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Abstract. The growing trend of customization in the leather furniture industry 
has increased the need for many companies to switch from Make-To-Stock 
(MTS) to Make-To-Order (MTO) strategy. The shift to high-mix and low-volume 
presents new challenges for the production. This research presents concepts for 
the leather cutting process to increase the available calculation time for nesting 
and increase the selection for the nesting process, in order to maximize the hide 
utilization. The contribution to theory is a cutting process concept towards MTO 
in the leather industry. 
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1 Introduction 

Mass customization is one of the leading strategies in satisfying customers’ needs, and 
a competitive strategy in today's markets[1, 2]. The growing trend of mass customiza-
tion can be seen in the leather industry [3] and it enables companies to switch from 
MTS to MTO strategy. The MTO strategy enables companies to produce high variety 
of products in small quantities and satisfy the unique needs of their customers [4]. Com-
panies benefit from the MTO strategy in terms of cost and profit due to lower inventory 
levels, maximum sales, elimination of material waste, flexible production and customer 
satisfaction [5]. The shift from MTS to MTO strategy and moving the Costumer Order 
Decoupling Point (CODP) upstream presents new challenges for production in the 
leather industries.  

For the leather cutting, the amount of different shapes to cut of the leather hide in-
crease immensely while the batch size reduces significantly. The more different shapes 
there are available to nest, the more possible constellations of nesting them on hides are 
possible. The number of possible constellation increases exponentially, and this calls 
for more process time to find the best fit of the parts on the hides. Generally, the more 
shapes there are to be nested, the better are the results for utilization and vice versa [6].  

The efficient utilization of the leather hide has prime importance [7], which can be 
attributed to the fact that the cost of the leather hide often constitutes a significant pro-
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portion of the manufacturing costs, such that increasing its utilization provides signifi-
cant cost savings[8, 9]. As a result, there have been a lot of attention in the leather 
industry to improve the nesting algorithms for determining how to fit variety of prod-
ucts onto hides [9-11]. Existing research have focused on developing algorithms that 
can determine the best possible ways to fit irregular product shapes and characteristics 
on raw hides, in order to achieve the best possible hide utilization within the shortest 
time possible [6, 9].  

However, to most companies, the evaluation time and computational resources 
needed by these algorithms to deliver optimal results are not affordable [8]. This often 
leads to the acceptance of sub-optimal results for the hide utilization, and of results that 
do not suit pre-determined production plans.  

This research investigates and presents possible methods to increase the time availa-
ble for the nesting process in order to improve utilization. It analyses the interconnec-
tions between the manufacturing steps and proposes ways in which they can be re-or-
ganised. Its aim will be to address the question of how the nesting and cutting processes 
should be designed in order to maximize the hide utilization for high mix and low vol-
ume production. 

The commonly used method will be compared with the suggested solution. The re-
sult of investigation will stimulate further research to optimize leather cutting process 
in order to maximize the hide utilization. 

2 Literature review 

2.1 Leather Nesting Problem 

The roots of the Leather Nesting Problem derive from the cutting problem discussed in 
research since 1970s, in the metal, glass, wood, plastics, textiles and leather indus-
tries[10]. The cutting problem seeks to determine within given dimension the highest 
utilization of raw material through an heuristic approach [12].  The nesting problem is 
a two-dimensional cutting problem, which can occur in various production processes 
in leather industries [13].  Nesting is defined as “where more than one piece of irregular 
shape must be placed in a configuration with the other piece(s) in order to optimize an 
objective” [14]. The Leather Nesting Problem is one of the hardest two-dimensional 
cutting problems [9]. It allocates a set of irregular shapes within natural leather hides 
with highly irregular contours and heterogeneous interior due to holes and quality 
zones, in order to utilize most of the leather hide [9, 15]. Traditionally the nesting pro-
cess is performed manually and results in low nesting efficiency and utilization rate of 
the material [13]. Surveys showed that automated in comparison to manual nesting and 
cutting results in higher utilization and shorter process time [6].  

Many researchers focus on optimizing algorithms for nesting to increase the hide 
utilization [8, 13, 16-18]. Because of the high cost of leather, small improvements in 
hide utilization have a great effect on profitability [7]. However, nesting cannot been 
seen as an isolated mathematical problem. Several processes are also affected by the 
nesting process. Nesting is connected closely to logistic planning and order manage-
ment [19]. Factors like due dates, batch size and setup time are connected and have to 



be considered. Consequently, the nesting problem and the scheduling problem have to 
be addressed simultaneously. Surveys show that advanced scheduling techniques in the 
leather industry lead to significant improvements in utilization, idle time, make span 
and tardiness reduction [20]. Not taking the correlation between planning, scheduling 
and nesting into account will decrease the material utilization and overall production 
objectives and activities [21, 22]. 

2.2 Leather Cutting Process 

Nesting is one of the essential steps in the leather cutting process, which consists of the 
steps of (1) Quality Control (2) Scanning (3) Nesting and (4) Cutting, as shown in Fig-
ure 1.  

 

Fig. 1. Leather Cutting Process 

Skilled workers have to set the hide on the machine and straighten the folds of the hide 
to a flat surface. In quality control, defects of the hides have to be identified and marked 
into zones. Because the range of defects is wide and various, automated defect detectors 
are still inefficient in identifying and evaluating the whole range of defects [23, 24]. 
Experienced workers can evaluate the defects best and assign them to five different 
quality categories of A, B, C, D and holes [9]. Scanning the hide reproduces an image 
with the contour of the hide. The image combined with the different quality zones is 
the basis for the nesting process. Shapes that will be nested on hides have different 
quality demands. For instance, the viewing and hardwearing areas of a leather furniture 
require the highest quality, whereas shapes with low visual areas can be allocated to 
lower quality areas. The nesting of the parts is a time intensive calculation operation 
due to the high number of possible constellations. The constellation with the highest 
hide utilization will be the template for cutting. The resulting template and, therefore, 
the contour of the parts are cut with a vibrating knife or a punching tool. In a last step, 
the cut parts are collected and forwarded to the next production process. 

3 Process Reorganisation For Improved Leather Utilization 

In this section, a concept is described for the reorganisation of the manufacturing 

steps, such that it enables to nest parts on several hides and decide with the support of 
an evaluation logic on the hide, which hide selection results in the highest utilization. 
The nesting process will be outside of the value adding time and thus more time can be 

dedicated to determining the best constellation. 



 

Fig. 2. Suggested Leather Cutting Process Reorganisation 

As shown in Figure 2, the new arrangement of the process is divided in three main 
processes of (1) Preparing and storing the data and material, (2) nesting, evaluating and 
deciding on a hide and (3) cutting. In the first step, hides are quality checked and 
scanned. These hides receive an identification number and are stored. The information 
of the marked quality zones and the scanned layout of each hide are stored in a logical 
database. The data of the hides enables in a second step to nest the parts from a pool of 
orders on several hides and evaluate the utilization. This evaluation can be supported 
with different decision logics. Different decision support logics can be designed and 
applied, depending on the company’s preference and the production demands. This re-
search will propose and investigate three different decision logics, as described in the 
following paragraphs, and illustrated in Figure 3.  
 

 

Fig. 3. Evaluation Logic 



TO-BE 1: Select first hide, which reaches a minimum predefined percentage of hide 
utilization, for cutting. Parts are nested on different images of scanned hides. If a min-
imum predefined utilization, e.g. 70%, is passed, the template and hide are sent for 
cutting. 

TO-BE 2: Select hide, which reaches the highest hide utilization, within a defined 
range of hides for cutting. Parts are nested on a range of different scanned hide images, 
e.g. 10. The template and hide that achieves the highest hide utilization are sent for 
cutting. 

TO-BE 3: Select and cut the hide that achieves the highest utilization among all 
available hides. Parts are nested on all images of scanned hides. The template and cor-
responding hide that achieved highest in hide utilization are sent for cutting. 

In the last step, the hides are released from inventory and positioned on the cutting 
machines. The identification number of the hide is used to select the corresponding 
template which is then used to cut the parts out of the hide. 

4 Discussion, Conclusion And Recommendation 

The main strategy in the leather industry has traditionally been mass production and 
MTS strategy. Mass production typically have fewer product variants which again re-
sults in less variety of part shapes. This tradition has formed the current knowledge and 
understanding of the leather cutting processes. 

 

Fig. 4. Position of MTS and MTO in ‘Volume vs. Variety’ based on [4] 

Low shape variety is unfavorable for hide utilization due to low possible nesting 
constellations. In MTS production, the batch size is kept large in order to use shapes 
several times in a nesting attempt. This way, the possible constellations and the leather 
hide utilization increase. Production planning can identify and define the batch sizes to 
meet short lead times and high hide utilization.  

The larger the batch size and the lower the batch variety are, the less important the 
variety of the hides is. Considering several hides within the nesting process and in a 
nesting attempt is of minor significance in mass production and MTS production.  

The shift to mass customization and MTO strategy changes the value chain and 
makes it necessary to investigate and rearrange the processes. Since the leather parts 
are customized and the CODP moves upstream into leather cutting process and changes 



it from a forecast-driven to a customer-order driven process. The switch to customer-
order driven process affects the batch size and parts variety significantly. The batch size 
decreases while the variety of the shapes to be cut increases. High variety in shapes 
results in more combinations and constellations in the nesting process and, conse-
quently, more time is needed to calculate them. At the start of the nesting process, a 
wide choice – which is favorable – is available; however, towards the end of the batch 
and process, only less and complex parts are available. The utilization differ signifi-
cantly between the beginning and end of a batch.  

Combining similar orders to increase the batch size could lead to similar hide utili-
zation results as in MTS production. Orders must be buffered and grouped. This will 
result in a high-mix production to an increase of throughput time and longer delivery 
dates. Long delivery dates reduce the competitiveness in today’s markets. More flexi-
bility is needed for a MTO production to hold a constant and high utilization. 

This research presented a new arrangement of the cutting process and allocated the 
nesting process outside of the value added time to increase the available calculation 
time. This allows the nesting process to calculate more different constellations and 
combinations of the shapes onto several hides. Considering more hides in the process 
increases the probability of achieving higher hide utilization. Complex shapes and hides 
with poor quality can be used in several nesting attempts and so increase the chances 
of achieving higher utilization. This arrangement can take in consideration small 
batches and high variety.  

The evaluation logic can be adjusted to the production demands. Each evaluation 
logic influences the hide utilization, but also the inventories and process time. The 
amount of hides taken in account in the evaluation logic will define the size of the 
inventory and the time needed for nesting. The more strings are included in the evalu-
ation logic, the more resources, for instance inventory space, IT support or servers, will 
be needed.  

 
 
 
 
 
 

Table 1. Ranking Of Logics 

TO-BE 1 is ideal, if the hide utilization has to achieve a minimum and be constant. 
The challenge will be to determine the minimum hide utilization. Setting the limit low, 
satisfactory results can be expected in a short calculation time. Setting the limit high 
can result in an endless process. 

TO-BE 2 finds the best hide utilization within a range of hides. Determining the 
range of hide for evaluation will define process time and needed inventory. Both will 
be constant which is favorable for planning and scheduling. 

Considering all available hides in the nesting process is challenging due to the nest-
ing process time. TO-BE 3 can be applied, if the benefit of the hide utilization justifies 

 Hide utilization Process time Inventories 

TO-BE 1 3 2 2 

TO-BE 2 2 1 1 

TO-BE 3 1 3 3 
Comparison of logic with each other (1=best, 3=worst) 



the long process time. This can be the case for low volume and exceptionally high raw 
material costs. 

The new arrangement of the process and the proposed evaluation logic will signifi-
cantly improve hide utilization. However, these changes imply more and new process 
steps and more handling of the hide. These changes can be justified, if the higher utili-
zation of the hide and resulting savings would cover the additional costs. 

Future research will be aimed at further developing the evaluation logics, in order to 
keep the process time and inventories low. 
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