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Executive Summary 

 

The deliverable D5.9 Industrial Production Protocols (Report) aims to bridge project results 

made in a research context with up-scaled manufacturing – which is what eventually leads to 

market and usage. For this, inspiration has been taken from a common concept within the 

textile and fashion industry, namely the tech pack which is a much employed tool, used for 

conveying information between designers and manufacturers in the textile supply chain. A 

full-fledged tech pack (in the form of an Excel file) for a vest with tactile communication means 

using vibro-tactile elements is presented. Included is also 3D scan work to show the 

positioning sensitivity of the elements and to give input to a customized, made-to-measure 

manufacturing process, which is shown feasible. 
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Introduction 

The deliverable D5.9 Industrial Production Protocols (Report) aims to bridge small and lab scale results 

on the one side with industrial and production scale on the other. Contextualising this, it is an instance 

of the well-known gap between research and product innovation, i.e. introduction on a market. 

Without support for how to make a product, producfication, no company will be able to bring the 

research results to the market.  

The deliverable contains two aspects hereof. First, the relatively new technique of 3D scanning is 

employed for getting measures from an individual from which a custom made, personalized garment 

could be carried out. This is in line with key words for the SUITCEYES project as a whole like 

customization and taken into account the variety of the target group and manufacturing aspects. 3D 

scanning could be seen as a first link in a value chain for production of future garments in general. 

Getting the measures of an individual is input to design programs such as Lectra (standard software 

within the textile community) for making garments. This is in turn input to CAD programs for (say) 

knitting machines in a knitting plant. Today it is possible to make what is called fully garments, i.e. 

complete knitted garments without any post-sewing process as the garment is made in one piece. 

Typically, this is done on flat knitting machines which have a wide ranged versatility. Still not 

everything can be done automatically - such as mounting electronics.  Secondly, and the major part of 

D5.9, is the very description of making a vest from an industrial point of view. The knowledge 

developed during the SUITCEYES project for the sewing part at the lab and experimental scale is here 

condensated and filtered into a description at a large industrial scale. This is done in terms of what is 

denoted as a TechPack, which is state-of-the art in textile industry today. 

 

Pre-study  

A pre-study has been done to determine the best actuator placement location on the back. When 
integrating actuators into and onto the garment, one needs to consider not only the aesthetic and 
comfort aspects but also the human sensitivity to the tactile feedback. Proxemics (defined as a 
human’s perception of self-size), weight distribution, postures, body movement are parameters to be 
considering. In this pre-study, we have focused on the human sensitivity related to the upper arm 
posture.  
 

Method  
When the actuators are placed on the body, especially in terms of a matrix form, it is crucial that the 
actuators keep at the place regardless of the body posture change and/or body movement. Messages, 
for instance the haptograms worked on elsewhere in the SUITCYES project, can be misperceived by 
the user when the position of the actuators changes. In this prestudy, five postures which can be easily 
repeated to evaluate the distance change to postures were selected (Figure 1). The test person then 
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had nine physical markers taped directly to the back. A reference marker was put in the middle of the 
test area at the backbone. Eight working markers where placed at different backmuscle parts, 
representing the areas most likely to distort by stretching. The markers were named as in Figure 2 and 
are grouped into two groups:  
   Markers 1 : left shoulder, right shoulder, lower back left and lower back right;  
   Markers 2: upper back left , upper back right, middle back left and middle back right.  
 
3D body scanner (Vitronic VITUSSMART LC) has been used as a tool to register the movement of the 
markers generated by changing postures.  
 

 

Figure 1. From left to right: Posture 1 - Relaxed standing with the arms hanging without touching the body; posture 2 - 
Relaxed standing with the hands and arms 90 degrees out from the body; posture 3 - Relaxed standing with the hands hold 

together 90 degrees out from the body; posture 4 - Relaxed standing with the hands rotated 180 degrees and then put 
together 90 degrees out from the body; and posture 5 - Relaxed standing with both arms bend. Hands tied to shoulders so 

that the elbows end up parallel to each other 90 degrees out from the body. 

 

 

Figure 2. a) The markers placement; b) Markers used  are highly reflective semi-spheres. 

 

The scanning measures were taken with distances between the physical markers, both horizontal, 

vertical and from the reference marker to all of the markers, as seen in Figure 3.  
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Figure 3. Center to center distance between makers and the ref. maker (top left); the horizontal distances (top right) and 
the vertical distances (bottom). 

 

Results of the pre-study 
The results are seen in Tables 1 and accompanying diagrams for different distances in Figure 4. In 

general, the scan and measurement result shown that the skin stretches even with relatively small 

position changes, but it also pulls together at the back when rising the arms.  

Table 1 and Figure 4 present the center to center distances between the reference marker to all other 

makers in the five postures. As can be seen, marker group 1 (markers 1) changes more significant than 

that of the marker group 2 (markers 2), indicated that upper arm posture change has less impact 

medially than laterally.  
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Table 1. The center to center distances between ref. marker to all markers, grouped in two. 

 

 

Figure 4. The center to center distances (in cm) between ref. marker to all markers 1 (left) and markers 2 (right). 

 

In terms of changes in between each marker, one can see a similar trend in markers at the horizontal 

direction (Table 2). The shoulder to shoulder distance changes more significant than the middle back 

left to the middle back right, for example. On the other hand, less changes in the vertical direction for 

all markers at all postures were observed, which is due to that the five tested postures involved no 

horizontal stretch. 

 

Table 2. Horizontal and vertical distances between markers. 

 

 

 

To conclude the prestudy, changing body posture will generate relative position changes of attached 

actuators, the changes induced by the five tested postures were more significant in the lateral sides 

Horizontal Pos 1 Pos 2 Pos 3 Pos 4 Pos 5 (cm)

Left shoulder-Right shoulder 26,7 30,9 31,7 31,8 30,7

Middle back left-Middle back right 10,4 10,4 10,9 11,4 12,1

Upper back left-Upper back right 8,3 11,4 11,6 11,3 11,3

Lower back left-Lower back right 22,5 25,7 26,5 28 27,9

Vertical Pos 1 Pos 2 Pos 3 Pos 4 Pos 5 (cm)

Left shoulder-Lower back left 9,2 9 9,1 9,5 9,4

Upper back left-Middle back left 11,7 11,1 10,5 10,4 10,1

Upper back right-Middle back right 10,8 10,3 10,2 10 9,2

Right shoulder-Lower back right 9,2 9 8,9 9,3 9,7
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of the body than the medial part. This is true for both center to chenter distance and the distance in 

the horizontal direction, however, more postures need to be tested to evaluate the vertical position 

change, which will be done in a follow-up studyThe prestudy suggested in the design of the tactile vest 

gives that the actuators should be placed closer to the center of the back. However, the human 

resolution capability for tactile perception on the back should also be considered. 

 

The HIPI Development Process  

 After having shown 3D scanning feasibility a production process for the haptic intelligent, 

personalised interface (HIPI) tactile vest could be mapped out (Figure 5). A 3D body scan is performed. 

This gives a set of measurement data. This is filtered and fed into state-of the art software for garment 

design (Lectra). The garment type is chosen, say a T-shirt, a vest, a dress. An adjustment phase is then 

performed. In an iterative manner a 3D fit simulation is performed digitally.  Figure 6 shown the Lectra 

pattern design and 3D simulation interface (3D Prototyping). The use of 3D simulation enables the 

designers (HB), codesigner (ULeeds and HSO) and the users to simulate and visualize the HIPI models 

in 3D on a virtual mannequin, including the colors, size fit and the fabrics. Using the Lectra software 

pattern design is carried out. This could be either physically be printed out or, in this case, be kept in 

the digitally flow. The fabric is cut. A physical  prototype is finally manufactured in the cut and sew 

process of textile industry. 

 

Figure 5. The HIPI development process flow: 3D body scan --> extract the measurement data --> adjust the measurement 
data in Lectra --> 3D simulation (with some iterations) --> pattern design --> pattern making --> production. 
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Figure 6. The Lectra 3D Prototyping interface - import the measurement data (top left); The pattern design and construction 
(top right) and the 3D simulation (bottom). 

Tech Pack 

The textile industry has a long history of distributed production, separating design and construction 

on one side, and manufacturing on the other. Given that the textile and fashion industry is a very 

global industry, the ability to correctly convey detailed information/specification of a product is of 

essence to be able to produce the thought garment with the intended result (Rita, 2016). Thus, 

specifications and detailed descriptions communicated between different actors along the textile 

supply chain have been developed and is much used. A special concept within the fashion community 

is what is called the technical package, in short, tech pack, It is the comprehensive specifications for a 

garment that is used throughout the manufacturing process of a garment. Other names for tech pack 

are specification pack, style file, dossier (Lee, 2018), product specification or product description 

(Eberle,2014).  



 
               

8 

It is a fundamental document in the manufacturing process and a tool of communication between 

buyers and suppliers (Lee, 2018). The purpose of a tech pack is to accomplish the following: 

- Communicating specific product descriptions; 

- Developing product consistency; 

- Negotiating bids and contracts. 

          (R.E Glock p.102) 

The importance of adequate specifications is crucial and can prevent many problems (Glock, 2005), 

including those of legal nature. Several components are needed such as technical sketches of a 

garment front- and back view, detail sketches, points of measure, grading rules, bill of material, labels 

and packing. Although companies have different kind of layouts and titles for the components, the 

content is still received likewise (Lee, 2018).  

Throughout the manufacturing process a tech pack is often amended at one point. To achieve an 

intended result style changes might be carried out when garment prototypes are revised, for example 

measurement alterations for better fit or adding details to improve visual appearance. When a 

contract is signed a tech pack can no longer be changed and a supplier is obligated to deliver the 

garment as specified and at a certain cost (Glock, 2005).  

A company can create internal tech pack standards that could be used for all/some of the 

manufactured garments. This not true not least of multinational large fashion companies. They could 

include often extremely detailed information such as packing information, placement of labels or 

stitches per inch (still much used instead of SI units) for frequently used seams. By doing this the 

appearance of several styles in a brand can be more unified and consistency can be achieved. Also, 

creating standardised tech packs facilitate for companies as great detailed specifications are very time 

consuming and require full commitment. Available information in the standard can then be omitted 

from the specific style tech pack, which saves time and improves garment consistency (Glock, 2005). 

When it comes to contracts the tech pack has a central role, since it is a fundamental document 

between buyers and suppliers (Glock, 2005). Manufacturers use it as a means when making cost 

estimates for the buyer, and at the same time undertake the responsibility to deliver the thought 

garment at a certain price (Lee, 2018).  

  

Tech pack components 
Excel is a common environment for presenting and working with tech packs and is what is used here. 

The pages of the techpack, see appendix I, can be described with: 

o Side header – specifying general information about the style on all pages;  

o Style overview – quick overview of style with sketches from all sides; 

o Detail pages – specifying all garment details which are not included elsewhere; 

o Pattern – all pattern pieces for the style; 

o Garment Measurement Chart – points of measure and accepted tolerance values; 

o Construction – shows how to assemble the garment, which machines are used and seam type; 
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o BOM – Bill of Material,  states all materials needed to manufacture one garment unit of a 

specific style (Lee, 2018);  

Even if far from the standard procedures in a clothing company, we have here also included the 

electronics. One alternative is to apply a platform philosophy for the design of the garment with 

different sensors and actuators for a given customer/garment type but here a general "all-included" 

description is presented. It has to be said that naturally only devoted textile companies to technical 

products would be able to handle any integration of electronics. Seams are central for any sewing 

partner which are finally described in the following. 

Seams 
Seams are of special importance for quality, sometimes for the brand. but also for the sewing company 

itself as it is the central part one is working with. Seams used in this style are the following. 

Seam 514 is an over-edge chain stitch in the 500 class. It is a strong yet elastic seam (Colovic, 2015). It 

is a seam defined in standard ISO 4915 (Standards, 1995). Thread 1 and 2 are needle threads, a and b 

are looper threads (see figure 7). 

 

 

Figure 7. Seam diagram seam 514 from ISO 4915. 

Seam 301 is the simplest seam with a needle thread and bobbin thread, defined in (Standards, 

1995). See Figure 8 for seam diagram. Thread 1 is the needle thread and thread a is the bobbin 

thread. 
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Figure 8. Seam 301 from ISO 4915. 

Seam 401 is a two-thread chain stitch (Standards, 1995) that is suitable when elasticity is needed 

(Colovic, 2015). See seam diagram in Figure 9. Thread 1 is the needle thread, thread a is the bobbin 

thread. 

 

Figure 9. The 401 seam, from ISO 4915. 
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