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Abstract

Reliability, reproducibility, respectability of delivery times and adequacy of products to the client's needs are some of the key elements for the competitiveness of European companies of the textile and clothing industry. To meet Market requests, producers must employ computer – aided solutions in order to monitor and integrate production flows, processes and machines. 

Subject of this paper is the presentation of an integrated framework for production monitoring and control for the textile sector. The innovative contribution of this project is represented by the fact that the technical and qualitative chart of the piece is being created by the weaving mill on the basis of the requirements of the Garment Manufacturer so that it can be used directly by the latter's computer system.

Introduction

The aim of the project presented here is to develop an integrated system for the management of production cycle of finishing in the weaving mill, and for the scheduling and management of the production cycle in the garment mill. Emphasis in this paper is given at the relationship between Weaving Mill and Garment Manufacturer. It is often a rather conflicting relationship due to the disagreement about quality of the fabric. This means that the settlement of this disagreement must be entrusted to a third independent part, with consequent diseconomies in terms of higher costs, slow down of the overall processing time, intervention of other phases and actors in the production line. 

The innovative contribution of this project is represented by the fact that the technical and qualitative chart of the piece will now be created by the weaving mill on the basis of the requirements of the Garment Manufacturer so that it can be used directly by the latter's computer system.

The paper consists of three parts. First, a general description of the project is given. The objectives and the addressing problems are presented. The second part focuses on the communication problem between the fabric and the garment producer and the proposed solution is analysed. Finally, the monitoring and control system at the fabric finishing department is presented.

Project Presentation

The present project set out to develop an integrated system for the management of the finishing process cycle of a fabric industry and for the scheduling and management of the production cycle of a making-up firm, focusing at integrating common information needs.

The main objectives of the project are:

· Development of a system of Planning and Control of the integrated finishing process within a global system of weaving mill management. 

· Development of a system which guarantees fabric quality data with the aim of obtaining a declaration of conformity for the operations performed in the production of the fabric itself and for the compilation of the piece technical and qualitative chart.

· Development of a system of planning and control of the garment manufacturing process based on the use of the technical – qualitative information supplied by the fabric producer so as to optimise the complete manufacturing cycle.

These objectives are based on requirements, which have not yet been satisfied: i.e.

· Formalisation of the process data collection concerning the single pieces. At the moment this is noted down manually by the responsible technicians and therefore the data cannot be stored in an easily accessible form.

· Exact identification of the piece by means of bar-coded thermo adhesive labels, attached to the fabric, which can withstand the chemical and physical treatments of the finishing operations. These labels can be read automatically by sensors during the most important phases of finishing.

· Establishment of a common language for the classification and evaluation of defects i.e. faults and/or technical non-conformities, between the fabric and the garment producers, with the aim of reducing innumerable disagreements and incomprehension, which normally exist between supplier and customer.

· Alignment to the increasing necessity to have systems that facilitate the imposition of a company quality control system, which may or may not lead to certification.

The suite of tools and technical solutions that have already been developed are briefly presented below:

1. A Planning Management System for the finishing department.  It manages information concerning all elements of the finishing production process. It can be seen as having six modules :

· Department Information Management

· Article Technical Information Management

· Work Cycle Management

· Working Disposition

· Scheduling 

· Fabric Process Control

2. A Monitoring Management System for the finishing production process. Monitoring is being performed at machine level as well as at an engineering level. 

3. A fabric Quality management System. It creates the fabric Technical and Qualitative chart [2]. The main modules of the system are :

· Internal Defect Classification

· International Standard Defect Classification

· Customer Defect Classification

· Defect Evaluation Methods

· Quality Data Collection

· Data Communication

4. A data base system handling information concerning the fabric Technical and Qualitative data, the stencil designs procedure, order release, and production process of the garment industry with particular emphasis on the use of technical and qualitative card [2]. This database communicates with the fabric producer data base through the common platform developed within the project. It is an integrated system but it can also been seen as consisting of three modules 

· Quality database. It handles technical and qualitative fabric data

· Stencil Design database. It handles data concerning the order release and stencil design process.

· Production database. It handles all the production process relevant information

5. A decision supports system that analyses the provided information and supports several processes affected by the Technical and Qualitative data [2]. More specifically, the DSS consists of:

· A scheduler, sequencing cutting orders according to a load - balance algorithm [1] [11]

· A simulator testing the scheduler's scenarios. [6] [7] [8] [9]

· A data analysis tool, filtering and analysing simulator's results.

· A system providing the laundry department with a proposed washing recipe for a specific order. This system is based on the knowledge being accumulated to the industry from the tests that are being performed.

· An automated stencil design environment, speeding up the stencil designs processes while enhancing reliability and file archiving.

Information Sharing in Textile / Apparel Industry

The key issue in communication between fabric producer and garment manufacture, is the development of a common communication platform, where commonly agreed standards for defects classification and evaluation are used. 

The problem arise from the fact that even though there is a strong relation concerning the product, the production process in each manufacture is completely different particularly in terms of control requirements. Different process demand for different standards designed to better comply with the particular needs. 

This results in different interpretations of defectiveness and its consequences cause waste of time, money and material. The garment manufacturer generally performs a quality control in imported fabrics intended to locate and evaluate defects on the piece, which consequently affect the final fabric price. Additionally he is also forced to order greater fabric quantities due to uncertainty in actual effective fabric quantity.

These time and money consuming processes could be avoided with the development of a common agreed platform for technical and qualitative fabric characteristics enhanced with a cost module related to quality. Apart from the significant reduction in production activities, this system can also improve the trade relations between partners, by eliminating cost policy disagreements while speeding up payments and financial forecasts.

The proposed architecture is mainly composed of two parts: a technical card and a card for the contract specifications. 

The technical card is for internal use (fabric producer) and describes each defect by using its characteristics and its code. This card is addressed to the whole factory in order to standardise the language and the way of treating defects.

The card for the contract specifications allows the personalisation of the code system and the treatment of defects when a customer (garment manufacturer) asks for conditions different from the normal ones.

A detailed representation is shown in Figure 1.


With this system each defect is defined in a univocal way by integrating the commercial operations for the relationship with the customer and the technical ones for the identification, the signalling and the method of detection.

The system can produce specific contracts for customers wishing to differentiate in some of the terms of the standard contract. In this contract the exact signalling and measurement methods are defined as well as the final evaluation process in terms of discount actions according to final quality. 

The integration of the technical card of defects system and the contract specification system as it is shown in Figure 1, allows a direct communication among mending, quality system and commercial department within the fabric producer. Additionally, codifying of the different contracts will allow the standardisation and the personalisation of the relationships with the customers. In this way the whole organisation agrees with parameters and contract specifications requested by the customers.

In case that a defect can be measured with different instruments, its code will be different. Therefore each defect is defined in a univocal way taking into account the parameter with which it can be described as well as the units.

Fabric Production Planning and Quality Monitoring System (FPPQMS)

The Fabric Production Planning and Quality Monitoring System plays a significant role in the information sharing context, presented above. The prototype of the FPPQMS was developed around an electronic circular knitting machine, with the objectives of:

· Collecting all major machine operational data, related to the production of a specific roll (such as recording of machine down – time, causes of stoppages, etc). All these data are binary (ON-OFF signals), and have been obtained indirectly from the display LEDs of the machine controller, via a suitable phototransistor matrix. The data are interfaced, via a specially developed Data Acquisition Microcontroller connected to the parallel port of the Local Data Collection Terminal and stored in a Local Database (PC Pentium, MS Windows, MS Access). The data are stored in a temporary buffer, which is being continuously read by a DLL, which transfers new data to the relevant MS Access Tables

· Collecting on-line data related to fabric defects, which have developed on the specific roll. There are a number of possible defects, categorised according to their shape and cause. 

The initial approach for the on-line defect detection was to investigate the feasibility of using an on-line vision system based on a linescan camera, which would be able to locate and categorise the major types of defects, based on simple and very fast image analysis algorithms. A comprehensive set of defect samples were collected, digitised by a normal matrix camera and frame grabber, and a number of image analysis algorithms have been tried, in order to identify and categorise the defects. The above feasibility study has shown, that the linescan camera could provide reliable on-line defect identification, only for the most frequent and important defect types, namely ladder faults and holes. These types of defects can go undetected for some time during production resulting in down – graded material. 

Fortunately for the on-line detection of these types of faults, there are a number of analog fabric scanners, based on scanner heads equipped with a series of phototransistors. Scanner heads have their own light sources and work on the reflection principle.

 A recently introduced scanner offers the additional advantage of differentiation between ladder runs and holes. The different types are displayed on the scanner panel, but there is also an electric signal output, which discriminates the type of defect. This signal has also been suitably interfaced to the Data Acquisition Microcontroller., with the effect of enabling the recording of the position of the defect (X, relative to the cutting line, Y relative to total roll length), based on signals from the magnetic revolution sensor, and the type of the defect (ladder-hole). The extend of the defect is not crucial, since the fabric scanner stops the machine, when such faults are detected.

· Storing all the above data (machine operational data, plus fabric defect data)  in the Local RDBMS, hosted in the Data Acquisition Terminal. The specific DB application acts as a client. The Server application, collects data from all Data Acquisition Terminal and can provide daily reports, per machine, per operator, etc, as well as a Fabric Quality Chart, per roll of fabric, locating the most frequent and important types of defects, in each roll.

The system architecture is depicted below:

Fig: Block Diagram of FPPQMS

Conclusions

In this paper some of the issues of a research program concerning the textile sector were presented. Partners in this effort are academic institutes, information technology organisations and textile industries from South Europe. Part of this effort is the development of a common agreed communication platform between the fabric producer and the garment manufacture. At this time the proposed schema is successfully being tested in three pilot industries in Greece and Italy. The system seems to eliminate disagreements between producer and customer while at the same time the required technical and qualitative information is transferred to garment producer data base system. 
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