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Certificate in Automated Storage and Retrieval System for Warehouses

Design Principles for AS/RS

Automated Storage and Retrieval System (AS/RS) is a collection of hardware and software that moves goods
between defined storage locations and operating stations without continuous human intervention. The
purpose of design principles for AS/RS is to create a system that maximizes space utilization, improves
inventory accuracy, and increases order‑fulfilment speed while maintaining safety and reliability. The
following key terms and vocabulary form the foundation for understanding how to design, implement, and
optimise an AS/RS in a warehouse environment. Each term is defined, illustrated with practical examples,
and examined for typical challenges that designers may encounter.

Storage Density refers to the amount of product that can be stored per unit of floor space. It is often
expressed as cubic metres per square metre (m³/m²) or pallets per square metre. High storage density is
achieved by using narrow aisle racking, double‑deep pallets, or vertical lift modules. For example, a
double‑deep racking configuration can store two pallets behind each other in a single bay, effectively
doubling the number of pallets per aisle. The challenge with high density is that it can increase the travel
distance for retrieval equipment and reduce flexibility for handling irregularly shaped items.

Throughput is the rate at which the system can move items from storage to the picking area or vice‑versa,
typically measured in units per hour or orders per hour. Throughput is influenced by the speed of the
transport mechanisms, the number of concurrent cycles, and the efficiency of the control software. A
high‑throughput AS/RS might use multiple cranes operating simultaneously on parallel aisles to achieve
2,000 picks per hour. Designers must balance throughput with reliability; pushing equipment to its
maximum speed can increase wear and lead to more frequent downtime.

Cycle Time is the total time required to complete one storage or retrieval cycle, from the moment a
command is issued until the item is placed at the destination. Cycle time includes acceleration, travel,
deceleration, loading/unloading, and any waiting periods caused by congestion. A typical cycle time for a
single‑crane AS/RS may be 30 seconds, while a multi‑crane system with optimized routing could reduce it
to 15 seconds. Reducing cycle time often involves improving the layout, using faster conveyors, and
implementing intelligent scheduling algorithms.

Pick‑to‑Light is a technology that guides operators to the correct storage location using illuminated LEDs
and visual cues. When an order is released, the light at the pick location flashes, indicating the exact bin or
pallet to retrieve. This method reduces errors and speeds up the picking process. In a mixed‑mode AS/RS
where human pickers work alongside robots, pick‑to‑light can be integrated with the warehouse
management system (WMS) to provide real‑time feedback. A common challenge is ensuring that the
lighting system is robust enough to operate in dusty or high‑temperature environments.

Put‑to‑Light operates on the same principle as pick‑to‑light but for inbound processes. An operator places
a received pallet or case on a illuminated spot, and the system confirms the correct storage location. This
technology improves inbound accuracy and helps maintain proper slotting. For example, a distribution
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centre receiving 1,000 inbound pallets daily may use put‑to‑light to reduce mis‑placements by 90 percent.
The main difficulty lies in synchronising the lighting signals with the conveyor flow to avoid bottlenecks.

Slotting is the process of assigning specific products to particular storage locations based on demand,
product dimensions, and handling characteristics. Effective slotting reduces travel distance, balances load
across the system, and improves pick speed. A fast‑moving SKU might be placed on a high‑throughput aisle
near the pick stations, while slow‑moving items are stored deeper in the rack. Slotting decisions are often
supported by demand forecasting algorithms within the WMS. The challenge is that demand patterns can
change rapidly, requiring dynamic re‑slotting, which may increase internal movements and labor costs.

SKU (Stock Keeping Unit) is a unique identifier for each distinct product type, including variations in size,
colour, or packaging. In an AS/RS, each SKU is mapped to one or more storage locations. Proper SKU
definition enables precise inventory tracking and efficient order processing. For instance, a retailer may have
5,000 SKUs, each stored on a separate pallet position. Managing such a large SKU base demands robust
data structures and real‑time updates to prevent stockouts or overstocking.

Inventory Accuracy measures how closely the recorded inventory levels match the physical stock. High
inventory accuracy is essential for reliable order fulfilment and optimal replenishment planning. Automated
systems improve accuracy by eliminating manual data entry and providing continuous cycle counting. A
warehouse aiming for 99.9 Percent accuracy might implement RFID‑enabled pallets that automatically
update the WMS when moved. Maintaining this level of accuracy can be challenging when dealing with
mixed pallets, broken cases, or items that are frequently moved between locations.

Warehouse Management System (WMS) is the software layer that orchestrates all warehouse activities,
including receiving, put‑away, storage, picking, and shipping. The WMS communicates with the AS/RS
controller, conveyors, and other material handling equipment to coordinate tasks. For example, when an
order is released, the WMS calculates the optimal retrieval sequence, sends commands to the crane, and
updates inventory records upon completion. Integration complexities arise when the WMS must interface
with multiple legacy systems or external ERP platforms, requiring custom APIs and data mapping.

Material Handling Equipment (MHE) encompasses all machines used to move, store, and control goods,
such as conveyors, forklifts, cranes, and shuttle robots. In an AS/RS, the primary MHE is the automated
crane or shuttle that performs the storage and retrieval functions. Additional MHE may include inbound
conveyors that feed pallets to the system and outbound sorters that direct picks to shipping docks.
Selecting the appropriate MHE involves assessing load capacity, speed, footprint, and maintenance
requirements. Over‑specifying equipment can lead to unnecessary capital expense, while under‑specifying
may cause performance bottlenecks.

Control System refers to the programmable logic controllers (PLCs) and software that execute real‑time
commands for the AS/RS. The control system receives task instructions from the WMS, monitors sensors,
and drives motors and actuators. It also manages safety interlocks, error handling, and diagnostic reporting.
A modern control system may use a distributed architecture where each crane has its own PLC, coordinated
by a central supervisory controller. Challenges include ensuring deterministic response times, handling
network latency, and providing redundancy to avoid single points of failure.
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Safety Interlock is a device or software logic that prevents hazardous situations by disabling equipment
when unsafe conditions are detected. Examples include light curtains that stop a crane if a person enters the
aisle, or limit switches that prevent over‑travel. Safety interlocks must comply with regional standards such
as OSHA or EN ISO 13849. Designing effective interlocks requires a thorough risk assessment and regular
testing; failure to do so can result in accidents, regulatory fines, and system shutdowns.

Load Factor is the ratio of actual utilisation of a storage location to its maximum capacity. It is expressed as
a percentage and helps assess how efficiently space is being used. A load factor of 80 percent indicates that
80 percent of the available pallet positions are occupied. Maintaining a high load factor improves cost
efficiency but may reduce flexibility for handling irregular loads. Designers must monitor load factor trends
to anticipate when additional storage expansion or re‑configuration is needed.

Travel Distance is the linear distance that the retrieval device must move to reach a storage location. Shorter
travel distances generally lead to faster cycle times and lower energy consumption. Travel distance is
influenced by aisle width, rack layout, and the positioning of high‑velocity SKUs. For instance, a narrow‑aisle
system with a 2‑metre aisle width reduces travel distance compared to a standard 3‑metre aisle. However,
tighter aisles may limit the size of equipment that can be used, posing a trade‑off between density and
accessibility.

Throughput Capacity defines the maximum number of items the system can handle per unit of time without
degradation in performance. It is determined by the combined capabilities of the crane speed, conveyor
rates, and WMS scheduling efficiency. A warehouse planning to process 5,000 orders per day may calculate
that a throughput capacity of 2,500 picks per hour is required to meet peak demand. Over‑designing for
peak capacity can lead to under‑utilised assets, while under‑designing can cause missed service levels and
overtime costs.

Redundancy in an AS/RS context means having duplicate components or pathways that can take over if a
primary element fails. Redundancy can be built into the control system (dual PLCs), power supply (UPS with
backup generators), or material flow (parallel conveyors). Redundant designs improve system availability
and reduce downtime. The downside is increased capital expenditure and more complex maintenance
procedures. A common approach is to implement hot‑standby cranes that can automatically assume the
workload of a failed crane.

Uptime is the proportion of time that the AS/RS is operational and available for use, usually expressed as a
percentage of total scheduled time. High uptime is critical for meeting service level agreements (SLAs). For
example, a target uptime of 99.5 Percent translates to less than 4 hours of downtime per month. Achieving
this level requires preventive maintenance, quick fault detection, and effective spare parts management.
Unexpected equipment failures or software crashes are common sources of reduced uptime.

Preventive Maintenance involves scheduled inspections, lubrication, calibration, and component
replacement to avoid unplanned breakdowns. In an AS/RS, preventive maintenance may include checking
crane bearing wear, testing sensor accuracy, and updating firmware. A maintenance schedule based on
operating hours rather than calendar dates can better reflect actual usage. The challenge lies in balancing
maintenance windows with operational demands, especially during peak seasons.
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Dynamic Re‑Slotting is the practice of periodically moving inventory to new locations based on changing
demand patterns, product introductions, or space optimisation goals. Unlike static slotting, dynamic
re‑slotting uses real‑time data analytics to decide when and where to relocate items. For instance, a
seasonal product that spikes in demand for a short period may be moved to the most accessible aisles for
the duration of the promotion. The main difficulty is the additional internal movements required, which
consume crane time and increase labour costs.

Batch Picking groups multiple orders together for a single retrieval operation, allowing the crane to pick
several items in one trip before delivering them to a downstream sorter. This technique reduces travel
distance per pick and improves crane utilisation. A typical batch size may range from 5 to 20 items,
depending on order characteristics and system capacity. Batch picking introduces complexity in order
consolidation and requires accurate sequencing to avoid cross‑contamination of orders.

Single‑Level Rack is a simple storage structure consisting of horizontal beams supported by vertical
uprights, with pallets placed directly on the beams. It is easy to install, provides high load capacity, and
allows straightforward access by forklifts or cranes. Single‑level racks are often used for bulk storage of
heavy or oversized items that cannot be accommodated by higher‑density solutions. The trade‑off is lower
storage density compared to multi‑level or mezzanine systems.

Multi‑Level Rack adds vertical levels to increase storage density within the same floor footprint. Pallets are
stored on higher tiers accessed by a crane or shuttle. Multi‑level racks can achieve storage densities of 1.5
To 2.5 Pallets per square metre, depending on aisle width and level height. The design must consider load
distribution, structural stability, and the reach capabilities of the retrieval equipment. Height restrictions due
to building ceilings or fire suppression systems may limit the number of levels.

Mezzanine is an intermediate floor that creates additional storage or work area above the main warehouse
floor. Mezzanines are often used to house AS/RS equipment, high‑density shelving, or office space. By
adding a mezzanine, a warehouse can effectively double its usable floor area without expanding the
building footprint. Structural engineering challenges include load bearing calculations, compliance with
local building codes, and ensuring adequate clearance for equipment movement underneath.

Conveyor System transports pallets, totes, or cartons between the AS/RS and peripheral processes such as
receiving docks, sorters, or packing stations. Conveyors can be belt, roller, or mag‑lev types, each with
different speed and load characteristics. Proper conveyor design includes selecting appropriate motor
power, ensuring smooth transitions, and incorporating diverters for product routing. A common issue is belt
slippage or mis‑alignment, which can cause jams and interrupt the flow of goods.

Diverting Mechanism (or diverter) redirects items on a conveyor to different downstream paths based on
criteria such as order priority, SKU destination, or shipping method. Common diverting technologies include
swing gates, pushers, and magnetic rollers. For an AS/RS, a diverter may separate inbound pallets for
put‑away from outbound picks destined for shipping. The reliability of the diverting mechanism directly
impacts order accuracy; a malfunctioning diverter can send items to the wrong dock, leading to costly
re‑work.
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Sortation System arranges items into a predetermined sequence for further processing, typically using
high‑speed conveyors equipped with automated sorters. In an AS/RS environment, sortation may follow the
retrieval stage, grouping picks by destination or carrier. Technologies include cross‑belt sorters,
wobble‑sort, and carousel sorters. Designing a sortation system requires careful capacity planning to avoid
bottlenecks that could negate the speed gains achieved by the AS/RS.

Throughput Bottleneck is a point in the material flow where the capacity is lower than the upstream
demand, causing a slowdown in overall system performance. Bottlenecks often arise at conveyor junctions,
crane stations, or sorting stations. Identifying bottlenecks involves analysing cycle times, utilisation
percentages, and queue lengths. Once identified, solutions may include adding parallel equipment,
upgrading motor power, or re‑balancing the workload through software optimisation.

Utilisation Rate measures the proportion of time a piece of equipment is actively performing work versus
idle. High utilisation indicates efficient use of assets but may also suggest that the system is operating near
its capacity limits, leaving little margin for error. For example, a crane with a 85 percent utilisation rate is
busy for most of the shift, while a 45 percent rate suggests under‑use. Maintaining an optimal utilisation
range (often 70‑80 percent) helps balance productivity with reliability.

Ergonomic Design considers the interaction between human operators and the AS/RS, aiming to reduce
physical strain and improve safety. Features such as adjustable workstations, anti‑fatigue flooring, and
intuitive user interfaces contribute to ergonomic design. Even in highly automated environments, operators
may need to load pallets onto conveyors or perform maintenance tasks; poor ergonomics can lead to
injuries and increased absenteeism.

Scalability describes the ability of the AS/RS to expand its capacity, functionality, or performance without
major redesign. A scalable system might allow additional crane modules, extra conveyor lines, or integration
of new software modules as the business grows. Planning for scalability includes reserving space for future
equipment, using modular control architecture, and selecting standards‑based communication protocols.
The risk is over‑engineering the initial system, which can inflate capital costs.

Modularity is the design principle of constructing the AS/RS from interchangeable components that can be
added, removed, or replaced independently. Modular racks, cranes, and conveyor sections simplify
installation, maintenance, and future upgrades. For instance, a modular crane platform can be relocated to a
different aisle without extensive re‑wiring. The challenge lies in ensuring that the interfaces between
modules remain compatible across different generations of equipment.

Integration refers to the seamless connection between the AS/RS and other enterprise systems such as ERP,
WMS, and transportation management systems (TMS). Effective integration enables real‑time data
exchange, coordinated order processing, and unified reporting. Integration methods include APIs, OPC-UA,
and middleware platforms. A common integration pitfall is mismatched data formats, which can cause
errors in inventory updates or order routing.

Real‑Time Data is information that reflects the current state of the system at the moment it is captured,
such as crane position, conveyor speed, or inventory levels. Real‑time data enables dynamic
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decision‑making, allowing the WMS to adjust picking sequences on the fly. For example, if a crane reports a
delay due to a sensor fault, the system can reassign its tasks to another crane to maintain throughput.
Maintaining data latency below a few seconds is critical for effective real‑time control.

Latency is the delay between a command being issued and the corresponding action being executed by the
equipment. High latency can degrade system performance, particularly in high‑throughput environments
where decisions must be made within milliseconds. Reducing latency involves optimizing network topology,
using high‑speed PLCs, and minimising software processing overhead. Network congestion or poorly
designed message queues are typical sources of increased latency.

Simulation is the use of computer models to emulate the behaviour of an AS/RS before physical
implementation. Simulation tools can evaluate layout options, predict throughput, and identify potential
bottlenecks. By running multiple scenarios, designers can compare the impact of aisle width, crane speed, or
slotting strategies on overall performance. The limitation of simulation is that it relies on accurate input
data; unrealistic assumptions can lead to misleading conclusions.

Layout Optimisation involves arranging racks, aisles, and equipment to achieve the best balance of space
utilisation, travel distance, and safety. Techniques include using mathematical algorithms such as linear
programming or heuristic methods like genetic algorithms. A well‑optimised layout might reduce average
travel distance by 15 percent compared to a naïve design. Constraints such as fire exits, loading dock
locations, and structural columns must be incorporated into the optimisation model.

Fire Safety encompasses the measures taken to prevent, detect, and suppress fires within the warehouse.
AS/RS designs must include fire‑rated racking, sprinkler systems, and emergency stop mechanisms.
Materials stored in high‑density racks may pose a greater fire risk, requiring compliance with NFPA
standards. Designers must ensure that fire suppression devices do not interfere with the operation of cranes
or conveyors, and that emergency evacuation routes remain clear.

Regulatory Compliance means adhering to laws, standards, and industry guidelines governing warehouse
operations, equipment safety, and environmental impact. Relevant regulations may include OSHA,
ISO 45001, and local building codes. Non‑compliance can result in fines, shutdowns, or legal liability.
Compliance activities include conducting risk assessments, maintaining documentation, and performing
regular audits.

Environmental Impact assesses the ecological footprint of the AS/RS, including energy consumption,
emissions, and waste generation. Energy‑efficient motors, regenerative braking, and LED lighting can reduce
the carbon footprint. Lifecycle analysis may reveal that an investment in a high‑efficiency crane yields a
return on investment through lower operating costs and reduced emissions. Balancing environmental goals
with performance requirements is a key design consideration.

Return on Investment (ROI) is the financial metric that compares the benefits of the AS/RS to its total cost of
ownership (TCO). ROI calculations typically include labour savings, increased throughput, reduced inventory
carrying costs, and improved order accuracy. A typical ROI target for a mid‑size distribution centre might be
18‑24 months. Accurate ROI modelling requires reliable data on current operating costs, projected demand
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growth, and equipment depreciation.

Total Cost of Ownership (TCO) encompasses all expenses associated with acquiring, operating, maintaining,
and eventually disposing of the AS/RS. TCO includes capital expenditure (CAPEX), operating expenditure
(OPEX), energy costs, maintenance contracts, training, and insurance. By analysing TCO, decision‑makers can
choose solutions that minimise long‑term financial risk, rather than focusing solely on upfront price. Hidden
costs such as spare part inventory or system integration effort often inflate TCO if not accounted for.

Training Requirements identify the knowledge and skills needed for operators, maintenance staff, and
supervisors to work safely and efficiently with the AS/RS. Training may cover crane operation, safety
procedures, WMS navigation, and troubleshooting. A well‑structured training program reduces errors,
improves equipment utilisation, and accelerates the onboarding of new personnel. The challenge is to keep
training materials up to date as system upgrades are introduced.

Change Management is the systematic approach to transitioning an organisation from its current state to a
future state that incorporates the AS/RS. Change management includes communication plans, stakeholder
engagement, and performance monitoring. Resistance to change can manifest as reluctance to adopt new
processes or fear of job displacement. Addressing these concerns through transparent communication and
demonstrating tangible benefits helps smooth the implementation.

Key Performance Indicators (KPIs) are measurable values used to assess the effectiveness of the AS/RS.
Common KPIs include order cycle time, pick accuracy, equipment utilisation, and downtime frequency. By
regularly reviewing KPIs, managers can identify trends, set improvement targets, and evaluate the impact of
optimisation initiatives. Selecting the right KPIs requires aligning them with business objectives and
ensuring that data collection is reliable.

Order Accuracy measures the percentage of orders shipped without errors such as missing items, incorrect
quantities, or wrong SKUs. High order accuracy is critical for customer satisfaction and reduces costly
returns. Automated picking and verification technologies, such as barcode scanning or RFID, help maintain
accuracy rates above 99.9 Percent. Common challenges include handling damaged packaging that may
obscure barcodes and ensuring that system updates reflect real‑time inventory changes.

Cycle Counting is a method of regularly verifying inventory levels by counting a subset of locations on a
rotating schedule rather than conducting a full physical inventory. In an AS/RS, cycle counting can be
automated by instructing the crane to retrieve items from selected locations and compare the system
record with the physical count. This approach maintains inventory accuracy with minimal disruption to
operations. The difficulty lies in selecting appropriate counting frequencies for high‑turnover versus
slow‑moving items.

Load Balancing distributes work evenly across multiple cranes, conveyors, or workstations to prevent any
single resource from becoming overloaded. Load‑balancing algorithms may consider factors such as current
utilisation, travel distance, and priority of orders. Effective load balancing improves overall system
throughput and reduces wear on heavily used equipment. Improper balancing can cause idle time on some
cranes while others are over‑stressed, leading to uneven wear and higher maintenance costs.
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Redundancy Planning involves designing backup pathways and spare components that can be activated
when primary assets fail. Redundancy can be achieved through parallel aisles, duplicate power supplies, or
hot‑standby control servers. The goal is to maintain target uptime levels even during component failures.
Redundancy planning must also address the cost‑benefit trade‑off, as adding too much redundancy can
inflate capital spend without proportional gains in availability.

Predictive Maintenance uses sensor data, machine learning models, and statistical analysis to forecast
equipment failures before they occur. Sensors may monitor vibration, temperature, motor current, and
other parameters to detect early signs of wear. By scheduling maintenance based on predicted failure dates,
warehouses can avoid unexpected downtime and extend equipment life. Implementing predictive
maintenance requires a robust data acquisition infrastructure and expertise in analytics.

Energy Efficiency evaluates the amount of energy consumed per unit of throughput, often expressed as
kilowatt‑hours per pick. Energy‑saving measures include using variable‑frequency drives (VFDs) on motors,
implementing regenerative braking on cranes, and optimizing conveyor speeds based on load. An
energy‑efficient AS/RS not only reduces operating costs but also aligns with corporate sustainability goals.
The challenge is to achieve energy savings without compromising performance or increasing cycle time.

Variable‑Frequency Drive (VFD) is an electronic device that controls motor speed by varying the frequency
and voltage supplied to the motor. VFDs enable smooth acceleration and deceleration, reducing mechanical
stress and energy consumption. In an AS/RS, VFDs are commonly used on crane drives and conveyor
motors. Selecting the correct VFD size and programming appropriate acceleration profiles are essential to
avoid overspeed conditions and ensure safe operation.

Robustness describes the ability of the AS/RS to operate reliably under varying conditions such as
temperature fluctuations, dust, humidity, or load variations. Robust equipment is built with protective
enclosures, sealed bearings, and corrosion‑resistant materials. A robust system experiences fewer
unexpected failures and requires less frequent maintenance. Designing for robustness may increase initial
cost but reduces long‑term operational risk.

Scalable Architecture is a software design that allows the system to handle increasing volumes of data,
users, and devices without a loss of performance. In the context of AS/RS, a scalable architecture might use
cloud‑based services for data storage, micro‑services for functional modules, and containerisation for easy
deployment. This approach facilitates future expansion, such as adding new robotic shuttles or integrating
advanced analytics. However, it demands careful planning of security, data governance, and network
bandwidth.

Human‑Machine Interface (HMI) is the graphical or tactile interface through which operators interact with
the AS/RS control system. An intuitive HMI provides real‑time status, alerts, and manual override options.
Features such as colour‑coded icons, drill‑down menus, and touch‑screen controls improve usability. Poor
HMI design can lead to operator confusion, delayed response to alarms, and increased training time.

Alarm Management is the process of handling system alerts, prioritising them, and ensuring appropriate
corrective actions are taken. Effective alarm management distinguishes between critical safety alarms (e.G.,
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Emergency stop activation) and informational alerts (e.G., Scheduled maintenance reminder). The system
should filter out nuisance alarms to avoid desensitisation. Designing a clear hierarchy of alarm severity helps
operators respond quickly and appropriately.

Load Distribution concerns the placement of weight across the structure of racks and cranes to avoid
over‑stress in any single area. Proper load distribution is achieved by following manufacturer load charts,
using evenly spaced pallet positions, and balancing the weight of heavy items across multiple supports.
Failure to distribute load correctly can cause structural deformation, leading to safety hazards and costly
repairs.

Safety Zones are designated areas around equipment where personnel are prohibited or where additional
protective measures are required. For a crane, the safety zone may be defined by a light curtain that stops
motion if an object enters the zone. Signage, floor markings, and audible warnings reinforce these zones.
Maintaining clear safety zones reduces the risk of accidental collisions and complies with occupational
safety regulations.

Load Capacity defines the maximum weight that a specific storage location, rack level, or crane can safely
support. Load capacity is expressed in kilograms or tonnes and is determined by structural analysis and
manufacturer specifications. Exceeding load capacity can cause rack collapse or crane overload, leading to
severe injuries. Regular audits of load capacity and strict adherence to weight limits are essential.

Footprint is the amount of floor space required by the AS/RS, including aisles, equipment, and support
structures. Minimising footprint is important in facilities with limited real‑estate, while still providing
sufficient access for maintenance and emergency egress. Strategies to reduce footprint include using
narrow‑aisle cranes, vertical lift modules, and multi‑level racking. However, a smaller footprint may increase
travel distance if not carefully planned.

Height Utilisation measures how effectively the vertical space of a warehouse is used. High‑rise AS/RS can
reach ceiling heights of 30 metres or more, dramatically increasing storage capacity without expanding the
building’s footprint. Height utilisation must consider the reach capabilities of the crane, the stability of tall
racks, and the height of fire suppression systems. The challenge is to balance vertical density with safe
access for maintenance personnel.

Load Handling encompasses the methods and equipment used to move goods onto, within, and out of the
AS/RS. This includes forklifts, pallet jacks, conveyors, and robotic shuttles. Effective load handling reduces
product damage, improves cycle time, and enhances worker safety. Selecting the appropriate load‑handling
equipment depends on product dimensions, weight, and handling frequency.

Automation Level indicates the proportion of processes that are performed without human intervention. An
AS/RS may be classified as low, medium, or high automation based on the extent of automated storage,
retrieval, and sorting. High automation typically includes fully robotic pick stations, automated put‑away,
and integrated order consolidation. Increasing automation level improves consistency but raises system
complexity and capital cost.

Process Flow outlines the sequence of activities that a product follows from receipt to shipment. In an AS/

Read online: https://certificates.HealthCareCourses.org.uk/guides/
5421041/design-principles-for-asrs

HealthCareCourses (An LSIB brand) · 03 Jul 2026



G U I D E

RS, the process flow often includes receiving, inspection, put‑away, storage, retrieval, sortation, and
shipping. Mapping the process flow helps identify inefficiencies, redundant steps, and opportunities for
automation. A well‑designed flow reduces handling steps and shortens order cycle time.

Batch Size is the number of items grouped together for a single retrieval or processing operation. Larger
batch sizes can improve crane utilisation by reducing the number of trips required, but they may also
increase internal movements if items need to be re‑sequenced later. Determining optimal batch size
involves analysing order profiles, crane speed, and downstream sorting capabilities.

Operational Flexibility refers to the ability of the AS/RS to adapt to changes in product mix, order volume, or
business processes. Flexible systems can accommodate new SKUs, adjust aisle configurations, and integrate
additional equipment with minimal disruption. Features that promote flexibility include modular rack
designs, re‑programmable control software, and open communication standards. A lack of flexibility can
result in costly retrofits when market conditions shift.

Throughput Variability describes fluctuations in the rate at which the system processes items, often caused
by seasonal demand spikes, promotional campaigns, or supply chain disruptions. Designing for variability
involves building capacity buffers, implementing dynamic scheduling, and maintaining spare equipment.
Monitoring throughput variability helps planners allocate resources effectively and avoid over‑loading the
system during peak periods.

Lead Time is the total time elapsed from the moment an order is placed until the goods are shipped. Lead
time includes order processing, picking, packing, and loading. An efficient AS/RS can significantly reduce
lead time by streamlining storage and retrieval operations. Companies that promise same‑day delivery
typically target lead times of under 8 hours, requiring tightly synchronised processes.

Warehouse Layout is the physical arrangement of storage zones, aisles, equipment, and workstations within
the facility. A well‑planned layout reduces travel distance, improves safety, and supports efficient material
flow. Layout considerations include receiving dock location, outbound dock positioning, aisle width, and
proximity of high‑velocity SKUs to pick stations. Computer‑aided design (CAD) tools are often used to
visualise and optimise the layout before construction.

Material Flow describes the movement of goods through the warehouse, from inbound to outbound. In an
AS/RS, material flow is typically linear: Items arrive, are inspected, placed on a conveyor, stored by the crane,
later retrieved, sorted, and finally dispatched. Understanding material flow helps designers identify choke
points and optimise conveyor speeds. Disruptions in material flow, such as a conveyor jam, can cascade into
delayed order fulfillment.

Dock Door Scheduling coordinates the timing of inbound and outbound trucks to maximise dock utilisation
and minimise waiting times. Effective dock scheduling aligns with the AS/RS’s capacity to receive and ship
pallets, ensuring that inbound pallets are put away quickly and outbound picks are ready for loading.
Software tools can automate dock door scheduling, taking into account truck arrival windows, carrier
preferences, and labour availability.

Load Balancing Algorithms are computational methods that distribute tasks among multiple resources to
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achieve even utilisation. Common algorithms include round‑robin, least‑loaded, and priority‑based
scheduling. In an AS/RS, a load‑balancing algorithm may assign retrieval tasks to the crane with the shortest
projected travel distance. Implementing sophisticated algorithms can improve throughput but may require
higher‑performance computing resources.

Redundancy Strategy outlines how backup components are incorporated into the system architecture. A
typical redundancy strategy includes dual power feeds, mirrored PLCs, and spare conveyor motors. The
strategy should define activation procedures, testing intervals, and failure detection mechanisms. A
well‑documented redundancy strategy ensures rapid recovery from failures and helps meet stringent
uptime targets.

Failure Mode and Effects Analysis (FMEA) is a systematic approach to identifying potential failure points,
assessing their impact, and prioritising mitigation actions. In the context of AS/RS, an FMEA might examine
failure modes such as sensor loss, motor burnout, or software crash, and evaluate the resulting effects on
safety, throughput, and inventory accuracy. The outcome guides design improvements and maintenance
planning.

Safety Standards are the set of guidelines and regulations that govern the safe operation of material
handling equipment. Relevant standards may include ISO 10218 for robotic safety, IEC 60204 for electrical
safety, and local occupational health and safety legislation. Compliance with safety standards is mandatory
for certification and helps protect workers from injury.

Operational KPI Dashboard provides a visual representation of key performance metrics in real time.
Dashboards typically display utilisation rates, downtime, order accuracy, and throughput. By aggregating
data from the AS/RS controller, WMS, and sensors, the dashboard offers managers a quick overview of
system health. Designing an effective dashboard requires selecting meaningful KPIs, ensuring data
reliability, and presenting information in an intuitive format.

Spare Parts Management involves maintaining an inventory of critical components that can be quickly
replaced when failures occur. Effective spare parts management reduces mean‑time‑to‑repair (MTTR) and
helps maintain high uptime. Strategies include classifying parts by criticality, establishing safety stock levels,
and implementing a parts request system integrated with the maintenance software.

Mean‑Time‑Between‑Failures (MTBF) is a reliability metric that measures the average time elapsed between
successive failures of a component or system. A higher MTBF indicates greater reliability. For a crane motor,
an MTBF of 10 000 hours suggests that, on average, the motor will operate for that duration before
requiring repair. Monitoring MTBF trends helps predict maintenance needs and informs procurement
decisions.

Mean‑Time‑To‑Repair (MTTR) quantifies the average time required to restore a failed component to
operational condition. Reducing MTTR improves overall system availability. MTTR can be lowered through
better diagnostic tools, readily available spare parts, and well‑trained maintenance staff. In a
high‑throughput environment, even a small reduction in MTTR can translate into significant productivity
gains.
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Reliability Engineering focuses on designing systems that operate without failure for extended periods.
Techniques such as root‑cause analysis, reliability‑centered maintenance (RCM), and design for
maintainability are employed. In an AS/RS, reliability engineering may involve selecting components with
proven life‑cycle data, adding redundancy, and implementing predictive maintenance sensors.

Root‑Cause Analysis (RCA) is a problem‑solving method used to identify the fundamental reason for a
failure. RCA typically follows the “5 Whys” approach, probing deeper with each answer until the underlying
cause is uncovered. For example, a recurring crane stop may be traced to a worn limit switch, which in turn
is caused by improper alignment during installation. Addressing the root cause prevents recurrence and
improves system reliability.

Design for Maintainability ensures that equipment can be serviced efficiently with minimal downtime.
Principles include providing easy access to components, using standard fasteners, and incorporating
diagnostic LEDs. In an AS/RS, designing crane modules with slide‑out panels allows quick replacement of
motor drives without disassembling the entire structure. The trade‑off often lies between compact design
and service accessibility.

Standard Operating Procedure (SOP) documents the step‑by‑step instructions for performing routine tasks
safely and consistently. SOPs for an AS/RS may cover crane start‑up, emergency stop activation, routine
inspections, and cleaning protocols. Well‑written SOPs promote uniformity, reduce errors, and serve as
training material for new staff. Regular review and updates are necessary to keep SOPs aligned with system
upgrades.

Compliance Audits are systematic examinations of processes, equipment, and documentation to verify
adherence to internal policies and external regulations.
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