
Lean systems and 
continuous improvement 

Value Stream Concepts,
Mapping and Design

v2. Spring 2022

Value Stream

• All-inclusive view of the system
• Consists of the value-adding and non–value-

adding ac/vi/es required to design, plan, and 
provide a product or service

from concept to launch
from order to delivery
from raw materials to customers
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Value Stream

... is a structured description of the actual or future value 
adding process, including:

§ description of material flows
§ description of information flows to control the system
§ description of KPls of the value stream

§ description from customer to supplier, plant internal 
from “dock to dock”, or value streams of working 
systems (e.g. machining, assembly)
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Value Stream Mapping (VSM)

• Illustrates information flows that result from the 
process, as well as information used to control flow 
through the process
• A graphical way to analyze where value is or is not 

being added as material flows through a process
• VSM uses standardized symbols
• All persons working with the value stream have the same 

understanding of the symbols
• This common understanding leads to efficient 

improvement work
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Value Stream Mapping Symbols 
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a single operator. Under each of these process symbols is the activity cycle time (CT), change-
over time (C/O time to switch from one type of item to another), lot size, available number of 
seconds per day, and percentage of uptime. The cleaning activity is a multistep process where 
items are handled on a first-come-first-served basis. In between each process are inventory buf-
fers, with the average inventory in these buffers depicted in the exhibit. Material flows through 
the process at an average rated 504 pieces per day over 20 days of operations each month. 

Information flows are shown on the map. In Exhibit 14.2, we see that production control 
issues monthly demand forecasts, weekly orders to the supplier, and a weekly production sched-
ule that is managed by the supervisor on a daily basis. Monthly forecasts are provided by the 
customer and it places its orders on a weekly basis. The time line at the bottom shows the pro-
cessing time for each production activity (in seconds) together with the average inventory wait 
time. Adding these times together gives an estimate of the lead time through the entire system.

VSM symbols are somewhat standardized but there are many variations. Several common 
symbols are depicted in Exhibit 14.3. These are categorized as Process, Material, Informa-
tion, and General symbols.

Value stream mapping is a two-part process—first depicting the “current state” of the process 
and second a possible “future state.” Exhibit 14.4 depicts another map of the same process with 
suggested improvements. The map has been annotated using Kaizen bursts that suggest the areas 
for improvement. Kaizen is the Japanese philosophy that focuses on continuous improvement. 
The Kaizen bursts identify specific short-term projects (often referred to as “Kaizen events”) 
that teams work on to implement changes to the process. In this exhibit, we see a totally rede-
signed process where the individual production operations have been combined into a workcell 
operated by three employees. In addition, rather than “pushing” material through the system 
based on weekly schedules generated by production control, the entire process is converted to a 
pull system that is operated directly in response to customer demand. Note that the lead time in 
the new system is only 5 days, compared to the 34-day lead time with the old system.

To study another example using value stream mapping (VSM), consider the Solved Prob-
lem 2 at the end of the chapter. VSM is a great visual way to analyze an existing system and to 
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Value Stream Design (VSD)

• Value stream planning is a two-part process—
first depicting the “current state” of the process 
and second a possible “future state” 
• Value Stream Mapping (VSM) involves first and 

develops a baseline map of the current situation 
of a company’s internal and/or external 
operations
• Value Stream Design (VSD) applying lean 

concepts, develops a future state map that 
shows and measures improved operations
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a problem-solving method (Deming Cycle)

• Plan: Analyze the problem and plan improvement measure 
• Do: Implement the plan 
• Check: verify if the plan/implementation has achieved the target 
• Act: If the target has not been achieved, why not? Otherwise, 

address the next problem 
Check and Act are especially
likely to be forgotten!

Continuous Improvement 
PDCA (Plan–Do–Check–Act) 
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Lean Production Basics | Continuous Improvement
PDCA ² Plan²Do²Check²Act

f PDCA is a problem-solving method 

f PDCA stands for Plan²Do²Check²Act

f Plan: Analyze the problem and plan improvement 

measure

f Do: Implement the plan 

f Check: Check whether the plan/implementation has 

achieved the target

f Act: If the target has not been achieved, why not? 

Otherwise, address the next problem

f Important: Check and Act are especially likely 
to be forgotten

Plan

DoCheck

Act
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Kaizen

• Kaizen is the Japanese philosophy that focuses on 
con<nuous improvement
• The VSM can be annotated using Kaizen bursts that 

suggest the areas for improvement
• The Kaizen bursts iden<fy specific short-term projects 

(oDen referred to as “Kaizen events”) that teams work on 
to implement changes to the process
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Actions for improvement (Lean)

1. Clarify Process Flows 
2. Organize Problem-Solving Groups 
3. Eliminate Unnecessary AcDviDes 
4. Upgrade Quality
5. Upgrade ProducDve Maintenance (Housekeeping)
6. Introduce Demand-Pull Scheduling 
7. Level the Facility Load 
8. Reorganize Layout
9. Revise Equipment and Process Technologies 
10. Develop Supplier Networks

9

KPIs for the Value Stream 
Takt and Cycle Time, OEE, TPT

Takt Time (TT) or Customer Takt

• Derived from the German term "chronometer"
• The customer takt is the takt time based on the customer 

demand and the planned operating time (without losses) and on 
which the production cycles are aligned

• It represents the required pace of production (usually in [s/u])

!! = Planned Opera*ng Time (POT)
Average Customer Demand in POT

POT = Available Working Time — Planned Breaks and Stoppages
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CT à Time interval between two parts produced (without 
malfunction) à average time at each WS

• CT of each stage (process or operation) must be less than TT
• CT of each stage must tend towards TT
• Too low a CT is inefficient, as it would result in too low a utilisation rate 

of the resources, which would have to wait for the completion of the 
upstream stages before starting to produce

Takt Time and Cycle Time (CT)

12

Takt Time is not
the Cycle Time!



Target Cycle Time (TCT)

Takt Time (TT)
the customer demand rate

Target Cycle Time (TCT)
has to be less than TT

It includes changeover  
and/or downtimes
TCT = [TT * OEE]

Cycle Time (CT)

13

Example
• Customer Demand: 8600 [u/month]

• Work shift: 06:00-14:00; Lunch  break: 30 [min]; Scheduled breaks: 2*10 [min]
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Takt Time = POT [min/d] / Demand [u/d]
p POT = (8)(60) – (30+20) = 430 [min/d]

p Demand = 8600/20 = 430 [u/d]

TT=430/430= 1 [min/u] = 60 [s/u]

Number of Operators = Total CT [s/u] / Takt Time [s/u]
p N op = (30+30+15+15+30)/60 = 2 [op]

Throughput Time (TPT) or Flow Time (FT)

How long do we actually need until a part is produced? 
TPT or FT --> Time necessary for a production part to 
move through the value stream, from the start to the end, 
including all waiting times 
TPT = [Process Time + Transportation Time + Waiting Time]
• Displayed as timeline below the value stream
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Lean Production Basics | Value Stream Mapping
Throughput Time TPT (ThroughPut Time)

How long do we actually need until a part is produced?

f Time necessary for a production part to move through the value stream, 
from the start to the end, including all waiting times

f TPT = Process time + transportation time + waiting time

fDisplayed as timeline below the value stream

Value adding time

7.4 days

3 minutes

1.1 days

90s

3 days 3.2 days0.1 days

60s 30s

TPT = sum of waiting time + value adding time
Waiting time = number of parts in 
buffer x customer takt
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180 s

Tools for lean
re-engineering 
Kanban card control

Supermaket



Kanban ProducCon Control Systems
the 5 rules
1. The downstream process must only take from 

upstream the necessary parts in the required quan<ty 
and at the right <me

2. The upstream process must produce the amount that 
is withdrawn downstream

3. Defec<ve parts can’t move downstream
4. The number of kanban must be the minimum
5. Kanban is the control tool to adjust to small 

fluctua<ons in demand
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Pull signal system to control the production at each stage

Specifies the quantity the process downstream must withdraw

Two card kanban system

18

Withdrawal kanban

Specifies the quanHtyt the process
upstream must produce

ProducHon kanban

The kanban moves with the product (or 
container) and shows the informa8on 
necessary for correct iden8fica8on (name, 
code number, quan8ty, ...)

Two card kanban system

The machine center makes two parts, A and B, to feed an assembly line
q When the assembly line takes a lot of part A from the storage, a worker takes the 

withdrawal kanban from the container. The card is the replenishment signal to the 
machine center storage area 

q In the machine center area, the worker finds a container of part A, removes the 
production kanban, and replaces it with the withdrawal kanban

Placement of this card on the container authorizes the movement of the container to 
the assembly line

q The freed production kanban is placed on a rack by the machine center, which 
authorizes the production of another lot of material A

The cards on the rack visually show upcoming work for the machine center 19
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and replaces it with the withdrawal kanban. Placement of this card on the container authorizes 
the movement of the container to the assembly line. The freed production kanban is placed 
on a rack by the machine center, which authorizes the production of another lot of material. 
A similar process is followed for part B. The cards on the rack visually show upcoming work 
for the machine center. Cards are not the only way to signal the need for production of a part; 
other visual methods are possible, as shown in Exhibit 14.9.

The following are some other possible approaches:
 Kanban squares.  Some companies use marked spaces on the floor or on a table 

to identify where material should be stored. When the square is empty, the supplying 
operations are authorized to produce; when the square is full, no parts are needed.

 Container system.  Sometimes the container itself can be used as a signal device. In 
this case, an empty container on the factory floor visually signals the need to fill it. The 
amount of inventory is adjusted by simply adding or removing containers.

 Colored golf balls.  At a Kawasaki engine plant, when a part used in a subassembly 
is down to its queue limit, the assembler rolls a colored golf ball down a pipe to the 
replenishment machine center. This tells the operator which part to make next. Many 
variations have been developed on this approach.

The kanban pull approach can be used not only within a manufacturing facility but also 
between manufacturing facilities (pulling engines and transmissions into an automobile 
assembly operation, for example) and between manufacturers and external suppliers.

Machine
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parts
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Storage
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Material flow
Card (signal) flow

Flow of Two Kanbansexhibit  14.8
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Outbound Stockpoint (supermarket) with 
Warning Signal Marker (prod. kanban)
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and replaces it with the withdrawal kanban. Placement of this card on the container authorizes 
the movement of the container to the assembly line. The freed production kanban is placed 
on a rack by the machine center, which authorizes the production of another lot of material. 
A similar process is followed for part B. The cards on the rack visually show upcoming work 
for the machine center. Cards are not the only way to signal the need for production of a part; 
other visual methods are possible, as shown in Exhibit 14.9.

The following are some other possible approaches:
 Kanban squares.  Some companies use marked spaces on the floor or on a table 

to identify where material should be stored. When the square is empty, the supplying 
operations are authorized to produce; when the square is full, no parts are needed.

 Container system.  Sometimes the container itself can be used as a signal device. In 
this case, an empty container on the factory floor visually signals the need to fill it. The 
amount of inventory is adjusted by simply adding or removing containers.

 Colored golf balls.  At a Kawasaki engine plant, when a part used in a subassembly 
is down to its queue limit, the assembler rolls a colored golf ball down a pipe to the 
replenishment machine center. This tells the operator which part to make next. Many 
variations have been developed on this approach.

The kanban pull approach can be used not only within a manufacturing facility but also 
between manufacturing facilities (pulling engines and transmissions into an automobile 
assembly operation, for example) and between manufacturers and external suppliers.
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Number of Kanban cards

• The kanban cards represent the number of containers 
of material that flow back and forth between the 
supplier and the user areas

• Each container represents the minimum production lot 
size to be supplied

• The number of containers directly controls the amount 
of WIP inventory in the system

• Container size should be standard and «small» 
(generally <10% of the average daily demand)

21

Number of Kanban cards

# = Expected demand during lead *me + Safety stock

Size of the container
=

D L (1+S)

C

k Number of kanban cards
D Average number of units demanded per period [u/Lme]

L Lead ?me to replenish an order (expressed in the same units as
demand D) [Lme]

S Safety stock (expressed as % of demand D during the lead ?me L)
C Standard Container size [unit]

Note:

Generally the safety stock is < 10% of D during L

22

Example

• Use of kanban to pull material through its manufacturing cells from the 
assembly cell
• Demand = 8 [u/h]
• Safety stock = 10% of the expected demand

• Multi-purpose fabrication cell
• Production and transportation batch = 10 [u]
• Change Over Time = 0 [s]

• Production lead Time = 4 [h]
• Transportation time = 0 [s] 

• The number of the kanban to manage the replenishment cycle
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k = D ⋅L ⋅ (1+ S)
C

=
8 ⋅4 ⋅ (1+ 0,1)

10
= 3, 52⇒ k = 4

Buffers

Stock
• Undefined rule

FIFO Line
• FIFO picking logic
• Max Inventory defined
• Stop signal upstream and downstream (full/empty)

Supermarket (SM)
• Assigned position per part/code
• FIFO picking logic per part/code
• Max Inventory defined per part/code
• Unique control signal (kanban)
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Definizioni: il pacemaker

Definizioni: il pacemaker

Max Q

I



Supermarket
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Supermarket - Features

• Products that the downstream process may require are present in 
specified quantities

• Products are stocked in such a way that you can choose exactly 
the code you want

• The production of the process upstream of the supermarket is 
regulated by a kanban system

• The supermarket is the pull tool that allows the upstream stage 
to follow the production of the downstream station

• They are positioned in close proximity to the supplier process to 
help that process maintain visual contact with customer demand
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Supermarket

27

BOSCH REXROTH Solutions

Example VSM1
Manufacturing Process Map
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Value stream mapping (VSM) is a special type of flowcharting tool that is valuable for the 
development of lean processes. The technique is used to visualize product flows through vari-
ous processing steps. The tool also illustrates information flows that result from the process, 
as well as information used to control flow through the process. The aim of this section is to 
provide a brief introduction to VSM and to illustrate its use with an example.

To create a lean process, one needs to have a full understanding of the business, including 
production processes, material flows, and information flows. In this section, we discuss this in the 
context of a production process where a product is being made. VSM is not limited to this context 
and can be readily applied to service, logistics, distribution, or virtually any type of process.

ln the context of a production process such as a manufacturing plant, the technique is used 
to identify all of the value-adding, as well as non–value-adding, processes that materials are 
subjected to within a plant, from raw material coming into the plant through delivery to the 
customer. Exhibit 14.2  is a sample map that depicts a production process. With this map, 
identification of wasteful processes and flows can be made so they can be modified or elimi-
nated, and the manufacturing system made more productive.

Details explaining the symbols will be discussed later in the section, but here it is useful 
to discuss what the information in the map depicted in Exhibit 14.2 actually means. Starting 
from the left, we see that material is supplied on a weekly basis and deposited in a raw mate-
rial inventory indicated by the triangle. The average level for this inventory is 2,500 units. 
This material is run through a five-step process consisting of machining, drilling, cleaning, 
inspection, and packaging. The machining, drilling, inspection, and packaging processes all use 

VALUE STREAM MAPPING

Manufacturing Process Map
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Analyze supply chain 
processes using value 
stream mapping.

LO 14–3

Value stream mapping
A graphical way to analyze 
where value is or is not 
being added as material 
flows through a process.
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Example VSM2
Potential areas for improvement
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find areas where waste can be eliminated. Value stream maps are simple to draw and it is pos-
sible to construct the maps totally with paper and pencil. These maps can, however, be more 
easily constructed using standard office software or graphics packages. Additionally, dedi-
cated VSM software is available from Strategos (www.strategosinc.com) and Systems2win 
(www.Systems2win.com).
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LEAN SUPPLY CHAIN DESIGN PRINCIPLES
Looking for ways to improve supply chain processes should be based on ideas that have been 
proven over time. In the following, we review a set of key principles that can guide the design 
of lean supply chains. We divide our design principles into three major categories. The first 
two sets of principles relate to internal production processes. These are the processes that 
actually create the goods and services within a firm. The third category applies lean concepts 
to the entire supply chain. These principles include

 1. Lean Layouts
  a. Group technology
  b. Quality at the source
  c. JIT production
 2. Lean Production Schedules
  a. Uniform plant loading
  b. Kanban production control system
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Summary

• What a Value Stream is
• How to map a Value Stream 
• KPIs for a Value Stream
• How to improve a Value Stream

• References:
Ch. 14 Jacobs, Chase
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