FROM GUESSWORK TO GROUND TRUTH: SENSING WHAT'S ACTUALLY ON THE SHELF

Retail loT: Smart Shelves and
Inventory Intelligence

Executive briefing — Retail operations and merchandising executives | ~20 min
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Why Shelf-Level Visibility Matters Now

e Traditional inventory counts rely on periodic manual audits, leaving gaps between what systems report and what's

physically on the shelf

e Qut-of-stocks and phantom inventory (system shows stock, shelf is empty) directly erode sales and customer
trust

e Labor pressure in stores makes continuous manual shelf-checking impractical at scale
e Smart shelf sensing closes the loop between physical reality and digital inventory records in near real time

e Industry-reported ranges suggest out-of-stock rates commonly run in the mid-single to low-double digits across

categories, underscoring the scale of the opportunity
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Core Sensor Technologies: Weight-Based
Sensing

e Load-cell or strain-gauge sensors under shelf trays detect changes in product weight to infer unit counts

Well suited to high-velocity, uniform-weight SKUs (bottled beverages, packaged goods)

Lower per-shelf hardware cost relative to vision systems, but requires per-SKU weight calibration

Struggles with mixed-weight products, damaged packaging, or customers rearranging items

Typically paired with a backend rules engine to translate weight deltas into estimated unit-level stock counts
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Core Sensor Technologies: Computer Vision

e Shelf-mounted or ceiling-mounted cameras use image recognition to identify products, facings, and gaps

Can detect planogram deviations, mispriced shelf tags, and low-stock conditions visually, not just by count

Higher setup and compute cost than weight sensors, plus ongoing model retraining as assortments change

Performs well across varied SKU shapes and sizes where weight sensing falls short

Raises additional privacy and camera-placement considerations that must be addressed before deployment
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Core Sensor Technologies: RFID

ltem-level or case-level RFID tags enable individual unit tracking from backroom to shelf to point of sale

Fixed or handheld readers can perform near-instant cycle counts without manual scanning

Higher per-unit tagging cost makes RFID more common for higher-value or higher-shrink categories (apparel,

electronics)

Provides strong end-to-end supply chain visibility, complementing shelf-level weight or vision sensing

Tag cost trends and integration complexity remain key factors in category-by-category rollout decisions
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Real-Time Inventory Accuracy and Out-of-
Stock Reduction

e Continuous sensing narrows the gap between system-of-record inventory and physical shelf reality

Earlier detection of low-stock or empty conditions enables faster restocking before a sale is lost

Alerts can be routed directly to store associates' handheld devices, prioritized by sales velocity or margin

Industry-reported ranges suggest meaningful reductions in on-shelf out-of-stocks are achievable with combined

sensing and process change, though results vary widely by retailer, category, and execution

Accuracy gains also improve the reliability of downstream demand forecasting and automated replenishment
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Planogram Compliance Monitoring

» Vision-based systems can compare live shelf images against the approved planogram to flag misplaced or

missing facings
e Enables measurement of compliance rates by store, category, or vendor-funded display
e Supports faster identification of execution gaps after a reset or promotional changeover

e Can inform vendor scorecards and slotting discussions with objective, image-based evidence rather than spot

checks

e Requires clear escalation workflows so flagged deviations translate into corrective action, not just dashboards
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Integration with POS and Replenishment
Systems

e Sensor data has value only when connected into existing POS, inventory management, and replenishment

workflows

o Shelf-level signals can supplement or cross-validate POS-derived sales data, catching discrepancies from theft,

damage, or miscounts

e Automated replenishment triggers can be set from shelf-sensor thresholds rather than relying solely on periodic

system counts

e Integration typically requires middleware or an API layer bridging sensor vendors and existing ERP/inventory

platforms

e Data latency and system reliability requirements should be defined jointly with IT before vendor selection
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Cold Case and Perishables Monitoring

e Temperature and humidity sensors paired with shelf-level product sensing help protect perishable inventory
quality
e Early detection of equipment drift can reduce spoilage-driven shrink and food safety risk

e Combined weight/vision sensing on perishable shelves can support markdown timing based on remaining shelf

life and stock levels
e Cold chain monitoring also supports compliance documentation for food safety audits

e Sensor durability and calibration in refrigerated or high-humidity environments require vendor validation before

broad rollout
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Customer Experience Applications

e Shelf-level stock and interaction data can feed dynamic pricing and markdown systems, subject to legal and
brand review

» Aggregated (non-personal) shelf engagement signals can inform assortment and merchandising decisions

e lllustrative scenario: a grocery chain uses shelf-level velocity data to time markdowns on near-expiry perishables
— not a verified case study, offered to illustrate the mechanism

e Personalization use cases should rely on aggregated shelf and category signals rather than individual shopper
tracking

* Any customer-facing pricing or personalization application should be piloted and reviewed with legal, marketing,

and privacy stakeholders before scaling
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Store Network Rollout Considerations

e Sensor technology choice should be tailored by category economics: weight sensing for high-velocity staples,

RFID for high-shrink or high-value items, vision for planogram-sensitive categories

o Store format and fixture variability (grocery vs. convenience vs. big-box) affects hardware selection and installation

cost

e Network connectivity, edge compute, and power availability at the shelf level are frequently underestimated

infrastructure requirements
* A phased rollout by category or store cluster allows cost and performance validation before full-chain commitment

e Vendor and hardware standardization across the fleet reduces long-term maintenance and support complexity
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Data Privacy in In-Store Sensing

e Camera-based systems must be designed to avoid capturing or retaining identifiable customer imagery beyond
what is operationally necessary

e Clear signage and disclosure practices should align with applicable regional privacy regulations

e Data retention policies should be defined explicitly for shelf-sensor and camera data, with minimal retention
windows where feasible

e Access controls should limit shelf and customer-adjacent data to defined operational use cases, not open-ended
analytics

e Privacy and legal review should be built into the vendor selection and pilot design process from the outset, not

added afterward
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ROI Framing: Shrink Reduction and Labor
Efficiency

e Shrink reduction benefits stem from earlier detection of theft, misplacement, and spoilage, but should be modeled

conservatively using each retailer's own baseline shrink data

e Labor efficiency gains come primarily from redirecting associate time away from manual counting toward

restocking and customer service

» Industry-reported ranges indicate labor-hour savings on cycle counting can be substantial where sensing replaces

manual audits, though actual results depend heavily on prior process maturity

e Hardware, integration, and maintenance costs should be modeled against category-specific benefit estimates

rather than a single blended chain-wide figure

A pilot-based ROl model, validated with real store data, should precede any chain-wide investment case
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Phased Pilot-to-Chain Rollout Plan

* Phase 1: Single-category, single-format pilot (e.g., beverage aisle in 5-10 stores) to validate sensor accuracy and
integration

e Phase 2: Expand to 2-3 categories across a regional cluster, incorporating POS and replenishment integration

e Phase 3: Broaden sensor mix (weight, vision, RFID) by category economics across a representative sample of
store formats

e Phase 4: Chain-wide rollout with standardized hardware, vendor contracts, and support model, sequenced by
store priority

e Each phase should include a defined go/no-go review against accuracy, cost, and operational adoption metrics

before proceeding
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Next Steps and the Ask

* Approve funding and store selection for a Phase 1 pilot in a defined category and store cluster
* Assign a cross-functional pilot team spanning IT, merchandising, store operations, and legal/privacy

e Set explicit success criteria for the pilot: inventory accuracy improvement, out-of-stock reduction, and labor-hour

impact, measured against each store's own baseline
e Establish a review checkpoint at 90 days to assess pilot results and decide on Phase 2 expansion

e Begin vendor evaluation in parallel, weighing sensor technology fit against category economics and integration
complexity



