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Assembly Line

an arrangement of machines, tools, and workers in which a product is 
assembled by having each perform a specific, successive operation on 
an incomplete unit as it passes by in a series of stages organized in a 
direct line.



Ford Model T Assembly Line at Highland Park



Assembly Line 1940th



Dearborn Assembly Plant 1954



F-Series Production



Dearborn Truck Plant 2000



Dearborn Truck Plant 2000



Dearborn Truck Plant 2000



e-Workcell for workstation layout

VRML-based interactive 3D tool for assembly workcell layout 

Lean Manufacturing tool developed to support the launch of 
Dearborn Truck Assembly

Provides direct interface to existing database systems

Universally accessible and intuitive. Used by engineers and 
assembly line operators

•

Detailed Modeling
• Pitch, vehicle size
• Workstation dimension
• Line speed
• Part/tool location
• Vehicle zone
• Operator Synchronization 



F150 Lightning Production



F150 Lightning Production



F150 Lightning Production



F150 Lightning Advanced Manufacturing



• Line Balancing:  distribute work required to
assemble the vehicle among a set of    
workstations

• Workstation design:  arrange elements in 
workstations (bins, tools, etc)

Automotive Assembly Line Planning



Line Balancing Problem

Precedence graph for assembly process
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Task 1 2 3 4 5 6 7 8 9 10
M1 (60%) 0.40 0.20 0.40 0.30 0.40 0.40 0.00 0.20 0.70 0.15

M2 (40%) 0.80 1.20 0.60 0.80 0.40 0.65 1.00 0.20 1.20 0.28

Time (Min) 0.6 0.6 0.5 0.5 0.4 0.5 0.4 0.2 0.9 0.2

Line Balancing Problem

Precedence graph for assembly process



Workstation Layout Problem

• Each operator has their own workcell

• Each workcell contains part bins necessary for the operator’s work.

• Each operator has a set of tasks that must be performed

• Each operator must determine how to arrange the part bins in the 

workcell

Sequence:

- Pick up part A

- Install part A

- Pick up part B

- Install part B

- Pick up part C

- Install part C

- Return to initial starting point



Vehicle Assembly Planning

DLMS (Direct Labor 

Management 

System)

Vehicle 
Operations 

General Office

Vehicle Assembly Process 

Sheet (assembly 

instructions)

Assembly Plant

Line Balancing Workstation Layout

Plant Layout

SimulationErgonomics

Visualization

Digital Factory

Vehicle Scheduling 

&  Sequencing

Sequencing 

Constraints

H0:N0

Vehicle orders



Automotive Assembly Line Planning Challenges

•No formalized precedence constraints

•Operation Times dependent on the work cell 
layout

•Operation’s time estimation accuracy

•Loose interface with vehicle sequencing 

• Input requires multiple heterogenous data 
sources 

•Problem complexity



Assembly 
Process

Operations Info:
Time Studies, Tools, Parts…

Line Layout

Layout

Installation Point 
(XYZ Coordinates)

Vehicle CAD
Manufacturing 

CAD Library

3D Assets

Optimization & Analytics 
Service APIs

Plant Floor 

Data/IoT

Assembly Line Digital Twin

Plan for Every 
Part



Rack 1Rack 2

Model Generation

Installation Point 
(XYZ Coordinates)

Vehicle CAD

Assembly Process

Manufacturing 
CAD Library

3D Assets

Plan for Every 
Part

Line Layout

Workcell Layout
Asset 
Locations



reader

timestamp
timestamp timestamp

Timestamp
Stop/Start

Rack 1Rack 2

IoT

Synchronization with Plant Floor Data

Installation Point 
(XYZ Coordinates)

Vehicle CAD

Assembly Process

Manufacturing 
CAD Library

3D Assets

Plan for Every 
Part

Line Layout

Workcell Layout
Asset 
Locations



Vehicle SequenceWork Instructions

Vision-Based Synchronization 



Sensor-Based Synchronization

Vehicle SequenceWork Instructions

A B C

Bar code 
reads

Power tool 
timestamp

Vehicle 
position

• Model Verification

• Conformance 

Checking

• Variance Analytics



Task Time Distribution



Operator Walk Pattern Animation



Cell Layout Analysis



Interactive Balance Board



Line Animation and Analysis



Simultaneous line balancing and layout



Practical Precedence Constraints Graph Generation



Mining of Precedence Constraints

A

B

C

D

E

Process 1 A B C D E

Process 2 B A C E D



Fragment of F150 Precedence Constraints



Automatic and Interactive Line Balancing



Automatic Line Balancing with Fixed Operations



Predicting Operator Overload and Interference

Car sequencing to 

minimize 

sequencing rules 

violations

Line Balancing 

& Workcell

Layout

Sequencing 

Constraints

Vehicle 

sequence

H0:N0



Vehicle Sequence Impact on Operator Workload

a. An operator will often be able to handle Red high-content 

units (going over takt time) followed by a Green low-content 

(under takt time) without ever needing to stop the line.

b. There are only two choices when high-content units are 

together, no matter how many low-content units came before: 

stop the production line, or do not complete the operation.
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Movements of an Operator 

End Time

Min 0 Tcycle Max

Vehicle1

Vehicle2

Vehicle3

Vehicle4

Vehicle5

Length of workstation
Over cycle & 

Interference!

Workload at any particular workstation must not 

exceed some allotted time to prevent conveyor 

stoppages.

Over cycle & 

Interference!



Case I: Overcycle and Propagation of Delays

Several vehicles with high content options are consecutive in the 
sequence leading to overcycle problems and propagation of delays.

Time & Number 
of vehicles  in 
sequence

Distance



Case II: Overcycle and Interference

• The operator walkover to the next workcell and may 
interfere with the another operator.

EAST 
SIDE

WEST 
SIDE

Time

Distance

Over cycle & 

Interference !

Idle



Operator Interference Conditions

Walkover Distance:         ∆� � � � � �� � �	
� � � 
� � � ��

Algorithm for identifying interference conditions:

If ∆� � 0 (Walkover or Overcycle)

If 
� �, � � 
� � � 1,1

then 

{there is operator interference} “Type I”

else if  
� �, � � 
� � � 1,1

then

{over-cycle but no interference} “Type II”

Elseif  ∆� � 0(No Overcycle)

If ������� � 
��� �� � �	!	"�

then

{Idle > 0}

Else

then 

{Idle =0 (there is overcycle)}



Operator Walk Pattern Calculations



Dynamic Modeling of Operator Overload

Zig-Zag

Diagram  & 

Over Cycle 

Report

Sequence 

Modeling & 

Operator 

Work Pattern 

Analysis

Plant Floor System

Allocation Planning Tool



Over Cycle & Interference Report

Workstation VIN Rotation # Work Over Time
% Work Over 

Time
Work Over 
Distance

% 
Interference 

Distance
Type of 

Interference *

408W CL194686 0005 0.6259091 mins 76.46% 5.26283 ft 29.24% 2

411W CL194686 0005 0.5810264 mins 70.98% 0.77605 ft 4.31% 1

411W CL196746 0006 0.9897427 mins 120.91% 7.90446 ft 43.91% 1

411W CL196860 0007 1.943457 mins 237.41% 27.09179 ft 150.51% 1

… … … … … … … …

*Type=1: Operator works over cycle time but there is no interference with the work in 

the downstream workstation.

Type=2: Operator works over cycle time and also interfere with operator in the next 

station because they work on the same point on the vehicle.



Assembly Line Fitness Analytics

• Highlight existing problematic operations

• Predict problematic operations

• View the effect of decisions

Predictive

• Eliminate as much manual tasks as 

possible.

• Full representation of the floor operations

• Slice and dice the data for quick insights

• Combine data from other manufacturing 
systems for real time analytics.  

• Modify time studies

Descriptive

• Optimize cell layout and line layout in 

rebalance

• Create what-if scenarios

• Automatically generate sequencing 

constraints

• Suggest better ways to rebalance cells

Prescriptive



Summary

•Data-Driven Assembly Line Model Synchronized 
with Plant Floor 

• Incorporates historical and real time data and 
provides descriptive, predictive and 
prescriptive analytics capabilities

•Empowers multiple stakeholders to analyze, 
visualize and interact with the data and 
facilitates collaboration

•Standardizes interfaces for different 
optimization models 




