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Abstract: In conventional automated storage and retrieval systems (AS/RS), stacker cranes are used to access 
the storage cells. The stacker cranes can travel simultaneously in vertical and horizontal directions. However, 
since the combined motions generally require heavy machineries, stacker cranes are inadequate for extra 
heavy loads. For such applications, a new kind of storage/retrieval (S/R) mechanism has been designed.  
The new S/R mechanism has one vertical platform and N horizontal platforms to serve N tiers of an AS/RS 
rack. The vertical platform provides the vertical link among different tiers of the AS/RS rack, whereas the 
horizontal platforms access the storage cells on given tier. The vertical platform and the horizontal platforms 
may move independently and concurrently, and the separation of the mechanism for vertical/horizontal 
movements also makes the platforms lighter and they can hence operate at a higher speed than that of a  
conventional design. 
In this paper, authors present a travel-time model aimed to the investigation of the effect of different dwell 
point policies. The model is validated by computer simulations. The results show that this analytical model 
can help in effective way the design and the analysis of this new kind of AS/RS. Guidelines for the optimal 
design of an AS/RS rack with the new S/R mechanism is also presented. 

Keywords: Automated Storage and Retrieval System, new S/R mechanism, dwell point policies, travel time, 
heavy load  

 
 

1. Introduction  

Automated Storage/Retrieval Systems (AS/RS) are 
storage systems capable of providing random access to all 
stored items (Sarker and Babu,1995). AS/RSs are being 
widely used in the logistics industry (Van den Berg, 2000). 
Major advantages of AS/RS include high throughput, 
efficient use of space, high reliability and improvement of 
safety (Rosenblatt et al., 1993). A conventional AS/RS 
typically uses stacker cranes for reaching and accessing the 
storage cells. A disadvantage of the conventional cranes is 
that they are suitable for limited weights; to handle extra 
heavy loads at high speed, it is necessary to employ a new 
Storage/Retrieval (S/R) mechanism, that carries out loads 
with separate devices: the first moving in the vertical 
direction (i.e. vertical platform) and the second moving in 
the horizontal one (i.e. horizontal platform)(Hu et al., 
2005); both the vertical and the horizontal drivers work 
independently. 

Figure 1 shows a conceptual frame of this innovative 
AS/RS system. The S/R split-platform has one vertical 
platform (VP) for each rack and one horizontal platform 

(HP) for each tier; each horizontal platform is shared by 
two racks. 

 

 

Figure 1. The mechanism S/R of an innovative AS/RS 
(Hu et al., 2005) 

 
The VP provides the vertical link among tiers of the rack, 
whereas the HPs transfer loads to individual storage cells 
on the tiers where they must be stored or where they must 



be retrieved. The operations of the VP and of the HPs are 
independent. The I/O station is generally located at the 
ground level (Hu et al., 2005).  
Comparing the structure of the traditional mechanism 
with the innovative S/R mechanism of an AS/RS system, 
it is possible to remark the main advantages about the new 
mechanism, as shown in Table 1 (Hu et al., 2005): 

Table 1. Main differences between traditional and 
innovative AS/RS mechanism (Hu et al., 2005) 

 

It is interesting to note that most of the loads are served 
simultaneously and if one HP is out of order, only that tier 
will be affected; the other HP platforms will continue to 
work. 

The performance and the efficiency of an AS/RS depends 
on the storage rack dimension, on the number of cranes 
and aisles, and on the applied control policies (e.g dwell 
point position, material clustering strategies, etc.). In 
recent years, several studies dealing with the problem of 
the determination of the dwell point in a conventional 
AS/RS (i.e. the location where the stacker crane lies when 
it is inactive), have been developed. An effective choice of 
the dwell point, allows to significantly reduce travel times 
and, consequently, to minimize the distance traveled and 
in conclusion the costs. The most important studies done 
to find the optimal dwell point for conventional AS/RS 
systems, are developed by Bozer and White, Egbelu and 
Park. First studies were conducted by Bozer and White 
(1984): their goal was to place the stacker crane in a 
specific/optimal point, within its own aisle, before the 
achievement of a storage/retrieval request. Their policies 
were defined static rules, because they were not able to 
answer to the fluctuations of requests of an AS/RS 
system. Instead, Egbelu (1991) faced the problem of dwell 
point positioning, developing two dynamic models of 
linear programming, that returned, as output, optimal 
dwell point coordinates. Park (1991) showed that the 
input point will be the optimal dwell point, if the 
probability to receive a storage request is over 50%, 
independently from the loads allocation and from the 
typologies of the rack. The same author (Park, 1999) 
demonstrated that the input point is the optimal dwell 
point for rectangular shelf and for loads allocated in 
dedicated positions. Literature presents other studies 
dealing with dwell point policies: Linn and Wysk (1987) 
analyzed the dwell point problem accordingly to the 
application of several control policies, such as load 
allocation and sequencing rule. Hwang and Lee (1990) led 
an analysis about the travel time of a request, 

distinguishing single or dual command and considering 
the acceleration and deceleration of the device.  

The literature discussing the innovative AS/RS systems 
for heavy loads with VP and HP platforms is poor. Hu et 
al., (2003) proposed a model for the travel time 
estimation. The developments of this model are discussed 
in Hu et al. (2005): some guidelines for the optimal design 
for a rectangular in time system are proposed.  

The purpose of the study is to find the optimal dwell 
point in order to minimize the travel time and 
consequently the distance traveled for this new kind of 
AS/RS. A model supported by a software platform has 
been developed, considering dwell point strategies, 
applied to different AS/RS configurations.  

The paper is organized as follows. Section 2 present the 
new model proposed. The results reached by simulation 
are presented in section 3. Section 4 presents conclusions 
and further research. 

 

2. New proposed model 

2.1 Hypothesis and assumptions 

Some hypothesis were made, in order to develop the 
model:   

‐ the model considers the dwell point policies defined 
in Bozer & White, 1984:  

1. INPUT (IN): at the end of each mission VP 
comes back at the level 0 and HP comes back at 
the beginning of the shelf. 

2. MIDPOINT (MID): at the end of each mission, 
VP goes to the level NL/2 (where NL is the total 
number of levels) and HP comes to the span 
NS/2 (where NS is the total number of spans). 

3. INPUT/OUTPUT (I/O): due to the 
characteristics of new AS/RS (i.e. input and 
output points coincide) this policy overlaps IN 
policy. 

4. LAST LOCATION (LL): if the last mission is a 
storage, both VP and HP remain in the location 
of the last mission; if it is a retrieval, VP comes 
back at the level 0 and HP comes back at the 
beginning of the shelf. 

‐ Unit loads are allocated in a random way. 

‐ Single command missions (SC) are considered. 

‐ The arrival of two simultaneous missions is not 
considered. 

‐ The acceleration and deceleration of vertical and 
horizontal platforms are not considered. 

‐ The rack is single depth. 

‐ It is possible to stock only a single unit load per each 
rack. 

 Traditional 
mechanism AS/RS 

Innovative mechanism 
(S/R) 

Movement of the 
vertical and 
horizontal drives 

The two drives work 
simultaneously and 
belong to the same 

machine 

The two drives work 
independently and 

belong to two separate 
devices 

Lifting capacity Low High 
Concurrency Low High 
Performance Low High 
Rack 
configuration Not flexible Flexible 

Fault tolerance Low High 



‐ The probability density function (pdf) of missions 
inter-arrivals time is a normal distribution, with a 
mean value µ and a standard deviation σ. 

 

Some assumptions are considered: 

Rack dimensions   1.500 × Lp × 1.500 

Number of spans (NS)  (72, 81, 108, 144) 

Number of levels (NL)  (36, 32, 24, 18) 

Input/Output point  Level 0 

Horizontal platform speed  2,0 m/sec 

Vertical platform speed  1,0 m/sec 

Aisle’s length   1,5 m 

Load/unload time  20 sec 

The position of a generic unit load is defined by the 
couple (x,y), where: 

x number of span. 

y number of level. 

Eight configurations (i.e. Conf.1, Conf 8) are considered 
(Table 2). 

 

 

Variable  Conf. 1 Conf. 2 Conf. 3 Conf. 4 Conf. 5 Conf. 6 Conf. 7 Conf. 8
Number of spans 72 81 108 144 72 81 108 144
Number of levels 36 32 24 18 18 24 32 36
I/O point Level 0

Mean value of inter-
arrivals time (µ) 

µ1 = 330 sec 

µ2 = 210 sec 

µ3 = 150 sec 

Std deviation of 
inter-arrivals time (σ) 

σ = 60 sec 

Table 2. Warehouse configurations considered

 

The proposed model is articulated in three travel time 
sub-models, one for each dwell point strategy considered. 
In particular, considering: 

Hio = input/output point  

P1 = position of the load to store/to retrieve  

Pn-1 = position of the last load stored or retrieved 

L = length of the racks (in term of spans) 

H = height of the racks (in term of levels) 

Tl/u = load/unload time 

Tc = travel time 

Dtot = distance traveled for the mission 

Tm (Hio_P1) = time spent from input/output point to  
the point P1 

D (Hio_P1) = distance traveled from input/output point 
to the point P1 

Tm (Pn-1_P1) = time spent from the point Pn-1 to the point 
P1 

D (Pn-1_P1) = distance traveled from the point Pn-1 to the 
point P1 

The proposed sub-models are showed in Table 3: 

 
Dwell 
Point 
Policy 

Mission 
Tc Dtot 

n n-1 

IN 
(I/O) S/R - 

Tm(Hio_P1) = |H | Max 2 · | | ; |H |  

Tc = Tl/u + Tm(Hio_P1) 
D(Hio_P1)  Dtot = 2·|Hio-y1|+ 2·|x1-0| 

MID S/R - 

Tm(Hio_P1) = 

 
| | | | ;

| | | |
;

| | | |  

Tc = Tl/u + Tm(Hio_P1) 

D(Hio_P1)  Dtot = 2·|L/2-x1|+2·|H/2-y1| 

LL S/R 

S 
Tm(Pn-1_P1) =  | | ; | | | | 

Tc = Tl/u + Tm(Pn-1_P1) 
D(Pn-1_P1)   Dtot = |y(n-1)-y1|+|x(n-1)-x1| 

R 
Tm(Hio_P1) = |H | Max 2 · | | ; |H |  

Tc = Tl/u + Tm(Hio_P1) 
D(Hio_P1)   Dtot = 2·|Hio-y1|+ 2·|x1-0| 

Table 3. Sub-models of the policies



All models are stressed using 9 different pdf  of mission 
inter-arrivals time (defined by a mean value µ and a 
standard deviation σ).  

In conclusion, 72 different instances are defined and, for 
each of them, a simulative run considering 10000 unit load 
missions is realized. For each simulative run, the travel 
time Tc and the distance travelled Dtot are computed. 

 

3. Results and discussion 

The Average Dwell Point Policy Travel Time (ADPPTT) is 
obtained considering the average value of travel time for 
all tested instances using the average behaviour between 
the different  pdf distribution of inter-arrivals time. Figure 
2 shows ADPPTT trends according to several 
configurations in terms of spans and levels, using different 
dwell point strategies. 

 
Figure 2. ADPPTT related to warehouse configurations and 

dwell point policies 

 

Last Location appears the best policy for all the 
configurations; Input and Midpoint policies change their 
convenience in term of ADPPTT, relating to spans and 
levels configuration. 

Figure 3 shows same results referred to Last Location 
travel time. 

 
Figure 3. ADPPTT related to warehouse configurations and 

dwell point policies (LL policy as reference) 

The Figure 4 shows an extrapolation of the Average Dwell 
Point Policy Travel Time (ADPPTT) according to different 
warehouse configurations (spans; levels) for all the 
considered policies (IN, MID and LL).  
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Figure 4. ADPPTT related to different warehouse 
configurations (spans; levels) for all dwell point policies 

 

4. Conclusions and further researches 

A new deterministic travel-time model, oriented to find 
the optimal dwell point policy for the new AS/RS 
discussed in Hu et al. (2005) is proposed. The model was 
implemented by software simulations considering a set of 
parameters including spans, levels and the pdf of mission 
inter-arrivals time; 72 different instances have been 
investigated, and for each one, 10000 simulative runs(SC 
missions) were implemented. Last Location appears the 
most interesting dwell point policy. Others policies, such 
as Input and Midpoint, are quite similar and have different 
region of convenience in term of travel time (see Fig. 4).  

Paper presents results considering 72 different 
configurations of system,  a parametric model considering 
a very high number of different configurations is under 
construction. The proposed model considers a random 
storage assignment of materials. Further researches will 
investigate the effect of the class-based storage assignment 
of materials and the effect of dual command missions 
(DC). 
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