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EXECUTIVE SUMMARY

This document provides a comprehensive technical and clinical overview of the

Statistical Process Control (SPC) Control Chart Sample module, an integrated

quality assurance feature for the advanced medical aesthetic device platform.

This embedded analytical tool enables clinical operators and biomedical

engineers to monitor, track, and verify the performance stability of

energy-based aesthetic treatments in real-time. By leveraging Shewhart control

chart principles, the SPC module ensures that critical parameters — such as

fluence, pulse duration, and cooling efficiency — remain within statistically

predicted control limits, thereby enhancing patient safety, treatment

consistency, and regulatory compliance.



CLINICAL ARCHITECTURE & DESIGN

The SPC Control Chart module is architected as a non-invasive, passive

monitoring subsystem that interfaces with the device ’ s primary treatment

console. It operates by capturing real-time data from optical coherence sensors,

thermal couplers, and energy delivery feedback loops during each treatment

pulse. This data is instantaneously processed via a proprietary algorithm that

calculates moving averages, standard deviations, and upper/lower control

limits (UCL/LCL) based on a user-defined baseline period. The architecture is

designed to be entirely transparent to the clinical workflow, requiring no

additional operator intervention beyond initial parameter setup. Its integration

into the main chassis ensures that the SPC functionality is both protected and

continuously powered, providing fault-tolerant performance even during

high-duty-cycle operations.



KEY INDICATIONS & CAPABILITIES

The primary clinical indication for the SPC module is the proactive identification

of process drift or unexpected variation in laser output and cooling system

efficiency. It is indicated for use across all supported dermatological

applications, including hair reduction, vascular lesion clearance, and skin

rejuvenation. Key capabilities include:

- REAL-TIME PERFORMANCE MONITORING: Continuous display of energy

delivery metrics against established control limits.

- AUTOMATED ALARM NOTIFICATIONS: Visual and audible cues that signal

when a parameter exceeds the calculated UCL or LCL, preventing sub-optimal

treatment delivery.

- TREND ANALYSIS LOGGING: Secure storage of historical control chart data for

up to 10,000 treatment sessions, facilitating long-term predictive maintenance

and clinical research.

- DATA EXPORT & COMPLIANCE: Seamless export of SPC logs in

standardized .CSV and .PDF formats for integration with electronic medical

records (EMR) and regulatory audits.

COMPLIANCE & STANDARDS



The SPC Control Chart module and its integration within the medical aesthetic

system are designed to meet rigorous international standards for medical

electrical equipment and quality management. The subsystem complies with

the risk management processes outlined in ISO 14971:2019, ensuring that any

statistical deviation is classified and managed according to its potential severity.

The software development lifecycle for the SPC algorithm adheres to IEC 62304.

Furthermore, the module’s data integrity and alarm functionality are validated

in accordance with 21 CFR Part 11 requirements, supporting the device ’ s

readiness for U.S. FDA clearance and CE marking in the European Union.

TECHNICAL SPECIFICATIONS

Parameter Specification

Module Type Integrated Statistical Process Control

(SPC) Analysis Suite

Control Chart Format X-bar and R Chart / X-bar and S Chart

(User Selectable)

Data Acquisition Rate 100 samples per second (across all

active sensors)

Baseline Sample Size 20 to 30 treatment sessions (User

Definable)



Control Limits Calculation Mean ± 3 Sigma (Standard Deviation)

based on baseline data

Alarm Trigger Logic Any point outside UCL/LCL or run of 7

consecutive points on one side of

centerline

Data Storage Capacity 10,000 treatment sessions or 5 years

of log files

Compliance Standards ISO 14971:2019, IEC 62304, 21 CFR

Part 11 (Data Integrity & Audit Trail)

CLINICAL PROTOCOLS

To effectively utilize the SPC control chart, clinicians must establish a baseline

control period of 20 to 30 initial treatments. During this phase, the system

automatically records and learns the normal process variation. Subsequent

treatments are then continuously compared against this baseline. It is

recommended to perform a visual inspection of the control chart

post-treatment to confirm that the last 5 data points display no non-random

patterns, such as a steady upward or downward shift. If a control chart violation

is detected (e.g., a point outside the control limits or a run of 7 consecutive

points on one side of the centerline), the operator is advised to pause treatment,



perform a system self-check, and consult the device’s troubleshooting guide

before resuming. This workflow ensures that every treatment delivered is not

only clinically effective but also statistically validated for optimal patient

outcomes.


