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Executive Summary 
 
The primary objective of this study was to conduct a systems evaluation of the Sign Production Center in 
order to provide multi-phased recommendations to improve sign manufacturing operations. A MoDOT 
key performance criterion is to reduce the Center’s cycle time from order entry to delivery from 5.2 
weeks to 2 weeks for stock signs and from 14.6 weeks to 4 weeks for custom signs. 
 
To obtain the 2 week stock sign and 4 week custom sign delivery goals; and meet MoDOT’s increasing 
sign volume using existing practices would cost approximately $2.75 Million. MoDOT would require 
additional: 

• 
• 
• 

Manufacturing / inventory space (approximately 20,000 sq. ft). for $2,000,000,  
FTE/overtime (approximately 5 FTE) for $250,000 annually 
Production equipment approximately $500,000. 

 
However, since the need for MoDOT is to significantly improve sign delivery and meet the growing 
demand for signs without increasing people or costs, this study offers “Twenty Solutions” that if 
implemented will enable the performance objectives to be satisfied with minimal capital investment. 
 
Using state-of-the-practice tools from the Industrial and Systems Engineering profession a comprehensive 
system-wide analysis of the sign procurement to production to delivery process was conducted. Current 
lead time performance measures were developed to provide a base line for the study (5.2 weeks for stock 
signs and 14.6 weeks for custom signs). A “Lean Manufacturing Assessment” was conducted to compare 
the sign shop to industry norms. The score for the Sign Shop was 36 out of 121 (average for industry is 
55). A detailed “Value Stream Analysis” was conducted that focused on the sources of variability and 
locations of process bottlenecks that were impeding overall system performance. Areas identified for 
improvements were found at both district and shop levels. Issues at the district level included: ordering 
process, inventory management, rush orders, information visibility, and data coding / flow. Issues at the 
shop level included: demand forecasting, production planning, rush orders, work force availability, 
product flow, space utilization, inventory control, crew skill, and shipping processes. 
 
Key conclusions and recommendations (all 20 solutions are shown on the following table): 

. 
• 

• 

• 

. 
 
 
 
 

Improving the ordering and scheduling procedures in the shop and the districts (solutions #4, 5, 
12, 14, 15, 16, 20) requires no capital investment and results in over 50% of the savings. Some 
IT systems programming may be required. 
Improving the manpower utilization and with an improvement in Value Stream length on the 
production floor (solutions # 1, 2, 8, 9) will greatly improve overall cost effectiveness, 
increased productivity, reduced overtime, system inventory reduction, increased resource 
utilization and lead time performance for approximately 30% of the savings. 
Implementation of all 20 solutions using a 4 phased implementation schedule is recommended 
so that results will start to be realized within 4 weeks. 
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Summary Table of Proposed Solutions 

# Proposed Solutions Scope Type of change 
Benefit/Cost 

Ratio 
1 Worker leave forecast for all sign shop staff Sign Shop Organization 7.5 

2 

Schedule production plan in advance based 
on orders received to anticipate manpower 
and raw materials needed Sign Shop Organization 4.33 

3 
Utilize different pre-packing and strapping 

configurations Sign Shop Production 3.5 
4 Redistribute order entry duties Sign Shop Organization 3.0 

5 
Create schedule supporting batching and 

reduced setup time. Sign Shop Organization 2.75 
6 Discuss supplier's quality control measures Sign Shop Production 2.5 

7 
Reschedule / Renegotiate shipping  for more 

frequent, shorter trips Sign Shop Production 2.33 

8 
Implement pull system on the production 

floor. Sign Shop Production 2.0 

9 
Improve shop floor layout for material flow, 

access and visibility. Sign Shop Production 1.86 

10 
Design smaller carts/crates for direct packing 

and delivery Sign Shop Production 0.78 

11 
Change drying techniques to improve 

efficiency Sign Shop Production 0.75 

12 
Simplify the order entry process by linking 

Sign Track to FMS system Sign Shop Organization 0.67 

13 
Access to district inventories to improve 

forecasting. Districts IT 3.67 
14 Define rush orders Districts System 3.25 
15 Implement district quarterly forecast system Districts System 2.6 

16 
Broadcast short-term sign production 

schedule to all districts  Districts System 1.75 
17 Track and reuse temporary signs Districts IT/System 1.0 

18 
Improve FMS system to improve information 

visibility and accuracy Districts IT 0.71 

19 
Due dates for orders during inventory 

updates Districts System 0.68 

20 
Standardize signs number throughout the 

system.  Districts IT/System 0.33 

 

iii



Table of Contents  
 

 List of Figures ......................................................................................................................v 

List of Tables .......................................................................................................................v 

1. Introduction..........................................................................................................................1 

2. Study Objectives ..................................................................................................................1 

3. Study Approach and Procedure ...........................................................................................1 

4. Results and Discussion ........................................................................................................3 

4.1 Analysis of Sign Production Center performance measurement system  .....................3 
4.2 Detailed process analysis (Value Stream Analysis) ......................................................6 
4.3 Assessment of current production processes compared to  

state-of-the-art manufacturing practices  ....................................................................10 
4.4 Discussion of Key Solution Factors ............................................................................21 

5.   Conclusions........................................................................................................................23 

6.   Recommendations..............................................................................................................23 

6.1 Proposed Performance Measurement System .............................................................23 
6.2 Twenty Proposed Solutions at the Sign Shop and District Levels ..............................24 
6.3 Revised inventory policies and procedures to support SignCAD implementation  ....30 
6.4 Proposed Solutions Ranked by Impact/Cost and Implementation Phase ...................31 

7.   Implementation Plan ..........................................................................................................38

Bibliography ......................................................................................................................39 

Appendices 

A – Work Order ...........................................................................................................40 
B – Implementation Status of Recommendations........................................................43 
C – Supporting Data and Analysis 

C1 - Current Performance Measurement Specifications......................................45 
C2 – Requisition Analysis – Data Characterization.............................................48 
C3 – Rapid Plant Assessment – Rating Considerations .......................................52 
C4 – Rapid Plant Assessment – Assessment Questionnaire ................................54 
C5 – Daily Production Capacity – Assumptions and Factors ..............................56 
C6 – Capacity Analysis with respect to Staffing Level........................................57 
C7 – Historical Staffing Level Analysis...............................................................58 
C8 – Historical Staffing Level Data .....................................................................59 
C9 – Solution Benefits / Impact ...........................................................................61 

 

 

 
 

 

    

 

 
 
 
 

iv



  
List of Figures 

 
Figure 1 – 2004 Lead Time Distribution for All Shipments .....................................................5 
Figure 2 - Current Silk Screen Signs Value Stream Map .........................................................7 
Figure 3 - Current White on Green Sign Value Stream Map ...................................................8 
Figure 4 - Current Structural Sign Value Stream Map .............................................................9 
Figure 5 - Current Silk Screen Sign Value Stream Map - Variability ....................................12 
Figure 6 - Current White on Green Sign Value Stream Map - Variability .............................14 
Figure 7 - Current Structural Sign Value Stream Map - Variability .......................................16 
Figure 8 – Staffing Level Variation ........................................................................................18 
Figure 9 - Current Floor Plan / Materials Flow ......................................................................27 
Figure 10 - Proposed Floor Plan / Materials Flow ..................................................................28 
Figure 11 - Future Silk Screen Sign Value Stream Map ........................................................35 
Figure 12 - Future White on Green Sign Value Stream Map .................................................36 
Figure 13 - Future Structural Sign Value Stream Map ...........................................................37 

 
 
 

 
List of Tables 

 
Table 1 – Performance Measurement System Analysis ............................................................4 
Table 2 – 2004 Lead time performance for requisition completion by ticket type....................5 
Table 3 - Current Value Stream Analysis (per requisition) ......................................................6 
Table 4 – Overall Lean Manufacturing Assessment Results ..................................................11 
Table 5 - Cycle Time Variability for Silk Screen Signs .........................................................13 
Table 6 - Cycle Time Variability for White on Green Signs ..................................................15 
Table 7 - Cycle Time Variability for Structural Signs ............................................................17 
Table 8 – Staffing Level Variation Distribution .....................................................................19 
Table 9 – Bottleneck/Capacity Analysis .................................................................................19 
Table 10 - Impact of Operation Staffing Level on Daily Operation Capacity ........................20 
Table 11 – Ranked Proposed Solutions ..................................................................................31 
Table 12 - Future Value Stream Map Analysis (with comparisons to Current VSM) ...........34 
Table 13 – Implementation Schedule for all 20 Proposed Solutions (by Solution #) .............38 

 

 

v



1.0 Introduction 
MoDOT’s Traffic Operations group desires to evaluate the Sign Production Center to determine 
what improvements could be made to promote cost effective and timely sign manufacturing. The 
Sign Production Center employs 11 people who are responsible for producing all maintenance 
sign needs within MoDOT (approximately 180,000 annually).  
 
This research project is part of a broader effort to improve operations at the Sign Production 
Center. A concurrent project is underway to automate the existing data entry process via the 
implementation of SignCAD’s SignTrack software This project will interface with it via the 
development of supporting inventory policies and procedures. This project specifically assesses 
the current capabilities of the MoDOT’s Sign Production Center and provides an analysis of how 
processes could be improved to provide better service to MoDOT at a lower cost. The 
manufacturing systems engineering analysis identifies the disparity between current 
manufacturing practices and state-of-the-art manufacturing practices. A prioritized list of 
improvement opportunities is developed for consideration by the MoDOT Sign Production 
Center. 
 
 
2.0 Study Objectives  
 
The primary objective of this study is a systems evaluation of the Sign Production Center so as to 
provide multi-phased recommendations to improve sign manufacturing operations. The study 
will specifically answer the following questions:  

1. How effective are the current processes used at the sign production center? 
2. What improvements could be made to the sign production center that will impact 

overall cost effectiveness and delivery timing?  
 

A MoDOT key performance criterion is to reduce the Center’s cycle time from order entry to 
delivery to 2 weeks (from 5.2 weeks a 160% improvement) for stock signs and 4 weeks (from 
14.6 weeks a 265% improvement) for custom signs, while not increasing the current FTE count 
or cost. 
 
3.0 Study Approach and Procedures  
 
The primary objective of this study is a systems evaluation of the Sign Production Center so as to 
provide multi-phased recommendations to improve sign manufacturing operations.  
 
 The general approach taken is:  

1) Determination of the sign shop performance objectives and assessment of the current 
system with respect to these performance objectives 

2) Analysis of the production system to determine what is limiting performance and 
development of solutions to improve performance 

3) Generation of solutions and evaluation of system performance changes due to 
implemented solutions 
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The research team consists of Dr. James Noble as Principle investigator, with co-PI’s: Dr. Cerry 
Klein and Mr. Charles Nemmers, P.E. Drs. Noble and Klein have teamed to lead the 
manufacturing systems engineering study and overall analysis on the project. Mr. Nemmers has 
provided administrative oversight and quality evaluation for the project.    
 

1. Analysis of the MoDOT Sign Production Center was initiated by determining the 
appropriate performance objectives for the center, and then the center’s current operation 
was assessed with respect to these performance objectives.  MoDOT personnel were 
interviewed and supplied access to current performance data. 
 
2. Tasks focused on the reengineering of information flows, data entry associated with 
order entry, order tracking and inventory management, and inventory policies and 
procedures. The Center was studied in detail via the construction of information flow 
diagrams and value stream (VS) maps to capture specifics on current operations. MoDOT 
personnel assisted in the definition of the current information flow requirements and 
procedures. 
• Effort was made to collaborate with a recently contracted MoDOT software vendor, 

SignCAD, in their work to automate the Sign Production Center information flow. 
Due to the fact that SignCAD completed the job flow diagrams and prototype screens 
developed prior to the start of this project, the emphasis of this project was on the 
development of improved inventory control policies and procedures needed to obtain 
the full benefit of the SignCAD implementation.  

 
3. Tasks focused on the assessment of Center operations from both a procedural and 
process perspective, followed by development of solutions prioritized to improve center 
performance based on best practices and technologies.  MoDOT personnel assisted in the 
definition of current operational procedures. 
• VS maps formed the basis for a detailed resource utilization analysis, constraint 

analysis (with respect to both procedural and process bottlenecks) and variability 
analysis (with respect to both process and flow variability) to determine current center 
performance.  

• Solutions were developed to reduce overall cycle time for the production process, 
reduce overall system inventory levels while maintaining desired service levels, 
improve resource utilization and lower costs. This is achieved via the adoption of 
“best manufacturing practices” such as: 1) continuous, one-piece flow, 2) 5S (i.e. 
Lean Manufacturing housekeeping) 3) standard work, 4) inventory reduction, 5) 
mistake-proofing, 6) quick changeover, 7) total productive maintenance, 8) visual 
management, and 9) workspace layout. 

• Throughout the project solutions generated to address include operational changes 
(e.g. setups, quality, production control, inventory systems, etc.) and structural 
changes (e.g., facility restructuring, appropriate technology, pull systems, MIS 
changes, etc.).  

 
4. As MoDOT implements recommended solutions, the results will be evaluated to 
ensure that the desired performance improvements are achieved. MoDOT personnel will 
be needed in the assessment and implementation of proposed solution approaches. 
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4.0 Results and Discussion 
 
4.1 Analysis of Sign Production Center performance measurement system  
 
Initial evaluation of the Sign Shops performance measurement system revealed that the 
following data was being collected to support performance assessment: Weekly production 
quantity (Silk screen, White on Green, Structural signs), Man-hours worked, Signs on Order, 
Signs on Hand, Blank Inventory). 
 
Utilizing a performance measurement system evaluation process developed by Tangen (2004) 
the current performance measurement system was evaluated. Overall, the current system scored 
2.1 out of 7.0 with respect to the degree that the current system fulfills the requirements of a 
performance measurement system. The rationale behind this overall level of fulfillment is 
primarily based on the fact that the data collected is not supporting the analysis of overall 
operations sufficiently well so as to provide the ability to utilize it for operations improvement. 
Further comments with respect to specific performance measurement system requirements can 
be found in Table 1. Additional evaluation of the specific data currently collected can be found 
in the Appendix. 
 
Next, since the desire of MoDOT management is to assess shop performance based on a lead 
time of 2 weeks for stock signs and 4 weeks for custom signs, an analysis based on a sample of 
all 2004 sign requisitions was conducted. Requisitions from five of ten districts were sampled (a 
total of 172 requisitions) to determine the lead time from requisition/order date to sign ticket 
completion (this approach only provided an estimate of overall lead time as the time from job 
ticket completion to district receipt of the sign was not available from the data). Table 2 provides 
the results from this analysis. The results of the analysis show that the average time for stock 
signs to be completed was 26 days (including weekends) or 3.7 weeks and for custom signs the 
lead time ranged from 41.3 to 86.2 days or 5.6 to 12.3 weeks, with an overall average requisition 
time of 10.4 weeks. Figure 1 below gives the distribution for all 401 shipments contained in the 
requisition sample taken. From this it is possible to see for a given number of days what 
percentage of all shipments had occurred. (note: further analysis of the lead time performance by 
ticket type can be found in the Appendix). 
 
One desired use of this data was to set lead time estimates for the current SignTrack 
implementation in order to provide a performance benchmark. It was suggested that a Six Sigma 
approach be utilized, however, based on the large standard deviations for the current lead time 
performance a + 3 Sigma performance level would not be meaningful. Rather it is recommended 
that a performance benchmark be initially set at the average, then as the sign shop improvements 
that are recommended latter in this report are implemented the average and variation of the 
benchmark performance should decrease to the point that a Six Sigma performance level could 
be adopted. 
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Table 1 – Performance Measurement System Analysis 
 

Requirements to be fulfilled by 
existing Performance 
Measurement System 

Degree of 
Fulfillment 

(Ave = 2.1 / 7.0) 

Comments 

General (7/28 = 25%)  
1. Provides accurate information 1 2 3 4 5 6 7 lagging and incomplete 
2. Supports objectives 1 2 3 4 5 6 7 objectives needs to be stated 

clearly throughout organization 
3. Guards against sub-
optimization 

1 2 3 4 5 6 7 no system perspective 

4. Limited number of measures 1 2 3 4 5 6 7 few - but need better focus 

Types of Performance Measures (7/21 = 33%)  
1. Traditional criteria 1 2 3 4 5 6 7 budget / production analysis 
2. Non-financial criteria 1 2 3 4 5 6 7 inventory tracked - but accuracy is 

suspect 
3. Causal relationship  1 2 3 4 5 6 7 no linkages between measures criteria 

and objectives 
Stakeholders Involved (5/14 = 36%)  

1. Internal needs considered 1 2 3 4 5 6 7 not addressing desired performance 
measure, but some local measures 

2. External needs considered 1 2 3 4 5 6 7 no customer oriented measures 
Hierarchical Levels in System (6/21 = 29%)  

1. Top-levels covered 1 2 3 4 5 6 7 none 
2. Mid-levels covered 1 2 3 4 5 6 7 aggregate production - needs focus 
3. Lower-levels covered 1 2 3 4 5 6 7 not sufficient detail 

Time Horizon (4/14 = 29%)  
1. Short-term objectives covered 1 2 3 4 5 6 7 few covered 
2. Long-term objectives covered 1 2 3 4 5 6 7 none covered 

Information Architecture  
(8/21 = 38%) 

Note: Sign Track will significantly 
impact this part of the assessment 

1. Information easily accessible 1 2 3 4 5 6 7 limited number individuals 
2. Information accessible by 
correct people 

1 2 3 4 5 6 7 focus on supervisors, not shop floor 
or management 

3. Computerized information 1 2 3 4 5 6 7 DOS program 
Other (1/7 = 15%)  

1. Processes for system evolution 1 2 3 4 5 6 7 not considered yet 
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Table 2 – 2004 Lead time performance for requisition completion by ticket type 
 

2004 Lead time Coefficient 
performance (# days) by 
ticket type Average 

Standard 
Deviation

of 
Variation MIN MAX Total #

Stock days 26.0 43.3 1.67 0 302 63
SBF days 16.6 9.9 0.60 3 43 21
SOO days 78.5 46.1 0.59 7 248 188
Structural days 86.2 71.1 0.82 4 282 36
Non-Stock days 60.3 42.1 0.70 2 294 83
Rush days 25.4 42.6 1.68 0 204 43
Graphic days 41.3 33.3 0.81 2 171 109
All Shipments – All tickets 73.1 54.7 0.75 0 302 401
Overall Requisition days 
(non-rush) 82.3 66.5 0.81 0 302 172
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Figure 1 – 2004 Lead Time Distribution for All Shipments (days – for 401 samples) 
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4.2 Detailed process analysis (Value Stream Analysis) 
 
This task entailed the development of detailed value stream maps for each of the three main sign 
product families (Silk Screen, White on Green and Structural). The maps represent the flow of an 
average sign requisition (148 signs = 138 Silk Screen + 8 White on Green + 2 Structural) from 
the District order to District receipt of the finished sign. The maps contain the information flow, 
material flow, processing times, and inventory levels for all aspects of the requisition Value 
Stream. Table 3 summarizes the various time components of the different value streams. Figures 
2-4 are the Current-State Value Stream maps for each product family. 
 

Table 3 - Current Value Stream Analysis (per requisition) 
 

Silk  Screen  Minutes Days 
Office Processing Time  3364 7.0 
Office Total Time 8644 18.0 
      
Shop Floor Processing Time 491 1.0 
Shop Floor Total Time 2411 5.1 
Shop Floor Processing Time (including Screen Template) 616 1.3 
Shop Floor Total Time (including Screen Template) 3016 6.3 
      
Overall Silk Screen Time 11055 23.0 
Overall Silk Screen Time (including  Screen Template)  11660 24.3 
      
White on Green Minutes Days 
Office Processing Time  3364 7.0 
Office Total Time 8644 18.0 
      
Shop Floor Processing Time 100 0.2 
Shop Floor Total Time  2020 4.2 
      
Overall White on Green Time 10664 22.2 
      
Structural Minutes Days 
Office Processing Time  3364 7.0 
Office Total Time 8644 18.0 
      
Shop Floor Processing Time 2019 4.2 
Shop Floor Total Time  4899 10.2 
      
Overall Structural Time 13543 28.2 
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 Figure 2 - Current Silk Screen Signs Value Stream Map  
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Figure 3 - Current White on Green Sign Value Stream Map
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Vinyl 3in: 5-8 sec/letter 
EC 3in: 4-6 sec/letter  Output 6 rolls/day  

S/T 3 min  Uptime 100% 

C/O T 6-10 sec/letter 

Weeding 

Crew size:1 
O/p: 12sec / letter

Picking letters

 

  

S/T + C/O = 3 min

 C/O = 8.5sec/letter

Uptime 100% 

I

I

6-12 rolls 
1- 4 days 

50-120 
1-4 days 

500-1000 
 1-4 days 

Cut(8s*20)*8+C/O20*10
*8 +S/T(3min*60) = 
3060 sec 

2*8*60*60 = 
57600 

O/P=8.5*20*8 + 3*60 
= 1540 sec S/T(30)+C/T(15*8)

= 150 sec 

S/T(5*60) +  
C/T(2*60*8) = 
1260 sec 

2*8*60*60 = 
57600 

Shop Floor Productive Time = 6010/60 
=100.17 min 
Shop Floor Total Time = 2020.17 min 
Value Added Time/Total time = 
100.17/2020.17 = 4.96%   

New  
2weeks

Reclaimed 
4-8 weeks 

Suppliers 

info

Customers 
Orders from diff 
districts 

Non rush – 2-4 weeks 
goal  
Rush – 1-4 days goal 

Update 
Inventory 

In-house Inv sys

Manual Entry (dos)

P/T = 1-12hrs

W 

3-7 days 

W 

1-3 days 

W 

1-4 days 

Sign Production 
Software 

FoxPro

Print out  (tues)

P/T = 3-5mins

W 

3-5 day 

Job Ticket 

Excel  

Manual Entry

P/T = 8 hrs

Crew = 1-2 

Acknowledge

Transfer 
Inv 

FMSS 

Order Process

Manual Entry 

P/T = 1-12hrs

Office Productive time = 
(4+6*8*60+8*60)=3364 min 
Office Total Time = 8644min 
Office Productivity 
=3364/11*8*60+3364=38.91% 
 

Overall  Time = 8644+2020.17 = 
10664.17 min 
Overall Productivity = 
100.17+3364/10664.17 = 32.48%

8 signs/req 
20 - 3in letters  
48in X 36in 
W/G  “Adopt 
Highway” sign 
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Crew size: 1-2 
Run speed 25-35 in/s 
Output: 6 rolls/day 
 

2 plotting m/c 

 

Vinyl 8in: 10-18 sec/letr 
EC 8in: 8-15 sec/letr  Output 6 rolls/day 

S/T 3 min  Uptime 100% 

C/O T 6-10 sec/letter 

2 signs/req 
15 -  8 in 
letters 
6 panels 
structural 
sign 

W 

3-7 days 

Staging

I

Shipping 
1-2 per week 
 

Crew size:1 
Run speed: 

I

I

*Saw 

Output:          

 

C/T = Cycle Time 
C/O = Changeover 
Uptime = Uptime % 
Waste % = Process wastage 
Seconds available = Time available 
* Will come in exact length if ordered 2 
weeks in advance. Usually for rush orders. 

I

2500 

1-5 days 

Blank panels 
(New/Reclaimed) 

Crew size:1

Output 50-200/day

Sheeting

Run speed: 25 in/min    50-100
rew size:2 
/p= 50-100signs/day

Lettering/Packing

un speed:10min/panel  

Production 
Planning  

Letters 
Plotting 

Customers 
Orders from diff 
districts 

Non rush – 2-4 weeks 
goal  
Rush – 1-4 days goal 

Suppliers 

info 

Job Ticket 

Excel 

Manual Entry

P/T = 8 hrs 

Crew = 1-2 

W 

1-4 days 

 
ry 

Inv sys

Manual Entry (dos)

P/T = 1-12hrs

W 

1-3 days 

Sign Production 
Software 

FoxPro

Print out  (tues)

P/T = 3-5mins

W 

3-5 day 

Acknowledge

MSS 

er Process

nual Entry 

 = 1-12hrs

Transfer 
Inv 

W

Crew size:1

O/p: 8.5 sec /sheet

Picking letters 

6-12 rolls 
1- 4 days 

 
s 

II

S/T 3 min

Uptime 100%

C/O T 8.5 sec/sheet 

eeding 

2-4 days 

Waste 10 %
Waste from end of roll  

S/T 12 min

Uptime 90% 

C/O T 30 sec/sign  

Waste 10 % letters/tape
Pack/Move 5min/panel 

S/T panel: 3 

Uptime 100% 

C/T Letter: 64 sec/letter  

Cut(15s*15*2)+C/O15*1
*20 +S/T(3min*60) = 
930sec 

2*8*60*60 = 
57600 

O/P of 15 *2 
letters= 17 sec 

2*8*60*60 = 
57600 

S/T(30*6)+C/O(15*5)
*2= 330 sec 

S/T(3*60*6) +  
C/T(64*60*15)
*2 + 
P(5*60*6)*2= 
119880 sec 2*8*60*60 = 

57600 

Office Productive time = 
(4+6*8*60+8*60)=3364 min 
Office Total Time = 8644min 
Office Productivity 
=3364/11*8*60+3364=38.91% 
 

Overall Time = 8644+4899.28 = 
13543.28 min 
Overall Productivity = 
2019.28+3364/13543.28 = 
39.75% 

Shop Floor Productive Time = 
121157/60=2019.28 min 
Shop Floor Total Time = 4899.28 min 
Value Added Time/Total time = 
2019.28/4899.28 = 41.21%   

Figure 4 - Current Structural Sign Value S am Map
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4.3 Assessment of current production processes compared to state-of-the-art 
manufacturing practices.  

 
A Lean Manufacturing assessment of the sign shop was performed to determine how it compares 
to state-of-the-art manufacturing facilities throughout the U.S. Table 4 presents the result of this 
assessment which is based on the “Rapid Plant Assessment” approach developed by Goodson, 
2002. The Sign Shop scored a 36 out of a possible 121 (the national average is a score of 50). 
The score was based on the fact that the shop scored around average for factors related to 
customer satisfaction, safety, teamwork and equipment, but scored poorly for factors related to 
visual management, scheduling, inventory and integration. Further description of the factors used 
in the assessment can be found in the Appendix, together with the “20 Yes/No Questions” that 
also contribute to the overall plant assessment. It should be noted that the Sign Shop had 6 out of 
20 yes answers, which is slightly above average for an overall rating of 36. This reflects the 
positive foundation for change which exists at the Sign Shop. 
 
The next aspect of the sign shop assessment was to conduct a variability analysis of the Value 
Stream.  Figures 5 to 7 and Tables 5 to 7 present the results of this analysis. In each Value 
Stream map the source of variability is noted. The Tables further describe the variability, note 
the location of the variability source and finally note the cause of the variability that needs to be 
addressed. Causes of variability listed in order of occurrence are: manpower availability, # 
orders, crew skill, production planning, and sign size, #different types of signs (setup), #finished 
signs, #different Districts’ orders, supplier, and contract agent. The results of the variability 
analysis are key drivers of where system improvements should be targeted. This is most reliably 
shown when looking at the difference between the actual lead times for custom signs (41.3 to 
86.2 days) and the Value Stream map lead times (22.1 to 24.3 days). This difference is the direct 
result of the causes of variability listed above. 
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Table 4 – Overall Lean Manufacturing Assessment Results 
 

       

Rapid Plant Assessment - Ratings   
    

             Ratings Below Above Best in   Poor  Average Excels    Ave Ave Class 
 

    
No 1 3 5 7 9 11 Score    Measure  Score  
1 Customer Satisfaction    X X       4 

Safety, environment, 2    X X       4 cleanliness, & order 
Visual Management 3 X           1 Deployment 

4 Scheduling system    X         3 

Product flow, space use & 5   X         3 material movement means 

6 Inventory & WIP Levels   X         3 

People teamwork, skill 7     X       5 level, & motivation 
Equipment & tooling state 8   X X       4 & maintenance 

Ability to Manage 9   X         3 Complexity & Variability 

10 Supply Chain Integration   X         3 

Quality System 11   X         3 Deployment 

  Totals 1 7.5 2.5       36 
 

 
Score of 36 out of 121, average for companies is 55 (Ref: R.E. Goodson, “Read a Plant Fast”, 
Harvard Business Review, p. 105-113, May 2002). 
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I
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Uptime 90%
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Rush – 1-4 days goal 
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orders  

Based on manpower
availability, crew 
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up) Based on 

production planning 
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 Figure 5 - Current Silk Screen Sign Value Stream Map - Variability 
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Table 5 - Cycle Time Variability for Silk Screen Signs 
 

 Description of variability Location Cause of variability 

1  Waiting time
Waiting time between customer orders and 
Sign production software manpower availability 

2 Process time and crew size Update inventory # orders, manpower availability 

3  Waiting time
Waiting time between update inventory 
and job ticket manpower availability 

4 Crew Size Job ticket # orders, manpower availability 
5 Production Planning Production Planning # orders, manpower availability 
6 Supply Blanks supplier, contract agent 
7 Crew size Plotting # orders 
8 Run speed Plotting sign size, #  different types of signs (setup) 
9 Waiting time After weeding production planning, manpower availability
10 Crew size Squeeze roll # orders 

11 Run speed Squeeze roll 
manpower availability, crew skill,  
# different types of signs (setup) 

12 Waiting time After squeeze roll production planning, manpower availability
13 Crew size Silk screen printing # orders 
14 Run speed Silk Screen printing # different types of signs (setup), crew skill
15 Crew size Stock # finished signs 
16 Shipping time Shipping # finished signs, # different districts orders 
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   Figure 6 - Current White on Green Sign Value Stream Map - Variability
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Table 6 - Cycle Time Variability for White on Green Signs 

 
 Description of variability Location Cause of variability 

Waiting time between customer orders 
1 Waiting time and Sign production software manpower availability 
2 Process time and crew size Update inventory # orders, manpower availability 

Waiting time between update inventory 
3 Waiting time and job ticket manpower availability 
4 Crew Size Job ticket # orders, manpower availability 
5 Production Planning Production Planning # orders, manpower availability 
6 Supply Blanks supplier, contract agent 
7 Crew size Plotting # orders 
8 Run speed Plotting sign size, # different types of signs (setup) 
9 Waiting time After weeding production planning, manpower availability 
10 Crew size Squeeze roll # orders 

manpower availability, crew skill,  
11 Run speed Squeeze roll # different types of sign (setup) 
12 Waiting time After squeeze roll production planning, manpower availability 
13 Crew size Transfer vinyl # orders 
14 Run speed Transfer vinyl # different types of signs (setup), crew skill 
15 Crew size Stock # finished signs 
16 Shipping time Shipping # finished signs, # different districts orders 
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   Figure 7 - Current Structural Sign Value Stream Map - Variability
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  Description of variability Location Cause of variability 

Waiting time between customer orders and
1 Waiting time Sign production software manpower availability 
2 Process time and crew size Update inventory # orders, manpower availability 

Waiting time between update inventory and 
3 Waiting time job ticket manpower availability 
4  Crew Size cket Job ti # orders, manpower availability  
5 Production Planning Production Planning # orders, manpower availability 
6 Supply Blanks pplier, contrSu  gact a ent 
7 Crew size Plotting # orders 
8 Run speed Plotting sign size, sign rimate als 

9 Waiting time After weeding 
oduction planpr , ning  
anpower avaim itlabil y 

10 Crew size ll Squeeze ro # orders 
11 Run speed ll Squeeze ro anpower avaim itlabil y, crew skill 

12 Waiting time Afte eze rr sque oll 
oduction planpr , ning  
anpower avaim itlabil y 

13 Crew size Transfer letters # orders 
14 Run speed Transfer letters ew skill cr
15 Crew size Stock # finished signs 

# finished signs,  
16 Shipping time Shipping # different districts orders 

 
 
Table 7 - Cycle Time Variability for Structural Signs 

 
 
 

 



A closer look at a primary cause of variability in the lead time performance is provided by 
Figure 8 and Table 8 data on staffing level variation. As can been seen, the staffing level over 
this 6 month time period ranged from 6 to 14, with the majority of the variation between 10 
and 14. Table 8 also shows the number of staff that had overtime hours on a given day 
ranged from 0 to 9 (with the amount of overtime per day ranging from 1 to 2 hours). Apart 
from having a consistent level of staffing impacting overall shop output, the unpredictability 
of the staffing level makes it difficult to develop implementable production schedules. 
 
Further details of the staffing level by production area and the staffing level raw data are 
provided in the Appendix. 
 
 

Staffing Level Variation (1/3/05 to 6/16/05) 
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Figure 8 – Staffing Level Variation 
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Table 8 – Staffing Level Variation Distribution 

 
 

Overall Daily Staffing Analysis     
(1/3/2005 – 6/15/05) 

 
Total     

 Regular 
Total      

Over Time  
Min 6 0 Min 
Max 14 9 Max 
Ave 12.03 5.17 Ave 

Std Dev 1.59 1.83 Std Dev 
Regular 
Staffing 

Level # # 

Overtime 
Staffing 
Level 

6 1 3 0 
7 0 0 1 
8 0 1 2 
9 4 1 3 

10 8 10 4 
11 10 21 5 
12 17 12 6 
13 22 3 7 
14 12 6 8 

  1 9 

A capacity analysis was performed that combined the results of the Value Stream analysis 
and time-study of production operations. The analysis resulted in the capacities shown in 
Table 9 for each of the different sign types with respect to a “normal” staffing level. As can 
be seen the Squeeze Roll operation does not limit overall capacity, rather for both White on 
Green and Structural signs it is the vinyl transfer process that is the constraining operation. 
For Silk Screen signs the printing and drying process are the constraining operations. 
 

Table 9 – Bottleneck/Capacity Analysis 
   

Bottleneck Capacity   
Sign Type Operation (signs per day) Staffing 

White on Green Transfer Vinyl 60 2 
Silk Screen Printing 1000 4 
Structural Transfer Vinyl 12 2 

W/G and SS Squeeze Roll 1500 4 
Other Operations 

  
  

Plotting 600 1 
Weeding 100 1 
Pack/Ship   1 

    Total 15 
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Table 10 details the impact of different staffing levels would have on daily production 
capacity. A range of possible scenarios for overall production with respect to staffing level 
are provided in the Appendix. 

 
Table 10 -  Impact of Operation Staffing Level on Daily Operation Capacity 

Operation 

    
Capacity at Different Staffing Levels 

 
SILK SCREEN (SS)        

Manual m/c 2 = 100% 1 = 50%     
Automated m/c 1 = 100% 1= 100% 1= 100%   

SS Support - Burn/frame 1 1 1   
Total SS Staff 4 3 2   

Daily SS Capacity 1000 = 100% 750 = 75% 500 =50%  
SQUEEZE ROLL (SR)     

Squeeze Roll Staff 4 3 2  
Daily SR Capacity 1500 = 100% 1200 = 80% 600 = 40%  

WHITE ON GREEN (W/G)     
W/G Staff 3 2 1  

Daily W/G Capacity 90 = 150% 60 = 100% 30 = 50%  
STRUCTURAL     

Structural Staff 4 3 2 
Daily Structural Capacity 24 = 200% 18 = 150% 12 = 100% 6 = 50%

WEEDING     
Weeding Staff 1 0.5    

Daily Weeding Capacity 100 = 100% 50 = 50%    
PLOTTING     

Plotting Staff 1     
Daily Plotting Capacity 600 = 100%     

 

 
 
 

 
 

 

 

 
 
 
 
 

 
 
 
 

 

 

 
1
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4.4 Discussion of Key Solution Factors 
 
Issues limiting performance: bottlenecks and variability issues 
 
Sign production at MoDOT can be classified to 3 main processes: order processing from No. 1 – 
5, production from No. 6 – 14 and Inventory and Shipping from No. 15 – 16 (numbering refers 
to the different stages in the overall system value stream found in Tables 5-7). 
 
Order processing (# 1 – 5) 
 
Order processing is a crucial stage as any disruptions will cause orders to accumulate, causing a 
“snow ball” effect in the order processing stage as well as the shop floor.   Order processing is 
mainly affected by software integration, manpower availability and the number of orders 
received. Software integration issues become apparent when it is necessary to manually key in 
the same data into multiple information system. Since order processing currently involves a high 
level of manual labor it is directly affected by both the staffing level and the number of orders 
received.  SignCad/SignTrack is being implemented to improve the order flow. However, it is 
very important to recognize that this is primarily automating the existing ordering process which 
we have documented and discussed above.     
 
Order processing can also be improved by reorganizing the worker responsibilities. A detailed 
look into each administrative team member’s responsibilities, followed by a redistribution of the 
work load may help to improve the situation. Staffing availability and allocation of 
responsibilities for the order processing is to key to improving how orders are received into the 
production systems.  
 
The number of orders received from customers is also another factor. Currently, there is not a 
strong customer-supplier relationship. Many of the Districts have their own way of ordering and 
often they do not communicate well with the Sign Shop. Improving the customer relationship 
with the Districts will allow the Sign Shop to understand the Districts’ needs better and in turn 
help to improve the response time for orders received and to better forecast production.  
 
  
Production (# 6 – 14) 
 
On the shop floor production is affected mainly by the number of different types of signs 
produced, the different materials used, the types of blanks used and the shop floor staffing level . 
The daily staffing level on the shop floor determines the production capacity for the day. This is 
the basis of the shop capacity as the machines that are constraining the flow are running below 
100% utilization. The processing of reclaimed blanks is slowing down production by 30% and 
continually changing to accommodate the different sizes of signs also affect the production time 
and requires set up time. The skill of the crew mainly affects the production rate at the transfer 
vinyl process and squeeze roll process.  
 
To reduce material costs, the reclaimed blanks are preferred over the new blanks. However based 
on the production capacity table, the production time of reclaimed blanks takes about 30% more 
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than the amount of time needed by new blanks for the same process due to different properties 
nd more difficult trimming during squeeze roll.  The result is that recycling sign blanks  

d set-up for signs reduces the 
verall shop capacity. Therefore the total number of set-ups needs to be reduced.  

ermine the manpower required to 
stock and pack the signs. Shipments are now made when there are enough finished signs to fill 

he current high level of blank inventory stored in the facility is taking up potentially productive 

a
increases production compared to new blanks, though not to the point the material savings is not 
still realized.  
 
Finally, the number of different types of signs needed to be produced also effects the production. 
The more variance in the types of signs requires more set-ups an
o
 
Inventory and Shipping (# 15 – 16) 
 
Inventory and shipping is affected by the number of finished signs and the number of Districts 
receiving each shipment. The number of finished signs will det

up a trailer, which is usually once a week. On the average, each trip includes visits to 2 or 3 
Districts so as to hopefully improve economy and efficiency.  
 
T
space as well as increasing the cost of production. This blank inventory level is due to batch 
ordering and the unreliable delivery by the contract supplier (prison) of the reclaimed used 
blanks.   
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5.0 Conclusions 
 
The primary objective of this study was to conduct a systems evaluation of the Sign Production 
Center in order to provide multi-phased recommendations to improve sign manufacturing 
operations. A MoDOT key performance criterion is to reduce the Center’s cycle time from order 
entry to delivery from the current 5.2 weeks for stock signs and 14.6 weeks for custom signs to 2 
weeks for stock signs and 4 weeks for custom signs, respectively. 
 
To obtain the 2 week stock sign and 4 week custom sign delivery goals; and meet MoDOT’s 
increasing sign volume using existing practices would cost approximately $2.75 Million. This 
would require: additional manufacturing / inventory space (approximately 20,000 sq. ft). for 
$2,000,000; additional FTE/overtime (approximately 5 FTE) for $250,000 annually; and 
additional  production equipment for approximately $500,000. 

 
However, these objectives can be meet by changing from the current practices to a more systems 
based approach at a minimal level of capital investment. This study offers “Twenty Solutions” 
that if implemented will enable the performance objectives to be satisfied. 
 
Using state-of-the-practice tools from the Industrial and Systems Engineering profession a 
comprehensive system-wide analysis of the sign procurement to production to delivery process 
was conducted. Current lead time performance measures were developed to provide a base line 
for the study (5.2 weeks for stock signs and 14.6 weeks for custom signs). A “Lean 
Manufacturing Assessment” was conducted to compare the sign shop to industry norms. The 
score for the Sign Shop was 36 out of 121 (average for industry is 55). A detailed “Value Stream 
Analysis” was conducted that focused on the sources of variability and locations of process 
bottlenecks that were impeding overall system performance. Areas identified for improvements 
were found at both district and shop levels. Issues at the district level included: ordering process, 
inventory management, rush orders, information visibility, and data coding / flow. Issues at the 
shop level included: demand forecasting, production planning, rush orders, work force 
availability, product flow, space utilization, inventory control, crew skill, and shipping processes. 
 
 
6.0 Recommendations  
 
The recommendation generated by this study can be categorized into three areas: 1) performance 
measurement system, 2) Sign Shop and District level solutions, 3) inventory policy to integrate 
within SignTrack. 
 
6.1 Proposed Performance Measurement System 
 
First, a more comprehensive performance measurement system is proposed to provide real-time 
feedback on sign shop performance and to capture the interrelationships between various 
performance metrics. In order to support sustainability of the system the majority of the data 
requirements for the system should be able to be obtained directly from either SignTrack or 
MoDOT’s Financial Management System (FMS). Some of the measures are extensions of 
performance measures that are currently tracked. Specific measures to be included are: 
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Lead time related 
1) Overall sign cycle time: measured from requisition date (SignTrack) to District transfer to 

inventory (FMS) – measured by sign category (structural, silk screen, white on green) 
2) Shop sign cycle time: measured from job release date (SignTrack) to ship date 

(SignTrack) 
3) Sign production rate: # signs per man-hour – measured by sign category – both quantity 

and dollar value (SignTrack) 
4) Number of rush orders (% total orders) (total per week – SignTrack or manual entry?) 

 
Inventory related 

5) Signs on order (requisition received and waiting to be scheduled) (weekly – both quantity 
and dollar value) 

6) Sign blanks/raw material inventory on hand (weekly – both quantity and dollar value) 
7) Sign in process inventory (daily – both quantity and dollar value) 
8) Signs on hand inventory (weekly – both quantity and dollar value) 
9) Signs in MoDOT system inventory – both sign shop and district sheds (weekly – both 

quantity and dollar value – SignTrack/FMS) 
 
Staffing related 

10) Number of regular hours worked per week (SignTrack) 
11) Number of overtime hours worked per week (SignTrack) 
12) Percentage of scheduled hours worked per week (SignTrack -  manual) 

 
 
6.2 Twenty Proposed Solutions at the Sign Shop and District Levels 
 
The following is a description of the 20 proposed solutions, together with the types of “Waste or Muda” 
from a lean manufacturing perspective that are addressed by the solution. 
 

1. Develop staff leave forecast for all sign shop staff. 
 Develop quarterly annual leave application 
 Implement a cut-off date for each quarter 
 Exceptions: Urgent leave (needs to be defined) sick leave and medical appointment (at 

least 3 – 5 days in advance) 
 Leave forecast to be submitted to management 
 Waste Category: Waiting 

 
 

2. Schedule weekly production in advance based on orders received to determine manpower and 
raw materials needed. 

 Based on orders received and deadlines, plan daily production 
 Plan by process and quantity 
 Plan the required manpower and raw materials for each day 
 Waste Category: Over production, Waiting, Inventory buildup 
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Weekly 
Plan 

Output Total Materials Man-hour 
Required 

 

SS=   
W/G=   
Structural =   

Daily 
Plan 

Day Sign Output Processes 
Required 

Manpower 
Needed 

Materials 
Needed 

Mon SS =  
W/G =  
Structural =  

 
 
 

  

Tue     
Wed     
Thu     
Fri     

 
 

3. Utilize different sign pre-packing / strapping configurations. 
 Pack signs with packing paper on the printed side and store directly on the rack, strap 

signs based on order quanity.  
 Waste Category: Waiting, Extra processing, Ordering errors 

4. Redistribute duties for order entry process. 
 Allow fulfillment of tasks by all administrative staff (e.g. print out orders from all 

Districts every Tuesday at 8am by anyone in the office) 
 Duties are distributed equally among the staff every morning  
 Waste Category: Underutilized people, Waiting    

5. Create quarterly schedule to support production batching and reduce setup time. 
 Develop a production rotation for signs with significant demand (i.e. silk screen)  
 Produce signs in bulk to reduce set up time 
 Notify districts of order schedule 
 Waste Category: Over production, Waiting, Inventory buildup 

6. Specify supplier quality control measures. 
 Adhesive tapes and recycling blanks need standards 
 Request quality improvements plan from suppliers 
 Waste Category: Extra processing 

7. Reschedule/renegotiate sign shipping service.  
 Renegotiate shipping service for more frequent, smaller load trips (using smaller delivery 

trucks) 
 Seek to improve costs and increase shipping frequency 
 Waste Category: Waiting, Inventory buildup 
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8. Implement pull system on the production floor. 
 Only start manufacturing the current process when the next process is ready (with respect 

to a specified buffer quantity) 
 Utilize a pull system from raw materials to the process after squeeze roll 
 Waste Category: Over production, Inventory buildup, Excess transportation 

9. Improve shop floor layout to improve flow, access and visibility (see current and proposed layout 
in Figures 1 and 2, respectively).  

 Layout changes shown in figures. 
 Waste Category: Over production, Excess motion, Excess transportation 
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Figure 9 - Current Floor Plan / Materials Flow 
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10. Design smaller carts/crates for direct packing and delivery of each type of sign. 
 Design low cost cart for direct packing to send to Districts 
 Utilize crates to repack the used signs being returned for recycling 
 Build/obtain crates of different sizes and that are easy to break down for storage 
 Smaller crates and smaller shipment sizes will improve delivery performance for non-

stock signs 
 Waste Category: Waiting, Inventory buildup 

 
11. Modify silk screen drying techniques to improve efficiency. 

 Need for reduced drying time and increased drying uniformity 
 Consider IR/UV drying techniques – usually requires an oven which requires more space 

and manpower 
 Consider installing dehumidifiers / increasing temperature in drying room 
 Waste Category: Waiting, Extra processing 

 
12. Simplify the order entry process by linking SignTrack to FMS system. 

 Use SignTrack to transfer inventory/due date/cost/process time to FMS system 
 Waste Category: Extra processing, Information defects 

13. Access District inventory levels in order to improve forecasting. 
 Districts to update the FMS system on a daily basis 
 Inventory should include both new signs and signs taken down for reuse 
 Track inventory of new signs, installed signs and signs taken down to be returned 
 Track temporary signs such as road constructions 
 Waste Category: Over production, Excess Inventory, Inventory Shortage  

14. Define rush order and implement appropriate procedures. 
 Define the criteria for a rush order (calamities, major events, not as a normal practice or 

result of poor planning) 
 Require management approval for a rush order 
 Waste Category: Waiting, Extra processing, Ordering errors 

15. Require Districts to submit a quarterly forecast of sign requirements. 
 All Districts to submit quarterly forecast of sign needs 
 Supports materials planning for the next quarter 
 Waste Category: Over production, Waiting, Inventory buildup 

16. Notify/remind Districts of biweekly stock sign manufacturing schedule to allow districts to add 
their orders for these signs 

 Inform via email or FMS system 
 Orders for stock signs recently produced are assigned low priority to encourage Districts 

to keep track and order signs with respect to schedule 
 Waste Category: Extra setup, Underutilized people, Excess motion 

 
17. Track and reuse temporary signs such as Road Construction and Road Closure. 

 Support transfer of signs not used among  Districts 
 Include data field in FMS to track temporary signs in all Districts  
 Waste Category: Over production, Excess Inventory, Inventory Shortage  
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18. Enhance FMS system/SignTrack to support better information timeliness and visibility. 
 Include WIP and orders received 
 Update signs waiting to be shipped 
 Allow customers to see sign inventory, signs in production, signs ordered and signs 

waiting to ship  
 Waste Category: Over production, Excess Inventory, Inventory Shortage  

19. Provide dynamic due dates for orders. 
 Enable customer to know when they will receive their shipments after placing orders  
 Estimation of expected delivery date when signs are ordered based on job queue, raw 

materials availability and shop floor capacity 
 Waste Category: Waiting, Over production, Excess Inventory 

20. Standardize sign number throughout the system (TI number vs. Sign number). 
 Currently Districts have difficulty correlating a sign TI number with the MoDOT Sign 

Number 
 Consider implementing bar coding the orders and signs 
 Waste Category: Over production, Excess Inventory, Inventory Shortage  

 

 

 
 
6.3 Revised inventory policies and procedures to support SignCAD implementation.  
 
An analysis of the order history for the Sign Shop revealed that over the past 5 years (2001-
2005) there were 1142 different types of signs produced. Out of the 1141 different types of signs 
there were 225 types (20%) that made up 80% of the total demand for signs (and each had a 
average annual demand of 100 signs or more). Therefore, based on the fact that during this 
period the average annual demand was 142,205 signs and 80% of total demand (113,620 signs) 
would be for only 20% of the sign types this offers opportunities for focusing the improvements. 
The sign shop has tried in the past to maintain a 3-month inventory level for stock items. 
However, a reevaluation is needed to determine which signs should actually be considered stock 
signs. Based on the above it would appear that around 225 signs would be the appropriate 
number to be considered as stock signs. 
 
Therefore, at this point in time it is recommended that the inventory policy that maintains an 
overall system inventory level of 25% of annual demand be continued (based on a revised 
classification of stock signs). This is consistent with the solutions #5 and #15 above that suggests 
a quarterly district sign forecast and a fixed (in the sense that stock signs are produced quarterly 
in order to maintain the specified inventory level) sign production schedule. This inventory 
approach will improve sign scheduling (reducing setup time), stabilize system inventory levels 
and improve district sign delivery performance. 
 
The current system to track blank inventory has been effective. However, recently there has been 
an elevated level of inventory in the system. It is recommended that blank inventory levels be 
allowed to reset and then be sustained as follows: 
-   4 weeks inventory level for structural blanks (due to a 3 week lead time for ordering structural 

blanks) 
- 4 week inventory for other blanks (due to a 4 lead time for prison blanks, 2-4 weeks lead time 

for new blanks from commercial suppliers). 
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6.4 Proposed Solutions Ranked by Impact/Cost and Implementation Phase 
 
Table 11 presents the 20 proposed solutions in ranked order of Impact/Cost ratio. Details of the 
factors that contribute to a solution’s impact and cost are given in the Appendices. In general a 
solution’s “Impact” is a function of the degree to which it contributes to: Inventory reduction 
(%), Waiting time reduction (%), Resource utilization increase (%), Process time reduction (%), 
Error reduction (%), and Cost reduction. A solution’s “Cost” is a function of: Scale of 
Implementation, Type of change, Implementation Period (Weeks), and Activities Involved. 
 

# Proposed 
Solutions Impact Cost Impact / 

Cost 

Implementation 

Period    
(Weeks) Scope Ph eas

1 Leave forecast for 
all sign shop staff 7-8 1 7.50 8 Sign shop 1 

2 

Schedule 
production npla  in 
advance  based on 
orders received to 
anticipate 
manpower and raw 
materials  needed. 6-7 1-2 4.33 8 Sign shop 1 

13 

Access to 
customers’ 
inventories to 
understand their 
needs in order  to
improve 

g.forecastin  5-6 1-2 3.67 24 System wide 2 

3 
Modify sign 
prepacking and 
strapping  3-4 1 3.50 12 Sign shop 1 

14 Define Rush 
Orders 6-7 2 3.25 16 System wide 1 

4 Redistribute duties 
in order entry 
process 3 1 3.00 8 Sign shop  1 

5 

Create schedule 
pattern to create 
batching and 
reduce setup time. 5-6 2 2.75 12 Sign Shop 2 

Table 11 – Ranked Proposed Solutions 
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Implementation 

# Proposed 
Solutions Impact Cost Impact / 

Cost 
Period    

(Weeks) Scope Phase

15 

Implement 
quarterly forecast 
system to every 
districts 6-7 2-3 2.60 36 System wide 3 

6 quality
Discuss supplier's 

 control 
2-3 1 2.50 24 Sign s 2 measures hop  

7 Renegotiate 

Reschedule 
shipping. 

shipping payment 

3-4 1-2 2.33 24 Sign s 3 
for more frequent, 
shorter trips hop  

8 system on the 
Implement pull 

production floor. 3 1-2 2.00 12 Sign shop 2 

9 
layout to improve
Improve shop floor 

 

4 Sign shop 

access and 
visibility. (Layout 
ideas presented) 6-7 3-4 1.86 1 

16 manufactu
Broadcast current 

ring 
icts 

2 1.75 16 System wide 
signs to all distr
for them to add on 3-4 2 

17 

 Reuse 

such as Road 

4 3-4 1.00 24 ystem  3 

Track and
temporary signs 

Construction and 
Road Closure 3- S  wide

10 direct packing and 

Design smaller 
carts/crates for 

type of signs  3-4 4-5 0.78 12 Sign shop 3 
delivery of for each 

11 techniques to 
Change drying 

5-7 0.75 12 Sign shop improve efficiency 4-5 3 
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# Proposed 
Solutions Impact Cost Impact / 

Cost 

Implementation 

Period    
(Weeks) opeSc  Phase

18 

Improve FMS 
system to improve 
visibility and 
updated 
information 2-3 3-4 0.71 8 System wide 4 

19 
Due dates for 
orders during 
inventory updates 6-7 9-10 0.68 20 System wide 4 

12 
Simplify the order 
entry process by 
linking Sign Track 
to FMS system 5 7-8 0.67 24 Sign Shop 4 

20 

Standardize signs 
number throughout 
the system. (TI 
number or Sign 
number) 2-3 7-8 0.33 36 System wide 4 

 
 

Table 12 provides a summary of the impact on the overall Value Stream maps for each different 
sign types when all proposed solutions are implemented (based on an average sign requisition of 
148 signs = 138 Silk Screen + 8 White on Green + 2 Structural). Future Value Stream maps for 
each sign type are given in Figures 11-13, with specific solution #s noted on the map. In all cases 
the Total Office Time improved by 88.89%, the Shop Floor Times improved between 7.96% to 
23.76%, and the Overall Lead Times improved between 60.28% to 76.56%. Though it is not 
shown on the VS maps, it would be possible to obtain up to 80% of the reduction in Overall 
Time with a 50% selection of the proposed solutions. 
 
These Value Stream improvements, combined with a reduction in the various sources of system 
variability, will greatly enhance the ability to control shop production and meet appropriate 
performance objectives. In addition, there are multiple sources of cost reduction as a result of 
implementing these recommendations: appropriate staffing for desired output, improved 
productivity per labor hour, reduction in overtime hours, improved inventory management, and 
better resource/equipment utilization. The majority of the solutions presented required a minimal 
amount of capital investment. Most require only a change in process or procedure. A few require 
some IT systems programming for more efficient implementation. 
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Table 12 - Future Value Stream Map Analysis (with comparisons to Current VSM) 
    
Silk Screen  Minutes Days Percentage
Office Processing Time 240 0.5   
Office Processing Time Improvement     92.87%
Total Office Time 960 2.0   
Total Office Time Improvement     88.89%
        
Shop Floor Processing Time 491 1.0   
Shop Floor Total Time 1931 4.0   
Shop Floor Processing Time (including Screen Template) 616 1.3   
Shop Floor Total Time  2776 5.8   
Total Shop Floor Time Improvement     19.9%
Total Shop Floor Time Improvement (including Screen Template)     7.96%
        
Overall Silk Screen Time  2891 6.0   
Overall Silk Screen Improvement     73.85%
Overall Silk Screen Time (including Silk Template)  3736 7.8   
Overall Silk Screen Improvement (including Silk Template)     68.00%
        
White on Green Minutes Days   
Office Processing Time 240 0.5   
Office Processing Time Improvement     92.87%
Total Office Time 960 2.0   
Total Office Time Improvement     88.89%
        
Shop Floor Productive Time  100 0.2   
Total Shop Floor Production Time  1540 3.2   
Total Shop Floor Time Improvement     23.76%
        
Overall White on Green Time  2500 5.2   
Overall White on Green Improvement       76.56%

        

Structural Minutes Days   
Office Processing Time 240 0.5   
Office Processing Time Improvement     92.87%
Total Office Time 960 2.0   
Total Office Time Improvement     88.89%
        
Shop Floor Processing Time 2019 4.2   
Total Shop Floor Production Time 4419 9.2   
Total Shop Floor Improvement      938%
        
Overall Structural Time  5379.3 11.2   
Overall Structural Improvement       60.28%



 Figure 11 - Future Silk Screen Sign Value Stream Map 
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Figure 12 - Future White on Green Sign Value Stream Map
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Figure 13 - Future Structural Sign Value Stream Map
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6 panels 
Structural sign 

1.5*8*60*60 
43200

1.5*8*60*60 
= 43200 

2*8*60*60 = 
57600 

= 

Shop
min 

 Floor Productive Time = 201

ction Time

ment = 
8 = 9.80%

9.28 

Total Shop Floor Produ  = 
4419.28 min 

4899.28-4419.28/4899.2  
Total Shop Floor Improve

Crew size:1

Output 50-200/day

Sheeting 

Run speed: 25 in/min 

Waste 10 %
Waste from end of roll  

S/T 12 min

Uptime 90% 

C/O T 30 sec/sign  

Crew size:2 
O/p= 50-100signs/day

Lettering/Packing

Run speed:10min/panel  

Waste 10 % letters/tape
Pack/Move 5min/panel 

 

S/T panel: 3 

Uptime 100%

C/T Letter: 64 sec/letter  

Tran
Inv 

sfer 

Customers 
Orders from
districts 

 diff 

Non rush – 2-
goal  
Rush – 1-4 da

4 we

ys g

eks 

oal 

Suppliers 

FMSS 

Acknowledge

Tran
Inv 

sfer 

info

Job Ticket 

Sign Track  

Auto Entry I

1-3 days 

Inventory System 

Sign Track

Auto Complete 
Crew = 1  

Production 
forecast 

Access cust. Inv.

Manpower plan 

#1, #10

#3,#4,#9,#11,#13,#14 

#2, #3, #4

#11

#12, #16, #18

#11, #12

#6, #7, 
#8, #14

#16, #17

#6, #7, 

#6, #7,
#8, #14

 #6, #7, 
#8, #14

Office Productive Time
Time Improvement = (33
92.87% 
Total Office Time = 240
Total Office Time Impro
960/8644 = 88.89% 

 = 4 hrs = 240 min 
64-240)/3364 = 

+1.5*8*60 = 960 min 
vement = 8644-

Overall Time = 4419.28 
min 
Overall Improvement = (
13543.28  = 60.28% 

+ 960 =  5379.28 

13543.28 -5379.28)/ 

Cut(1 2)+C 1
*20 n*
930s

S
*

S/T(3*60*6) +  
C/T(64*60*15)

119880 sec 

*2 + 
P(5*60*6)*2= 

(15*5)/T(30*
2= 330 s

6)+C/O
ec

/O15*
60) = 

O/P of 1
letters= 1

5 *2 
7 sec

5s*15*
+S/T(3mi
ec 



7.0 Implementation Plan 
 
Table 13 provides an implementation schedule for all 20 proposed solutions over an eighty 

week time period. The implementation process is decomposed into phases to provide focus 
during the implementation of each solution. Also, phase 1 is weighted with the higher marginal 
impact to marginal cost solutions versus phase 4 in general contains lower marginal impact/cost 
solutions. 

 
Table 13 – Implementation Schedule for all 20 Proposed Solutions (by Solution #) 

                   
Phase 0 Perf Sys                  
                   
Phase 1 
 
 
 
 
 
 

1                  
2                  

9                    
14                

3                 
4                  

                    
Phase 2 
 
 
 
 
 

   5               
   8               
   13            
   6            
   16              
                     

Phase 3 
 
 
 
 
 

        15     
        7        
        17        
        10          
        11          
                      

Phase 4 
 
 
 
 

             18        
             19     
             12    
             20 
                       

Time 
(Weeks) 4 8 12 16 20 24 28 32 40 44 48 52 56 60 64 68 72 76 80
 

 

 
 
 

 38 



BIBLIOGRAPHY 
 

 

Conner, G. 2001, Lean Manufacturing for the Small Shop, Society of Manufacturing 
Engineers, Dearborn, MI. 
 
Keyte, B. and D. Locher, 2004, The Complete Lean Enterprise, Productivity Press, New 
York. 
 
Goodson, R.E., 2002, “Read a Plant Fast”, Harvard Business Review, p. 105-113, May 2002. 

Tangen, S. 2004, Evaluation and Revision of Performance Measurement Systems, Ph.D. 
Dissertation, Royal Institute of Technology, Stockholm Sweden, ISBN 91-7283-860-4, 2004. 
 
Tangen, S., 2005, Improving the performance of a performance measure, Measuring 
Business Excellence, Vol. 9 No. 2. 

 39 



APPENDIX A – Work Plan 
 

Improvement of Sign Manufacturing Process at the Sign Production Center 
 

James S. Noble1, Cerry M. Klein1 and Charles J. Nemmers2
1Department of Industrial and Manufacturing Systems Engineering 

2Department of Civil and Environmental Engineering 
University of Missouri - Columbia 

 

Background 
MoDOT’s Traffic Operations group has expressed a desire to evaluate the Sign Production 
Center to determine what improvements could be made to promote cost effective and timely sign 
manufacturing. The Sign Production Center employs 11 people who are responsible for 
producing all maintenance sign needs within MoDOT (approximately 180,000 annually).  
 
MoDOT would specifically like to know: How effective are the current processes used at the 
sign production center? What improvements could be made to the sign production center that 
will impact overall cost effectiveness and delivery timing? What future improvements could 
improve the sign production center?  
 
This research will specifically assess the current capabilities of the MoDOT’s Sign Production 
Center and provide an analysis of how processes could be improved to provide better service to 
MoDOT at a lower cost. The manufacturing systems engineering analysis to be conducted will 
identify any disparity between current manufacturing practices and state-of-the-art 
manufacturing practices. A more efficient production system should be the result of this analysis 
of the MoDOT Production Sign Center. 
  
Study Proposal  
The primary objective of this study is a systems evaluation of the Production Sign Center so as to 
provide multi-phased recommendations to improve sign manufacturing operations.  
 
 The specific steps will be:  

1) Determine performance objectives and assess current system with respect to these 
performance objectives 

2) Analyze the production system to determine what is limiting performance and develop 
solutions to improve performance 

3) Generate solutions and evaluate system performance changes due to implemented 
solutions 

Overview of the research methodology 
The research team consists of Dr. James Noble as Principle investigator, with co-PI’s: Dr. Cerry 
Klein and Mr. Charles Nemmers, P.E. Drs. Noble and Klein will team to lead the manufacturing 
systems engineering study and overall analysis on the project. Mr. Nemmers will provide 
administrative oversight and quality evaluation for the project.    
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Research tasks (separated into Phase 1 and Phase 2) 
A.  Analysis of the MoDOT Sign Production Center will be initiated by determining the 

performance objectives for the center, and then the center’s current operations will be 
assessed with respect to these performance objectives (Noble, Klein).  
• Initially it appears that the primary objective for this analysis will be to reduce the 

amount of time required for order entry/tracking functions so that shop personnel can 
focus on production and to reduce data errors. 

 
B. The center will be studied in detail via the construction of information flow diagrams and 

value stream (VS) maps to capture specifics on current operations (Noble, Klein). 
• Phase 1 will focus on information flow and data entry issues associated with order 

entry, order tracking and inventory management.  
• Phase 2 will focus on shop operations from both a procedural and process 

perspective. 
• VS maps will form the basis for a detailed resource utilization analysis, constraint 

analysis (with respect to both procedural and process bottlenecks) and variability 
analysis (with respect to both process and flow variability) to determine current center 
performance.  

 
C. Based on the results of VS map analysis, solutions to improve center performance will be 

generated based on best practices and technologies (Noble).   
• Phase 1 solutions will focus on: 1) streamlining the order entry/tracking process, 2) 

improvement of system-wide inventory tracking so that the Sign Production Center 
has visibility of District and Maintenance shed sign inventory levels, 3) minimization 
of the effect of “hot jobs”, and 4) leveling production to improve overall resource 
utilization. 

• Phase 2 solutions will focus on the adoption of “best manufacturing practices” such 
as: 1) continuous, one-piece flow, 2) 5S, 3) standard work, 4) inventory reduction, 5) 
mistake-proofing, 6) quick changeover, 7) total productive maintenance, 8) visual 
management, and 9) workspace layout. 

• Solutions generated in both phases of the project would include operational changes 
(e.g. setups, quality, production control, inventory systems, etc.) and structural 
changes (e.g., facility restructuring, appropriate technology, pull systems, MIS 
changes, etc.). Depending on the nature of the changes considered, simulation models 
might be developed to validate the performance impact prior to implementation. 

 
D. As solutions are implemented, the results will be evaluated to ensure that the desired 

performance improvements are achieved (Noble). 
 
E. Prepare an action oriented final report and presentation detailing results and 

recommendations. (Noble, Klein, Nemmers) 
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Key Project Deliverables 
 

1. A listing of key performance criteria for the Sign Production Center and current measures 
for these criteria. 

1. Detailed process descriptions (information flow and value stream maps).  
2. Improved order entry/tracking process that reduces time requirements for these tasks, 

improves accuracy and increases information visibility. 
3. Assessment of current production processes compared to state-of-the-art manufacturing 

practices in order to reduce cycle time, inventory and increase quality. An 
implementation plan prioritized with respect to highest marginal return will be developed. 

4. Final report documenting the evaluation of the Sign Production Center. 

Project timeline 
 
The project will require 7 months to complete.  Within the first 3 months of the project the 
majority of Phase 1 tasks will be completed, with a set of action items generated that can be 
implemented immediately. The second 4 months of the project will focus on Phase 2 tasks and 
refinement of Phase 1 recommendations. 
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APPENDIX B – Implementation Status of Recommendations 
 

# Proposed Solution Implementation Status 
B/C 

Ratio 

1 
Worker 
 

leave forecast for all sign shop staff 
Partially Complete 

Significant internal mgmt effort to 
improve, no formal process yet 7.5 

2 
Schedule production plan in to 
manpower and raw materials needed 

anticipate NI 
SignTrack to help 4.33 

3 
Utilize different 
configurations 

pre-packing and strapping NI  
Exploring for Stop/Yield, etc. 3.5 

4 
Redistribute order entry duties 
 

Partially Complete 
Increased manpower and training 3.0 

5 
Create 
reduced 

schedule 
setup time 

supporti  ng tchba ing and IN   
SignTrack to help 2.75 

6 
Discuss suppl rie 's 
 

quality ontrol measures c Pa iallrt y Com letp e 
Working with 3M / ot rhe  vendors  2.5 

7 
Reschedule / Renegotiate
frequent, shorter trips 

 shipping  for more  Completed
Hired delivery for small orders 2.33 

8 
Implement 
 

pull stem on the productisy on floor IN  
 2.0 

9 
Improve shop floor
access and visibility 

 lay ateout for m alri  w,flo  IN  
 1.86 

10 
Desig  n smaller carts/crates 
and delivery 

 for direct pac ingk  IN   
Exploring for Stop/Yield, etc. 0.78 

11 
Change drying 
 

t hniquec es oveto impr  efficiency 
Exploring 3M

IN   
 ink dry time 0.75 

12 
Simplify
Track ot  

 the order entry 
FMS s emyst  

process yb  linking ignS  IN  
No SignTrack until July/A 006 ug 2 0.67 

13 
Acces  s to 
foreca tings  

district inventories to improve NI 
 3.67 

14 
Define rush orders 
 

Completed 
 3.25 

15 
Imple ent district quarterly forecast sym mste  
 edNe  

IN   
Sign ack 10Tr  /  yr rotation 2.6 

16 
Broadcast short-term sign 
to all strictsdi   

p duro ionct  chs uleed  IN  
 1.75 

17 
Track and reuse temporary signs 
 

edComplet  
 1.0 

18 
Improve FMS system 

bility and accuracyvisi  
 to im rovp  e in rmfo ionat  

NI 
Some discussion on integra ngti  
FMS and SignTrack 0.71 

19 
Due 
 

dates rfo  orders during inventory u tpda es NI  
 SignTrack to help 0.68 

20 
Standardize 
 

sign number throughout the system  NI 
 0.33

Note: NI = not implemented as of 3/31/06 
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Comments: 
• Have initiated work on development / use of new performance measurements 
• Undertaken a major reorganization of shop management – 3 area supervisors and 4 new designers 

– provides additional capacity and flexibility 
• Currently having problems with FoxPro program – has become unstable – need to invest in 

transferring/re-entering data into SignTrack 
• The implementation of SignTrack will enable several of the recommended solutions to be 

pursued 
 
 
Summary of Implementation by Phases 
 

Table B1 – Implementation Status by Phase (by Solution # / percentage) 
              

Phase 0  Perf Sys – 25%                  
                   
Phase 1 1 – 50%                  
 2 – 0%                  
 9 – 0%                    
 14 – 100%                
 3 – 25%                 
 4 – 50%                  
                     
Phase 2    5 – 0%               
    8 – 0%               
    13 – 0%            
    6 – 50%            
    16 – 0%              
                      
Phase 3         15 – 0%     
         7 – 100%        
         17 – 100%        
         10 – 25%          
         11 – 25%          
                       
Phase 4              18 – 0%        
              19 – 0%     
              12 – 0%    
              20 – 0% 
                        

Time 
(Weeks) 4 8 12 16 20 24 72 76 8028 32 40 44 48 52 56 60 64 68

Key to Implementation Percentages: 
leted 

 = Being implemented 
tion being planned

tation not started yet / pendent on implementation of other solutions  

100% = Comp
50%
25% = Implementa  
0% = Implemen  de
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APPENDIX C – Supporting Data and Analysis 

C1 – Current Performance Measurement Specifications 
 

Current Performance Measurement Specifications 
General Information  

1. Title Production Quantity: Silk Screen / White on 
reen / Structural G

2. Equation none 
3. Purpose Provide up-to-date data on overall productivity 
4. Interaction with other measures e correlated with Signs on Hand, Blank 

-hours Worked) 
(could b
Inventory, Man

5. Comments Excel spreadsheet 
Measurement Instructions  

1. Who measures? Larry / Terry 
2. Source of data Paper records 
3 Frequency of measurement weekly 
4. How is the measure displayed? Not displayed 

Analysis Instructions  
1. Who acts on the data? Production planner and production manager 
2. Type of measure Status 
3. Target None 
4. How initiate response edule Set production sch
5. Known limitations inguishing between different types of No dist

signs (i.e. size and cost) 
 

mance M ment Specifications Current Perfor easure
G ation eneral Inform  

1. Title Man-hours Worked 
2. Equation none 
3. Purpose To account for resource availability - 

tion cost produc
4. Interaction with other measures related to production quantity 
5. Comments  

Measurement Instructions  
1. Who measures? Terry 
2. Source of data Time sheets 
3 Frequency of measurement Weekly 
4. How is the measure displayed? Not displayed 

Analysis Instructions  
1. Who acts on the data? Production planner and production manager 
2. Type of measure Report 
3. Target None 
4. How initiate response Set production schedule 
5. Known limitations - 
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Current Performance Measurement Specifications 
General Information  

1. Title Signs on Order (Backlog) 
2. Equation none 
3. Purpose Provide up-to-date data on “signs in process” 
4. Interaction with other measures (could be correlated with Signs on Hand) 
5. Comments Excel spreadsheet 

Measurement Instructions  
1. Who measures? Larry 
2. Source of data Paper records 
3 Frequency of measurement weekly 
4. How is the measure displayed? Not displayed 

Analysis Instructions  
1. Who acts on the data? Production planner and production manager 
2. Type of measure Status 
3. Target None (desired to minimize) 
4. How initiate response Set production schedule 
5. Known limitations No distinguishing between different types of 

signs (i.e. size and cost) 
 

Current Performance Measurement Specifications 
General Information  

1. Title Blank Inventory 
2. Equation - none 
3. Purpose Provide up-to-date data on “in-stock”, “on 

order Prison”, “on order Vulcan” 
4. Interaction with other measures - none 
5. Comments Excel spreadsheet 

Measurement Instructions  
1. Who measures? Terry 
2. Source of data Visual inspect / production records 
3 Frequency of measurement Daily 
4. How is the measure displayed? Not displayed 

Analysis Instructions  
1. Who acts on the data? Production planner and production manager 
2. Type of measure Status 
3. Target None specified 
4. How initiate response Place order for more blanks 
5. Known limitations Desired levels? 
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Current Performance Measurement Specifications 
General Information  

1. Title Signs on Hand -  Inventory 
2. Equation none 
3. Purpose Provide up-to-date data on “stock signs” 
4. Interaction with other measures (could be correlated with blank inventory) 
5. Comments Excel spreadsheet 

Measurement Instructions  
1. Who measures? Larry / Terry 
2. Source of data ection / shipping recordsVisual insp  
3 Frequency of measurement weekly 
4. How is the measure ?displayed  Not displayed 

Analysis Instructions  
1. Who acts on the data? Production planner dan  production agerman  
2. Type of measure Status 
3. Target 1/3 annual dema  nd
4. How initiate response laceP  ord r for more stock e
5. Known limitations Reorder points needed to be recalcuated 
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C2 - Requisition Analysis – Data Characterization 
  Average StdDev MIN MAX Total # 
Requisitions         172 

# sign types per requisition 
# signs per requisition 

  

14.3
147.3

  

22.3
347.6

1
1

  

160
3600

 
 

Stock ticket         104 
# sign types per stock ticket 

# signs per stock ticket 
  

8.4
99.3

  

17.1
133.4

1
2

  

150
791

 
 

SBF ticket         38 
# sign types per SBF ticket 

# signs per SBF ticket 
  

1.5
24.0

  

0.7
31.4

1
1

  

3
110

 
 

SOO ticket         246 
# sign types SOO ticket 
# signs per SOO ticket 

  

2.5
54.1

  

2.5
176.7

1
1

  

20
1875

 
 

Structural ticket         57 
# sign types per structural ticket 

# signs per structural ticket 
  

2.3
5.3

  

1.7
0.41

1
1

  

8
70

 
 

Non-stock ticket         113 
# sign types per non-stock ticket 

# signs per non-stock ticket 
  

2.5
15.2

  

2.5
23.1

1
1

  

19
200

 
 

Rush ticket         67 
# sign types rush ticket 
# signs per rush ticket 

  

2.5
55.9

  

3.1
282.1

1
1

  

21
2000

 
 

Graphic ticket         164 
# sign types per graphic ticket 

# signs graphic ticket 
3.7
8.3

5.5
27.3

1
1

40  
330  
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Figure C2.1 – Distribution of Completion of Overall Requisition Lead Time (days) 
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Figure C2.2 – Distribution of Rush Sign Lead Time (days) 
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Structural Days

308
294
280
266
252
238
224
210
196
182

s 168
D

ay 154
140
126
112
98
84
70
56
42
28
14
0

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47

Series1

 
Figure C2.3 – Distribution of Structural Sign Lead Time (days) 
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Figure C2.4 – Distribution of SOO and Non-Stock Sign Lead Time (days) 
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Stock&SBF Days
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Figure C2.5 – Distribution of Stock and SBF Sign Lead Time (days) 
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Figure C2.6 – Distribution of Graphic Sign Lead Time (days) 
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C3 - Rapid Plant Assessment - Rating Considerations 
No Measure Factors 

1 toCus  mer
faSatis n ctio

Cu erstom
cu erstom

, ratings  quality c ti a aertifica ons & r tings, w rranty &
i t  e et requirements, v sitor ma erials & welcom , mark

t li produc ability costs,  e e kmploye lednow xternge of e d internal al an
 share, rate of ne u duw prod ct intro ction & ance  accept

2 

feSa ty, 
nenviro t,men  

c nleanli ess, & 
dor er 

Safety & menviron oent rec rd, place for everything & h s p everyt ing in it , clealace nliness of operations--exterior & in , floors, terior
eq ent, uipm ,spills  leaks, n h nt, dust, air qualitoise, lig ting, pai oyy, empl ress, restroom condee d itions, desks & work h order & benc
cleanliness, e i r videgr e of "sp ffing" fo sitors (ne v ngati e), inve tory erord terial , ma flow order & cleanliness, color & ot oding for her c
safety & order 

3 
suVi al 

Management 
yDeplo nt me

Operations o f e omissi n & per ormanc vesbjecti  lvisib e; visibility of labeling & codi f prong o duct lines, inventory, equipment, & tooling; 
color coding ff i & di erentiat on bilit; visi usty of c  ation & ratings; visibiomer identific lity f cho arts tra g ockin n's &peratio s' safety,  team
quality, & pro tduc ivity, con m strol roo ng showi  tatus of total ope n, ratio omer cust r & orde r forde ent vulfillm isibility, Kanban 
de ment,ploy u inventory co nt can be made vis  es &ually, machin  tool la g--cobelin sts, prev veenti  maintenance visibil oduct ity, pr
displays, audit results visible 

4 Scheduling system  
Degree of s uliched ng to customer ord rdeer, o r process efficien rocy, p ine sduct l dulinche g at single po uliint, sched ckets (each ng bu
order, hourly y, w, dail ly, oreek nthl mo uppy), s helier sc duling & delivery, replenis nt vhme s oersu rder fulfill , coment rmpute  
sc ling vhedu s kaersu n, pnba rsuull ve sh ss pu ms, yste flow time ie effic s, bacncie kroom costs of n scheduli g, MRP costs, data entry 
costs 

5 odPr uct & teriama l 
owfl pas; s ce use 

Product line us s vers hop layo ollinut, r rts pg ca ulled by tractors or by hand or co ers nvey us vers ifts, trforkl avel distances between 
processes, rial mate ment responsibility--move essproc ed o own par se rate material staff, container size (forklift req ent?), uirem
containers designed for parts families gle versus multiple d, sin ocks to mize  mini erialmat  travel, space util on, gizati or space oals f
use reduction 

6 veIn rynto  & 
veLe ls 

WIP W vels aIP le h pt eac ss, roce WIP in transit in plant, se e stparat ores versus line side 
finished pro eveduct l tal ils, to tornven s ratio, process cy to sale imycle t e to flow time 
movemend t redrigge  by comp , muter l dateria nepartme t or next e eoret proc ss, th ical 

storage, nu r ofmbe  inventory s e areas, torag
ratio us, co ityntabil  y  of inventor , WIP
vers ctuus a ow timal fl es 

7 
opPe eamworkle t , 
skill level, & 
motivation 

Te robleam p olvinm s pabg ca ility & history, em eeploy  gnewillin ss to talk about c mersusto d, pro ucts, & co y; unmpan ity of iform
dress; comm atiunic ition ons & recogn ronenvi ment; sal er ees p mploye am me; te ng aeeti  reas & performance charts; training 
investments, educational support, benefit package & costs, uni atiooniz ctivityn a rkfor, wo anagementce-m ns relatio ommunityhip, c  
su t, comppor y-supan ted ppor itieactiv nis (pic escs, open hous , sports teams, local involve t, employeemen wled kno ge of & support 
of customers & busin  ess, wo strurk in s stction ds andar

8 
Equipment & 

tooling state & 
maintenance 

Preventive maintenance system, setup change times, integrated go-no go quality checks, machine performance data availability, 
knowledge & utilization of bottleneck processes, process control capability, total asset utilization, operator routine maintenance, 
maintenance staff & teams, MRO replenishment efficiency, tool & fixture orderliness, cleanliness, & storage lo n, equipmentcatio  
improvement policy, equipment technology strategy 
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C3 - Rapid Plant Assessment - Rating Considerations 
No Measure Factors 

9 
Ability to Manage 

Complexity & 
Variability 

Use of common parts, processes, & procedures prototype process, nsactions req d o  d entries versus paper tra uire n floor, keyboar
bar coding,  backroom paperwork & computer transactions costs, lect ith e implicity & clarity matching of data col ed w  data n eded, s
of operations layout, indirect to direct labor ratio, support staff to tota rce ratio, over lity of tooling l workfo head cost ratios, commona
& fixturing, commonality of equipment & tools, commonality of supp are & applic  he operation & ort softw ations programs across t
among sister plants, equipment efficiencies, ability to handle variabl d, ability to eli te l iations, ability to e deman mina  control able var
smooth demand, ability to handle supply chain, number of suppliers  

10 Supply Chain 
Integration 

Number of suppliers, supplier release system--from inventory levels mer order, su ng policies-- or custo pplier certification, sourci
short-term or long-term, supplier quality ratings, delivery, & producti tives or w  ment vity objec & hist y, ne product develop
responsibility, responsibility for kitting parts, C-stock replenishment , supp a  s e upplier cost-efficiency lier m terial crap & r work, s
saving ideas implemented, supplier knowledge of lean 

11 Quality System 
Deployment 

Quality certification, quality process & measurement at each proces ach pr , s  & lving process, s & for e oduct crap  rework, problem so
product & customer quality data, quality ratings, new product startup , conti s i ov nvir ent, degree of nuou mpr ement e onm process
focus on customer satisfaction , implementation of best practices, d eration at s a ate strategy, al str egie re linked to corporegree op
total quality system well-developed & deployed 
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C4 – Rapid Plant Assessment - Assessment Questionnaire                  

No  Yes/No

1 Are vis  w m ation about plant layout, workforce, 
mers, an rod ? Yes itors elco

d p
ed an
ucts

d given inform
custo

2 Are stome nd product quality displayed? No ratings for cu r satisfaction a

3 an, o d and noise 
levels low? Yes Is the facility safe, cle rderly, and well lit? Is the air quality goo

4  a ual labeling system identify and locate inventory, tools, processes, 
and flow? No Does  vis

5 Does everythi wn place, g stored in its place? Yes ng have its o  and is everythin

6 Are up-to ate operational goals and performance measures for those goals 
prominently p ?  No -d

osted

7 Are produc s brought to and stored at line side rather than in 
separate in areas? No tion m

ventory storage 
aterial

8 ifications visible at all work 
s? No Are wo

area
rk instructions and product quality spec

9 ated roductivity, quality, safety, and problem solving visible 
 No Are upd

for all teams?
charts on p

10 nt state of the operation be viewed from a central control room, 
s board, or on a CRT? No Can the 

on a statu
curre

11 tio gle pacing process with appropriate No Are pro
inventory levels at ea

duc n lines sched
ch st

uled off a sin
age? 

12 ort a distance as possible and in appropriate 
n  No Is material m

contai
oved only once as sh

ers?

13 ct her than in "shops"? No Is the plant laid out in continuous produ  flow lines rat

14 ams trained, empowered, and involved in problem solving and 
ng improvements? Yes Are wo

ongoi
rk te

15 pear inuous improvement? Yes Do employees ap committed to cont

16  posted for equipment preventive maintenance and continuous 
ent of tools and processes? No Is a timetable

improvem

17  effective proje ment  cost and timing goals, 
tart-ups No Is there a

for new produc
n ct manage

 
 process, with

t s ?
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C4 – Rapid Plant Assessment - Assessment Questionnaire                
No  Yes/No

18 Is a supplier certification process--with measures for quality, delivery, and cost 
perform No ance--displayed? 

19 Have key pro ristics been id ods used to 
forestall p No duct characte

aga
entified and fail-safe meth

rop tion of defects? 

20 Would you bu eration pro Yes y the products this op duces? 

  Total number of Yes Responses 6 

  

 
 
This is on the high side of the standard deviation for number of “yes” responses compared to the 
Sign Shop’s overall RPA score of 36 which was given. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 
 
C5 - Daily Production Capacity – Assumptions and Factors        
      

lank Size y ign q Ro ti re e re
Silk 
c W/G Structural Crew 

       

B Blank T pe S  Type S ueeze ll Crew Plot ng C w W eding C w S reen 

48x36 n  W/G 1000- 00 4 
with 

s 1 5-100 1   50-60   2 ew 12
600 signs 
20 - 6" letter 8

48x36 im W/G
wit

1 5-10 1   50-6   2 Recla   700-900 4 
600 signs h 
20 - 6" letters 8 0 0 

                          
21x15  SS -1500 4         0-1000     4 new 1200 80
21x15 R i  SS 800-1000 4         0-1000     4 ecla m 80

                          

12ftx10ft   Structural 5-20 2 

0 sign with 
20 - 8 to 20" 

letters   

3600 
letters 

(m/c cut) 1     8-12 2 

40 s 
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C6 – Capacity Analysis with respect to Staffing Level / Capacity  
 
Capacity with Squeeze Roll   

Staffing Level Daily Output 

Plotting 

  
Squeeze   

  
Silk 

White 
on       Silk 

White 
on 

To
An

Roll Weeding Screen

  

Green Structural Pack/Ship TOTAL Screen Green Structural

  
tal 

nual 
Output* 

1 4 0.5 4 2 2 1 14.5 1000 60 12 268000
1 3 0.5 3 2 2 0.5 12 750 60 12 205500

0.5 3 0.5 3 1.5 2 0.5 11 750 1245 201750
0.5 2 0.5 2 1 2 0.5 8.5 500 30 135512 00

           

Capacity without Squeeze Roll      
Staffing Level Daily Output 

Plotting 

  
Squeeze 

Roll 
  

ing 

  
Silk 

Screen

  
White 

on 
n 

  
Struc

  
Pack/Ship

  
TOTAL

Silk on 
Green S ral

  

Weed Gree tural Screen 

White 

tructu

Total 
Annual 
Output* 

1   0.5 4 2 2 1 10.5 1000 60 12 268000
1   0.5 3 2 2 0.5 9 750 60 12 205500

0.5   0.5 3 1.5 2 0.5 8 750 45 12 201750
0.5   0.5 2 1 2 .5 500 30 1350 6.5 12 500

* Assume 250 - 8 hours working days per year.     
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C7 – Historical Staffing Level Analysis (1/3/2005 – 6/15/2005) 

Design / Cut tr oom S uctural White on Green Squeeze Roll Pack and Ship Screen R

  Regular 
Over 
Time Regula  

Over 
Time Regula

Over 
Time Regular 

Over 
Time Regular

Over 
Time Regula

Over 
Timr r r e 

MIN 1 2 1 1 2 1 1 2 2 1 1
MAX 2 1 5 3 4 5 2 5 3 4 3
Average 1.35 1.00 2.43 2.00 1.99 1.83 3.26 2.50 2.20 2.401.64 3.16
Std Dev 0.48 0.00 0.86 0.00 0.89 0.55 0.64 0.71 1.02 0.91 0.6 0.0 80
# 0 wkrs 8 4  9 7 73 1 21 27 72 3 46 1 22
# 1 wrkr 43 25 2   23 13 0 0 20 18 0 6
# 2 wkrs 23   47 1 33 36 5 1 24 2 8 23
# 3 wkrs     6   13 4 25 1 18 8 4 195
# 4 wkrs     1   20 41 3   17   7   
# 5 wkrs     1           1       

1
4
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n 
t Structural  

White / 
Green 

Squeeze Pack and 
Ship 

Screen Desig
and Cu Roll Room  

Date Re OT Reg OT Reg OT Reg OT Reg OT Reg OT 

Total 
Unique 

Reg 

Total 
Unique 

OT g 
1/3/2005       1   3   4   3   13   2 
1/4/2005     1   3   4     2   3   13
1/5/2005   1   1   3   1   4   12   2 
1/6/2005 2   1   1   3       3   10   
1/7/2005       2       4   4   12   2 

1/11/2005 2     2   3   3   13     3   
1/12/2005       1   4   3   3   13   2 
1/13/2005        2   4   3   3   14   2
1/14/2005   2   2   4   1   4   14   1 
1/18/2005 3   1       2   4   11   1   
1/19/2005 4   1   2   4   3   14   1   
1/24/2005   4   2       2   4   13   1 
1/25/2005   4   2       1   4   13   2 
1/26/2005   1     1.25   3     1 4   3 13
1/27/20 1     3   3     05 1   2   3 13
2/1/2005   2     4   3     1 2     12
2/2/2005 1   4   2 2 3   1 3 3 2 14 7
2/7/2005   2 2     1 3 2 52 2   3 12
2/8/2005 2 2   1 1 3 2 52   2   3 13

2/15/2005 2 2   1 1 3 2 52   2   3 13
2/16/2005   1 1   1 1 3 2 42 2   4 13
2/17/2005   2   2 2   2 3 3   11 52   
2/18/2005 1 2   1     1 3 2 1 12 52 4
2/22/20 1 2   2 2   1 1 3 1 505 2 3 13
2/23/2005 1 2   2 2   1 1 3 1 14 52 4
2/24/2005 2 1   2   4 1 4 1 14 52 2   
2/25/2005 2 1 1 1 52   2 2 4   3 1 14
2/28/2005 1 1 61 2   1 2 4   1 3 2 12
3/1/2005 1 72 2   1 2 4   1 2 3 2 13
3/2/2005 1 82 2   2 3 3   2 1 3 3 12
3/3/2005 1 82 2   2 3 2   1 1 3 3 12

3/11/2005 1 51 3   2 2 3   3 1 3 1 12
3/14/2005 1 71 2   2 2     2 1 3 3 10
3/15/2005 1 41 2   2 1     3   3 2 11
3/16/2005 1 1 4 2   2 1 4       2 2 11
3/21/2005 1 1 2   3 2 4   2 3 3 14 6  
3/22/2005 1 3 2 3   3 3 3 14 61 2     
3/29/2005 1 2 1 4   3 3 3 12 51       
3/30/2005 1 3 1     3 4 3 12 51 2     
3/31/2005 1 4 2     4 4 3 13 61 2     
4/1/2005 1 4 2 3   4 4 3 13 61 2     
4/4/2005 1 3 2 3   2 4 3 12 61 2     
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Design 
and Cut 

White / 
Green 

Squeez
Roll Ship 

Screen 
Room   Structural  

e Pack and 

Dat Reg OT Reg OT Reg OT Reg OT eg OT Reg OT 

Total 
Unique 

Reg 

Total 
Unique 

OT e R
4 1 1 2   2 2 4   2   2 3 13 6/5/2005 
4/6/200 1 1 2   1 1 3   1 1 3 2 11 55 
4/7/2 1 1 2   1 1 4   1   3 2 12 4005 
4/8/2005 1 1 2   1 1 3   1   3 2 11 4

4 5     2   3 2     2   3 2 10 4/11/200
4/12/20 1 1 2   3 2 4   2   3 3 12 605 
4 5 1   2   5       3   4   13 0/14/200
4/15/20     2   4       2       6 005 
4/20/2005 1   3   3 3   1   3   13 0  
4/21/2005 1   3   3 2 4   1   3 3 14 5
4/25/2005 1   3   3 2 4   1 1 2 2 13 5
4/26/2005 1   4   3 2     3   4 3 14 5
4/27/2005 1   2   1 2 3   3 3 3 3 11 8
4/28/2005 1   3   3 2     3 3 4 4 14 9
5/3/2005 1   2   2   2 2 2 4 4 11 8  
5/6/2005 1   2   2 1     3 3 2 2 10 6
5/7/2005 1   2   3 1 2   3 3 4 4 13 8

5/10 005/2  1   2   1 1 3   5 3 3 2 12 6
5/11/2005 1   2   2 1 3   3 1 3 2 12 4
5/13/2005     2   2 3     3   3 3 9 6
5/16 005/2      2   2 3 3   2   2 2 10 5
5     2     1 2 3 2   4 4 9 8/17/2005 
5/18/20     2   2 2 3   2   3 3 12 505 
5/24/20 2   4   1 2     2   4 3 13 505 
5/25/20 5 1   5   1 2     2   4 3 13 50
5/31/2005 1 2   3 2     2   2 10 4  3 
6/1/2005 4   2 2     2   11 41   3 2 
6/2/2005   1 2     2   10 4    4 3 2 
6/3 5   2     2   9 2/200     4 1 2   
6/6/2005   2     2 9 31   2 2 1 2   
6/7/2005   2 2   2 11 51   2 2 1 3 2 

6/14/20 2     2   10 605 1   4 1 2 3 2 

 

 
 
 
 
 

      



C9 - Solution Benefits / Impact         

       

roposed Solution Current Issues 
Inventory 
reduction 

(%) 

Waiting 
time 

reduction 
(%) 

Re ce 
utilization 
increase   

(%) 

time 
reduction 

(%) 

Error 
reduction 

(%) 
Cost 

reduction 
Other 

benefits 
Impact 
Level P

sour Process 

1 
Worker leave forecast 
for all sign shop staff 

* No leave forecast - no 
manpower visibility        
* Unable to anticipate 
production capacity 

1    0-20% 5-15%       20-40% 
(capacity) 7-8 

2 
Schedule production 
plan in advance based 
on orders received to 

ower 

 
      

o 
10-20% 5-10% 10-20%         6-7 anticipate manp

and raw materials 
needed. 

* Production needs 
short-term forecast for
better planning           
* No current ability t
plan for manpower 
requirements                    
* Raw materials require  
2 weeks for delivery     

3 
dify sign prepacking 

 

5-10%   5% 5%       3-4 
Mo
and strapping 

* Signs are sent in 
multiples and usually 
more than required - 
results in increased 
workload and inventory

4 
Redistribute order entry 
duties       

distributed 
5-10% 10%   3 

* Work is stalled when 
primary in-charge is 
delayed                      
* Duties are unequally         
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Proposed Solution Current Issues 
Resource 
utilization 
increase   

(%) 

Cost 
reduction

Inventory 
reduction 

(%) 

Waiting 
time 

reduction 
(%) 

Process 
time 

reduction 
(%) 

Error 
reduction 

(%) 
Other 

benefits 
Impact 
Level 

5 
ate schedule support 

* Small production 
batches increase set up 
time, lead time                 
* No ability to optimize 
batch size, production 
sequence or product 
mix  

  5-10% 10% 10%       5-6 

Cre
batching and reduced 
setup time. 

6 
scuss supplier's 

* Fluctuating quality 
queeze roll 

     10% 10-20%       2-3 
Di
quality control 
measures 

from s
material and paper for
packing 

7 
Reschedule / 
Renegotiate shipping  
for more frequent, 
shorter trips 

 

5%         10-20% 10-20% 
(delivery) 3-4 

 * Current bulk 
shipping method based
on mileage regardless 
of weight may not be 
most cost effective 

8 
Implement pull syst
on the production f

em 
loor. 

in sign shop facility 
10-20% 10%           3 

* Current push system 
causes delay and high 
waiting time                     
* High inventory level 
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Proposed Solution Current Issues 
Inventory Waiting Resource 

utilization 
increase   

(%) 

Process Error Cost Other 
 

Impact reduction 
(%) 

time 
reduction 

(%) 

time 
reduction 

(%) 
reduction 

(%) reduction benefits Level 

9 
prove shop floor 

al 

* Materials flow is not 
   

s 

use racks 
and shelves)    
* W/G work area does 
not have space for 
temporary stations to 
increase production 

  10% 10%  10%      10-20% 
(space) 6-7 

Im
layout for materi
flow, access and 
visibility. 

optimized                      
* Squeeze roll blank
are stored in different 
areas (from prison 
racks, in-ho

10 
Design smaller 
carts/crates for direct 
packing and deliv
for each typ

ery of 
e of sign 

* Currently finished 
signs are packed in 
batches and stocked         
* Double job of 
stocking and repacking  
to 1 crate for shipment 

1      5% 5% 0%     3-4 

11 
Change drying 
techniques to improve 
efficiency uire 

    10% 10%       4-5 

* Approx 0.5 hours of 
drying time required for 
small Silk Screen signs    
* Bigger signs req
several hours to dry 

12 
Simplify the order entry 
process by linking Sign 
Track to FMS system 

  5-15%   10% 20%     5 

* Re-entry of same data 
- increases workload 
and chance of error 
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Proposed Solution Current Issues 
Inventory 
reduction 

(%) 

Waiting 
time 

reduction 

Resource 
utiliz
increase   

Process 
time 

reduction 
(

Error 
reduction Cost 

reduction
Other 

benefits 
Impact 
Level 

(%) 

ation 

(%) %) (%) 

13 
Access to customer 

* No visibility to 
 

10-20%   10-20%       5-6 

inventories to improve 
forecasting. 

customer inventory         
* No tools to track 
customer holdings           
* Unable to track and 
recall reusable signs 
(e.g. road 
reconstruction) 

  

14 
Define rush orders 

* No 
control/authorization 
for rush priority              
* Rush orders disrupt 
production - increase 
lead time and waiting 
time          
* No rationale given 
rush orders 

for 

  10-20% 15% 10-20%       6-7 

15 
Implement district 

10-20% 10% 10%         6-7 quarterly forecast 
system 

* No current forecast       
* Lack of coordination 
with districts (only 10 
customers) 

16 
Broadcast short-term 
sign production 
schedule to all districts  

t up time 
    5% 10%       3-4 

* Small batches 
increase se
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Proposed Solution Current Issues 
Inventory 
reducti

Waiting 
 

Resource 
uti
in

Process 
ti

edu
(

Error C
red

her 
efits 

Impact 
Level on 

(%) 
time

reduction 
(%) 

lization 
crease   
(%) 

r
me 
ction 

%) 
reduction 

(%) 
ost 

uction
Ot

ben

17 
Track and reuse 

* Temporary signs not 

   5% 5%     3-4 
temporary signs (e.q. 
road construction) 

tracked and reused 
sufficiently                       
* High cost of repeated 
production 

5%   

18 
prove FMS system to 

n 
acy 

5-10%  5%         2-3 
Im
improve informatio
visibility and accur

* Information not 
current    
* FMS not used to trace 
inventory 

19 
Due dates for orders 
during inventory 
updates 

* Currently not used        
* Information not 
shared      10% 5-10% 10%         6-7 * Inventory information 
not used during 
ordering 

20 
Standardize signs 
number throughout the 
system. (TI number or 

gn number) 

districts using different 
numbering system           
* Customers and 

eived  

5%       10%     2-3 Si

* Sign shop and 

suppliers recording 
their inventory 
differently                        
* Districts unable to 
trace the signs rec
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A11 - Solution Costs 
    

Issues Implementation 
Period (Weeks)Proposed Solutions Scale of  

Implementation 
Type of 
change 

Activities 
Involved Cost 

1 
Worker leave foreca
for all sign shop sta

st 
ff 

* No leave forecast - no 
manpower visibility             
* Unable to anticipate 
production capacity 

Sign Shop Organization 8 Planning, staff 
notification 1 

2  
Schedule production 
plan in advance based 
on orders received to 
anticipate manpower 
and raw materials 
needed. 

* Production needs short-
term forecast for better 
planning                            
* No current ability to 
plan for manpower 
requirements                        

Sign Shop 
Managers Organization 8 Planning 1-2

* Raw materials require  2 
weeks for delivery     

3 
Modify sign prepacking 
and strapping 

* Signs are sent in 
multiples and usually 
more than required - 
results in increased 
workload and inventory 

Sign Shop Production 12 Implementation 1 

4 
Redistribute order entry 
duties Admin Office 

personnel Organization 8 training 1 

* Work is stalled when 
primary in-charge is 
delayed                              
* Duties are unequally 
distributed 

Planning, staff 
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Proposed Solutions Issues Scale of  
Implementation 

Type of 
change 

Implementation 
Period (Weeks) 

Activities 
Involved Cost 

5 
Create schedule sup
batching and reduced 
setup time. 

port 
                     Sign Shop 

Ma in Sy m  
t

* Small production 
batches increase set up 
time, lead time
* No ability to optimize 
batch size, production 
sequence or product mix  

nagers & Adm
Personnel 

ste 12
Planning, 

district 
notification, 

roubleshooting
2 

6 
Discuss supplier's 
quality control 
measures 

Sign Shop 
managers/ 
suppliers 

Quality 24 
Planning, 

negotiation, 1 

* Fluctuating quality from 
squeeze roll material and 
paper for packing 

implementation 

7 
Reschedule / 

negotiate shipping  
ileage 

Sign Shop/ 
Shipping company Production 24 Planning, 1-2 

Re
for more frequent, 
shorter trips 

 * Current bulk shipping 
method based on m
regardless of weight may 
not be most cost effective 

negotiation 

8 
Implement pull system 
on the production floor. 

* Current push system 
causes delay and high 
waiting time                         
* High inventory level in 
sign shop facility 

Sign Shop System 12 Planning, staff 1-2 training 
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Proposed Solutions Scale of  
Implementation 

Implementation 
Period (Weeks) Cost Issues Type of 

change 
Activities 
Involved 

9 
Improve shop floor 
layout for material 
flow, access and 
visibility. 

            

 racks, in-
house racks and shelves)     
* W/G work area does not 

 

Sign Shop Layout 4 Shop floor 
rearranging 3-4 

* Materials flow is not 
optimized                
* Squeeze roll blanks are 
stored in different areas 
(from prison

have space for temporary 
stations to increase 
production

10 
Design smaller 
carts/crates for direct 
packing and delivery of 
for each type of sign 

* Currently finished signs 

 Sign Shop Production 12 Designing, staff 
training 4-5 

are packed in batches and 
stocked                            
 * Double job of stocking
and repacking  to 1 crate 
for shipment 

11 

Sign Shop Production 12 

Analyzing, 

m , 
5-7 

Change drying 
techniques to improve 
efficiency 

* Approx 0.5 hours of 
drying time required for 
small Silk Screen signs      
* Bigger signs require 
several hours to dry 

discussion, 
budget 

calculation, 
erchandising

training 
12 
Simplify the order entry 
process by linking Sign 
Track to FMS system 

Sign Shop IT 24 IT integration, 
staff training 7-8 

* Re-entry of same data - 
increases workload and 
chance of error 
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Proposed Solutions Issues Scale of  
Implementation 

Type of 
change 

Implementation 
Period (Weeks) 

Activities 
Involved Cost 

13 
Access to customer 
inventories to improve 
forecasting. 

* No visibility to customer 
inventory                              
* No tools to track 
customer holdings                
* Unable to track and 
recall reusable signs (e.g. 
road reconstruction) 

All districts IT 24 

IT 
programming, 

planning, 
system wide 
training, staff 
notification 

1-2 

14 
Define rush orders 

* No control/authorization 
for rush priority                 
* Rush orders disrupt 
production - increase lead 
time and waiting time         
* No rationale given for 
rush orders 

All districts System 16 Discussion, 
notification 2 

15 
Implement district 
quarterly forecast 
system 

* No current forecast           
* Lack of coordination 
with districts (only 10 
customers) All districts System 36 

Planning, 
system wide 

training, 
creating 
template 

2-3 

16 
Broadcast short-term 
sign production 
schedule to all districts  

* Small batches increase 
set up time 

All districts System 16 
Planning, 

notification, 
system wide 

training 
2 
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Proposed Solutions Issues Scale of  
Implementation 

Type of 
change 

Implementation 
Period (Weeks) 

Activities 
Involved Cost 

17 
Track and reuse 
temporary signs (e.q. 
road construction) 

* Temporary signs not 
tracked and reused 
sufficiently                         
* High cost of repeated 
production 

All districts IT/System 24 

IT 
programming, 
staff training, 
system wide 

training 

3-4 

18 
Improve FMS system 
to improve information 
visibility and accuracy 

* Information not current   
* FMS not used to trace 
inventory 

All districts IT 8 
IT 

programming, 
staff training 

3-4 

19 
Due dates for orders 
during inventory 
updates 

* Currently not used         
* Information not shared     
* Inventory information 
not used during ordering 

All districts System 20 System wide 
training 7-8 

20 
Standardize signs 

number throughout the 
system. (TI number or 

Sign number) 

* Sign shop and districts 
using different numbering 
system                              
* Customers and suppliers 
recording their inventory 
differently                          
* Districts unable to trace 

All districts System/IT 36 

IT 
programming, 

Planning, 
system wide 
training, staff 

training 

7-8 

the signs received  
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