
 

 

WHITEPAPER 
Published September 2026 

Bharat Nair, Director of Enterprise 

Solutions, Flexware Innovation  

 

 

 

 

 

The Path to Autonomy 

A Practitioner's Guide to Achieving 

Lights-Out Operations 



 

 

www.flexware.com 

EXECUTIVE SUMMARY  

Ask 10 manufacturing leaders what "lights-out operation" means, and you’ll likely get 10 different answers. 

For some, it means a fully autonomous facility. For others, it’s a single automated cell running an extra 

shift unattended.  

Unfortunately, that ambiguity can have real consequences. Without a shared definition, organizations end 

up pursuing automation initiatives with no clear understanding of the end goal, the foundational 

capabilities required or the timeline.  

Lights-out manufacturing is not a one-size-fits-all journey. This whitepaper provides practical guidance for 

defining a strategy that reflects your organization's current maturity level and creating a roadmap for 

future progress. 
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DEFINING “LIGHTS OUT”  

While the definition of "lights out" automation varies across the industry, it should 

be clearly defined and consistently understood within the organization pursuing 

it. Establishing this internal alignment is essential for transforming a broad 

aspiration into a strategic initiative that can be effectively prioritized, funded and 

executed. 

The most appropriate definition will depend on several organizational factors, 

including automation maturity, risk tolerance, operational complexity and 

strategic objectives. The definitions below represent three common 

interpretations of a lights-out operating model, each reflecting different 

organizational goals, constraints and levels of automation capability: 

TRUE LIGHTS OUT 

In this scenario, operations run without human intervention for an extended 

period, with automated systems handling material movement, quality checks, 

exception recovery, safety and more. While true lights out is often seen as the 

ultimate automation goal, this level of autonomy is very rare and typically limited 

to highly standardized, high-volume processes. 

LIGHTS OUT CAPABLE 

Under this model, equipment and systems can run unattended, but a small crew is 

still needed to manage oversight and exception handling. This is the most 

common interpretation of lights-out manufacturing today. 

DARK-SHIFT / DARK-ZONE OPERATION   

In this case, a defined shift or physical zone runs unattended while the rest of the 

facility is staffed normally. This is the most achievable starting point. 

Organizations early in their automation journey are often best served by focusing 

on a dark-shift or dark-zone approach, proving the value of unattended operation 

within a specific process, production line or shift before expanding further. 

As automation capabilities, operational resilience and workforce confidence 

mature, organizations can progress deliberately from dark-shift operation to 

lights out capable and ultimately toward true lights-out manufacturing. Each 

stage builds the foundation and the funding case for the next. 

https://www.flexwareinnovation.com/
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BUILDING LIGHTS-OUT OPERATIONS 

Regardless of how an organization defines lights-out operations, achieving that vision requires more than 

excellence in any single capability. Successful lights-out operations require a deliberate and balanced 

investment across all four areas outlined below: 

LAYER 1 Physical automation 

Many manufacturers start by investing in autonomous mobile robots (AMRs), automated guided vehicles 

(AGVs), robotic cells, automated storage and retrieval systems (AS/RS) and automated inspection. While 

these technologies provide a critical foundation, they represent only one component of the broader 

capabilities required to achieve lights-out operations. 

LAYER 2 Sense and store 

Lights-out operations depend on structured, real-time visibility into equipment status, material position 

and quality signals. Although most facilities have plenty of raw data, very little of it is usable. Before 

pursuing lights-out capabilities, manufacturers must establish a robust data foundation that delivers 

accurate, timely and actionable insights across the production environment. 

LAYER 3 Orchestration 

Automated processes demand coordinated decision-making across AMRs, WMS, ERP and PLCs. Achieving 

that level of orchestration requires capabilities that extend well beyond the robot routing provided by fleet 

managers. Organizations must develop facility-specific business logic and system-level decision-making 

that resolves conflicts in real time. 

LAYER 4 Exception handling 

Facilities generate anomalies constantly, such as a jammed conveyor, a misread barcode or an ERP 

mismatch. When humans are part of the process, operators absorb these issues and work around them. In 

a lights-out scenario, each of the error conditions requires a defined recovery path. 

https://www.flexwareinnovation.com/
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ESTABLISHING A TIMELINE 

Because lights-out manufacturing isn't one-size-fits-all, the roadmap to get there isn't either. What every 

roadmap has in common, however, is that it must be built in phases. Attempting to leap from pilot to full 

orchestration is what causes projects to stall or fail outright.  

Organizations typically advance through four distinct phases, each building on the capabilities established 

before it: 

Phase 1 

(3–6 months) 
Start with a single process to build confidence and surface potential gaps 

Phase 2 

(6–18 months) 

Establish the data foundation and orchestration layer to support 

coordinated, real-time decision-making 

Phase 3 

(12–24 months, 

iterative) 

Expand exception handling to cover anomalies 

Phase 4 

(18–36+ months) 

Extend proven capabilities zone by zone to reach full-facility 24/7 lights-out 

operations 

 

https://www.flexwareinnovation.com/
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PLANNING FOR COMMON ROADBLOCKS 

Despite significant investment, many lights-out initiatives fail to progress beyond isolated successes. The 

challenge is rarely the technology itself. More often, organizations encounter operational barriers that 

were not identified early enough in the journey. Recognizing and planning for these obstacles upfront can 

dramatically improve the likelihood of success. 

Explore four of the most common ways those challenges emerge: 

1 Orchestration is an afterthought 

Decisions related to automation equipment, WMS and controls are often made independently, creating 

integration challenges and limiting coordination. While it is possible to retrofit the orchestration layer after 

the fact, it is both time and cost inefficient. 

2 Facility-specific logic is treated as a template 

Business rules are often developed at one facility and replicated with minimal adaptation. However, the 

workflows, constraints, priorities and operating conditions that shape those rules are rarely identical 

across facilities. When local realities are not reflected in the automation strategy, performance suffers and 

technology is blamed for what is fundamentally a design issue. 

3 Fleet management is mistaken for orchestration 

A strong fleet manager routes robots within its own fleet. However, lights-out operations require 

coordination across AMRs, WMS, ERP systems, PLCs and other operational technologies. When fleet 

management is mistaken for orchestration, critical cross-system decisions remain unmanaged, limiting the 

scalability and effectiveness of automation investments. 

4 Operational complexity is underestimated 

Automation initiatives routinely prove successful within controlled pilot environments where variability 

and exceptions are limited. Organizations then assume those results will translate directly to broader 

operations. In reality, as the operating environment becomes more complex, exception volumes increase 

and previously untested scenarios emerge. Without validating automation against these conditions, 

performance can quickly fall short of expectations. 
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DEVELOPING AN EFFECTIVE STRATEGY 

Organizations that make the greatest progress toward lights-out operations recognize that success is 

determined as much by strategy and sequencing as by technology. The checklist below provides practical 

guidance for building a strategy that is both achievable in the near term and sustainable in the long term. 

 

Establish a written definition of “lights out” and confirm funding is tied to that specific 

definition 

 

Before designing automation, map exceptions by cataloguing the manual workarounds and 

judgment calls currently made by staff 

 
Determine ownership and establish a cross-functional team across IT, OT and operations 

 
Budget for data structuring and exception logic 

 
Pilot in a bounded zone, re-test before scaling and re-validate at every stage of scale-up 

 
Avoid automation tied to physical infrastructure 

 
Plan for a multi-year timeline with milestones at every stage 

 

 

https://www.flexwareinnovation.com/
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ACHIEVING LIGHTS-OUT OPERATIONS 

Ultimately, the path to lights-out operations is a multi-year commitment that 

rewards patience and sequencing over speed. Organizations that establish a clear 

definition of “lights out,” build cross-functional ownership, invest in the 

foundational layers and validate each stage before scaling won't just reach lights-

out capability. They'll build an operation resilient enough to sustain it. 

Flexware helps manufacturers turn that roadmap into reality, from defining what 

lights-out means for your facility to building the orchestration layer that connects 

automation, data and systems into one coordinated operation.  

If you're ready to move beyond isolated pilots and build a strategy grounded in 

your organization's maturity, risk tolerance and goals, contact us today to start 

the conversation. 
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ABOUT LIFT BY FLEXWARE INNOVATION 

LIFT is a purpose-built orchestration platform that connects and coordinates automated vehicles, manual 

processes and enterprise systems in real time. Developed by Flexware Innovation, a manufacturing 

systems integrator with nearly 30 years of experience, and backed by the Hitachi Group, LIFT represents 

the culmination of decades solving integration challenges on real factory floors. 

Flexware built LIFT to solve problems we encountered repeatedly: disconnected systems, vendor lock-in, 

inflexible workflows and integration projects that delivered connectivity without intelligence. LIFT 

embodies the lessons learned from hundreds of manufacturing technology implementations across Life 

Sciences, Automotive, Consumer Goods and Industrial sectors. 

To learn more about how LIFT can transform your material movement operations, visit lift.software or 

contact info@lift.software to schedule a consultation. 
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