practically, 

color measurement after insulation is considered as a 

complex process as studied from the related literatures. But 

color analysis is made easier in this work by focusing on 

accurate measurement in the controlled environment, rather 

than on very robust factors like illumination changes. It is 

required that lighting must be focused inside a closed 

environment where the insulated wire is allowed to pass 

through. It is also required by the user to manually input the 

wire’s Region of Interest (ROI) because the wire maybe of 

multiple colors and different sizes. A contrast background is 

required whose color is a very uncommonly produced 

insulation wire color. Color measurement using automatic 

visual inspection needs to be much more accurate since 

wires of similar colors should also be distinguished.  

This paper is organized as follows. In Section 2, the 

proposed system is described including hardware setup, 

color detection algorithm and user interface to depict the 

results obtained in real time. Section-3 discusses about the 

results obtained experimentally. Finally Section-4 includes 

conclusion and future work.   
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EXPERIMENTAL SETUP 

B1. System description 

Industrial vision system must be fast enough to meet the 

speed requirements of their applications. Speed depends on 

the task to be accomplished and may range from 

milliseconds to seconds or minutes. As the demands of 

processing increases, special purpose hardware is required 

to meet high-speed requirements. A cost saving feature of 

industrial vision system is its ability to meet the speed 

requirements of an application without the need of special 

purpose hardware. PCs and workstations are nowadays fast 

enough so that the required processing speed can be 

achieved in many application domains, especially in those 

with less demanding run time requirements. 

In modern industrial-vision-system research and 

development, most applications are related to at least one of 

the five types of inspections namely inspection of 

dimensional quality, correct assembling (structural quality), 

accurate or correct operation (operational quality), surface 

quality and also based on shape, geometrical dimensions, 

intensity, texture, pose, color etc,. The automatic visual 

inspection, in the proposed system, uses the color of the 

electric cable/ wire after insulation as the inspection feature. 

 

3 (a) 

 

3 (b) 

Figure 3: (a) The box containing the acquisition and 

lighting system and (b) The extruder machine after installing 

the visual inspection system. 

The entire hardware setup depicts a self-learning [21] 

subsystem that does not require manual intervention. That 

is, it does not need any input data from the operator and also 

loading new data to the machine. The entire software system 

is composed by two main modules: the first one localizes 

centre pixel of wires by suitably adjusting the potentiometer, 

while the second performs color measurements. A camera is 

used as the vision system focused onto the wire in its center. 

The Light source is composed of an LED illuminating the 

inside of an enclosure. A light diffuser has been placed in 

front of the LED light source in order to generate diffused 

light and to avoid reflections from glossy wires. The input 

from the user which is the ROI of the wire where the 

positions of the top and bottom pixels are controlled by a 

potentiometer attached to a microcontroller such as an 

Arduino [22]. The Arduino serially communicates to the 

Raspberry pi -3 feeding the OpenCV [23] code with the 

information. The Raspberry pi-3 is a single-board credit card 

sized portable computer replacing the use of conventional 

computers. This information is used by the code to get the 

RGB values of the pixels. These RGB values are then 

converted by the program by using the sum of least squares 

of error into a corresponding RAL value. The RAL value 

thus obtained is communicated to the Siemens S7-1300 PLC 

through RS-232 communication and the color is displayed 

on the HMI; a graphical interface that allows humans and 

machines to interact.  

 

B2. System requirements 

In industrial visual inspection, controlling light is very 

significant task, and lighting is therefore part of the system 

itself. Decisions made at this stage strongly influence the 

image quality and eventually the system performance. In 

this work, the main sources of error come from two main 

factors: strong noise on the observed wires and uneven 

illumination conditions on the wire insulation, because this 

reduces the area of the wire on which color can be 

measured. This effect can be obviated by employing a light 

diffuser and properly placing the illumination system with 

respect to the camera. It is required that the lighting is fixed 

at a particular angle not focused on the wire because direct 

light will produce a white color response and not the 

required color. So the lighting must be focused around a 

closed enclosure where the wire is allowed to pass through.  

 

B3. Methodology 

The block diagram shown in Fig. 4 represents the order of 

operations in the automatic visual inspection system 

comprising a compact acquisition hardware setup enabling 

the system to be easily integrated with the existing cable 

extruder and rewinding machines. A manually focused 

camera was used for capturing images and video for the 
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entirety of the wire. Top, bottom, center pixels’ RGB values 

are captured using the camera. The top and bottom pixels 

are adjusted manually using potentiometers so as to exactly 

contain the diameter of the wire. The Arduino serially 

communicates to the Raspberry pi-3 feeding the python – 

OpenCV [24] code with the information. This information is 

used by the code to get the RGB values of the pixels. These 

RGB values are then converted by the program utilizing the 

sum of least squares of error into a corresponding RAL 

value. The RAL value thus obtained is communicated to the 

Siemens S7-1300 PLC through RS-232 communication and 

the color is displayed on the HMI. The final results are 

based on the sum of least squares equation as given below in 

(1). 

Ei = (Ri – R)2 + (Gi – G)2+(Bi – B)2   …..(1) 

 

Where Ei is an array of errors, R, G and B are the values 

obtained from camera, Ri, Gi  and  Bi are the values obtained 

from database. The error is calculated for the entire range of 

RAL codes using the above equation and the corresponding 

RAL values with the minimal error are displayed. 

 

Figure 4: Block Diagram Showing the Automatic Visual 

Inspection System 

 

 

EXPERIMENTAL RESULTS AND SYSTEM 

PERFORMANCE 

The color inspection system installed on an extrusion and 

rewinding machine, has been tested during real time 

production over a period of several months. Tests involved 

many different colored wires. The above procedure has been 

tested on samples for which the corresponding RAL values 

are known. 

The system performance can be measured using four 

terminologies such as True Positive (TP), True Negative 

(TN), False Positive (FP) and False Negative (FN). True 

positive measures the proportion of positives that are 

correctly identified as such. In this work, for e.g., a green 

colored wire is correctly identified as green. On the other 

hand, true negatives measure the proportion of negatives 

that are correctly identified as such. An electric wire without 

having an RAL color is identified as having the exact color 

match. Errors made by the automatic visual inspection 

system are measured in terms of false positives and false 

negatives.  

False positive indicates that a given condition has been 

fulfilled, but in reality it has not been fulfilled. E.g., In this 

case, FP indicates that exact color match has been attained 

but actually it is not. Similarly false negative indicates that a 

condition has failed, while it is actually successful. E.g., In 

this case, FN indicates that the exact color match has not 

been obtained, wherein actually it is obtained.  

The following are the indicators used to assess the system 

performance i) Accuracy (ACC) and ii) True positive rate 

(TPR), which are calculated using (2) and (3).   

 

          True Positive Rate (TPR) =  
TP

TP+FN
       ….…... (2) 

Accuracy (Total) =  
TP+TN

TP+TN+FP+FN
       ………. (3) 

 

The measured performance of color detection is very high, 

since the goal of no FN has been reached with a false 

positive ratio that is compatible with a production machine. 

The main possibilities of error accrue from two main 

factors: (i) Reflections on the wire and inadequate or 

excessive lighting that obscures the production of the 

intended color and (ii) Movement of the wire in and out of 

the ROI which may be caused due to vibrations in the host 

machine. Error messages will be displayed on the HMI, 

when the camera does not detect a wire. The proposed work 

is tested with different colored wires and the accuracies are 

measured using the HMI display. It is found that the system 

is able to identify the colors up to an accuracy of 100% 

match to RAL Colors. The snapshots shown in Figure 5 

illustrate different stages of color identification of the wires. 

The two Figures show the color identification of light pink 

(RAL code 3015) colored wire and show the color 

identification of sky blue (RAL code 5015) colored wire. 
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CONCLUSION AND FUTURE WORK 

This work presents an automatic visual inspection system 

using image processing technique to check the consistency 

of the surface of the colored wire meeting the exact 

requirements of the manufacturer. The conventional camera 

used in the proposed system for setting up the initial process 

has a low frame rate of 30 frames/sec. This frame size is 

suitable for a line speed of 20 meter/min.  But when the line 

speed is high, a high-end camera has to be used, which 

incurs a significant cost for the hardware setup. But the fact 

is that the main goal of this proposed system is to detect and 

identify the exact color of the insulated wires and also to 

find out whether the RGB to RAL Color codes stored in 

database matches effectively and accurately. Generally this 

can be achieved at the initial stages itself with the 

production line running at low speed (Say 20 

meter/min).Initially, for inspection purpose, the production 

can be carried out at low speed. But, once the exact color 

match is achieved, the line speed can be increased resulting 

in a mass production of cables. This will greatly reduce the 

errors occurring due to vibrations in the host machine. Since 

the proposed work performs well in the low speed 

production line, there is no necessity to use a high-end 

camera, which significantly increases the cost incurred for 

the hardware setup. 
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