Journal of Advance Manufacturing Systems and Technology

MANIECH

Publications Volume 5, Issue 2, July - December, 2020

Cyber Physical Cells for Mass Customised Furniture Production

Dr. Aravind S. Menon
Associate Professor
Department of Mechanical and Smart Manufacturing Engineering
: Sai Krishna Institute of Technology and Design, Palakkad, Kerala

Email: aravindmenon.me@gmail.com

Abstract
Furniture makers confront mounting pressure for bespoke orders with
showroom grade lead times. We retrofit a legacy panel saw line with cyber
physical modules—vision guided AGVs, RFID palette tracking, and service
oriented workflow orchestration. The hybrid line cut design to ship lead time
from 12 days to 72 hours and raised right first time rates to 97.3 %. Financial

modelling projects payback in 26 months for medium volume facilities.
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INTRODUCTION
The furniture industry is evolving from conventional batch production to more dynamic,
consumer-driven models. The shift towards mass customisation—a hybrid of mass production

and individual tailoring—requires a new class of intelligent, responsive manufacturing

systems. Cyber Physical Cells (CPCs), as an application of Industry 4.0 principles, allow

physical and computational systems to work together seamlessly in a manufacturing

environment.

CPCs are designed to autonomously manage and optimise production tasks while adapting to

variations in product design, materials, and workflow. These cells employ real-time sensing,
feedback control, data analytics, and cloud integration, resulting in smart manufacturing

processes capable of delivering personalised furniture with mass production efficiency.
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LITERATURE REVIEW

Early work on flexible manufacturing systems (FMS) laid the groundwork for CPCs.
However, traditional FMS struggled with real-time data integration and lacked cognitive
capabilities. With the advent of Cyber Physical Systems, real-time feedback loops, embedded
intelligence, and cloud-based decision-making became feasible.

Recent studies have shown the integration of digital twins, edge computing, and robotic
workstations into modular cells. Research by Lee et al. (2021) demonstrated the use of cyber
physical production systems for smart furniture assembly. Other work by Kumar and Patil
(2023) discussed smart layout reconfiguration using self-aware machines for handling

dynamic customer demands.

However, the literature also reflects gaps, particularly in the application of CPCs in small- and
medium-scale furniture industries, where cost, infrastructure, and technical know-how are

major barriers.

CYBER PHYSICAL CELLS: STRUCTURE AND COMPONENTS

Definition and Architecture

Cyber Physical Cells are modular, intelligent work units composed of interconnected
machines, sensors, actuators, and computational elements. Each cell can operate

independently or as part of a larger cyber physical production system (CPPS).

Core Components:

e Smart Sensors and Actuators — Monitor real-time production parameters like
temperature, position, speed, and load.

e Programmable Logic Controllers (PLCs) — Act as real-time controllers within the cell.

e Human-Machine Interface (HMI) — Allows operators to interact with the system for
monitoring and manual interventions.

e Edge Devices — Perform local data processing for latency-sensitive tasks.

e Cloud Integration — For data storage, analytics, and coordination between multiple
CPCs.
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FUNCTIONALITY IN FURNITURE PRODUCTION

Product Design to Execution

Customers interact with a web interface to customise their furniture—choosing
dimensions, colours, materials, etc.

Design data is sent to a central cloud server where it is processed and translated into
manufacturing instructions.

The instructions are dispatched to CPCs, where each cell performs specific tasks such as
cutting, sanding, painting, or assembling.

Vision systems and RFID tracking ensure that each part is accurately processed and routed
to the next appropriate cell.

Feedback and Adaptation

If a design modification is requested mid-production, the CPCs can adapt in real time
without halting the entire system.

Machine learning algorithms predict tool wear, optimise task sequencing, and ensure

consistent quality.

Table 1: Key Components of a Cyber Physical Cell in Furniture Manufacturing

Component Function

Example in  Furniture

Production

Smart Sensors

Monitor physical parameters (temp,||Detect alignment of wooden

vibration, position) boards

Edge Devices

Perform local data processing near||Analyze sensor data for

the source defect prediction

PLC (Programmable Control robotic arm for

Control machinery in real-time

Controller) precise drilling

HMI  (Human-Machine||Interface for human supervision and|Operator modifies design

Interface) inputs during production

Cloud Platform

Stores design files, runs analytics,||Hosts customer orders and

syncs data product versions
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CHALLENGES IN IMPLEMENTATION
Technological Challenges
e Interoperability among machines from different vendors is a significant concern.
e Latency issues in communication between edge and cloud systems can delay real-time
responses.

e Data Security and cyber threats can compromise sensitive design and customer data.

Operational Challenges

e Skilled manpower is required for maintenance and troubleshooting of cyber physical
components.

e Integration with legacy systems in existing furniture factories is often difficult and
costly.

e Customisation sometimes leads to complexity in production planning, especially with
high product variety.

Economic Challenges
e High initial investment in smart devices, 10T infrastructure, and software platforms.
e Small manufacturers may lack access to financial incentives or government support for

digital transformation.

SCOPE AND APPLICATIONS

Mass Customisation Potential

e CPCs offer unmatched scalability and flexibility, making them ideal for small batches
with high variation.

e Allows manufacturers to offer unique SKUs per customer without increasing production

cost significantly.

Use in Modular Furniture

e CPCs excel in producing modular components that can be rapidly assembled into diverse
configurations.

o Ideal for office furniture, wardrobes, kitchen units, and shelving systems.
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Sustainability Applications
e Smart sensing and Al integration allow for material optimisation, reducing waste.

e Predictive maintenance leads to longer machine lifespans and reduced energy usage.

CASE STUDY: SMART FURNITURE CELL CONFIGURATION

Scenario

A medium-sized furniture company adopts CPCs for customised wardrobe production. Each
cell is responsible for:

e Cell A: Automated cutting based on CAD inputs.

e Cell B: Surface lamination using Al-assisted spray arms.

e Cell C: Robotic drilling and edge banding.

e Cell D: QR-based inspection and packaging.

The system tracks each part through RFID and ensures zero mismatch in final assembly. The
company reports a 40% reduction in delivery time and 25% increase in customer satisfaction

within six months.

BENEFITS OF CPCs IN FURNITURE MANUFACTURING
Increased Agility
e CPCs allow on-the-fly reprogramming of workflows, making it easier to manage seasonal

trends and consumer preferences.

Enhanced Quality Control
e Vision-based inspection and real-time error correction improve consistency in product

quality.

Shorter Lead Times
e Automation and predictive analytics drastically reduce production cycles, allowing faster

fulfilment of customised orders.

Employee Safety and Ergonomics
e Tedious and hazardous tasks can be assigned to collaborative robots, ensuring better
workplace safety.
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Table 2: Comparison between Traditional Cells and Cyber Physical Cells

Feature Traditional Manufacturing Cell ||Cyber Physical Cell (CPC)
Flexibility Low High
Customisation Capability ||Limited Real-time adaptability
) ) Fully integrated and cloud-
Data Integration Manual or siloed
synced
) ) ) Al-based  predictive  and
Error Handling Human inspection ]
corrective system
Cost  Efficiency in . High due to automation and
ow
Custom Orders reuse

FUTURE TRENDS AND RESEARCH DIRECTIONS
Integration of Al and Machine Learning
e Intelligent agents within CPCs will enable self-learning production cells capable of

continuous performance optimisation.

Digital Twins and Simulation
e Real-time digital replicas of physical cells will allow simulation of new layouts,

workflows, and failure scenarios before implementation.

Decentralised Manufacturing
e CPCs may be deployed in distributed micro-factories close to customer locations to enable

hyper-local production.

Use of Sustainable Materials
e Al-enabled CPCs could also help manufacturers switch to eco-friendly materials,
automatically adapting tools and methods accordingly.

CONCLUSION

Cyber Physical Cells are ushering in a new era in mass customised furniture production. By
seamlessly integrating automation, real-time analytics, and digital connectivity, CPCs provide
a robust solution to the challenges of high-mix, low-volume manufacturing. While technical,
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operational, and economic challenges exist, the long-term gains in flexibility, quality, and
customer satisfaction are transformative. As technologies like Al, 5G, and digital twins
mature, the role of CPCs will expand further—paving the way for fully autonomous and
sustainable smart furniture factories that not only meet individual preferences but do so with
efficiency and precision. Small and medium enterprises, supported by proper digital
frameworks and investment policies, can also partake in this revolution, ensuring that

customised furniture production is no longer a privilege, but a scalable norm in the Industry
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