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Abstract: In the years, several researches concerning warehouse picking have been proposed, facing such critical 
topic from various points of view. Some of the performable analyses deal with the possibility of dedicating a specific 
area to picking activities, called forward area or fast-pick area, separated from the bulk warehouse zone, or reserve 
area. The related issues typically concern the convenience of realizing such configuration, the choice of the items to 
store in both areas, their mutual size, the way the items are stored and picked within, i.e. carton-pick-from-pallet 
versus piece-pick-from-carton, with the proposal of different evaluation methods and analytical dissertations. In 
particular, in case of medium-small items, interesting is the decision-making process that deals with the possibility of 
storing a product directly in a pallet or of keeping it in a carton, in which several factors, also conflicting, come into 
play. The present paper aims at providing a new procedure useful to design and assess a fast-pick area able to 
warrant, at the same time, short picking tours and low management costs. Starting from simple data, such as the 
picking characteristics of the items to pick and their physical dimensions, it leads to the better warehouse 
configuration, supporting the decisions concerning the way the different products should be stored, i.e. in pallet or in 
carton. The same design method is also applied in a case study, which results prove its effectiveness as well as its full 
applicability in different warehouse contexts. 
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1. Introduction and background 

One of the most addressed topics concerning warehouse 
picking deals with forward and reserve areas dimensioning 
and allocation. The picking forward area is a sub-region of 
the warehouse dedicated to pick and order activities; such 
activities are often concentrated in a small physical space, 
in order to warrant more processing efficiency. On the 
other side, the reserve area is the part of the warehouse 
designed for bulk pallets storage, which are also used 
exactly for the replenishment of the forward area (De 
Koster et al., 2007; Bartholdi and Hackman, 2011). 
The allocation and the dimensioning issues for these two 
warehouse zones have been faced by many researches, 
with the proposal of several models and methods (Frazelle 
et al., 1994; Van Den Berg et al., 1998; Bartholdi and 
Hackman, 2008). In general, most of the authors 
underline that during the design of such zones a 
fundamental trade-off has to be considered. It deals with 
the fact that by enlarging the forward area through the 
introduction of more stock keeping units, there is a saving 
due to a faster picking and to a reduction of the number 
of restocks; however, such benefits are inevitably 
accompanied by an increase of the distances travelled to 
process the picking orders, leading to a reduction (and in 
some cases also to a nullification) of the first possible 
saving. Hence, it derives that the design of a forward area 
has to consider both these conflicting aspects: some 
authors propose models useful to assess its more proper 
dimension, other ones are focused on the choice of which 

SKUs should be stored within (Kong and Masel, 2008; 
Bartholdi and Hackman, 2011).  
Another interesting question concerning this topic, that 
until now has received very few attention, concerns the 
decision on how to store a certain item in the forward 
area. Such problem is typically not often addressed, 
neither in literature nor in the industrial context, since in 
many cases the products stocking mode is defined a priori, 
referring only to people experience or common sense and 
considering only a limit number of all the aspects that, 
instead, can come into play. For example, the warehouse 
manager could decide to store all the products in a pallet 
in order to warrant easier warehouse management and 
maintenance; alternatively, he could establish that small 
dimensions items have to be stored in cartons and picked 
directly from racks, without considering their order 
frequencies. A deep study in this field, leading to the 
understanding of the possible convenience of storing a 
certain item in a way with respect to another, instead, can 
bring relevant benefits. Among the others, establishing 
that some product codes are convenient to be picked in a 
carton from rack mode instead that in a carton from pallet 
mode implies a potential reduction of the space needed 
for storing such items, with a subsequent decrease of the 
distances travelled to process the picking orders and of 
the overall picking time (Tompkins et al., 2003). 

2. Aim of the study 

The present paper proposes a design procedure useful to 
understand the most proper way of goods storing in a 
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warehouse picking forward area. Starting from simple 
information referring to the stored item, including also the 
characteristics of the employed carton and pallet, together 
with some warehouse typical times, it allows to establish, 
for every single product, whether it is more suitable for a 
carton from rack picking with respect to a carton from 
pallet picking.  
The introduction of the Carton Pick from rack 
Convenience Index (CPCI) and of the consequent Carton 
Pick from rack Convenience Condition (CPCC), together 
with the presentation of the full procedure are in the 
following section. Subsequently, in Section 4, an example 
of a possible application of the method is reported 
through a case study. 

3. Presentation of the forward area allocation and 

dimensioning model 

3.1 CPCI and CPCC (Carton Pick Convenience Index 
and Carton Pick Convenience Condition) 

When a warehouse picking tour is performed, there are 
several factors coming into play. One of the most 
widespread and proved ways of describing and evaluating 
a warehouse picking system is to consider the time spent 
in processing a picking order, assuming that any action in 
the reduction of such time can lead to an improvement of 
the overall performances (Tompkins et at., 2003; Gu et al., 
2010). For the study presented in this paper, the various 
time components involved in the picking process, both in 
case of carton from pallet picking and carton from rack 
picking, have been considered and put in comparison. 

Table 1 reports the different time elements that have been 
proposed for the analysis, together with some pictures 
which can facilitate the comprehension of the two 
analysed picking scenarios. The considered activities are: 

1. Pallet refill from reserve area to forward area: the 
pallet is moved with a forklift from the bulk storage 
area to the fast picking one; the time needed depends 

on the average number of cartons picked per order ��  
(Battini et al., 2014) and the number of cartons 

available in the forward area (�� or ��) 

2. Cartons refill from pallet to rack: the warehouse 
operators put the cartons in the racks for the 
subsequent picking; the time needed depends on the 

average number of cartons picked per order �� , 
divided by the number of cartons refilled 

simultaneously � 
3. Carton picking: the pickers make the actual physical 

carton picking during the processing of the picking 
orders; again, the time needed depends on the average 

number of cartons picked per order ��  
4. Travel: the pickers move from a stocking location to 

another during the processing of the manual picking 
orders; the corresponding time is proportional to the 
number of picking lines in the considered time period 

�� 
Of course, while in case of carton from rack picking all 
the listed activities are present, in case of carton from 
pallet picking the second activity is not required. 
The description of all the used notations are reported in 
Appendix A. 

 

 � 
Pallet refill from reserve 

to forward 

� 
Carton refill from pallet 

to rack 

� 
Carton picking 

� 
Travel 

CARTON 
FROM 
RACK 
PICKING 

�	
�	� ∙ ����  ����	� ∙ ���  �����	� ∙ ��  ��	��	� ∙ ����
��
�� ��  

    

CARTON 
FROM 
PALLET 
PICKING 

�	
�	� ∙ ���� 

- 

�����	� ∙ ��  ��	��	� ∙ ��  

   

Table 1: Carton picking time factors
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Considering the time factors just introduced and reported 
also in Table 1, the total picking time in case of carton 
from rack picking turns out to be 

�� = ���� � ∙
��

��
+ �!"# � ∙

��

�
+ �$%&' � ∙ �� + ���() * ∙

��

�*

��

�*
��       (1) 

Since ���� � ∙ +,

-
 generally results to be very low with 

respect to the other terms, the just presented formulation 
can be reasonably simplified to: 

�� = ���� � ∙
��

��
+ �$%&' � ∙ �� + ���() * ∙

��

�*

��

�*
��          (2) 

In case of carton from pallet picking, instead, the 
considered times lead to the following formula for the 
total picking time: 

�* = ���� * ∙
��

�*
+ �$%&' * ∙ �� + ���() * ∙ ��    (3) 

In order to estimate the possible convenience of carton 
from rack picking with respect to carton from pallet 

picking, the two considered global times, �� and ��, can 

be put in a ratio, obtaining the so called Carton Pick from 
rack Convenience Index (CPCI): 

&$&% = �.

�/
       (4) 

In this way, it is easily assessable whether the carton from 
rack picking is more convenient than the carton from 
pallet picking, since it is sufficient to verify the following 
condition: 

&$&% = �.

�/
< 1       (5) 

By substituting the proposed times and by imposing the 
carton from rack picking convenience condition the 
previous formula becomes: 

2345 .∙
6,
7.

829:;< .∙+,82=3>? /∙@.
@/

A.
A/

B,

2345 /∙
6,
7/

829:;< /∙+,82=3>? /∙B,
< 1    (6) 

At this stage, it is possible to make some algebraic 
elaborations. First of all, by hypothesizing  

�	
� � = �	
� � = �	
�      (7) 

the term �	
� ∙ �� can be collected in both the numerator 
and the denominator and then simplified, obtaining: 

C
7.

8
D9:;< .ED=3>? /∙@.

@/
A.
A/

∙
F,
6,

D345

C
7/

8
D9:;< /ED=3>? /∙

F,
6,

D345

< 1     (8) 

Then, it is possible to multiply both the numerator and 

the denominator by ��: 

7/
7.

8
7/∙D9:;< .ED=3>? /∙7/∙@.

@/
A.
A/

∙
F,
6,

D345

G8
7/∙D9:;< /ED=3>? /∙

F,
6,

∙7/

D345
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Now, assuming the easily demonstrable relation that 
follows 

H.

H/
= I.

I/
∙ -.

-/
                  (10) 

it can be obtained that 

�� ∙ I.

I/

-.

-/
= ��                  (11) 

And, hence, it can be substituted in the main formula 

7/
7.

8
7/∙D9:;< .ED=3>? /∙

F,
6,

∙7.

D345

G8
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That can be elaborated as follows 

H/

H.
− 1 <

H/∙29:;< /KH/∙29:;< .82=3>? /∙
F,
6,

∙H/K2=3>? /∙
F,
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             (13) 

By assuming that ����� � = ����� � , the formula becomes 

H/KH.

H.
<

2=3>? /∙
F,
6,

∙LH/KH.M

2345
                 (14) 

Hence, 

H.

+, B,⁄
> 2345

2=3>? /
                  (15) 

representing the CPCC – Carton Pick from rack 
Convenience Condition. It is a comparison that involves 

the number of cartons put in the forward area �� , the 
average number of cartons picked for a single order 

�� ��⁄ , the refill time �	
� and the single order line 

processing time in case of pallet storage ��	�� �. 

This last formula represents a very synthetic and effective 
way to evaluate the possibility of storing a certain item for 
carton from pallet picking versus carton from rack 
picking. In particular, in case such comparison is true, the 
corresponding item can be stored for carton from rack 
picking; otherwise, it could be more suitable a carton from 
pallet picking mode. 

3.2 Forward area allocation and dimensioning full 
procedure 

Figure 1 shows the full proposed procedure, which 
considers the just obtained result as criterion for the 
decision concerning the item storing mode, carton from 
pallet vs. carton from rack picking. The main necessary 
input data come from the picking lists, from which it is 
possible to obtain (or compute): 

� item information: number of picking rows �� and 
number of picked carton �� in a certain time period 

� carton information: frontal dimension ��, depth P�, 
height ��, weight Q� and volume )� 

and the warehouse characteristics or the user’s experience, 
with the extraction (or the assumption) of: 

� pallet information: frontal dimension ��, depth P�, 

height �� 
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� time data: unitary refill time �	
�, single order line 
processing time ��	��	� 

Once all these data are known, the first step to perform is 
the check of the weight. In fact, if the weight of a 
particular carton is higher than the carton weight that has 
been chosen as a threshold, it is suggested to pick the 
corresponding item in a carton from pallet mode. In case 
the weight is lower, instead, the procedure continues with 

the calculation of �� , the number of cartons available in 
the forward area in case of carton from rack picking. 
Finally, the Carton Pick from rack Convenience Condition 

(formula 15) can be applied, in order to establish the most 
proper picking mode for every product code. 

Parameter Value 

�	
�   120 s 

��	��	�   30 s  

��   800 mm 

P�   1200 mm 

Q�2   2 kg 

Table 2: Input values 

 

 

Figure 1: Forward picking area allocation and dimensioning procedure considering CPCC 

4. Forward area allocation and dimensioning model 

application: a case study 

The proposed case study deals with a warehouse of a great 
supermarkets supplier, where various kinds of food and 
non-food products are stored. 
The analysis concerns the picking mode decision for 
11,343 product codes. Table 2 reports all the general data 
that have been calculated or assumed for the application 
of the procedure introduced in Figure 1. 
After having applied the weight threshold limit, the items 
that have to be put directly in a carton from pallet picking 
mode are 7,108, while the ones that can be further 
analysed are 4,235. In particular, for each of these last 

product codes, the parameter �� is calculated with: 

�� = R S/T�.U V                  (16) 

assuming that such approximation is acceptable for the 
desired analysis. 
Considering the warehouse times reported in Table 2,the 
ratio between the refill time and the travel time is 

2345
2=3>? = 4                  (17) 

which can then be used as a starting threshold for �� . In 

fact, since the ratio �� ��⁄  is always ≥ 1, it derives that a 

certain item can be conveniently picked in a carton from 
rack mode at least if it has a qc ≥ 4. However, such 
convenience threshold depends also on the medium 

number of picked items per order (�� ��⁄ ), as highlighted 
by the CPCC.  
All the obtained results have also been elaborated and put 
into the graph reported in Figure 2, in order to get a rapid 
as well as exhaustive view. The depicted straight line 
stands for the equation 

+,
B, =

H.
2345 2=3>?⁄                   (18) 

representing the convenience limit between carton from 
rack picking and carton from pallet picking. 

In addition to the value of �� = 4, the values �� = 6 and 

the corresponding value of �� ��⁄  = 1.5 have been 
highlighted, since such number of cartons to store in the 
forward area represents the storage of a medium 
dimensions carton, considering the kind of product stored 

(T)�U
 = 200 mm). 

Furthermore, Figure 3 reports the number of items 
belonging to each one of the area that have been 
identified, together with some real items examples. For 

each one of the chosen products both the values of �� 
and �� ��⁄  are shown: the items that have turned out to be 
conveniently picked in carton from rack mode are a 
shampoo, a deodorant and an instant coffee; while two 
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different types of potato chips, a hand soap, a pastry 
product and a blotting paper are more suitable for a 

carton from pallet picking. 

 

 

Figure 2: Carton picking mode convenience areas for the presented case study 

 

Figure 3: Number of items for every identified area and examples 

5. Results discussion 

From the observation of the graphs reported in Figure 2 
and 3, it can be highlighted that a great number of the 

analysed items, with a weight Q�<2 kg, are characterised 

by a �� ��⁄ <1.5, meaning that every time the warehouse 
operators pick such products the number of picked 
cartons is very low, typically 1 or 2. Furthermore, as far as 
the number of available cartons in the forward area is 
concerned, it can be seen that most of the stored products 

has a medium-high �� , corresponding to a medium-small 
carton volume, hence, to a medium-small average carton 
physical dimension. Such products are exactly the ones 
that, according to the model presented in Section 3, are 
suitable for a carton from rack picking, with relevant 
benefits in picking and warehouse overall performances. 

Nevertheless, it is fundamental to underline that the 
various areas and the carton picking convenience 
threshold that have been identified deeply depend on the 

input times �	
� and ��	�� . As far as the time needed to 
perform a pallet refilling is quite higher than the single 
order line processing time, the carton from rack picking 
area is interesting and involves a significant number of 
storable items. If such ratio decreases, instead, the carton 
from rack picking turns out to affect only few items. In 
fact, although the presented method results to be very 
effective as well as easily applicable, it requires a particular 
attention to the way the input data are obtained and 
managed. This is especially true in case of the refill time 

�	
� and of the single order line processing time ��	�� . 
Furthermore, the method presented in this paper could be 
applied also in another interesting way, through the 
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calculation of a “threshold ��”, representing the minimum 
number of available cartons in the forward area that 
makes the carton from rack picking convenient with 
respect to the carton from pallet picking. 

6. Conclusions and further research 

The present paper has introduced a new synthetic design 
method, useful to understand how all the various items 
have to be stored in a picking warehouse, referring to the 
particular choice between a carton from pallet picking and 
a carton from rack picking. Starting from the times 
needed to perform both kinds of picking, which depend 
on simple item and warehouse information, the CPCI 
(Carton Pick Convenience Index) and the CPCC (Carton 
Pick Convenience Condition) have been obtained, with 
the consequent proposal of a picking forward area design 
procedure. Moreover, it has been shown the application 
of the new method in a real industrial case study, dealing 
with a food and non-food picking warehouse of a big 
supermarkets supplier.  
The proposed procedure could also be applied in several 
different contexts, concerning warehouse manual picking 
as well as assembly lines feeding picking. 
Future research concerning this topic is intended to 
examine in depth the here proposed procedure in order to 
enrich it with other interesting factors. For example, it 
could be considered also the impact of the “cartons refill 

from pallet to rack” factor (���� � ∙ +,

-
) or the possibility of 

a different picking time between a carton from rack 

picking and a carton from pallet picking (����� � ≠
����� �), due to the different configuration of the 
warehouse. Then, it could also be integrated with a factor 
in order to take into account the different cost of a picker 
with respect to a normal warehouse operator or a forklift 
driver. 
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Appendix A 

Item Carton Pallet Description 

��   Number of picked cartons for item i in the considered time period 

��   Number of picking lines for item i in the considered time period 

 � � � � Total picking time 

 �	
� �  �	
� �  Unitary pallet refill time, from forward area to reserve area 

 ���� �   Unitary carton refill time, from pallet to rack 

 �  Number of cartons refilled simultaneously 

 ����� �  ����� �  Unitary picking time 

  ��	�� �  Single order line processing time  

 ��  ��  Number of available cartons in forward area 

 ��  ��  Frontal dimension 

 P�  P� Depth 

 �� �� Height 

 Q�  Weight 

 Q�2  Threshold weight 

 )�   Volume 

Table 3: Notations 

XIX Summer School "Francesco Turco" - Industrial Mechanical Plants

119


	Battini_et_al.pdf

