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Section 4: Core Architectural Framework: M + P, + D

1.1 Mechanical Extension (M)

The Al3d functions as a direct mechanical extension of the human
caregiver's intent and physical capability. This layer includes:

Primary Mechanical Subsystems

e Articulated Arm Assembly: Multi-degree-of-freedom (DOF) robotic arm

with load capacity rated for assisted lifting (up to specified weight
limits per care plan)

o End-Effector Interface: Padded, adjustable attachment points for
patient contact, designed to distribute force safely across target body
regions

¢ Base and Stabilization: Weighted base with lockable casters and

electromagnetic stability systems to prevent tipping during load
transfer

¢ Safety Rail Systems: Fixed guard rails around the device perimeter to
prevent operator collision during motion cycles

Mechanical Safety Features

e Compliant padding on all patient-contact surfaces to minimize injury
risk

e Mechanical force-limitation governors on joints to prevent exceeding
torque thresholds

e Spring-based emergency stops at each joint to halt motion if
prescribed parameters are violated

e Load sensors at the end-effector to continuously monitor patient
contact force

1.2 Prescription and Intent Verification (P))

No motion occurs without verified prescription authority and explicit operator
intent. This layer enforces:

Authorization Hierarchy

1. Clinical Prescription: Licensed clinician (physician, physical
therapist, nurse) establishes a specific care plan that documents:

e Patient name and medical record number
e Type of assistance required (e.qg., bed-to-chair transfer, repositioning)
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e Time window for authorization (e.g., valid for 8 hours, 24 hours, or
specified dates)

e Patient-specific joint limits and contraindications

e Approved caregiver roles (e.g., RN, CNA, family member)

2. Time-Bounded Authorization: The device's hardware clock verifies

that the current operation time falls within the prescribed window.
Authorization expires automatically; no override is possible without
a new prescription.

3. Operator Intent Confirmation: Before any motion, the attending
caregiver must:

e Authenticate via biometric (fingerprint, badge, or PIN)
e Select the specific assistance task from a prescribed menu (no off-
menu actions allowed)

e Confirm patient positioning and readiness via a dual-button "ready"
sequence

¢ Receive real-time feedback that all safety preconditions are met

Prescription Format (Example)

Patient: Jane Doe (MRN: 123456)
Prescription Date: 2024-01-15
Valid Period: 2024-01-15 09:00 - 2024-01-16 09:00
Authorized Actions:
- Bed-to-Chair Transfer (2x daily, max 10 transfers in 24-hour window)
- Bedside Repositioning (4x daily, unrestricted)
- Sit-to-Stand Assistance (3x daily)
Patient-Specific Limits:
- No hip flexion beyond 90 degrees
- No external rotation of right shoulder
- Lift assistance capped at 70% of nominal load
Authorized Caregivers: RN staff, CNA staff, spouse (day shift only)
Prescribing Clinician: Dr. Alice Thompson, MD | License #12345
Authorization Code: PT-ABC123-2024-0115

1.3 Dynamics and Motion Control (D)

Once prescription and intent are verified, the control layer executes motion
with real-time force, velocity, and trajectory monitoring:

Motion Execution Protocol
4. Initialization Phase:

e Sensors verify patient contact at designated grip points
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Load cell confirms expected patient mass within tolerance (£10%)
Joint encoders establish baseline posture

5. Acceleration Phase (first 2 seconds of motion):

Ramp velocity smoothly from O to prescribed speed (typically 10-30
cm/s)

Monitor acceleration to prevent jerk that could cause discomfort or
injury

Target acceleration: <0.5 m/s? for patient-facing motion

6. Steady Motion Phase:

Maintain constant velocity along pre-programmed trajectory

Force sensors continuously monitor load distribution

If any joint exceeds torque limit, servo control reduces velocity
proportionally

Real-time feedback to caregiver via haptic controller (force feedback
on control handle)

7. Deceleration Phase (final 2 seconds):

Reduce velocity smoothly to near-zero
Engage holding brakes on load-bearing joints
Confirm patient stability and comfort before full stop

Safety Interlocks

Load Verification Interlock: If actual load deviates >15% from
expected, motion is halted and clinician alert is generated

Force Ceiling Enforcement: If any joint force exceeds 120% of
prescribed limit, motion stops immediately and requires caregiver re-
authorization

Trajectory Bounds: All joint angles constrained by hard software limits
derived from prescription (e.g., no hip flexion >90°)

Dual-Channel Monitoring: Independent sensor channels for each critical
parameter; disagreement triggers emergency stop
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2. Primary Assistance Operations

2.1 Lifting and Transfer Operations

2.1.1 Bed-to-Chair Transfer Procedure

Step 1: Pre-Transfer Verification

Patient is supine or semi-recumbent on the bed

Device is positioned at 45-degree angle to bed edge, casters locked
Caregiver verifies patient alertness and readiness

Patient places arms across the device's torso support pad

Step 2: Authorization Check

Caregiver scans authorization badge or enters PIN

Device displays: "Bed-to-Chair Transfer — Jane Doe — Authorized"
Caregiver presses dual-button sequence: GREEN (ready) + YELLOW
(confirm) simultaneously

Device performs pre-motion verification (sensors confirm contact, load,
joint limits)

Step 3: Lift Phase (Duration: 3-5 seconds)

Mechanical arm raises smoothly at 0.3 m/s

Patient torso lifted vertically until seated height is achieved (hip angle
~90°)

Load sensors monitor even distribution across both contact points
Caregiver may apply gentle steering force to controller to guide final
positioning

Real-time force feedback through haptic controller allows caregiver to
sense patient weight distribution

Step 4: Rotation Phase (Duration: 2-3 seconds)

Once seated height reached, entire mechanism rotates horizontally
Patient remains stationary relative to the device; device sweeps
toward chair

Rotation speed capped at 15°/second to prevent disorientation
Caregiver guides rotation smoothly; any jerk is dampened by servo
control

Step 5: Descent and Seating (Duration: 3-5 seconds)
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e Device descends at 0.2 m/s, lowering patient into chair
e As patient nears chair surface, descent speed automatically reduces to

0.05 m/s

¢ Load sensors confirm patient is fully seated in chair before releasing
grip

¢ Mechanical arms retract smoothly; patient remains under caregiver
supervision

Step 6: Post-Transfer Verification

e Device disengages contact pads and returns to neutral position

e Caregiver confirms patient comfort and safety in chair

¢ Intervention logged automatically: timestamp, patient ID, caregiver ID,
load curve

2.2 Repositioning and Posture Support

2.2.1 Bedside Repositioning Procedure
Step 1: Patient Positioning on Bed

e Patient lies supine or on one side on the bed

e Device lateral arm positioned 6 inches from patient's torso

e Caregiver secures patient's hip and shoulder using non-slip contact
pads

Step 2: Authorization and Prescription Confirmation

e Caregiver confirms prescription allows repositioning action

e Device displays target posture: "Reposition to Supine + 30° Left
Rotation" (or as prescribed)

e Dual-button authorization sequence activated

Step 3: Lift-and-Rotate Phase (Duration: 4-6 seconds)

e Lateral arm lifts patient's hip region by 15-20 cm off bed surface

e Simultaneously, shoulder arm applies gentle forward rotation (30°
maximum)

e Patient's trunk is supported across entire length by padded contact
surface

¢ Real-time pressure mapping ensures no single point exceeds safe
contact force (typ. 3-5 psi)

Step 4: Pressure Redistribution (Duration: 2-3 seconds)
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Once rotated, device maintains position for 3-5 seconds

Mechanical oscillator in contact pads applies micro-vibration (5-10 Hz)
to improve blood flow in contact region

Caregiver can request additional pressure redistribution cycles via
button press

Step 5: Return to Base Position (Duration: 3-5 seconds)

Device smoothly lowers patient back to bed

Rotation is reversed at same rate as applied (prevents vertigo)

Patient is lowered completely before any arm retraction

Device logs repositioning event with duration and pressure distribution
statistics

2.3 Mobility and Gait Support

2.3.1 Sit-to-Stand Assistance Procedure

Step 1: Pre-Assistance Setup

Patient seated in chair or on bed edge with feet firmly on floor
Device positioned directly in front of patient at arm's reach
Caregiver adjusts height of support handles to patient's standing arm
height (typically 90-110 cm)

Step 2: Patient Engagement

Patient grasps support handles on both sides of the device

Caregiver confirms bilateral grip strength is adequate (pressure
sensors in handles confirm >5 kg grip force on both sides)

Patient leans slightly forward; device sensors detect this shift in weight
distribution

Step 3: Authorization and Readiness Check

Caregiver enters authorization (prescription verified, time window
valid)

Device confirms patient grip on both handles is firm and symmetric
Caregiver presses single green button labeled "Stand Assist" and holds
for 2 seconds

Step 4: Lift Phase (Duration: 2-3 seconds)

Device pulls upward and slightly back on handles
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e Applied force ramps from 0 to 30-50% of patient's body weight (as
prescribed)

e Patient's own leg muscles provide the primary power; device augments
e Motion is coordinated with patient's forward weight transfer

Step 5: Standing Support Phase (Duration: 5-10 seconds)

¢ Once standing, device maintains passive support through handles
e Patient is free to walk; caregiver walks alongside for safety

e |[f patient's grip weakens, device detects grip force decrease and
provides gentle reminder via audio cue

e Load on handles should decrease to 10-20% of body weight once fully
standing (indicates patient stability)

Step 6: Descent Back to Seated (Duration: 2-3 seconds)

¢ When patient is ready to sit, caregiver presses red "Lower" button
e Device applies controlled braking to decelerate patient's descent

e Motion is smooth and continuous; patient is guided into chair seat
e Device confirms seating before releasing load

2.4 Range-of-Motion Therapy and Clinician-Configured Exercise

2.4.1 Passive ROM Exercise Procedure (Example: Shoulder Flexion)
Step 1: Clinical Prescription Setup

e Prescribing clinician specifies ROM parameters:

e Joint: Right Shoulder (Flexion)

e Range: 0° (arm at rest) to 120° (arm raised forward)

e Repetitions: 10 cycles

e Speed: 15°/second

e Frequency: Once daily at 14:00 (2 PM)

e Patient-Specific Limits: Halt if patient reports pain >3/10

Step 2: Patient Preparation

e Patient lies supine on bed or is positioned seated in support chair

e Device's arm attachment (padded cuff) is affixed to patient's arm just
above the elbow

e Caregiver positions patient's arm in neutral position (arm at side, palm
down)

Step 3: Therapy Authorization
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Clinician (PT or RN with ROM authorization) authenticates and selects
"ROM Therapy — Right Shoulder Flexion"

Device displays: "Patient: Jane Doe | Right Shoulder Flexion | Rep 1 of
10II

Clinician presses confirm button; countdown timer displays (e.g.,
“Therapy begins in 5 seconds")

Step 4: ROM Execution Cycle 1 (Duration: ~16 seconds per full cycle)

Flexion Phase (8 seconds): Device smoothly raises patient's arm from
0° to 120° at 15°/second

Force sensors monitor resistance; if resistance increases (indicating
pain or stiffness), speed automatically reduces

Audio feedback: "Flexion in progress — arm rising"

Hold Phase (2 seconds): Device maintains arm at 120° flexion
Clinician observes patient for signs of discomfort

Extension Phase (8 seconds): Device smoothly lowers arm back to 0° at
15°/second

Patient's own muscle tone and gravity assist the return motion

Rest Phase (2 seconds): Device holds arm at side before next cycle
begins

Step 5: Repetition Cycle (Cycles 2-10)

Steps 4 repeated 9 additional times

Device monitors range: if patient's resistance increases with each cycle
(indicating fatigue), device automatically reduces range on final cycles
Data logged: ROM achieved on each cycle, resistance profile, any
deviation from prescribed parameters

Step 6: Post-Therapy Assessment

After 10 cycles complete, device displays: "Therapy Complete — Right
Shoulder Flexion"

Clinician assesses patient comfort and range achieved

Device generates report: "10 cycles completed | Average ROM: 119° |
Resistance increase: 8% across cycles | No pain alerts"

Data synced to patient's electronic health record for ongoing therapy

tracking
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3. Hardware-Enforced Safety and Authorization
Architecture

3.1 Authorization Hardware Layer

The A13d incorporates a dedicated Authorization Control Module (ACM) — a
separate, hardened processor that cannot be overridden by the main control
software. This module:

8. Validates Prescriptions via Cryptographic Signature:

e Each prescription is digitally signed by the prescribing clinician's
hardware token

¢ ACM validates signature before any authorization is granted

e Tampering with prescription text invalidates signature; operation is
refused

9. Hardware Clock and Time Enforcement:

¢ Independent real-time clock (RTC) module with battery backup

¢ All motion is gated by this clock; no software override can extend
authorization beyond prescribed time window

e Clock is synchronized daily with hospital time server; if disconnected,
device defaults to conservative time (may expire authorization early,
but never extends it)

10.Dual-Channel Safety Verification:

e Primary channel monitors joint angles and forces

e Secondary channel independently samples the same sensors at
10 Hz

e If channels disagree >5%, all motion stops immediately; manual
reset required

e Example: If primary sensor reports shoulder at 85° but secondary
reports 95°, device halts and generates alert

11.Motion Interrupt Capability:

e Caregiver can press large red "STOP" button at any time
e Hardware interrupt line directly halts servo drives within 50
milliseconds
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No software latency; mechanical brakes engage immediately
upon interrupt

3.2 Force and Torque Limiting

Each joint includes a torque-limiting governor — a mechanical device that
physically prevents the joint from applying force beyond a preset threshold:

Governor Design: Spring-loaded slip clutch in the drive train of each
joint motor

Adjustment: Clinician sets maximum torque per patient at prescription
time (e.q., shoulder flexion limited to 5 N-m)

No Software Override: Physical mechanism engages regardless of
software commands

Failure Mode: If motor attempts to apply excess torque, clutch slips,
drive spins freely, and motion stops (safe default)

Example Torque Limits (typical):

Shoulder lift: 5-8 N-m

Hip flexion: 10-15 N'm
Knee extension: 8-12 N'm
Wrist rotation: 2-3 N'-m

3.3 Load Sensing and Validation
The device continuously monitors:

12.Contact Force Sensors: Pressure-sensitive arrays under all patient-
contact pads

Resolution: 0.1 psi

Sampling rate: 100 Hz

Safety threshold: Alert if any point exceeds 8 psi (typical safe pressure
for skin contact)

13.Load Cell at End-Effector: Central load cell measures total applied
force/moment

Accuracy: £2% of full scale

If load deviates >15% from expected patient mass, motion halts and
clinician is notified

14.Joint Encoder Validation: Each joint has independent angle encoder

Resolving power: £0.5°

26



¢ Compared against commanded position every 10 ms
e If actual angle lags command >2°, velocity is reduced to prevent jerky
motion

4. Operational Safety Interlocks

4.1 Pre-Motion Verification Sequence

Before any patient-facing motion, the device performs a 3-second automated
verification:

[Caregiver Dual-Button Press: GREEN + YELLOW held for 1 second]

[ACIJI verifies prescription signature and time validity] — 0.5 seconds

[Prir:\ary and secondary sensors sample joint angles, contact forces, and load] — 1 second
[If aﬁ parameters nominal, device emits 3-beep confirmation tone]

[3-s;cond countdown timer appears on display: "READY TO ASSIST — 3...2...1..."]

[Motlion begins at t=0 with initial acceleration ramp of 0.2 m/s?]

If any check fails at any stage, countdown is aborted and caregiver receives a
specific error message:

e "ERROR: Prescription expired — contact clinician"
e "ERROR: Patient load exceeds 15% tolerance — reposition and retry"
e "ERROR: Sensor disagreement on joint angle — contact biomedical"

No motion occurs until error is resolved.

4.2 In-Motion Emergency Halt
Three independent mechanisms can stop motion instantly:

15.Caregiver-Activated Red Button: Held at all times; pressure-sensitive
switch directly interrupts servo drives

16.Patient Emergency Pull Cord: Patient or bystander can pull cord to
trigger immediate stop

17.Automated Force Ceiling: If any joint force exceeds 120% of
prescribed maximum, servo drives automatically cut power to that
joint motor
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All three mechanisms are hardwired (not software-controlled) and
trigger mechanical braking within 50 ms.

4.3 Post-Motion Verification
After any motion sequence completes:

18.Posture Assessment: Device sensors verify patient is in stable final
position (center of gravity supported by contact surface)

19.Force Release Sequence: End-effector contact forces ramped to zero
over 2 seconds

20.Engagement Verification: Once forces zero, padded contact surfaces
are retracted away from patient

21.Event Logging: Operation logged with timestamp, caregiver ID,
patient ID, forces applied, ROM achieved, and any deviations from
prescription

22.Clinician Review: Data available in EHR for clinician to review; alerts
generated if any parameter deviated >10% from prescribed range

5. Integration with Care Planning and Clinical Oversight

5.1 Prescription Lifecycle

Day 1:
08:00 — Clinician (PT or MD) assesses patient, creates prescription
08:15 — Prescription uploaded to A13d device; device verifies digital signature
08:30 — Caregivers may begin using device per prescription (valid for 24 hours)

Day 2:
08:30 — Prescription automatically expires; device refuses all motion commands
08:31 — Caregiver notified: "Authorization expired — contact clinician"
08:45 — Clinician reviews therapy logs and patient progress, renews prescription for
another 24 hours

5.2 Clinical Monitoring Dashboard
Clinicians have real-time access to:

e ROM Achieved: Bar chart of range achieved in each therapy session vs.
prescribed range

¢ Patient Tolerance Indicators: Number of times patient force exceeded
thresholds, signaling pain or resistance
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Therapy Adherence: Confirms prescribed frequency (e.g., "3 of 4 sit-to-
stands completed today")

Force Profiles: Graphical representation of force applied over time,
showing smooth vs. jerky motion

Alerts: Any out-of-parameter events flagged for immediate review

6. Training and Competency Verification

6.1 Caregiver Authorization Levels
Three tiers of authorization:

Level 1: Basic Assistance (CNA or Family Caregiver)

Authorized for: Bed-to-chair transfers, repositioning, sit-to-stand
assistance

Precondition: Must complete 2-hour hands-on training + pass written
competency exam

Oversight: RN must be on-site during all uses
Device enforcement: Caregiver must re-authenticate every 4 hours

Level 2: Extended Assistance (RN or Licensed PT)

Authorized for: All Level 1 actions + ROM therapy, advanced
positioning

Precondition: Must complete 4-hour training + demonstrate
competency on 3 consecutive patients

Oversight: Self-directed; no direct RN supervision required

Device enforcement: Caregiver must re-authenticate every 8 hours

Level 3: Prescribing Authority (PT, OT, or Physician)

Authorized for: Creating and modifying prescriptions, configuring ROM
parameters

Precondition: Professional licensure + 8-hour training on device
software and safety systems

Oversight: All prescriptions logged and auditable

Device enforcement: Multi-factor authentication (badge + PIN +
biometric)

6.2 Competency Re-certification

Annual: All users must pass refresher training covering emergency

procedures and new software updates
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After Any Adverse Event: If patient injury occurs or device error is
detected, all users must retake competency exam before resuming use
Periodic Audit: Hospital IT randomly audits user access logs; any off-
protocol uses trigger mandatory retraining

7. Maintenance and System Integrity

7.1 Hardware Self-Test Protocol
Device performs automated self-test:

At Power-0On: All sensors sampled, joint ranges tested (no-load motion
through full range)

Daily: Load cell calibration verified against known test weight

Weekly: Force governance clutches tested by applying controlled load
above threshold and confirming slip engagement

Monthly: Structural integrity inspected (frame cracks, fastener
tightness, brake pad wear)

Any failed test generates maintenance alert; device enters "maintenance
mode" and refuses patient-facing motion until issue is resolved.

7.2 Software Update Integrity

All firmware updates are cryptographically signed by manufacturer
Device verifies signature before installing any update

Updates cannot modify authorization hardware logic or force-limiting
governors

Audit log tracks every update and which clinician/admin authorized it

8. Regulatory Compliance and Documentation
The A13d meets or exceeds:

FDA Classification: Class Il Medical Device (510k cleared for sale in US)
IS0 13482: Robots and Robotic Devices — Safety Requirements for
Personal Care Robots

IEC 61508: Functional Safety of Electrical/Electronic/Programmable
Electronic Safety-Related Systems

HIPAA: All patient data encrypted; audit trails of all access

State Board of Nursing: Device use complies with regulations for
nursing care delegation and supervision
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9. Conclusion

The A13d kinetic therapeutic-care device represents a hardware-enforced
framework for safe, prescribed robotic assistance in high-dependency
eldercare. By integrating mechanical force limits, cryptographic prescription
validation, time-bounded authorization, dual-channel sensor verification, and
real-time clinical oversight, the device ensures that every motion is
intentional, prescribed, and immediately reversible by any caregiver or
patient at any time.

The Nightingale One Protocol™ (M + Pi + D) architecture prioritizes patient
safety through redundancy, transparency, and human-in-the-loop control. No
action is automated beyond the caregiver's understanding or control; the
device amplifies human judgment rather than replacing it.
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Appendices: Device Specifications

Load Capacity: 150 kg (assisted lifting mode), 200 kg (support only)
Arm Reach: 120 cm horizontal, 100 cm vertical

Degrees of Freedom: 7 (shoulder, elbow, wrist, rotation)
Motion Speed: 0.05-0.50 m/s (configurable per prescription)
Acceleration Limits: 0.2-0.5 m/s? (patient-facing motion)
Force Resolution: 0.1 psi (contact), 0.5 N-m (joint torque)
Sampling Rate: 100 Hz (sensors), 10 Hz (backup verification)
Authorization Window: Up to 72 hours per prescription
Emergency Stop Response: <50 ms

Power: 220V AC, 10 A, UPS backup (4 hours minimum)
Dimensions: 1.2 MW x 1.5mH x 0.8 mD

Weight: 180 kg

Document Version: 1.0

Date Created: 2024

Author: Clinical Engineering

Classification: Internal Use / Professional Reference
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Appendices: Technical Specifications

Appendix A: safety pipeline reference

Step
1

2

3

Mechanism Specification

Absolute Physical Zero direct actuation

Isolation rights for Al

The Sacred Pause™ 25-1000ms forced
deliberation interval

Human Sovereign Tripartite .1x Key™ (iris

Authorization scan, cryptographic
token, hold-to-run
pedal)

Deterministic Kinematic ' £0.05 mm positional

Checks tolerance, Finite-State
Machine verification

Bounded Execution Kinematic Constraint
Layer (KCL) hardwired
envelope

Immutable Evidence WD117 forensic ledger

Logging (local, tamper-evident)

Appendix B: emergency and sensing components

U7 Sovereign Brake™ — Actuator power severance in <1.05
milliseconds upon anomaly or agentic drift detection

A13b LiDAR — Non-optical, camera-free and audio-free spatial mapping
into local voxels

Validation methodology — 0% Agentic Deviation confirmed via 8-hour
Real-Time Simulation (RTS)

Appendix C: deployment layer reference

A8 Bridged Layer — Institutional (nursing home) deployment; filters
advisory data across shared wards; ingress chokepoint for clinical
workflows

A13d Kinetic Caregiver — Home hospital (Silent Elder) deployment;
high-payload manipulation, lifting, transfers, bedside repositioning,
hardware-governed physical assistance under NAP 4.0

Appendix D: pending assets for future editions

The following assets were specified in the production brief for this edition but
are not present in the source material and are therefore not included here.
They remain placeholders for a subsequent, fully-illustrated edition once the
corresponding files and data are supplied:
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e Technical schematics (referenced as 12 figures) mapped to hardware
architecture, safety pipeline, and deployment sections

e Video frame index (referenced as 24 frames across two video sources)
mapped to key moments in real-time simulation/validation and home
hospital deployment/privacy-preserving sensing

e (4 system architecture diagram for the hardware architecture section

e 3D CAD assembly renderings with component callouts and dimensional
specifications

e Reconciled Bill of Materials (BOM) table

e Operational flowcharts and deployment diagrams

What's next

With the core governance philosophy, safety pipeline, authorization
hierarchy, and deployment guidelines established in this edition, future
revisions of this monograph can incorporate the visual and tabular assets
listed in Appendix D — schematics, video frame captures, CAD renderings,
and BOM data — once those source files are made available. This will allow
the monograph to expand into the full illustrated, print-ready format targeted
for 6x9 inch perfect-bound publication and e-book distribution.
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