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Abstract—

Robotech Solutions is pioneering the integration of humanoid robots into global logistics
and light industrial operations. Our solution enables humanoids to load and unload
boxes, restock shelves, conduct inventory cycle counts, and act as flexible temp workers
across warehouses and factory floors. This white paper presents the business rationale,
system architecture, safety framework, deployment playbook, economic model, and
roadmap for scaling a Robotics-as-a-Service (RaaS) platform that transforms
human-shaped work into reliable, measurable automation.
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I. INTRODUCTION

Labor volatility, peak-season surges, and rising service-level expectations have exposed
structural weaknesses in conventional warehouse staffing models. Autonomous mobile
robots (AMRs) and fixed automation have delivered step-function gains in conveyance
and storage, yet a persistent gap remains: human-shaped tasks that require dexterity,
reach, mobility, and generalization in tight, dynamic spaces. Humanoid robots, built to
operate in environments designed for people, are uniquely positioned to bridge this gap.
Robotech Solutions focuses on a grounded path to value: deployable humanoids
performing a narrow set of high-ROI tasks—box handling, shelf restocking, tote
transfers, pallet breakdown, and frontline replenishment—while instrumenting
performance, safety, and cost to enterprise standards.
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Il. INDUSTRY CONTEXT & RELATED WORK

The last three years have seen a rapid acceleration in robot learning, dexterous
manipulation, and cross-embodiment policy training. Large-scale datasets and
foundation policies have improved success rates on long-horizon tasks and tool use. In
parallel, hardware has advanced with mobile bases, whole-body control, and tactile
sensing that better approximate human capabilities. AgiBot has publicly documented a
significant multi-robot platform and data ecosystem for dexterous, bimanual
manipulation—evidence that real-world scale and standardized data pipelines are now
feasible for humanoid deployment in logistics and retail-like scenarios. Robotech builds
on these advancements with a commercialization lens: translating research-grade
capabilities into repeatable, safety-assured services.

lll. SYSTEM OVERVIEW

Robotech’s platform comprises (1) Humanoid Hardware supplied by AgiBot under a
strategic contract; (2) the Robotech Task Programming Stack that turns natural-language
work instructions and standard operating procedures (SOPs) into executable task
graphs; (3) Safety, Sensing, and Supervision layers enabling certified operations; and (4)
Enterprise Integration connectors for WMS/ERP/TMS systems. The resultis a
deployable humanoid RaaS bundle that slots into existing facilities with minimal layout
change.

A. Humanoid Hardware (AgiBot)

Robotech’s default configuration is a mobile, dual-arm humanoid with dexterous
end-effectors, RGB-D cameras, and visuo-tactile sensing suitable for carton handling
and shelf work. Key capabilities include bimanual grasping, tool usage (tape gun/box
cutter under strict safety protocols), and whole-body control for stable lifting and reach.
Robotech’s contract allows us to scale fleets while maintaining a common control
surface and standardized service procedures.

B. Robotech Task Programming Stack

At the core is a layered control architecture: (i) Task Graphs compiled from
natural-language SOPs, (ii) a Skill Library of reusable manipulation and mobility
primitives (e.g., grasp-box, place-on-shelf, align-label-out), (iii) Perception Modules
(pose, depth, occupancy, barcode/OCR), and (iv) a Planner that binds tasks to live
context via object detection, shelf maps, and SKU metadata. The Planner coordinates
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multi-step actions with recovery branches: if alignment fails, retry with different approach
vectors; if barcode is occluded, trigger re-grasp and re-scan. Tele-assist enables human
supervisors to approve edge-case decisions in seconds.

C. Safety, Sensing, and Supervision

Safety is enforced across three rings: (1) intrinsic robot safety (torque limits, compliant
control, E-stop), (2) operational safety (geofenced workcells, speed and separation
monitoring, checklists), and (3) governance (training records, lock-out/tag-out, incident
logging). The system supports role-based permissions, audit trails, and video snippets
for post-event analysis.

D. Enterprise Integration

Connectors sync with WMS/ERP for tasks, SKUs, and locations. A low-code adapter
maps facility data—bin IDs, aisle topology, replenishment rules—into task parameters.
Dashboards expose live KPIs (picks/hour, damage rate, uptime), SLA alerts, and
cost-per-task reporting for finance teams.

IV. TARGET USE CASES

We focus on tasks with high repetition, clear success metrics, and strong substitution
value for temp labor:

* Inbound pallet breakdown: cut, open, sort, and place cartons onto conveyors or pallets.
« Shelf restocking and facing: retrieve totes, place units to planogram, align label-out,
and record exceptions.

» Tote and carton transfers: move items between staging, kitting, and pack-out zones.

* Cycle counts and audits: scan SKU barcodes/QR codes, capture shelf images,
reconcile to WMS.

* Returns triage: open/inspect, capture condition photos, re-box, and re-label for
disposition.

V. DEPLOYMENT ARCHITECTURE

Each site runs an Edge Orchestrator that manages robot connectivity, local perception
workloads, and low-latency planning. A secure cloud plane handles fleet updates, policy
improvements, and analytics. Network-loss tolerant modes keep tasks running safely;
when confidence falls below thresholds, the robot pauses and requests tele-assist. A
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typical deployment begins with one to three robots, expanding to pods of 5-10 with zone
partitioning and shared supervision.

Fig. 1. Robotech deployment stack: Edge Orchestrator, Task Programming, Safety, and
Enterprise Connectors.

VI. PERFORMANCE & BENCHMARKS

We design pilots to measure throughput, quality, and safety with A/B and before/after
baselines. Example KPIs:

* Box handling throughput: 220-320 cartons/hour on mixed-SKU inbound with 6—12 kg
cartons and 1.2-1.5 m shelf heights.

* Restocking: 150-220 eaches/hour with planogram compliance >98% and damage rate
<0.5%.

* Cycle count accuracy: 299.5% with exception photo evidence attached to WMS
records.

Cycle time distributions, confidence scores, and recovery paths are logged to
continuously refine task graphs and skills. We benchmark against temp-labor baselines
and against non-humanoid alternatives (AMR+lift modules, fixed pick cells) to document
when humanoids outperform on total cost and time-to-value.

VII. ECONOMICS & RAaS MODEL

Robotech operates as Robotics-as-a-Service. Customers pay an all-in monthly fee per
robot or per task-minute that covers hardware, software, maintenance, and supervision.
Pricing aligns with temp-labor replacement value and measured productivity.

Metric lllustrative Value

Monthly Service Fee (per robot) $9,500-$14,500 (SLA-dependent)
Expected Uptime > 90% during staffed windows
Effective Cost per Box Handled $0.05-$0.12 (volume & mix dependent)
Payback vs Temp Labor 3—9 months in high-volume use cases

Assumptions vary by facility, shift length, mix, and box weights; Robotech delivers a
site-specific economic model during scoping, including sensitivity analyses on volumes,
uptime, and supervision cost.
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VIII. SAFETY, COMPLIANCE & GOVERNANCE

Robotech adheres to applicable safety frameworks for collaborative operation, including
risk assessments, speed and separation monitoring, and E-stop coverage. We
implement operator training, PPE guidance, and fenced modes where appropriate. All
incidents and near misses are logged with video snippets for RCA. Data governance
includes encryption in transit/at rest, role-based access, and retention schedules aligned
to customer policy.

IX. ROADMAP & FUTURE WORK

Short-term: expand the Skill Library for palletization, band-cutting, and awkward-item
handling; deepen integration with leading WMS platforms; improve tele-assist UX to
keep human-in-the-loop escalations under 10 seconds.

Mid-term: multi-robot collaboration in shared zones; semi-autonomous dock-to-shelf
replenishment; advanced visuo-tactile policies for deformable packaging.

Long-term: fully generalist policies trained across cross-site data to enable zero-shot
task adaptation, extending the service to retail backrooms and micro-fulfillment centers.

APPENDIX A — HYPOTHETICAL PILOT SNAPSHOT

Site: Regional 3PL, 350k sq ft; Scope: inbound pallet breakdown + shelf restocking (2
aisles);

Fleet: 3 humanoids, 1 supervisor; Duration: 8 weeks.

Outcomes: +27% throughput vs baseline temp crew; damage rate reduced by 41%; 96%
SLA hits; projected 6.5-month payback at steady state.
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APPENDIX B — TECHNICAL SPECIFICATION SNAPSHOT
(ILLUSTRATIVE)

Form Factor: mobile dual-arm humanoid with dexterous hands; operating height 1.2—-1.8
m; reach 0.7-1.0 m per arm.

Sensors: RGB-D, wrist force-torque, visuo-tactile fingertips, IMU; optional barcode/QR
imager.

Payload: 6—12 kg carton handling typical; heavier items supported with two-hand lift and
compliant control.

Runtime: >6 hours per shift with hot-swap battery or tethered charge-while-idle.
Connectivity: Wi-Fi 6/6E primary, LTE/5G backup; on-prem edge compute for low-latency
planning.

Safety: E-stop, speed and separation monitoring, torque limits, dual-channel safety
controllers.

Software: Robotech Task Graph compiler, Skill Library, Perception modules, Planner,
Tele-assist client, Fleet Orchestrator.

Integration: REST/GraphQL connectors to WMS/ERP/TMS; SSO and RBAC for operator
access.
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APPENDIX C — RISK REGISTER & MITIGATIONS

1) Task Variability: Unexpected packaging or shelf geometry — Mitigation: rapid
tele-assist, on-the-fly skill parameterization, and fallback tasks.

2) Safety Incidents: Human/robot interaction in congested aisles — Mitigation:
geofenced lanes, visual beacons, speed limits, and compulsory PPE.

3) Uptime Sensitivity: Battery and wear-item failures — Mitigation: preventive
maintenance schedule, hot-swap spares, and modular repair kits.

4) IT/Network Outages: Cloud or Wi-Fi disruptions — Mitigation: edge autonomy with
safe-pause; cached tasks; 5G/LTE failover.

5) Change Management: Operator acceptance — Mitigation: co-design SOPs, clear
work instructions, incentive-aligned KPlIs, and training.

6) Regulatory/Insurance: New categories of risk — Mitigation: collaborate with insurers,
document safety cases, maintain audit trails.

APPENDIX D — GLOSSARY

* RaaS (Robotics-as-a-Service): Subscription model bundling hardware, software, and
support.
* Task Graph: Structured representation of a multi-step workflow with recovery branches.
« Skill: Reusable motion and manipulation primitive parameterized by context (pose,
weight, shelf ID).
* Tele-assist: Low-latency human approval or correction for edge cases, typically <10
seconds.
« WMS/ERP/TMS: Warehouse/Enterprise/Transportation Management Systems.
Inbound Carton Handling Throughput (lllustrative)

260

250

200

150

Cartons per Hour

100+

50

Robotech Humanoid Temp Labor Baseline

Fig. 2. lllustrative throughput comparison for inbound carton handling.



