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Abstract—— In trade most of productive time is consumed in material handling and storage, it's necessary to automate the material 

handling & storage. Machine-driven storage & retrieval system (ASRS) is one in every of the technology used to store & retrieve 

material, tools, expendable product, etc. ASRS have several advantages as well as savings in productive time, labor prices, improved 

material flow and internal control, improved outturn level, high floor-space utilization, accrued safety and stock rotation. This paper 

summarizes the assorted elements in an automatic storage and retrieval system, listing also the advantages of automating a company’s 

storage operation. Details of the assorted management methods are included and a outline of the performance measures applied to such 

systems. This paper takes a review on improving outturn by analyzing storage, retrieval and dwell purpose methods. This paper is 

specifically focused on each a mathematical and a physical model of ASRS supported an industrial neck of the woods. This facility can 

offer capability of testing each mathematically and by trial and error a variety of ASRS management methods including: dwell purpose, 

travel kind, control, continuous or single operation, retrieval, and storage methods 

Keywords— machine-driven storage and retrieval system, ASRS, AGV, Performance analysis of ASRS, Automation. 

______________________________________________________________________________________________________________

1. INTRODUCTION 

        Automated storage and retrieval systems were 1st 

introduced within the Fifties to eliminate the walking that 

accounted for seventy maximize manual retrieval time [1]. 

ASRS have several advantages as well as savings in labor 

prices, improved material flow and internal control, 

improved outturn level, high floor-space utilization, 

increased safety and stock rotation. 

The economical operation of ASRS needs designing of 

a) Physical storage specifications: height, length, breadth of

storage structure and storage gap, 

b) Operating characteristics of AS/R systems: horizontal

and vertical rate, acceleration rate and number of machines 

c) Control strategy.

       Typically, ASRS accommodates a series of storage 

aisles every of that is served by a storage and retrieval 

(S/R) machine or crane. Every aisle is supported by a 

pickup and delivery (P&D) station generally set at the tip 

of the aisle and accessed by the S/R machine and therefore 

the external handling system. 

      Applications of ASRS exist within the assemblies of 

little electronic elements wherever assembly work-stations 

are put in within the openings of the storage racks, in 

clean- area producing environments to scale back the 

contamination of the product from manual handling, in 

attention distribution centers wherever pallet numerous 

medical product, starting from IV solutions to heart valves 

are briefly keep for later distribution. 

     Frozen food process environments wherever 

temperature is often unbroken at -29°C, creating it very 

hostile to human operators represent different 

implementations of the ASRS. 

      A recent application of the ASRS is within the 

automotive trade. When automobile bodies are painted, 

they are moved into storage in associate ASRS to 

coordinate the assembly schedule with the quantity of 

bodies painted a specific color. The chosen bodies are then 

retrieved and came back to production. 

2. OBJECTIVES FOR AUTOMATING A COMPANY’S 

STORAGE OPERATIONS 

      A list of attainable objectives that an organization 

might want to attain by automating its storage operations is 

shown below [1]: 

 To increase storage capability.

 To increase storage density.

 To recover mill floor area presently used for

storing work-in-process.

 To improve security and scale back thieving.

 To reduce labor price and/or increase labor

productivity in storage operations.

 To improve safeties within the storage perform.

 To improve management over inventories.

 To improve stock rotation.

 To improve client service.

 To increase outturn.

. 

3. ELEMENTS ASSOCIATED IN OPERATION OPTIONS OF AN 

ASRS: 

      Virtually all ASRS accommodates the subsequent 

components: [1] 

 Storage structure

 S/R machine

 Storage modules

 P&D stations

 System
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A. Storage Structure: 

      The storage structure is that the rack framework 

generally fabricated from invented steel that supports the 

masses contained within the ASRS. This structure should 

possess decent strength and rigidity that it doesn't deflect 

significantly as a result of the masses in storage or different 

forces on the framework. The individual storage 

compartments within the structure should be designed to 

just accept and hold the storage modules accustomed 

contain the stored materials. The rack structure can also be 

accustomed support the roof and siding of the building 

within which the ASRS resides. Another perform of the 

storage structure is to support the aisle hardware needed to 

align the S/R machines with reference to the storage 

compartments of the ASRS. This hardware includes guide 

rails at the top and bottom of the structure moreover as 

finish stops and different options needed to produce safe 

operation. 

B. S/R Machine: 

     The S/R machine is employed to accomplish storage 

transactions, delivering hundreds from the input station 

into storage and retrieving hundreds from storage and 

delivering them to the output station. To perform these 

transactions the S/R machine should be capable of 

horizontal and vertical jaunt align its carriage (which 

carries the load) with the storage compartment within the 

rack structure. In several cases the S/R machine consists of 

a rigid mast on that is mounted a rail system for vertical 

motion of the carriage. 

   Wheels are hooked up at the bottom of the mast to allow 

horizontal go a rail system that runs the length of the aisle. 

A parallel rail at the highest of the storage structure is 

employed to take care of alignment of the mast and 

carriage with reference to the rack structure. 

The carriage includes a shuttle mechanism to maneuver 

hundreds into and from their storage compartments. The 

design of the shuttle system should conjointly allow 

hundreds to be transferred from the S/R machine to the 

decide and Deposit (P&D) station or different material 

handling interface with the ASRS. The carriage and shuttle 

are positioned and motivated mechanically within the usual 

ASRS. Man-on-board S/R machines are equipped for a 

human operator to ride on the carriage. 

To accomplish the specified motions of the S/R machine, 3 

drive systems are required: horizontal movement of the 

mast, vertical movement of the carriage and shuttle transfer 

between the carriage and a storage compartment. 

Fashionable S/R machines are obtainable with horizontal 

hurries up to two hundred m/min on the aisle and vertical 

or elevate hurries up to around fifty m/min. These speeds 

confirm the time needed for the carriage to travel from the 

P&D station to a selected location within the storage aisle. 

Acceleration and deceleration have a lot of important 

impact on period of time over short distances. The shuttle 

transfer is accomplished by any of many mechanisms, as 

well as forks (for pallet loads) and friction devices for flat 

bottom tote bins. 

C. Storage Modules: 

       The storage modules are the unit load containers of the 

keep material. These embrace pallets, steel wire baskets 

and containers, plastic tote bins and special drawers (used 

in mini-load systems). These modules are generally created 

to a regular base size that may be handled mechanically by 

the carriage shuttle of the S/Machine. The quality size is 

additionally designed to suit within the storage 

compartments of the rack structure. 

D. Decide and Deposit Stations: 

        The decide and deposit station is wherever hundreds 

are transferred into and out of the ASRS. They’re typically 

located at the tip of the aisles for access by the external 

handling system that brings hundreds to the ASRS and 

takes hundreds away. Pickup stations and deposit stations 

could also be set at opposite ends of the storage aisle or 

combined at identical location. This relies on the 

origination purpose of incoming hundreds and therefore the 

destination of output hundreds. A P&D station should be 

designed to be compatible with each the S/R machine 

shuttle and therefore the external handling system. 

Common ways to handle hundreds at the P&D station 

embrace manual load / unload, forklift truck, conveyor 

(e.g. roller) and AGVs. 

E.  Management System: 

        The principle ASRS management downside is 

positioning the S/R machine at intervals an appropriate 

tolerance at a storage compartment within the rack 

structure to deposit or retrieve a load. The locations of 

materials keep within the system should be determined to 

direct the S/R machine to a selected storage compartment. 

at intervals a given aisle within the ASRS every 

compartment is known by its horizontal and vertical 

positions and whether or not it's on the right aspect or left 

aspect of the aisle. A theme supported alpha- numeric 

codes may be used for this purpose. Using this location 

identification theme, every unit of fabric keep within the 

system may be documented to a particular location within 

the aisle. The record of those locations is named the ‘item 

location file’. Whenever a storage group action is 

completed the group action should be recorded into the 

item location file. Given such storage compartment to 

travel to, the S/R machine should be controlled to 

maneuver thereto location and position the shuttle for load 

transfer. One positioning methodology uses a tally 

procedure within which the number of bays and levels are 

counted within the direction of travel (horizontally and 

vertically) to see position. Another methodology may be a 

numerical identification procedure within which every 

compartment is provided with a reflective target with 

binary-coded location identifications on its face. Optical 

scanners are used to browse the target and position the 

shuttle for depositing or retrieving a load. 

   Computer controls and programmable logic controllers 

are accustomed confirm the specified location and guide 

the S/R machine to its destination. Laptop management 
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permits the physical operation of the ASRS to be integrated 

with the supporting data and record-keeping system. 

Storage transactions may be entered in real- time, inventory 

records may be accurately maintained, system performance 

may be monitored and communications may be expedited 

with different mill laptop systems. These automatic 

controls may be superseded or supplemented by manual 

controls once needed beneath emergency conditions or for 

man-on-board operation of the machine. 

4. OPERATION OF ASSOCIATE ASRS:

         An ASRS machine typically operates in one in every 

of 2 modes: single cycle (SC) or twin cycle (DC) 

conjointly better-known as interleaving. for every of the 

modes the S/R machine starts at the P&D station, stores 

and/or retrieves a load, and returns to the P&D station to 

finish a cycle. In an exceedingly SC the S/R machine either 

stores or retrieves, while in an exceedingly DC it each 

stores and retrieves in one cycle. In a DC, the S/R machine 

picks up a load from a P/D station travels to a storage 

location to store it, travels to a different location to retrieve 

a load, and then returns to the P&D station to deliver it. 

According to Han et al (1987) the effectiveness of associate 

ASRS depends on the ways of management that govern the 

programming of storages and retrievals. a typical observe 

in sequencing storage and retrieval requests is that each 

requests are processed in an exceedingly first- come-first-

served (FCFS) manner. The FCFS assumption is 

reasonable for storages, since most ASRS are interfaced 

with a conveyor loop for input and output. In this case, it's 

tough to vary the sequence of hundreds conferred for 

storage. However, the FCFS assumption is less compelling 

for retrievals since retrieval requests are simply electronic 

messages and may be simply re-sequenced. [2] 

In a DC, storage and retrieval requests may be paired to 

decrease the time spent movement between the storage and 

retrieval locations. By minimizing the period of time, it's 

attainable to extend system outturn (i.e. the quantity of 

storages or retrievals performed per period) and scale back 

ASRS in operation prices like wear of mechanical elements 

and wattage price. Han et al (1987) claim that a five 

hundredth or a lot of decrease in the travel-between time 

element of a twin cycle results in a rise in outturn of 10-

15%. Such an increase in outturn might facilitate to handle 

peak demand within the operation section associated 

eliminate an aisle in an exceedingly multi-aisle system 

within the style section, which might result in tidy saving 

[2] 

5. ASRS STORAGE POLICIES:

       In associate ASRS empty storage locations are 

appointed to associate incoming pallet in numerous ways in 

which. In random storage assignment, a pallet has associate 

equal probability of being kept in any of the open 

locations. In an exceedingly class-based storage assignment 

the merchandises and storage racks are divided into variety 

of categories in line with the product turnover frequencies. 

The best turnover product is keep within the category of 

storage rack highest to the input /output purpose (P&D 

location). A pallet is keeping at random at intervals the 

category. In dedicated storage every product is appointed to 

a selected location or set of locations within the storage 

rack once more in line with their turnover frequencies. 

     White and Kinney (1982) noted that compared to 

dedicated storage, random storage typically needs less 

cupboard space as a result of the most mixture storage 

demand is mostly but the mixture maximum storage needs 

for every product in storage. compared to random storage, 

dedicated storage leads to reduced period of time if equal 

storage areas are assumed. However, since the class-based 

and dedicated storage policies are supported turnover 

frequency for every product it's tough to use them if the 

turnover frequencies of the product vary with time. 

      Random storage policy isn't stricken by variable 

turnover frequencies. [3] 

6. STORAGE ASSIGNMENT AND INTERLEAVING RULES:

Storage assignment is that the choice of associate open

rack location for the storage of associate incoming pallet 

[4]. 

    Interleaving or twin Cycle operation permits for the 

completion of each a store request and a retrieve request on 

one trip from the P&D purpose. That is, upon completion 

of a store the S/R machine won't come empty to the P&D 

purpose for its next instruction; instead the Crane can move 

(interleave) to the situation of a retrieve request, create the 

retrieval then come to the P&D purpose. Interleaving 

systems are referred to as dual-address systems, since the 

S/R machine is capable of visiting 2 locations (or 

addresses) between successive returns to the P&D purpose. 

6.1 Storage Assignment Rules: 

1. Random storage assignment (RAN): The storage

location is chosen at random from all open rack locations. 

This rule has been accustomed approximate the 

performance of the closest-open-location (COL) rule, a rule 

wide employed in observe. 

2. Class-based storage assignment (C2 or C3): the things

and therefore the rack locations are stratified according to 

turnover and distance (in travel time) from the P&D 

purpose, severally. These ranked lists are then partitioned 

off into a tiny low variety of matched categories (2 or 3) 

such the class of things with the best turnover is appointed 

at random at intervals of locations highest to the P&D 

purpose, etc. 

3. Full turnover-based storage assignment (Full): For this

rule the best turnover item is appointed to the situation 

highest to the P&D purpose. This rule represents the limit 

of class-based rules. 

Interleaving Rules:  

 1. No interleaving (NIL): All storage and retrieval 

requests are initiated with the S/R at the P&D 

purpose. These are typically mentioned as ‘single 

address’ or single cycle systems as a result of the 

S/R unit is only capable of visiting one rack 

location (address) between ordered returns to the 

P&D point. 

 Mandatory interleaving with FCFS queue

discipline of retrieves (MIL/FCFS): A retrieve is
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Performed on every occasion a store is created 

and therefore the retrieve is chosen FCFS from the 

retrieve queue. 

 Mandatory interleaving with choice queue of K

retrieves (MIL/Q=K): This rule is applicable

solely when a class-based storage assignment rule

is employed. Again, a retrieve is performed on

every occasion a store is made; but, the retrieve is

chosen from the primary K entries within the

retrieve queue. These K retrieves are searched till

a retrieve of identical category because the

previous store is found. If a retrieve from identical

category isn't found, the search is recurrent

mistreatment the ‘next best’ category.

7. ASRS PERFORMANCE:

      The performance of ASRS varies by the definition of 

the live and therefore the in operation policies custom-

made [5]. 

Measures of performance could include: 

 The period of time per storage/retrieval request

 The total time needed to store/retrieve a batch of

orders

 The average waiting time for a storage/retrieval

request

Many parameters have an effect on the performance of the 

ASRS. Though a number of the parameters are reticulate, 

they are divided into 3 groups: demand needs, physical 

style and in operation policies. 

  Demand needs represent the orders that require being 

keep or retrieved to fulfill the specified production 

(distribution) schedule. The demand could also be outlined 

by many parameters: 

 Number of orders received per unit time.

 The pattern of retrieving the demand because it

arrives to the ASRS: A static retrieval pattern

implies that once demand arrives it's accumulated

into one cluster then the storage and retrieval

processes are performed on the cluster till all

orders are completed. New arrivals, whereas a

bunch of storage and retrieval is being processed,

kind a special cluster that may be processed when

the completion of the present cluster. A dynamic

retrieval pattern implies that a replacement arrival

during the process of a cluster is intercalary to the

group and re-sequencing and batching of orders is

made to accommodate the new arrival(s).

 Number of things to be keep or retrieved per

order.

 Weights and sizes of things to be processed.

 The day of the month of the orders.

The second cluster of parameters that have an effect on the 

performance of ASRS relate to its physical style. Some of 

these parameters are: size of storage bins, length and height 

of storage structure (building the aisle too long may cause 

the S/R machines to control at too high a share of their 

capacity), single or double deep rack, and capability and 

variety of S/R machines. 

    The third cluster of parameters that have an effect on the 

performance of ASRS are the in operation policies of the 

system, which involve rules for storage and retrieval 

(storage cycle, retrieval cycle, storage and retrieval within 

the same cycle) of materials, turnover time and item 

quality, order sequencing and batching, order retrieval 

policies (FCFS, LCFS, priority, etc.), order storage policies 

and routing of the S/R machine. 

 Dwell purpose Analysis

       The method of decisive the purpose to position the S/R 

machines once idle is mentioned as dwell point policy and 

therefore the purpose wherever the S/R machine is 

positioned because the dwell purpose [6]. 

Egbelu &Wu (1993) conjointly state that in positioning the 

S/R machine once idles a properly hand-picked dwell 

purpose policy can scale back period of time of the S/R 

machine in warehouse operation. Many dwell purpose 

policies are available. These dwell purpose rules are 

derived from straightforward rules-of-thumb or 

mathematical programming. 

     Some of these rules are static in nature whereas others 

respond dynamically to changes in storage and retrieval 

demand. Typical dwell purpose rules include: 

 Dynamically position the S/R machine at a

location that minimizes the expected S/R machine

travel or interval from the dwell purpose to the

points of want.

 Dynamically position the S/R machine at a

location that minimizes the most S/R machine

travel or interval from the dwell purpose to the

points of want.

 Invariably position the S/R machine at the input

station whenever idle.

 Invariably position the S/R machine at the output

station whenever idle.

 invariably position the S/R machine at the mid-

point location within the rack whenever idle.

 Dynamically position the S/R machine at the last

location it visited following the completion of

either one command or twin command cycle.

The dynamic dwell purpose rules (1 and 2) were planned 

by Egbelu (1991). These 2 rules acknowledge the dynamic 

fluctuation within the storage and retrieval demands that 

are old in ASRS from one programming period to a 

different. An amount could represent associate hour, a shift 

or daily counting on the assembly schedule of the look or 

the distribution centre served by the ASRS. An applied 

math model supported location theory was conferred by 

Egbulu (1991) to reduce the service interval in associate 

ASRS through the optimal choice of the dwell purpose of 

the S/R machine once idle. For dwell purpose rule 

 The target is to minimize the expected period of

time or interval of the S/R machine to the situation

wherever it's required, given that the machine

originates from the dwell purpose. For dwell

purpose rule

 The target is that the minimization of the most

period of time to the purpose of want, once more
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presumptuous that the machine originates from 

the dwell purpose. 

 The dwell purpose rules (3 – 5) are static in nature

and so time, traffic and state of affairs invariant.

These rules are principally involved with choosing

a degree on the aisle wherever the S/R machine

ought to be positioned.

In this respect, these rules think about the downside as a 

one-dimensional location problem. Much, in an ASRS 

system, the choice isn't solely to see the purpose on the 

horizontal guide track to dwell the machine, however 

conjointly to specify however high the retrieval arm ought 

to be positioned. The position of the retrieval arm is 

important since the time needed for the S/R machine to 

achieve a degree is set by the longer of either the horizontal 

period of time or the vertical period of time. In rules (1) 

and (2) the S/R dwell purpose choice problem is viewed as 

a two-dimensional location downside within which the 

position of the machine on the linear track and therefore 

the position of the arm should each be determined at the 

same time. 

As would be expected, traffic intensity influences the 

proportion of the time the S/R machine remains idle, and 

consequently, the frequency with that the dwell purpose 

formula is invoked. The lower the traffic rate, the higher 

the frequency of invoking the dwell purpose formula. 

The dwell purpose rule (6), positioning of the S/R machine 

at the last location visited, doesn't extremely respond to the 

dynamic changes in storage and retrieval demands led to by 

the ever-changing production schedule. Rather, it’s 

performing of the sequencing of the storage and retrieval 

requests created to the ASRS. 

Traditionally, the dwell purpose choice uses 

straightforward rules-of-thumb (rules (3-6) antecedently 

described). These four rules are static in nature as they are 

doing not think about the fluctuation within the level of 

activities within the ASRS from period to amount. Egbelu 

(1991) planned 2 dwell purpose rules that are dynamic in 

nature. These 2 rules use linear programming models to 

dynamically confirm the dwell purpose. [7] 

8. FILLER THE ASRS RACK STRUCTURE

The total storage capability of 1 storage aisle depends on 

what number storage compartments are organized 

horizontally and vertically within the aisle [1]. This could 

be expressed as follows: Capacity per aisle = 2ny.nz 

(1.1)               

Where: 

 ny = variety of load compartments on the length of 

the aisle  

 nz = variety of load compartments that conjure the 

peak of the aisle 

The constant, 2, accounts for the actual fact that hundreds 

are contained on each side of the aisle. 

If a regular size compartment is assumed (to settle for a 

regular size unit load), then the compartment dimensions 

facing the aisle should be larger than the unit load 

dimensions. 

Let, x and y = the depth and breadth dimensions of a unit 

load (e.g. a regular pallet size) and z = the peak of the unit 

load. The width, length and height of the rack structure of 

the ASRS aisle are associated with the unit load 

dimensions and variety of compartments as follows: 

 W = 3(x + a)  (1.2) 

 L = ny(y + b)  (1.3) 

  H = nz(z + c)  (1.4) 

Where: 

W, L and H = breadth, length and height of 1 aisle of the 

ASRS rack structure severally 

x, y and z = the scale of the unit load 

a, b and c = allowances designed into every storage 

compartment to produce clearance for the unit load and to 

account for the scale of the supporting beams within the 

rack structure for the case of unit hundreds contained on 

standard pallets, device (2001) recommends values for the 

allowances as: a = 150mm, b = 200mm and c =250mm. For 

associate ASRS with multiple aisles, W is just increased by 

the quantity of aisles to get the overall breadth of the 

storage system. The rack structure is made on top of floor 

level by three hundred – 600 millimeter and therefore the 

length of the ASRS extends on the far side the rack 

structure to produce area for the P&D station. 

9. ASRS OUTTURN:

      System outturn is outlined because the hourly rate of 

S/R transactions that the machine-driven storage system 

will perform [1]. A group action involves depositing a load 

into storage or retrieving a load from storage. Either one of 

these transactions alone is accomplished in an exceedingly 

single command cycle. A twin command cycle 

accomplishes each group action sorts in one cycle: since 

this reduces period of time per group action, outturn is 

increased by mistreatment twin command cycles once the 

dwell purpose is such as aside from ‘Current’ or ‘Deposit 

Point’. 

     Several ways are obtainable to work out ASRS cycle 

times to estimate outturn performance. The method 

presented here is usually recommended by the handling 

Institute as summarized by device (2001). It assumes: 

a)Randomized storage of hundreds within the ASRS (i.e.

any compartment within the storage aisle is equally 

possible to be hand-picked for a transaction) 

b) Storage compartments are of equal size

c) The P&D station is found at the bottom and finish of the

aisle 

d) Constant horizontal and vertical speeds of the S/R

machine 

e) Simultaneous horizontal and vertical travel

 For one command cycle, the load to be entered or retrieved 

is assumed to be set at the middle of the rack structure. 

Thus, the S/R machine should travel [*fr1] the length and 

[*fr1] the peak of the ASRS and it should return identical 

distance. The one command cycle time will so be 

expressed by: 

      =2*    0.5,0.5    +2 

      =         -,-           +2                                   (1.5) 

Where, 

Tcs = cycle time of one command cycle (min/cycle) 
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L    = length of the ASRS rack structure (m) 

Vy = rate of the S/R machine on the length of the ASRS 

(m/min) 

H   = height of the rack structure (m) 

Vz  = rate of the S/R machine within the vertical direction 

of the ASRS (m/min)  

Tpd= pickup and deposit time 2 P&D times ar needed per 

cycle, representing load transfers to and from the S/R 

machine. 

 For a twin command cycle, the S/R machine is assumed to 

jaunt the middle of the rack structure to deposit a load then 

it travels to ¾ the length and height of the ASRS to retrieve 

a load. So the entire distance travelled by the S/R machine 

is ¾ the length and ¾ the peak of the rack structure and 

back. During this case cycle time is given by: 

      =2*     0.75,0.75      +4 

 =  1.5,1.5     +4  (1.6) 

Where, 

Tcd = cycle time for a twin command cycle (min/cycle) 

System outturn depends on the relative numbers of single 

and twin command cycles performed by the system. Let, 

Rcs = variety of single command cycles performed per 

hour and 

Rcd = variety of twin command cycles per hour at such or 

assumed utilization level. 

The equation for the quantity of your time spent in 

playacting single and twin command cycles every hour is: 

      .     +     .      =60                 (1.7) 

Where, 

U  = system utilization throughout the hour 

The right hand aspect of the equation offers the entire 

variety of minutes of operation per hour. To resolve this 

equation the relative proportions of Rcs and Rcd should be 

determined, or assumptions concerning these proportions 

must be created. Then the entire hourly rate is given by: 

   =          +                         (1.8) 

Where, 

 Rc       = total S/R cycle rate (cycles/hr) 

Note that the entire variety of storage and retrieval 

transactions per hour are larger than this price unless 

 Rcd      = 0, since there are 2 transactions accomplished in 

every twin command cycle. 

Let Rt = the entire variety of transactions performed per 

hour; then: 

 =  +2   (1.9) 

10.CONCLUSION

This paper summarizes the assorted elements in an

automatic storage and retrieval system, listing conjointly 

the benefits of automating a company’s storage operation. 

Details of the assorted management methods are enclosed 

and an outline of the performance measures applied to such 

systems. The findings from this review are that there is 

presently an outsized quantity of analysis on-going with 

specific stress on rising outturn by analyzing storage, 

retrieval and dwell purpose methods. The best recorded 

performance was with current dwell purpose, coincidental 

travel, twin management, free-nearest storage and nearest 

retrieval methods hand-picked together. In general, twin 

management improved performance (in terms of 

throughput), coincidental travel was found to be higher 

than rectilinearly travel, dwell purpose at origin gave 

terribly poor results, and a dwell purpose at current, decide 

purpose or deposit purpose seems best. 
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