Overview of Industrial Engineering

Overview of Industrial Engineering
Key concepts, roles, tools, and career pathways

1. Definition & Core Purpose

e Industrial Engineering (IE): The discipline that designs, improves, and optimizes complex
systems, processes, and organizations.

e Primary Goal: Achieve maximum efficiency, quality, safety, and profitability while
minimizing waste of resources (time, material, labor, energy).

2. Historical Milestones

Period Milestone Impact
Late 1800s — Frederick Taylor’s Scientific Introduced systematic work measurement
Early 1900s Management and standardization.
1910s — Frank & Lillian Gilbreth’s Motion Emphasized human motion analysis and
1920s Study ergonomics.
1930s — Development of Operations Research Applied mathematical models to logistics
1940s (OR) during WWII and resource allocation.
1950s — Emergence of Systems Engineering Integrated whole?system thinking and
1960s & Quality Control (Shewhart, Deming) statistical quality methods.
1970s — Rise of Computer?Aided Design Automation of design and production
1980s (CAD) and Manufacturing (CAM) processes.

o Focus on continuous improvement, data?
1990s — Lean, Six Sigma, and Industry?4.0

) driven decision making, and smart
Present (IoT, Al, cyber?physical systems)

factories.

3. Fundamental Domains & Tools

Domain Typical Activities Core Tools & Techniques



Overview of Industrial Engineering

Process Desigh &

Analysis

Operations
Research

Work

Measurement &
Ergonomics

Quality
Engineering

Supply Chain &
Logistics

Production
Planning &
Control

Facilities & Layout

Planning

Human Factors &

Safety

Data Analytics &
Industry?4.0

Mapping workflows,
identifying bottlenecks,
redesigning operations.

Formulating and solving
optimization problems.

Determining standard times,
designing workstations,

reducing fatigue.

Ensuring product/process
consistency, reducing

variation.

Planning material flow from
supplier to customer.

Scheduling, capacity
planning, shop?floor control.

Designing plant/facility
geometry for optimal flow.

Designing systems that fit

Flowcharts, Value?Stream Mapping (VSM),
Process Simulation (e.g., Arena, Simul8).

Linear/Integer Programming, Queuing
Theory, Network Models, Heuristics.

Time?Study, Predetermined Motion Time
Systems (PMTS), Rapid Upper Limb
Assessment (RULA).

Statistical Process Control (SPC), Design of
Experiments (DOE), Six Sigma DMAIC,
ISO/TS standards.

Inventory Models (EOQ, JIT), Transportation
Optimization, Warehouse Layout, SCOR
framework.

Gantt Charts, Master Production Schedule
(MPS), Material Requirements Planning
(MRP), Advanced Planning & Scheduling
(APS).

Systematic Layout Planning (SLP),
Computer-Aided Facility Layout (CAFL), 3D
CAD.

Cognitive Task Analysis, Human Reliability

human capabilities and limits. Analysis (HRA), Safety Audits.

Leveraging big data, sensors, 10T platforms, Machine Learning models,

and Al for smarter operations. Predictive Maintenance, Digital Twins.

4. Typical Work Environment

Setting

Roles & Responsibilities

Manufacturing plants Line balancing, equipment layout, lean implementation
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