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Certificate in Automated Storage and Retrieval System for Warehouses

System Integration and Networking

API

Related terms: software interface, integration layer

An Application Programming Interface is a set of routines and protocols that enable different software
components to communicate. In AS/RS, APIs allow the WMS to send pick requests to the crane controller.
Example: a RESTful API that returns slot availability in JSON format.

Practical application: real-time inventory updates, remote diagnostics.

Challenges: version control, security authentication, latency in high-throughput environments.

AS/RS

Related terms: automated storage, retrieval system

A fully automated solution that stores and retrieves items using machines such as cranes, shuttles, or
robots. It reduces manual handling and improves space utilization.

Practical application: high-density pallet storage, mini-load shelving.

Challenges: integration with legacy WMS, system scalability, maintenance downtime.

Automation

Related terms: control logic, robotics

The use of machines and control software to perform tasks with minimal human intervention. In
warehousing, automation includes conveyor belts, sorters, and AS/RS units.

Practical application: 24/7 operation, reduced labor costs.

Challenges: upfront capital, change management, system reliability.

Bandwidth

Related terms: data rate, network capacity

The maximum amount of data that can be transmitted over a network link in a given time, usually measured
in Mbps or Gbps. Adequate bandwidth ensures timely transfer of sensor data and command signals.
Practical application: streaming video from CCTV cameras to a central monitoring station.

Challenges: network congestion, cost of high-speed links, interference in wireless environments.

CAN Bus

Related terms: controller area network, fieldbus

A robust serial communication protocol designed for real-time control in industrial environments. It is often
used for connecting motor drives, sensors, and PLCs within an AS/RS.

Practical application: coordinating multiple drive motors on a shuttle system.

Challenges: limited data payload, need for proper termination, susceptibility to electrical noise.

Cloud Integration
Related terms: SaaS, hybrid architecture
The process of linking on-premise AS/RS controllers and sensors with cloud-based services for analytics,
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reporting, or remote management.
Practical application: predictive maintenance dashboards that collect equipment health metrics in the cloud.
Challenges: data latency, cybersecurity, compliance with data residency regulations.

Data Acquisition

Related terms: DAQ, sensor logging

Collecting raw measurements from devices such as load cells, temperature probes, or barcode scanners and
converting them into usable digital formats.

Practical application: monitoring conveyor belt speed to detect slippage.

Challenges: synchronization across heterogeneous devices, handling large data volumes, ensuring
timestamp accuracy.

Ethernet

Related terms: IEEE 802.3, LAN

A widely adopted wired networking standard that supports high-speed data transmission and is the
backbone of most warehouse networks.

Practical application: connecting PLCs, HMIs, and vision systems in a star topology.

Challenges: cable management in harsh environments, need for PoE switches, network segmentation.

Firmware

Related terms: embedded software, bootloader

Low-level code stored in non-volatile memory of devices such as motor controllers, sensors, and RFID
readers. Firmware determines device behavior and communication protocols.

Practical application: updating motor controller firmware to add a new acceleration profile.
Challenges: version compatibility, risk of bricking devices, need for rollback mechanisms.

Gateway

Related terms: protocol converter, edge device

A hardware or software component that translates between different communication standards (e.g.,
Modbus to TCP/IP) and forwards data to a central system.

Practical application: bridging legacy PLCs using Profibus to a modern Ethernet network.

Challenges: latency introduced by conversion, managing multiple protocol licenses, ensuring reliability.

HMI

Related terms: human-machine interface, operator panel

A graphical interface that allows operators to monitor system status, acknowledge alarms, and issue
commands. HMIs often run on rugged industrial PCs.

Practical application: displaying real-time slot occupancy on a touch screen near the AS/RS aisle.
Challenges: designing intuitive layouts, preventing accidental inputs, ensuring durability.

loT

Related terms: Internet of Things, edge computing

Network of interconnected devices that collect and exchange data over the internet. In AS/RS, loT enables
sensors to report condition data to analytics platforms.
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Practical application: temperature sensors on perishable goods transmitting alerts to a mobile app.
Challenges: device security, power consumption, data standardization.

LAN

Related terms: local area network, Ethernet

A private network that interconnects devices within a limited geographic area such as a warehouse. LANs
provide the foundation for real-time control and monitoring.

Practical application: segregating the AS/RS traffic from the office network using VLANSs.

Challenges: scaling to support thousands of devices, managing IP address allocation, ensuring QoS.

Middleware

Related terms: integration platform, message broker

Software that sits between applications and hardware, facilitating data exchange, transformation, and
routing. Middleware often implements message queuing (e.g.,, MQTT).

Practical application: buffering pick requests from the WMS before sending them to the crane controller.
Challenges: latency, message loss, version drift between connected systems.

PLC

Related terms: programmable logic controller, ladder logic

An industrial digital computer designed for real-time control of machinery. PLCs execute deterministic logic
to drive motors, actuators, and safety interlocks.

Practical application: sequencing the start-stop cycle of a conveyor belt based on sensor inputs.
Challenges: programming complexity, change management, integration with newer protocols.

QoS

Related terms: quality of service, traffic shaping

Mechanisms that prioritize certain network traffic to guarantee bandwidth, latency, and jitter requirements.
Critical for time-sensitive control signals.

Practical application: assigning high priority to crane position commands while deprioritizing bulk data
backups.

Challenges: configuring policies across multiple switches, balancing fairness, monitoring compliance.

RFID

Related terms: radio-frequency identification, tag reader

Technology that uses electromagnetic fields to automatically identify and track tags attached to objects.
RFID enables non-line-of-sight inventory reads.

Practical application: reading pallets as they enter the AS/RS lane, updating the WMS instantly.
Challenges: interference from metal, tag orientation sensitivity, cost of reader deployment.

SCADA

Related terms: Supervisory Control and Data Acquisition, HMI

A system that provides high-level monitoring, data collection, and control of industrial processes. SCADA
aggregates data from PLCs, sensors, and HMls.

Practical application: visualizing the health of all shuttles on a single dashboard with alarm thresholds.
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Challenges: data historian storage, integration with IT security policies, ensuring real-time performance.

TCP/IP

Related terms: transport protocol, internet protocol

The foundational suite of communication protocols used for data exchange over networks, including
Ethernet and Wi-Fi. TCP provides reliable delivery; IP handles addressing.

Practical application: transmitting pick orders from the WMS server to the AS/RS controller over a TCP
socket.

Challenges: firewall configuration, packet loss handling, maintaining deterministic timing.

UPS

Related terms: uninterruptible power supply, backup power

A device that provides emergency power to critical equipment during a utility outage, allowing safe
shutdown or continued operation.

Practical application: keeping PLCs and network switches alive long enough to execute an orderly stop.
Challenges: battery maintenance, load sizing, integration with automatic transfer switches.

VLAN

Related terms: virtual LAN, network segmentation

A logical subdivision of a physical network that isolates traffic for security and performance reasons. VLANs
prevent cross-talk between unrelated devices.

Practical application: separating the AS/RS control traffic from guest Wi-Fi traffic on the same switch
infrastructure.

Challenges: proper tagging, avoiding VLAN hopping attacks, managing inter-VLAN routing.

WMS

Related terms: warehouse management system, inventory control

Software that manages the receipt, storage, and movement of goods within a warehouse. The WMS
coordinates with AS/RS to allocate storage locations and generate pick lists.

Practical application: automatically generating a batch of pick orders that the AS/RS executes during a shift.
Challenges: data synchronization, handling exceptions (damaged goods), integration with ERP systems.

XML

Related terms: eXtensible Markup Language, data interchange

A text-based format used to structure data for exchange between disparate systems. XML is common in
legacy integrations and configuration files.

Practical application: defining the schema for inventory reports sent from the AS/RS to the WMS.
Challenges: verbosity, parsing overhead, need for schema version control.

Yield

Related terms: throughput, efficiency

The proportion of successful operations (e.g., picks) relative to total attempts. High yield indicates reliable
system performance.

Practical application: measuring the percentage of error-free pallet retrievals over a day.
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Challenges: diagnosing root causes of errors, balancing speed with accuracy.

Zero-Touch Provisioning

Related terms: ZTTP, auto-configuration

A method where devices automatically obtain network settings and firmware updates upon connection,
reducing manual setup.

Practical application: new conveyor controllers receive IP address, VLAN assignment, and security
certificates immediately after being plugged in.

Challenges: secure onboarding, preventing rogue devices, ensuring version consistency.

Address Resolution Protocol

Related terms: ARP, IP mapping

A network protocol used to map an IP address to a physical MAC address within a LAN. Essential for
Ethernet communication.

Practical application: a PLC resolves the MAC address of the WMS server before sending a TCP packet.
Challenges: ARP spoofing attacks, stale cache entries, broadcast traffic load.

Battery Management System

Related terms: BMS, UPS monitoring

A system that monitors the health, charge level, and temperature of batteries, particularly in UPS units and
mobile robots.

Practical application: alerting operators when a forklift's battery falls below a safe threshold.

Challenges: accurate state-of-charge estimation, thermal management, integration with central monitoring.

CANopen

Related terms: CAN bus, device profile

A higher-layer protocol based on CAN that defines device profiles for motion control, I/O, and diagnostics.
Widely used in motion-controlled AS/RS components.

Practical application: configuring a shuttle motor’s acceleration parameters via a CANopen SDO.
Challenges: ensuring all devices share the same object dictionary, handling network load on high-speed
loops.

Distributed Control System

Related terms: DCS, hierarchical control

A control architecture that distributes intelligence across multiple controllers rather than relying on a single
central processor.

Practical application: each aisle of an AS/RS has its own local controller that coordinates with a supervisory
node.

Challenges: synchronization, fault tolerance, complex configuration management.

Ethernet/IP

Related terms: industrial Ethernet, CIP

An Ethernet-based protocol that implements the Common Industrial Protocol (CIP) for real-time I/O and
control. Supports both implicit (cyclic) and explicit (request/response) messaging.
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Practical application: streaming high-speed position data from a crane encoder to the PLC.
Challenges: network bandwidth allocation, configuring 1/O connections, ensuring deterministic timing.

Fail-Safe Design

Related terms: safety integrity, redundancy

Engineering approach that ensures a system defaults to a safe state in the event of a fault. Often involves
redundant sensors and safety PLCs.

Practical application: a safety PLC stops all motion if a limit switch detects unexpected movement.
Challenges: increased cost, complex validation, maintaining safety certifications.

Gigabit Ethernet

Related terms: T000BASE-T, high-speed LAN

A standard that provides 1 Gbps data rates over twisted-pair cabling, suitable for bandwidth-intensive
applications such as video surveillance and large data transfers.

Practical application: connecting the central SCADA server to a 10-port switch serving AS/RS controllers.
Challenges: cable quality, ensuring all devices support full-duplex mode, managing heat in densely packed
racks.

Homing Procedure

Related terms: reference move, limit switch

A sequence executed by motion controllers to establish a known starting position for axes, usually by
moving to a physical sensor.

Practical application: a shuttle drives to its home sensor after power-up to calibrate position counters.
Challenges: sensor wear, handling unexpected obstacles, minimizing downtime during homing.

IP Addressing

Related terms: subnet, DHCP

The scheme used to assign unique numerical identifiers to devices on a network, enabling routing and
communication. Proper addressing avoids conflicts and facilitates management.

Practical application: assigning static IPs to critical AS/RS controllers while allowing guest devices to obtain
addresses via DHCP.

Challenges: IP exhaustion, maintaining documentation, handling changes during expansions.

Joint Application Development

Related terms: JAD, stakeholder workshops

A collaborative methodology where end users, developers, and managers define system requirements
together, accelerating consensus.

Practical application: gathering warehouse staff input on required AS/RS reporting features.
Challenges: aligning diverse priorities, avoiding scope creep, ensuring actionable outcomes.

Keystone Module

Related terms: network patch panel, fiber optic

A standardized component that houses connectors for copper or fiber cables, allowing flexible re-wiring in a
rack.
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Practical application: swapping a 10 GbE fiber link for a new port without rewiring the entire rack.
Challenges: proper termination, ensuring compatibility with transceivers, maintaining clean labeling.

Latency

Related terms: delay, round-trip time

The time elapsed between sending a command and receiving a response. Low latency is critical for
closed-loop motion control.

Practical application: measuring the delay between a pick request sent from the WMS and the crane’s
acknowledgement.

Challenges: network congestion, protocol overhead, processing time in intermediate devices.

Modbus

Related terms: RTU, TCP

A legacy serial communication protocol used for simple master-slave data exchange. Modbus/TCP extends
it over Ethernet.

Practical application: reading temperature values from a PLC that exposes them via Modbus registers.
Challenges: limited data size per request, lack of built-in security, need for protocol converters.

Network Topology

Related terms: star, ring, mesh

The physical or logical arrangement of network devices and links. Choice of topology impacts redundancy,
performance, and cable length.

Practical application: employing a star topology with a central switch for all AS/RS controllers to simplify
troubleshooting.

Challenges: single points of failure, cable management, scalability constraints.

OPC UA

Related terms: Open Platform Communications, data modeling

A platform-independent, service-oriented architecture for secure and reliable data exchange in industrial
automation. Supports complex data structures and subscription models.

Practical application: exposing real-time crane status to a cloud-based analytics platform via OPC UA.
Challenges: configuring certificates, mapping legacy data points, managing subscription overhead.

Power over Ethernet

Related terms: PoE, IEEE 802.3af

Technology that delivers electrical power along with data over standard Ethernet cabling, simplifying device
deployment.

Practical application: powering IP cameras and small PLCs without separate power supplies.

Challenges: power budgeting, heat dissipation in switches, ensuring compatible devices.

Quality Assurance

Related terms: QA, testing, validation

A systematic process of verifying that system components meet defined specifications and performance
criteria before deployment.
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Practical application: conducting integration testing of the AS/RS controller with the WMS using simulated
orders.

Challenges: reproducing real-world load conditions, maintaining test environments, documenting results for
compliance.

Redundancy

Related terms: failover, dual-homing

The inclusion of duplicate components or pathways to increase system reliability. Redundant networks
ensure continuous operation despite a single point of failure.

Practical application: configuring two parallel Ethernet switches with rapid spanning tree protocol (RSTP) for
automatic failover.

Challenges: added cost, complexity of synchronization, risk of split-brain scenarios.

SCADA Historian

Related terms: time-series database, data archiving

A specialized database optimized for storing large volumes of time-stamped process data, enabling trend
analysis and reporting.

Practical application: retaining temperature and vibration data from AS/RS motors for 5years to support
maintenance audits.

Challenges: storage scaling, data retention policies, ensuring fast query performance.

Tag Antenna

Related terms: RFID reader, near-field

The component of an RFID system that emits electromagnetic fields to power passive tags and read their
data. Antenna design influences read range and reliability.

Practical application: installing a rectangular antenna over a conveyor to read pallet tags at 0.5m distance.
Challenges: tuning for different tag types, avoiding blind spots, electromagnetic interference.

Unified Modeling Language

Related terms: UML, system design

A standardized set of diagrams for visualizing software architecture, processes, and data flows. Useful for
documenting integration points between AS/RS and IT systems.

Practical application: creating a sequence diagram that shows the interaction between the WMS,
middleware, and crane controller during a pick operation.

Challenges: keeping diagrams up-to-date, ensuring they are understandable by non-technical stakeholders.

Virtual Machine

Related terms: VM, hypervisor

A software-based emulation of a physical computer that runs its own operating system and applications,
isolated from the host hardware.

Practical application: hosting a test instance of the WMS on a VM to evaluate new integration features
without affecting production.

Challenges: resource contention, licensing, ensuring network isolation.
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Wireless Sensor Network

Related terms: WSN, loT

A collection of spatially distributed sensors that communicate wirelessly to monitor environmental or
equipment conditions.

Practical application: deploying temperature and humidity nodes throughout a cold-storage area to feed
data into the AS/RS control system.

Challenges: battery life, signal attenuation through metal racks, network security.

XML Schema Definition

Related terms: XSD, data validation

A language used to describe the structure and data types of XML documents, enabling validation against a
predefined contract.

Practical application: enforcing that every inventory update XML file contains mandatory fields such as

and .

Challenges: maintaining version control, handling optional elements, providing clear error messages.

Yield Management

Related terms: capacity planning, demand forecasting

A strategy that optimizes the use of storage space and equipment based on predicted order volumes and
product turnover.

Practical application: dynamically allocating high-throughput aisles for fast-moving SKUs while reserving
slower lanes for bulk items.

Challenges: accurate forecasting, avoiding over-commitment, adapting to sudden demand spikes.

Zero-Day Vulnerability

Related terms: security exploit, patch management

A software flaw that is unknown to the vendor and can be exploited before a fix is released. Critical in
networked AS/RS environments where devices may be exposed.

Practical application: applying an emergency firmware update to a PLC after a zero-day in its
communication stack is disclosed.

Challenges: rapid detection, coordinated response, ensuring no disruption to production.

Addressable Memory

Related terms: RAM, EEPROM

Memory that can be accessed directly via an address, allowing read/write operations by controllers or
software.

Practical application: storing configuration parameters for a motor drive in non-volatile addressable
memory.

Challenges: protecting against corruption, managing memory fragmentation, ensuring proper alignment.

Battery Backup Unit

Related terms: BBU, UPS

A component that provides short-term power to critical devices, allowing them to complete ongoing
processes and shut down safely.
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Practical application: a BBU on a network switch prevents loss of control messages during a brief power dip.
Challenges: sizing for sufficient runtime, periodic testing, integrating with monitoring systems.

CANopen SDO

Related terms: Service Data Object, configuration

A communication object used in CANopen to read or write device parameters, such as motor speed limits
or error codes.

Practical application: adjusting the acceleration profile of a shuttle motor via an SDO write request.
Challenges: ensuring correct index/sub-index, handling timeouts, avoiding unintended parameter changes.

Distributed Denial of Service

Related terms: DDoS, network attack

An attack that overwhelms a target system with excessive traffic, causing legitimate requests to be dropped
or delayed.

Practical application: protecting the AS/RS web interface from a DDoS by implementing rate limiting and
traffic scrubbing.

Challenges: distinguishing malicious traffic from legitimate spikes, maintaining service availability.

Ethernet Switch

Related terms: layer 2 device, port aggregation

A networking device that forwards Ethernet frames based on MAC addresses, providing connectivity for
multiple devices. Managed switches allow configuration of VLANs, QoS, and security policies.

Practical application: a 48-port Gigabit switch interconnecting all PLCs, HMIs, and barcode readers in the
warehouse.

Challenges: firmware updates, port failure isolation, ensuring proper spanning tree operation.

Failover Cluster

Related terms: high availability, redundancy

A group of servers that work together to provide continuous service; if one node fails, another takes over
automatically.

Practical application: clustering two WMS application servers so that order processing continues
uninterrupted if one server crashes.

Challenges: data replication latency, split-brain scenarios, licensing costs.

Gateway Protocol Converter

Related terms: protocol translation, edge device

A hardware or software component that enables devices using different communication standards to
exchange data.

Practical application: converting Modbus RTU from a legacy temperature sensor to MQTT for cloud
ingestion.

Challenges: mapping data types accurately, handling bidirectional traffic, ensuring minimal latency.

High-Availability Network
Related terms: HA, redundant paths
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A network design that minimizes downtime through duplicate links, failover mechanisms, and rapid
detection of faults.

Practical application: deploying two independent fiber rings feeding the AS/RS control room, with
automatic rerouting via RSTP.

Challenges: increased CAPEX, complex monitoring, coordinating with application-level HA.

loT Edge Computing

Related terms: fog computing, local analytics

Processing data close to the source (e.g., on a gateway) rather than sending everything to the cloud,
reducing latency and bandwidth usage.

Practical application: running a lightweight anomaly detection algorithm on a conveyor gateway to flag
motor vibration spikes instantly.

Challenges: resource constraints, software deployment, security patching.

Joint Test Action Group

Related terms: JTAG, debugging

A standard interface for testing and programming integrated circuits, providing access to internal registers
and memory.

Practical application: using JTAG to flash new firmware onto a motor driver during maintenance.
Challenges: physical access, risk of damaging pins, ensuring proper voltage levels.

Key Management Service

Related terms: KMS, encryption

A system that creates, stores, and distributes cryptographic keys used to secure communications and data
at rest.

Practical application: provisioning TLS certificates for all AS/RS controllers via a centralized KMS.
Challenges: key rotation policies, safeguarding private keys, compliance with regulations.

LAN Segmentation

Related terms: VLAN, security zones

Dividing a local network into separate logical domains to improve performance and contain security
breaches.

Practical application: isolating the AS/RS control traffic from the corporate office network while allowing
controlled access through firewalls.

Challenges: managing inter-segment routing, avoiding misconfiguration that blocks needed services.

Modbus TCP/IP

Related terms: client-server, port 502

An adaptation of the Modbus protocol that runs over Ethernet, enabling easy integration with modern
networking equipment.

Practical application: a PLC acting as a Modbus TCP server provides real-time status bits to a SCADA client.
Challenges: handling multiple simultaneous connections, ensuring deterministic response time, securing
against unauthorized access.
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Network Time Protocol

Related terms: NTP, clock synchronization

A protocol used to synchronize clocks of devices over packet-switched networks, essential for accurate
timestamping and event correlation.

Practical application: configuring all AS/RS controllers to receive time from a central NTP server to align
logs.

Challenges: network latency affecting precision, reliance on external time sources, handling daylight-saving
changes.

OPC Data Access

Related terms: OPC DA, real-time data

A specification within OPC that defines how to read and write real-time process data, such as analog values
or binary statuses.

Practical application: a HMI client reads the current position of a crane via OPC DA for display.

Challenges: ensuring consistent data rates, managing subscription lifecycles, dealing with legacy OPC
servers.

Power Factor Correction

Related terms: PFC, harmonic mitigation

Techniques used to improve the efficiency of power usage by aligning voltage and current waveforms,
reducing reactive power.

Practical application: installing PFC capacitors on motor drives to lower electricity bills and avoid utility
penalties.

Challenges: sizing components correctly, monitoring for over-compensation, integrating with existing
power distribution.

QoS Policy

Related terms: traffic shaping, priority queues

A set of rules that define how network traffic is treated, ensuring critical control messages receive the
necessary bandwidth and low latency.

Practical application: assigning highest priority to PLC-to-controller commands while limiting bulk file
transfers to a lower class.

Challenges: defining appropriate thresholds, avoiding starvation of lower-priority traffic, monitoring policy
effectiveness.

Redundant Power Supply

Related terms: dual PSU, hot-swap

A configuration where two power units feed the same load, allowing one to fail without interrupting
operation. Often hot-swappable to avoid downtime.

Practical application: a dual-PSU rack-mounted server hosting the WMS database, ensuring continuous
availability.

Challenges: load balancing between supplies, ensuring proper detection of failures, managing heat
dissipation.
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Serial over Ethernet

Related terms: SOE, device server

Technology that encapsulates serial communication (RS-232/485) within Ethernet frames, allowing legacy
serial devices to be accessed over a network.

Practical application: connecting a barcode scanner that only supports RS-232 to the central network via a
serial device server.

Challenges: latency, handling flow control, ensuring reliable reconnection after network interruptions.

TCP Retransmission

Related terms: packet loss, congestion control

The process by which TCP resends data packets that were not acknowledged, ensuring reliable delivery.
Excessive retransmissions can indicate network issues.

Practical application: monitoring TCP retransmission rates on the AS/RS control network to detect cable
faults.

Challenges: increased latency, bandwidth waste, diagnosing root causes in complex topologies.

Unified Endpoint Management

Related terms: UEM, device policy

A centralized platform for managing and securing a variety of devices (PCs, mobile phones, loT nodes) from
a single console.

Practical application: enforcing firmware update policies on all RFID readers across the warehouse.
Challenges: diverse operating systems, ensuring compliance without disrupting critical processes.

Virtual Private Network

Related terms: VPN, secure tunnel

A technology that creates an encrypted connection over a public network, allowing remote access to
internal resources as if they were on the local LAN.

Practical application: a remote engineer connects to the AS/RS PLCs via VPN to perform diagnostics.
Challenges: latency, key management, ensuring split-tunnel configurations do not expose internal assets.

Wireless Access Point

Related terms: WAP, Wi-Fi

A device that provides Wi-Fi connectivity to client devices, extending network coverage within the
warehouse.

Practical application: installing rugged WAPs in high-bay aisles to support handheld scanners.
Challenges: interference from metal racks, signal attenuation, ensuring sufficient capacity for concurrent
users.

XML Namespace

Related terms: xmins, schema isolation

A method of qualifying element and attribute names in XML documents to avoid naming conflicts,
especially when combining data from multiple sources.

Practical application: using distinct namespaces for inventory data and equipment status within a single
message payload.
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Challenges: maintaining consistent prefixes, handling namespace collisions in legacy systems.

Yield Optimization

Related terms: throughput, bottleneck analysis

A systematic approach to maximize the ratio of successful operations to total attempts, often through
process redesign and equipment tuning.

Practical application: adjusting shuttle acceleration curves to reduce pick errors while maintaining speed.
Challenges: balancing speed vs. accuracy, quantifying impact of changes, dealing with variable product
dimensions.

Zero-Configuration Networking

Related terms: zeroconf, mDNS

A set of protocols that enable devices to discover each other and assign IP addresses without manual
configuration, simplifying deployment.

Practical application: allowing new barcode scanners to appear automatically in the network inventory upon
connection.

Challenges: security concerns, name collisions, limited scalability in large deployments.

Address Resolution

Related terms: ARP cache, static mapping

The process by which a device determines the physical hardware address associated with an IP address,
required for Ethernet communication.

Practical application: a PLC uses ARP to locate the MAC address of the WMS server before sending a TCP
packet.

Challenges: ARP spoofing attacks, stale entries causing communication failures, need for periodic refresh.

Battery Management

Related terms: state-of-charge, thermal monitoring

Procedures and systems that oversee the health and performance of batteries used in mobile equipment or
UPS units.

Practical application: integrating battery temperature sensors into the SCADA system to trigger alarms if
thresholds are exceeded.

Challenges: accurate SOC estimation, balancing charging cycles, ensuring safe disposal.

CAN Bus Termination

Related terms: 120 Q) resistor, signal integrity

Resistors placed at each end of a CAN network to prevent signal reflections and maintain reliable
communication.

Practical application: installing 120 Q) termination resistors on the first and last node of a crane control loop.
Challenges: incorrect termination leading to errors, diagnosing intermittent bus faults, ensuring proper
wiring practices.

Distributed Architecture
Related terms: decentralized control, edge processing
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An arrangement where processing is spread across multiple nodes rather than concentrated in a single
central server, improving scalability and fault tolerance.

Practical application: each aisle of the AS/RS has its own PLC that locally executes motion profiles while
reporting status to a central SCADA.

Challenges: maintaining consistent configuration across nodes, handling inter-node synchronization,
complexity of debugging.

Ethernet/IP Implicit Messaging

Related terms: real-time 1/O, cyclic data

A communication mode in Ethernet/IP where time-critical data (e.g., position, velocity) is exchanged on a
fixed schedule without explicit request/response cycles.

Practical application: streaming joint position data from a robotic arm to the motion controller at 1kHz.
Challenges: ensuring network bandwidth, configuring appropriate update rates, avoiding jitter.

Fail-Safe Relay

Related terms: safety relay, emergency stop

A hardware device that monitors safety inputs and forces equipment into a safe state when a fault is
detected.

Practical application: a safety relay cuts power to a shuttle motor if a safety gate is opened.
Challenges: regular testing, avoiding false trips, integrating with PLC safety logic.

Gateway Security

Related terms: firewall, intrusion detection

Measures applied to devices that bridge different networks, such as authentication, encrypted tunnels, and
traffic filtering, to prevent unauthorized access.

Practical application: applying TLS to all Modbus-to-MQTT conversions performed by a gateway.
Challenges: managing certificates, updating firmware without service interruption, monitoring for
anomalous traffic.

High-Speed Serial

Related terms: UART, RS-485, baud rate

Serial communication standards capable of transferring data at rates up to several megabits per second,
often used for device-to-device links in motion control.

Practical application: using a 2 Mbps RS-485 link between a master controller and multiple motor drives.
Challenges: cable length limits, electromagnetic interference, proper termination.

loT Device Provisioning

Related terms: device onboarding, certificate enrollment

The process of securely registering new loT devices into a network, assigning identities, and installing
necessary credentials.

Practical application: automatically provisioning a new RFID reader with a device certificate during
installation.

Challenges: preventing rogue devices, scaling to large numbers of sensors, handling lifecycle management.
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Joint Application Development Sessions

Related terms: collaborative workshops, requirement gathering

Structured meetings where stakeholders define functional and non-functional requirements, facilitating
early consensus and reducing rework.

Practical application: conducting a JAD session with warehouse operators to outline desired reporting
metrics for the AS/RS.

Challenges: aligning conflicting priorities, documenting decisions clearly, translating business language into
technical specifications.

Key Performance Indicator
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