
Industrial engineering 
Industrial engineering is a branch of engineering which deals with the optimization of 

complex processes or systems.  

It is concerned with the development, improvement, and implementation of integrated systems of 

people, money, knowledge, information, equipment, energy, materials, analysis and synthesis, 

as well as the mathematical, physical and social sciences together with the principles and 

methods of engineering design to specify, predict, and evaluate the results to be obtained from 

such systems or processes.[1] While industrial engineering is a traditional and longstanding 

engineering discipline subject to (and eligible for) professional engineering licensure in most 

jurisdictions, its underlying concepts overlap considerably with certain business-oriented 

disciplines such as operations management. 

The various topics concerning industrial engineers include: 

 accounting: the measurement, processing and communication of financial information about 

economic entities 

 operations research, also known as management science: discipline that deals with the 

application of advanced analytical methods to help make better decisions 

 operations management: an area of management concerned with overseeing, designing, 

and controlling the process of production and redesigning business operations in the 

production of goods or services. 

 project management: is the process and activity of planning, organizing, motivating, and 

controlling resources, procedures and protocols to achieve specific goals in scientific or daily 

problems. 

 job design: the specification of contents, methods and relationship of jobs in order to satisfy 

technological and organizational requirements as well as the social and personal 

requirements of the job holder. 

 financial engineering: the application of technical methods, especially from mathematical 

finance and computational finance, in the practice of finance 

 management engineering: a specialized form of management that is concerned with the 

application of engineering principles to business practice 

 supply chain management: the management of the flow of goods. It includes the movement 

and storage of raw materials, work-in-process inventory, and finished goods from point of 

origin to point of consumption. 

 process engineering: design, operation, control, and optimization of chemical, physical, and 

biological processes. 

 systems engineering: an interdisciplinary field of engineering that focuses on how to design 

and manage complex engineering systems over their life cycles. 

 ergonomics: the practice of designing products, systems or processes to take proper account 

of the interaction between them and the people that use them. 
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 safety engineering: an engineering discipline which assures that engineered systems provide 

acceptable levels of safety. 

 cost engineering: practice devoted to the management of project cost, involving such 

activities as cost- and control- estimating, which is cost control and cost forecasting, 

investment appraisal, and risk analysis. 

 value engineering: a systematic method to improve the "value" of goods or products and 

services by using an examination of function. 

 quality engineering: a way of preventing mistakes or defects in manufactured products and 

avoiding problems when delivering solutions or services to customers. 

 Industrial plant configuration: sizing of necessary infrastructure used in support and 

maintenance of a given facility. 

 facility management: an interdisciplinary field devoted to the coordination of space, 

infrastructure, people and organization 

 engineering design process: formulation of a plan to help an engineer build a product with a 

specified performance goal. 

 logistics: the management of the flow of goods between the point of origin and the point of 

consumption in order to meet some requirements, of customers or corporations. 

Traditionally, a major aspect of industrial engineering was planning the layouts of factories and 

designing assembly lines and other manufacturing paradigms. And now, in so-called lean 

manufacturing systems, industrial engineers work to eliminate wastes of time, money, materials, 

energy, and other resources. 

International Organization for Standardization 
The International Organization for Standardization (ISO) is an international standard-setting 

body composed of representatives from various national standards organizations. 

The ISO 9000 family of quality management systems standards is designed to help organizations 

ensure that they meet the needs of customers and other stakeholders while meeting statutory and 

regulatory requirements related to a product.[1] ISO 9000 deals with the fundamentals of quality 

management systems,[2] including the eight management principles upon which the family of 

standards is based.[2] [3][4] ISO 9001 deals with the requirements that organizations wishing to 

meet the standard must fulfill.[5] 

Auditing: 

Two types of auditing are required to become registered to the standard: auditing by an external 

certification body (external audit) and audits by internal staff trained for this process (internal 

audits). 

 Conformity assessment—Containing ISO published standards 

 ISO 10006—Quality management—Guidelines to quality management in projects 

 ISO 14001—Environmental management standards 
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 ISO 19011—Guidelines for quality management systems auditing and environmental 

management systems auditing 

 ISO/TS 16949—Quality management system requirements for automotive-related products 

suppliers 

 ISO/IEC 27001—Information security management 

 ISO 39001—Road traffic safety management 

 ISO 50001—Energy Audit 

 AS 9100 - aerospace industry implementation of ISO 9000/1 

Quality management 
Quality management ensures that an organization, product or service is consistent. It 

has four main components: quality planning, quality control, quality assurance and quality 

improvement.[1] Quality management is focused not only on product and service quality, but also 

on the means to achieve it. Quality management, therefore, uses quality assurance and control 

of processes as well as products to achieve more consistent quality. 

Principles 

The International Standard for Quality management (ISO 9001:2008) adopts a number of 

management principles that can be used by top management to guide their organizations 

towards improved performance. 

 Customer focus 

 Leadership 

 Involvement of people 

 Process approach 

 System approach to management 

 Continual improvement 

 Factual approach to decision making 

 Mutually beneficial supplier relationships 

Quality improvement and more 
There are many methods for quality improvement. These cover product improvement, process 
improvement and people based improvement. In the following list are methods of quality 
management and techniques that incorporate and drive quality improvement: 

1. ISO 9004:2008 — guidelines for performance improvement. 

2. ISO 15504-4: 2005 — information technology — process assessment — Part 4: 
Guidance on use for process improvement and process capability determination. 

3. QFD — quality function deployment, also known as the house of quality approach. 

4. Kaizen — 改善, Japanese for change for the better; the common English term 

is continuous improvement. 

5. Zero Defect Program — created by NEC Corporation of Japan, based upon statistical 

process control and one of the inputs for the inventors of Six Sigma. 
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6. Six Sigma — 6σ, Six Sigma combines established methods such as statistical process 

control, design of experiments and failure mode and effects analysis (FMEA) in an 

overall framework. 

7. PDCA — plan, do, check, act cycle for quality control purposes. (Six 

Sigma's DMAIC method (define, measure, analyze, improve, control) may be viewed as 

a particular implementation of this.) 

8. Quality circle — a group (people oriented) approach to improvement. 

9. Taguchi methods — statistical oriented methods including quality robustness, quality loss 

function, and target specifications. 

10. The Toyota Production System — reworked in the west into lean manufacturing. 

11. Kansei Engineering — an approach that focuses on capturing customer emotional 

feedback about products to drive improvement. 

12. TQM — total quality management is a management strategy aimed at embedding 

awareness of quality in all organizational processes. First promoted in Japan with the 

Deming prize which was adopted and adapted in USA as the Malcolm Baldrige National 

Quality Award and in Europe as the European Foundation for Quality 

Management award (each with their own variations). 

13. TRIZ — meaning "theory of inventive problem solving" 

14. BPR — business process reengineering, a management approach aiming at optimizing 

the workflows and processes within an organisation. 

15. OQRM — Object-oriented Quality and Risk Management, a model for quality and risk 

management.[7] 

Six Sigma 
Six Sigma is a set of techniques and tools for process improvement. It was developed 

by Motorola in 1986. Jack Welch made it central to his business strategy at General Electric in 

1995.[3] Today, it is used in many industrial sectors.[4] 

 

 

 

Methodologies 

Six Sigma projects follow two project methodologies inspired by Deming's Plan-Do-Check-Act 

Cycle. These methodologies, composed of five phases each, bear the acronyms DMAIC and 

DMADV.    

 DMAIC is used for projects aimed at improving an existing business process. 

 DMADV is used for projects aimed at creating new product or process designs. 
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Sigma 
level 

Sigma (with 
1.5σ shift) 

DPMO 

Percent 
defective 

Percentage 
yield 

Short-
term Cpk 

Long-
term Cpk 

1 -0.5 691,462 69% 31% 0.33 –0.17 

2 0.5 308,538 31% 69% 0.67 0.17 

3 1.5 66,807 6.7% 93.3% 1.00 0.5 

4 2.5 6,210 0.62% 99.38% 1.33 0.83 

5 3.5 233 0.023% 99.977% 1.67 1.17 

6 4.5 3.4 0.00034% 99.99966% 2.00 1.5 

7 5.5 0.019 0.0000019% 99.9999981% 2.33 1.83 

 Zero Defects is a management tool aimed at the reduction of defects through prevention. It is 

directed at motivating people to prevent mistakes by developing a constant, conscious desire to 

do their job right the first time— Zero Defects: A New Dimension in Quality Assurance. 

Total quality management (TQM) consists of organization-wide efforts to install and make 

permanent a climate in which an organization continuously improves its ability to deliver high-

quality products and services to customers. 

Quality assurance (QA) is a way of preventing mistakes or defects in manufactured products 

and avoiding problems when delivering solutions or services to customers;  

QA is applied to physical products in pre-production to verify what will be made meets 

specifications and requirements, and during manufacturing production runs. 

 

In business and engineering, new product development (NPD) is the complete process of 

bringing a new product to market.  

The eight stages 

1. Idea Generation is often called the "NPD" of the NPD process.  
2. Idea Screening 
3. Idea Development and Testing 
4. Business Analysis 

 Estimate likely selling price based upon competition and customer feedback 

 Estimate profitability and break-even point 
5. Beta Testing and Market Testing 

 Produce a physical prototype or mock-up 

 Test the product (and its packaging) in typical usage situations 

 Conduct focus group customer interviews or introduce at trade show 

 Make adjustments where necessary 

 Produce an initial run of the product and sell it in a test market area to determine 
customer acceptance 

6. Technical Implementation 
7. Commercialization  
8. New Product Pricing 

 

Computer-aided manufacturing (CAM) is the use of computer software to control machine 

tools and related machinery in the manufacturing of work pieces. 

Computer-integrated manufacturing (CIM) is the manufacturing approach of 

using computers to control the entire production process. 
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Enterprise resource planning (ERP) is business management software—typically a suite of 
integrated applications—that a company can use to collect, store, manage and interpret data 
from many business activities, including: 

 Product planning, cost 

 Manufacturing or service delivery 

 Marketing and sales 

 Inventory management 

 Shipping and payment 

 

There are five 5S phases: They can be translated from the Japanese as "sort", "straighten", 

"shine", "standardise", and "sustain". Other translations are possible. 

Kanban  
(literally signboard or billboard in Japanese) is a scheduling system for lean and just-in-time (JIT) 
production. Kanban is a system to control the logistical chain from a production point of view, and is 
an inventory control system. Kanban was developed by Taiichi Ohno, an industrial engineer at 
Toyota, as a system to improve and maintain a high level of production. Kanban is one method to 
achieve JIT. 
Kanban became an effective tool to support running a production system as a whole, and an 
excellent way to promote improvement. One of the main benefits of kanban is to establish an 
upper limit to the work in progress inventory, avoiding overloading of the manufacturing system. 
 

Material requirements planning (MRP) is a production planning, scheduling, 
and inventory control system used to manage manufacturing processes. Most MRP systems 
are software-based, while it is possible to conduct MRP by hand as well. 

An MRP system is intended to simultaneously meet three objectives: 

 Ensure materials are available for production and products are available for delivery to 
customers. 

 Maintain the lowest possible material and product levels in store 
 Plan manufacturing activities, delivery schedules and purchasing activities. 

 

Manufacturing resource planning (MRP II) is defined as a method for the effective planning of 
all resources of a manufacturing company. Ideally, it addresses operational planning in units, 
financial planning, and has a simulation capability to answer "what-if" questions and extension of 
closed-loop MRP. 

This is not exclusively a software function, but the management of people skills, requiring a 
dedication to database accuracy, and sufficient computer resources. It is a total company 
management concept for using human and company resources more productively. 

A bill of materials or product structure (sometimes bill of material, BOM or associated list) 

is a list of the raw materials, sub-assemblies, intermediate assemblies, sub-components, parts 

and the quantities of each needed to manufacture an end product. A BOM may be used for 

communication between manufacturing partners, or confined to a single manufacturing plant. 

Scheduling is the process of arranging, controlling and optimizing work and workloads in a 

production process or manufacturing process. Scheduling is used to allocate plant and 

machinery resources, plan human resources, plan production processes and purchase materials. 
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Job shop scheduling (or job-shop problem) is an optimization problem in computer 

science and operations research in which ideal jobs are assigned to resources at particular 

times.  

Flow shop scheduling problems, are a class of scheduling problems with a workshop or group 

shop in which the flow control shall enable an appropriate sequencing for each job and for 

processing on a set of machines or with other resources 1,2,...,m in compliance with given 

processing orders. Especially the maintaining of a continuous flow of processing tasks is desired 

with a minimum of idle time and a minimum of waiting time. Flow shop scheduling is a special 

case of job shop scheduling where there is strict order of all operations to be performed on all 

jobs. Flow shop scheduling may apply as well to production facilities as to computing designs. 

A programmable logic controller, PLC, or programmable controller is a digital 

computer used for automation of typically industrial electromechanical processes, such as control 

of machinery on factory assembly lines,amusement rides, or light fixtures. PLCs are used in 

many machines, in many industries. 

A flexible manufacturing system (FMS) is a highly automated GT machine cell, consisting of a 

group or processing workstations (usually CNC machine tools), interconnected by an automated 

material handling and storage system, and controlled by a distributed computer system. 

Two categories are distinguished here:  
 

-order FMS  
 A dedicated FMS is designed to produce a limited variety of part styles, and the complete 

universe of parts to be made on the system is known in advance. 
 A random-order FMS is more appropriate when  

1. the part family is large,  
2. there are substantial variations in part configurations,  
3. there will be new part designs introduced into the system and engineering changes in parts  

currently produced, and  
4. the production schedule is subjected to change from day-today. 

Gantt chart provides a graphical illustration of a schedule that helps to plan, coordinate, and 

track specific tasks in a project.  
Gantt charts give a clear illustration of project status, but one problem with them is that they don't 
indicate task dependencies - you cannot tell how one task falling behind schedule affects other tasks. 
Gantt charts illustrate the start and finish dates of the terminal elements and summary elements of 
a project. 
 

Agile manufacturing is a term applied to an organization that has created the processes, tools, 

and training to enable it to respond quickly to customer needs and market changes while still 

controlling costs and quality. 

Mass production is the production of large amounts of standardized products, including and 

especially on assembly lines. 

Batch production is a technique used in manufacturing, in which the object in question is created stage by 

stage over a series of workstations, and different batches of products are made. With job production (one-off 
production) and flow production (continuous production) it is one of the three main production methods. 
Batch production is most common in bakeries and in the manufacture of sports shoes, pharmaceutical 
ingredients (APIs), purifying water, inks, paints and adhesives. 
 

https://en.wikipedia.org/wiki/Computer_science
https://en.wikipedia.org/wiki/Computer_science
https://en.wikipedia.org/wiki/Operations_Research
https://en.wikipedia.org/wiki/Scheduling_(production_processes)
https://en.wikipedia.org/wiki/Workshop
https://en.wikipedia.org/w/index.php?title=Group_shop&action=edit&redlink=1
https://en.wikipedia.org/w/index.php?title=Group_shop&action=edit&redlink=1
https://en.wikipedia.org/wiki/Machine
https://en.wikipedia.org/wiki/Resource
https://en.wikipedia.org/wiki/Job_shop_scheduling
https://en.wikipedia.org/wiki/Manufacturing
https://en.wikipedia.org/wiki/Computing
https://en.wikipedia.org/wiki/Digital_computer
https://en.wikipedia.org/wiki/Digital_computer
https://en.wikipedia.org/wiki/Automation
https://en.wikipedia.org/wiki/Electromechanical
https://en.wikipedia.org/wiki/Assembly_line
https://en.wikipedia.org/wiki/Amusement_ride
https://en.wikipedia.org/wiki/Light_fixture
https://en.wikipedia.org/wiki/Project
https://en.wikipedia.org/wiki/Standardized
https://en.wikipedia.org/wiki/Assembly_line


Job production, sometimes called jobbing or one-off production, involves producing custom 

work, such as a one-off product for a specific customer or a small batch of work in quantities 

usually less than those of mass-market products. 

Craft production is the process of manufacturing by hand with or without the aid of tools. 

Production planning is the planning of production and manufacturing processes in a company 

or industry. It utilizes the resource allocation of activities of employees, materials and production 

capacity, in order to serve different customers. 

Capacity planning is the process of determining the production capacity needed by an 

organization to meet changing demands for its products. 

Capacity is calculated as (number of machines or workers) × (number of shifts) × (utilization) × 

(efficiency). 

Value stream mapping is a lean-management method for analyzing the current state and 

designing a future state for the series of events that take a product or service from its beginning 

through to the customer.  

A performance indicator or key performance indicator (KPI) is a type of performance 

measurement. KPIs evaluate the success of an organization or of a particular activity in which it 

engages. 

Supply Chain Management (SCM) is the management of the flow of goods and services. It 

includes the movement and storage of raw materials, work-in-process inventory, and finished 

goods from point of origin to point of consumption. 

Procurement is the acquisition of goods, services or works from an external source. 

Logistics is the management of the flow of things between the point of origin and the point of 

consumption in order to meet requirements of customers or corporations. 

Management information system provides managers with the tools to organize evaluate and efficiently 

manage departments within an organization. can include software that helps in decision making, data resources 

such as databases, the hardware resources of a system, decision support systems, people management and 

project management applications. 

Operations management is an area of management concerned with overseeing, designing, and 

controlling the process of production and redesigning business operations in the production 

of goods or services. 

Aggregate planning is an operational activity that does an aggregate plan for 

the production process, in advance of 2 to 18 months, to give an idea to management as to what 

quantity of materials and other resources are to be procured and when, so that the totalcost of 

operations of the organization is kept to the minimum over that period. 

Work in process, WIP - materials and components that have begun their transformation to 

finished goods. 

Inventory or stock refers to the goods and materials include that a business holds for the 

ultimate purpose of resale (or repair). 
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Safety stock (also called buffer stock) is a term used by logisticians to describe a level of extra 

stock that is maintained to mitigate risk of stockouts. 

Reorder point (ROP) is the level of inventory which triggers an action to replenish that particular 

inventory stock. It is normally calculated as the forecast usage during the replenishment lead 

time plus safety stock.  

Reorder Point = Normal consumption during lead-time + Safety Stock . 

Lead time: the delay between the time the reorder point (inventory level which initiates an order[7]) 

is reached and renewed availability. 

Time and Motion Study:  
A method created to determine the ‘correct time’ it takes to complete a certain task 
A method to establish ‘the one best way to perform a task’ 
Nt=(t)(RF)  or Normal Time=(elemental average time)(rating factor) 
ST=(Nt)(1+AF) or Standard Time=(Normal cycle time)(1+Allowance factor) 
 

Lean manufacturing or lean production, often simply "lean", is a systematic method for the 

elimination of waste ("Muda") within a manufacturing system. 

Muda is a Japanese word meaning "futility; uselessness; idleness; superfluity; waste; wastage; 

wastefulness", and is a key concept in the Toyota Production System (TPS) as one of the three 

types of deviation from optimal allocation of resources (muda,mura, muri). 

Lean Manufacturing Principles: 

 Elimination of Waste 

 Continuous Improvement 

 Respect For Humanity 

 Levelized Production 

 Just In Time Production 

 Quality Built In 

Seven wastes 
There can be more forms of waste in addition to the seven. The 8 most common forms of waste 
can be remembered using the mnemonic "DOWNTIME" (Deffective 
Production, Overproduction, Waiting, Non-used Employee Talent (the 8th 
form), Transportation,Inventory, Motion, and Excessive (Over) Processing). 

 

Tools to Reduce Waste 
 Just in Time 

 Kanban  

 Zero Defects  

 Single Minute Exchange of Die (SMED)  

 The 5S Philosophy  
 

Human factors and ergonomics (HF&E), also known as comfort design, functional design, and 

user-friendly systems, is the practice of designing products, systems or processes to take proper 

account of the interaction between them and the people who use them. 
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"Ergonomics (or human factors) is the scientific discipline concerned with the understanding of interactions 

among humans and other elements of a system, and the profession that applies theory, principles, data and 

methods to design in order to optimize human well-being and overall system performance."  

 Quality Assurance Quality Control 

Definition QA is a set of activities for ensuring 
quality in the processes by which 
products are developed. 

QC is a set of activities for ensuring quality in 
products. The activities focus on identifying 
defects in the actual products produced. 

Focus on QA aims to prevent defects with a 
focus on the process used to make 
the product. It is a proactive 
quality process. 

QC aims to identify (and correct) defects in the 
finished product. Quality control, therefore, is a 
reactive process. 

Goal The goal of QA is to improve 
development and test processes so 
that defects do not arise when the 
product is being developed. 

The goal of QC is to identify defects after a 
product is developed and before it's released. 

 

Difference between manager and leader: 

 The manager focuses on systems and structure; the leader focuses on people. 

 The manager relies on control; the leader inspires trust. 

 The manager has a short-range view; the leader has a long-range perspective. 

 The manager asks how and when; the leader asks what and why. 

 Managers react to change. Leaders create change. 

 Managers have good ideas. Leaders implement them. 
 
 


