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Abstract 
 
This report documents a performance evaluation of the Federal Highway Administration’s 
Sign Management And Retroreflectivity Tracking System (SMARTS) van.  The van’s 
purpose is to photograph, record the location, and measure the retroreflectivity of traffic 
signs while traveling at highway speeds.   
 
Alaska needs a cost-effective method of inventorying signs and measuring their reflectivity 
to manage its $20+ million investment in signs, to know what signs are missing or illegible, 
and to analyze its compliance with impending national standards for sign retroreflectivity.   
 
Testing consisted of evaluating signs with the van on one rural and one urban road segment, 
evaluating signs on the rural road segment with a handheld sign retroreflectivity meter, and 
analyzing the results.   
 
The report concludes that the van’s performance was not acceptable.  Multiple readings on 
individual signs varied widely from one run to the next, the percentage of signs captured by 
the operators on a single pass was unacceptably low, and van readings did not correlate with 
those of a handheld meter (handheld meters are considered the most accurate measuring 
device).   
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CHAPTER 1 - INTRODUCTION AND RESEARCH APPROACH 
 

Problem Statement and Research Objective 
 
The purpose of this study is to analyze the effectiveness and cost-effectiveness of using the 
Federal Highway Administration’s Sign Management And Retroreflectivity Tracking System 
(SMARTS) van for inventorying signs and evaluating sign retroreflectivity in Alaska.   
 
Although Alaska has a $20+ million investment in road signs, we currently don’t know when 
signs are knocked down, stolen, or have deteriorated to the point they are no longer legible at 
night.  This creates a potential for safety and liability problems.   
 
The Highway Safety Act of 1966 requires states to have traffic control device inventories. The 
ITE Traffic Signing Handbook calls a sign inventory "an essential tool" for managing signs. 
 
In addition to the need for an inventory, impending national standards for sign retroreflectivity 
are going to make it necessary to have a method of measuring it.   
 
In anticipation of the new standards, and to promote sign inventories, the FHWA funded a 
project to design a van capable of doing inventories and retroreflectivity measurements at 
highway speeds.  If successful, this would greatly reduce the time and money required for 
these tasks.  
 

Scope of Study 
 
This study was initially intended to determine: 

1) The accuracy of van-collected data measured by: 

a) Consistency of multiple retro-reflectivity readings for the same signs.   

b) Comparison of van readings to handheld meter readings 

2) Typical sign capture rates for the van under rural and urban conditions (sign capture rate= 
Number of sign photos taken / Number of target signs). 

3) How much it would cost to inventory all signs on Alaska’s contiguous road system using 
the van.  

4) Whether the data collected by the van is sufficient for a sign inventory. 

5) Whether van data was easily transferable to a personal computer database.  
 
The scope of the study was limited to items 1 and 2 when we learned that the van did not 
perform acceptably on them.   
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Research Approach 
 
Our research consisted of: 

1) Evaluating signs with the van on a 10 mile rural segment of the Seward Highway (24 
signs).  

2) Evaluating the same 24 signs with a handheld meter. 

3) Evaluating signs with the van on a 1.2 mile urban segment of Spenard Road in 
Anchorage (23 signs). 

4) Analyzing the results.  
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CHAPTER 2 - FINDINGS 
 

SMARTS Van Operation 
 
Two people are required to operate the van, a driver and a computer operator.  The computer 
operator watches the road on a video screen and targets signs by holding crosshairs on them 
with a mouse.  The system then should lock on to the sign and track it automatically.  If 
successful in tracking the sign, the system will fire a flash and take two pictures (one color, 
one black and white) of the sign when it gets 200’ from the roof-mounted camera pod.   The 
system then stores the pictures as well as sign location data (derived from a GPS system that 
gives the van’s location and a camera-pod mounted laser device that measures the distance to 
each sign).   
 
The system’s automatic tracking lock was not functional during this test, making it necessary 
to manually hold the crosshairs on signs.  This was a difficult task in many instances, 
especially on bumpy or curvy roads or when signs are installed close to each other.  
 
The sign hardware and software were user-friendly and have a professional appearance.   
 

SMARTS Van Performance 
 
Reliability 
 
In our three-day test, the van’s computer system failed several times and needed to be re-
booted.  At times, the camera system seemed to have a mind of its own and would not 
respond to operator input.  However, the system generally restored itself after rebooting and 
would resume proper functioning.   
 
Accuracy of Retro-Reflectivity Measurement 
 
Repeatability of van retro-reflectivity readings was unacceptable.  As shown in Appendix B, 
readings on the same signs varied widely from one run to the next.   The average difference 
between high and low readings on signs ranged between 41 and 75 cd / lux / m^2.   
 
These numbers constitute too high a proportion of normal sign readings (the minimum 
standard is likely to be 100 cd / lux / m^2 or less) for the results to be meaningful.   
 
The accuracy of the van-based system as compared to a handheld meter (generally 
considered the most accurate type of available device) was also unacceptable (see Appendix 
B).  While the van readings were always lower, they correlated poorly with handheld meter 
readings.  The average difference for sign legends was 351%.  For backgrounds it was 297%.  
Individual readings varied widely above and below these figures.  
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Accuracy of Sign Location 
 
After excluding outliers that may have been the result of incorrectly entered data, the van 
located signs within an average of 100’ of latitude and 180’ of longitude, when compared to 
its readings from other runs.  See Appendix C. 
 
 
Sign Capture Rate 
 
Sign capture rate (number of sign photos taken / number of target signs) varied from 27% to 
45% in an urban environment and from 59% to 68% in a rural environment.  See Appendix 
B. 
 
Due to road roughness, road curvature, or the close spacing of signs, some signs were not 
captured once during four runs.  
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CHAPTER 3 - INTERPRETATION, APPRAISAL, AND APPLICATIONS 
 
The SMARTS van was an ambitious undertaking for the FHWA.  Highly sophisticated 
technology is required to accurately measure the retroreflectivity of sign legends and 
backgrounds from a van traveling at highway speed.  The FHWA deserves high marks for 
vision and ambition but, unfortunately, not for execution.   
 
In its current configuration, the van does not provide useful information.   
 
However, if it were modified to live up to its promise, it would be very useful to highway 
agencies.    

General Recommendations 
 
The following improvements would make the van more useful: 
 
1) Make retroreflectivity measurement accurate. 

2) Install a gyro on the camera pod to make it easier for the operator to track signs.   

3) Make the tracking mechanism work. 

4) Create a process for doing comprehensive inventories with multiple passes.  Ideally, the 
computer would keep track of missed signs on the first pass and tell the operator which 
signs to pick up on subsequent passes.   
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CHAPTER 4 - CONCLUSIONS  
 
 
1) The SMARTS Van’s retroreflectivity measuring system is too inaccurate to be useful.  

2) Even if all its systems were functional, the van is unlikely to ever be capable of collecting 
data on 100% of the signs along a road on a single pass in urban conditions.  Multiple 
passes will be needed to get comprehensive inventories.   

3) If the bugs can be worked out, a mobile data collection van of this type is likely to be the 
most cost-effective method of inventorying signs and measuring retroreflectivity.   

4) The van provides a much-needed excuse for video game players. Our experience 
indicated that gamers are much better at running the targeting system than non-gamers. 

 
 
 



APPENDIX A – SMARTS Van Background Information 
 
 
The Retroreflectivity issue started with the recommended use of glass beads in the 1948 
MUTCD.  The 1954 revision to the MUTCD required pavement marking to be 
retroreflectorized.  The MUTCD has required all markings that have a night time application 
to have retroreflective properties since 1961. 
 
In 1985 the Center for Auto Safety petitioned FHWA to address standards for retroreflective 
traffic control devices. 
 
Congress required the MUTCD to be revised to include minimum retroreflectivity levels for 
pavement markings and traffic signs on all public roads in the 1993 appropriations act. 
(ISTEA). 
 
In response to the requirement for minimum levels FHWA initiated research studies one of 
which was a mobile van used to measure retroreflectivity at highway speeds.  The early 
version developed at FHWA’s Turner Fairbanks facility had a camera and flash that was 
connected to periscope similar to a submarine’s.  This required the operator to look through 
the viewing reticule to target the sign. (It didn’t work very well for Al). 
 
The early version of the van was abandoned in 1994.  FHWA decided to let a contract to 
build a new van meeting certain specifications.   Dan Bay and Associates were awarded the 
contract to develop the new van.  The new van was to have auto tracking, one monitor (the 
original version had three) and measure the entire sign.   The new van became the Sign 
Management And Retroreflectivity Tracking System (SMARTS) van. 
 
To date minimum retroreflectivity standards have not been included in the MUTCD.  They 
are due toward the end of 2001. 



B  
 
 

APPENDIX B – SMARTS Van RetroReflectivity Performance Data 
 



Measure
Legend Background Legend Background

Capture Rate
Repeatability (Range of readings) 75 72 46 41
Avg Difference btwn van & handheld: 351% 297% not evaluated not evaluated

 

Seward Hwy 5/29/01 Spenard Rd  5/30/01
RetroReflectivity Van Performance Summary

59% to 68% 27% to 45%

Seward Highway Run.  Starts at the weight station and goes about 10 miles south.  24 signs.

Spenard Road Run:  Starts at Minnesota Drive and goes about 1.2 miles west.  23 signs not including small 
street name  parking, and other minor signs. 

Capture Rate:  Number of photos captured / Number of signs that should have been captured. 

Repeatability:  The average difference between low and high reflectivity readings (candelas / lux/ meter^2).

Average difference between van and handheld:  The difference between the van reading (with a user-
selected evaluation area) and the handheld meter reading. 



Sign Mile Sign Color
No Data? Legend Bkgnd Data? Legend Bkgnd Data? Legend Bkgnd Data? Legend Bkgnd Avg Lo Hi SD Avg Lo Hi SD

1 0 Left Lane Ends-W Yellow 1 9.6 138 1 115.6 -28.9 0 1 -40.1 36.3 28.4 -40.1 116 79.5 48.5 -28.9 138 84.1

2 0.1 Merge Symbol-W Yellow 0 0 0 0

3 0.2 55 MPH White 0 0 1 36.7 0 1 0 0 18.4 0 36.7 26.0 0 0 0 0.0

4 1 Delay 5 Veh -R White 0 1 -34.5 145 1 0 91.6 1 -44.8 55 -26.4 -44.8 0 23.5 97.2 55 145 45.3

5 1.2 Slow Veh Turnout 1000' Blue 1 155.7 12.1 1 110.7 -29.7 0 1 34.4 -41.6 100 34.4 156 61.3 -19.7 -41.6 12.1 28.2

6 1.4 Veh Turnout - arrow Blue 1 162.7 15.4 1 119.6 -37.4 1 66.5 0 1 37.1 -42.1 96.5 37.1 163 55.8 -16 -42.1 15.4 28.2

7 2.7 Brown Camera Brown 0 0 1 54.9 -51.3 0 54.9 -51.3

8 2.9 Briown-McHugh Ck Brown 1 144.3 16.2 1 92.7 -24.8 0 1 27.7 -39.3 88.2 27.7 144 58.4 -16 -39.3 16.2 28.8

9 3.1 Falling Rocks, Next 10 Mi Yellow 1 5.1 170 1 -35.3 135.8 1 0 89.8 1 -42.7 53.3 -18.2 -42.7 5.1 24.3 112 53.3 170 51.2

10 3.5 Orange-End of Slide Area Orange 1 0.4 108.3 1 -35 70.4 1 0 29.8 1 -40.8 16.9 -18.9 -40.8 0.4 22.1 56.4 16.9 108 41.5

11 4.2 Blue Camera Blue 1 0 4.8 1 12.9 -34.8 1 -19.6 0 1 -14.4 -39.2 -5.28 -19.6 12.9 14.7 -17.3 -39.2 4.8 22.9

12 4.3 Beluga Pt-Brown Brown 1 58.4 10.3 1 -31.6 22.1 1 -27.4 0 1 -20.8 -41 -5.35 -31.6 58.4 42.7 -2.15 -41 22.1 27.4

13 4.5 Stop Red 1 169.2 39 0 1 51.5 -43.2 1 33.5 -30.4 84.7 33.5 169 73.7 -11.5 -43.2 39 44.2

14 5.9 Blue Camera Blue 1 22.9 62.5 1 15.4 -27.1 1 -14 0 1 -12.8 -38 2.88 -14 22.9 19.0 -0.65 -38 62.5 45.0

15 6.1 Blue Camera Blue 1 54.3 14.6 1 22.1 -23.4 1 -19.7 0 1 -20.2 -39 9.13 -20.2 54.3 36.1 -12 -39 14.6 23.9

16 6.3 Blue Trail Sign Blue 0 1 -4.7 -31.6 1 -29.6 0 1 -21.2 -41.4 -18.5 -29.6 -4.7 12.7 -24.3 -41.4 0 21.6

17 6.4 Blue Trail Sign Blue 0 0 0 0

18 7.7 Blue Trail&Blu Camera Blue 0 1 0 144.3 0 0 0 144

19 7.9 Yellow Ped Xing Yellow 0 1 63.1 -29.7 0 0 63.1 -29.7

20 8 Blue Trail Sign Blue 0 0 0 0

21 8.8 55 White 1 13.6 174.2 1 -26.7 135 1 0 88.4 0 -4.37 -26.7 13.6 20.5 133 88.4 174 43.0

22 9 Blue Trail Sign Blue 1 42.6 10 0 1 -35.1 0 1 -23.6 -43.6 -5.37 -35.1 42.6 41.9 -11.2 -43.6 10 28.5

23 9.1 Blue Trail Sign Blue 0 0 1 -18.4 0 0

No of Usable Shots: 13 15 14 15
Capture Rate: 59% 68% 64% 68%

Average Range in Retro-Reflectivity Values: 
Legend Background

75.1 72.2

Seward Hwy RetroReflectivity Data - 5-29-01, Computer-selected evaluation area
Run 1 Run 2 Run 3 Run 4 Legend Background

Lo's and Hi's are only shown when there is 

more than one reading

Retro-Reflectivity values are
Candelas / lux / square meter.  



Sign Mile Sign Color
No Data? Legend Bkgnd Data? Legend Bkgnd Data? Legend Bkgnd Data? Legend Bkgnd Avg Lo Hi SD Avg Lo Hi SD

1 0 Left Lane Ends-W Yellow 1 20.7 138.3 1 -13.6 114.8 0 1 -30.5 38.5 -7.8 -30.5 20.7 26.1 97.2 38.5 138 52.2

2 0.1 Merge Symbol-W Yellow 0 0 0 0

3 0.2 55 MPH White 0 0 1 -52.1 43.2 1 -37.8 18.4 -45 -52.1 -37.8 10.1 30.8 18.4 43.2 17.5

4 1 Delay 5 Veh -R White 1 13.2 10.4 1 0 147.8 1 0 91.6 1 0 60.3 3.3 0 13.2 6.6 77.5 10.4 148 57.6

5 1.2 Slow Veh Turnout 1000' Blue 1 155.7 12.1 1 110.7 -29.7 0 1 34.4 -41.6 100 34.4 156 61.3 -19.7 -41.6 12.1 28.2

6 1.4 Veh Turnout - arrow Blue 1 162.7 15.4 1 120.5 -33.8 1 66.5 0 1 37.1 -42.1 96.7 37.1 163 55.9 -15.1 -42.1 15.4 27.3

7 2.7 Brown Camera Brown 0 0 1 54.9 -51.3 0 54.9 -51.3

8 2.9 Briown-McHugh Ck Brown 1 144.3 16.2 1 92.7 -24.8 0 1 27.7 -39.3 88.2 27.7 144 58.4 -16 -39.3 16.2 28.8

9 3.1 Falling Rocks, Next 10 Mi Yellow 1 0 189.5 1 0 148.2 1 -51.9 99.1 1 0 63.3 -13 -51.9 0 26.0 125 63.3 190 55.3

10 3.5 Orange-End of Slide Area Orange 1 13.4 113.7 1 -23.2 74.3 1 0 32.4 1 -37.2 19.3 -11.8 -37.2 13.4 22.7 59.9 19.3 114 42.8

11 4.2 Blue Camera Blue 1 0 3.3 1 8.6 -29.3 1 -21.3 0 1 -14.4 -39.2 -6.78 -21.3 8.6 13.6 -16.3 -39.2 3.3 21.2

12 4.3 Beluga Pt-Brown Brown 1 58.4 10.3 1 9.7 -32.9 1 -27.4 0 1 -20.8 -41 4.98 -27.4 58.4 39.1 -15.9 -41 10.3 24.9

13 4.5 Stop Red 1 177.2 40.5 0 1 64 -37.2 1 41.2 -24.9 94.1 41.2 177 72.8 -7.2 -37.2 40.5 41.8

14 5.9 Blue Camera Blue 1 22.9 62.5 1 15.4 -27.1 1 -14 0 1 -12.8 -38 2.88 -14 22.9 19.0 -0.65 -38 62.5 45.0

15 6.1 Blue Camera Blue 1 55.3 15.1 1 22.1 -23.4 1 -19.7 0 1 -20.2 -39 9.38 -20.2 55.3 36.5 -11.8 -39 15.1 24.1

16 6.3 Blue Trail Sign Blue 0 1 -4.7 -31.6 1 -29.6 0 1 -21.2 -41.4 -18.5 -29.6 -4.7 12.7 -24.3 -41.4 0 21.6

17 6.4 Blue Trail Sign Blue 0 0 0 0

18 7.7 Blue Trail&Blu Camera Blue 0 1 0 -28.7 0 0 0 -28.7

19 7.9 Yellow Ped Xing Yellow 0 1 -34.2 68.4 0 0 -34.2 68.4

20 8 Blue Trail Sign Blue 0 0 0 0

21 8.8 55 White 1 13.6 174.2 1 -26.7 135 1 0 88.4 0 -4.37 -26.7 13.6 20.5 133 88.4 174 43.0

22 9 Blue Trail Sign Blue 1 42.6 10 0 1 -35.1 0 1 -23.6 -43.6 -5.37 -35.1 42.6 41.9 -11.2 -43.6 10 28.5

23 9.1 Blue Trail Sign Blue 0 0 1 -18.4 0 0

No of Usable Shots: 14 15 14 15
Capture Rate: 64% 68% 64% 68%

Seward Hwy RetroReflectivity Data - 5-29-01, User-selected evaluation area
Run 1 Run 2 Run 3 Run 4 Legend Background

Lo's and Hi's are only shown when there is 
more than one reading

Retro-Reflectivity values are
Candelas / lux / square meter.  



Sign Mile Sign Color
No Data? Legend Bkgnd Data? Legend Bkgnd Data? Legend Bkgnd Data? Legend Bkgnd Avg Lo Hi SD Avg Lo Hi SD

1 0.05 35 MPH & Adopt a Hwy White / Blue 1 0 0 0 0 0 0 0

2 0.2 Round RR Sign Yellow 0 1 -30.5 96.7 0 0 -30.5 96.7

3 0.21 Road Name - McRae Green 1 27.8 -12.8 0 0 0 27.8 -12.8

4 0.23 Keep Right Symbol White 1 84.2 -27.7 1 123.7 -37.4 0 0 104 84.2 124 27.9 -32.6 -37.4 -27.7 6.9

5 0.23 Xbuck / Do not Stop on Tracks White 0 0 1 -17.1 108.5 1 -12.5 87 -14.8 -17.1 -12.5 3.3 97.8 87 109 15.2

6 0.36 R10-13 OH White 0 0 0 0

7 0.36 Road Name - OH - Taft Dr Green 1 42.7 -14.4 1 16.2 -33.8 1 9.7 -21.9 0 22.9 9.7 42.7 17.5 -23.4 -33.8 -14.4 9.8

8 0.41 Ctr Ln TWLTL Only White 0 0 1 -23.3 91 1 82.5 -26.5 29.6 -23.3 82.5 74.8 32.3 -26.5 91 83.1

9 0.52 Keep Right Symbol White 0 0 1 -21.5 100.3 1 83.3 -29.1 30.9 -21.5 83.3 74.1 35.6 -29.1 100 91.5

10 0.6 R10-13 OH White 0 0 0 0

11 0.6 Road Name - OH - Iowa Dr Green 0 0 1 21.1 -19.8 0 21.1 -19.8

12 0.6 Merge Yellow 0 0 0 0

13 0.61 35 MPH White 0 1 47.5 -30.3 0 0 47.5 -30.3

14 0.8 Adopt a Hwy Blue 1 17.5 -21.5 1 16.8 -25.5 1 16.4 -21.5 1 11.9 -19.7 15.7 11.9 17.5 2.5 -22.1 -25.5 -19.7 2.5

15 0.86 35 MPH White 0 0 1 -26.4 14.5 1 0 0 -13.2 -26.4 0 18.7 7.25 0 14.5 10.3

16 0.9 Keep Right Symbol White 0 0 1 -27.4 67.7 0 -27.4 67.7

17 0.91 Split Road Yellow 0 0 0 1 3.3 -28.3 3.3 -28.3

18 0.92 Ctr Ln TWLTL Only White 0 0 0 0

19 1.02 Keep Right Symbol White 0 0 1 -27.3 23.4 1 27.2 -26.1 -0.05 -27.3 27.2 38.5 -1.35 -26.1 23.4 35.0

20 1.1 R10-13 OH White 0 0 0 0

21 1.1 Road Name - OH - Wisconsin St Green 1 40.2 -15.8 1 31.4 -20.5 1 21.8 -20.1 1 -5.2 -14.9 22.1 -5.2 40.2 19.7 -17.8 -20.5 -14.9 2.9

22 1.15 35 MPH White 0 1 -21.9 17 0 0 -21.9 17

No of Usable Shots: 6 7 10 8
Capture Rate: 27% 32% 45% 36%

Average Range in Retro-Reflectivity Values: 
Legend

46.6
Background

41.4

Spenard Road RetroReflectivity Data - 5-30-01, Computer-selected evaluation area
Run 1 Run 2 Run 3 Run 4 Legend Background

Lo's and Hi's are only shown when there is 

more than one reading

Retro-Reflectivity values are
Candelas / lux / square meter.  



Sign Mile Sign Color
No Data? Legend Bkgnd Data? Legend Bkgnd Data? Legend Bkgnd Data? Legend Bkgnd Avg Lo Hi SD Avg Lo Hi SD

1 0.05 35 MPH & Adopt a Hwy White / Blue 1 0 -11.1 0 0 0 0 -11.1

2 0.2 Round RR Sign Yellow 0 1 -30.5 96.7 0 0 -30.5 96.7

3 0.21 Road Name - McRae Green 1 27.8 -12.8 0 0 0 27.8 -12.8

4 0.23 Keep Right Symbol White 1 -23.1 100 1 -33 140 0 0 -28.1 -33 -23.1 7.0 120 100 140 28.3

5 0.23 Xbuck / Do not Stop on Tracks White 0 0 1 -17.1 108.5 1 -8.2 91.8 -12.7 -17.1 -8.2 6.3 100 91.8 109 11.8

6 0.36 R10-13 OH White 0 0 0 0

7 0.36 Road Name - OH - Taft Dr Green 1 39.6 -13.6 1 19.5 -34.3 1 9.7 -21.9 0 22.9 9.7 39.6 15.2 -23.3 -34.3 -13.6 10.4

8 0.41 Ctr Ln TWLTL Only White 0 0 1 -23.3 91 1 -21.1 92.5 -22.2 -23.3 -21.1 1.6 91.8 91 92.5 1.1

9 0.52 Keep Right Symbol White 0 0 1 -21.5 100.3 1 -25.1 97.9 -23.3 -25.1 -21.5 2.5 99.1 97.9 100 1.7

10 0.6 R10-13 OH White 0 0 0 0

11 0.6 Road Name - OH - Iowa Dr Green 0 0 1 21.1 -19.8 0 21.1 -19.8

12 0.6 Merge Yellow 0 0 0 0

13 0.61 35 MPH White 0 1 -29.8 47 0 0 -29.8 47

14 0.8 Adopt a Hwy Blue 1 17.5 -21.5 1 16.8 -25.5 1 16.4 -21.5 1 11.9 -19.7 15.7 11.9 17.5 2.5 -22.1 -25.5 -19.7 2.5

15 0.86 35 MPH White 0 0 1 -26.4 14.5 1 -25.5 14.6 -26 -26.4 -25.5 0.6 14.6 14.5 14.6 0.1

16 0.9 Keep Right Symbol White 0 0 1 -27.4 67.7 0 -27.4 67.7

17 0.91 Split Road Yellow 0 0 0 1 -28.6 4.6 -28.6 4.6

18 0.92 Ctr Ln TWLTL Only White 0 0 0 0

19 1.02 Keep Right Symbol White 0 0 1 -27.3 23.4 1 -26.3 27.4 -26.8 -27.3 -26.3 0.7 25.4 23.4 27.4 2.8

20 1.1 R10-13 OH White 0 0 0 0

21 1.1 Road Name - OH - Wisconsin St Green 1 40.2 -15.8 1 32.4 -21.5 1 21.8 -20.1 1 0 -28.6 23.6 0 40.2 17.4 -21.5 -28.6 -15.8 5.3

22 1.15 35 MPH White 0 1 -21.9 17 0 0 -21.9 17

No of Usable Shots: 6 7 10 8
Capture Rate: 27% 32% 45% 36%

Legend Background
Spenard Road RetroReflectivity Data - 5-30-01, User-selected evaluation area

Run 1 Run 2 Run 3 Run 4

Lo's and Hi's are only shown when there is 

more than one reading

Retro-Reflectivity values (Ra) are
Candelas / lux / square meter.  



Sign Mile Sign Color
No Handheld Avg Van Rdg Difference Handheld Avg Van Rdg Difference

Meter (User Selected Meter (User Selected
Reading eval area) Reading eval area)

1 0 Left Lane Ends-W Yellow 1 -7.8 880% 176 97.2 45%
2 0.1 Merge Symbol-W Yellow 0 n/a 30 n/a
3 0.2 55 MPH White 0 -45.0 n/a 311 30.8 90%
4 1 Delay 5 Veh -R White 2 3.3 65% 236 77.5 67%
5 1.2 Slow Veh Turnout 1000' Blue 282 100.3 64% 4 -19.7 593%
6 1.4 Veh Turnout - arrow Blue 329 96.7 71% 5 -15.1 403%
7 2.7 Brown Camera Brown 298 54.9 82% 14 -51.3 466%
8 2.9 Briown-McHugh Ck Brown 234 88.2 62% 12 -16.0 233%
9 3.1 Falling Rocks, Next 10 Mi Yellow 3 -13.0 533% 237 125.0 47%
10 3.5 Orange-End of Slide Area Orange 19 -11.8 162% 131 59.9 54%
11 4.2 Blue Camera Blue 103 -6.8 107% 7 -16.3 333%
12 4.3 Beluga Pt-Brown Brown 63 5.0 92% 5 -15.9 418%
13 4.5 Stop Red 229 94.1 59% 47 -7.2 115%
14 5.9 Blue Camera Blue 76 2.9 96% 10 -0.7 107%
15 6.1 Blue Camera Blue 95 9.4 90% 12 -11.8 199%
16 6.3 Blue Trail Sign Blue 58 -18.5 132% 3 -24.3 911%
17 6.4 Blue Trail Sign Blue 49 n/a 4 n/a
18 7.7 Blue Trail&Blu Camera Blue 63 0.0 100% 4 -28.7 818%
19 7.9 Yellow Ped Xing Yellow 1 -34.2 3520% 149 68.4 54%
20 8 Blue Trail Sign Blue 76 n/a 4 n/a
21 8.8 55 White 0 -4.4 n/a 278 132.5 52%
22 9 Blue Trail Sign Blue 58 -5.4 109% 4 -11.2 380%
23 9.1 Blue Trail Sign Blue 73 0.0 100% 4 0.0 100%

Average: 351% Average: 297%
Minimum: 59% Minimum: 45%

Maximum: 3520% Maximum: 911%

Background
Seward Hwy RetroReflectivity Data, Comparison of Handheld Meter and Van Readings

Legend

Retro-Reflectivity values are
Candelas / lux / square meter.  
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APPENDIX C – SMARTS Van GPS Performance Data 
 



Sign Mile Sign Color No of
No Rdgs Avg Lo Hi Avg Lo Hi

Minutes ~ Feet Minutes ~ Feet

1 0 Left Lane Ends-W Yellow 2 2.727 2.724 2.73 0.006 46.1 2 47.396 47.399 0.003 23.0

2 0.1 Merge Symbol-W Yellow 0 0.0 0 0 0 0 0.0

3 0.2 55 MPH White 2 2.663 2.661 2.665 0.004 30.7 2 47.313 47.315 0.002 15.4

4 1 Delay 5 Veh -R White 3 2.088667 2.084 2.092 0.008 61.4 3 46.411 46.432 0.021 161.3

5 1.2 Slow Veh Turnout 1000' Blue 3 1.996667 1.991 2 0.009 69.1 3 46.133 46.156 0.023 176.6

6 1.4 Veh Turnout - arrow Blue 3 1.876667 1.87 1.884 0.014 107.5 3 45.913 45.949 0.036 276.5

7 2.7 Brown Camera Brown 2 1.111 1.105 1.117 0.012 92.2 2 44.458 44.504 0.046 353.3

8 2.9 Briown-McHugh Ck Brown 3 1.021 1.014 1.028 0.014 107.5 3 44.225 44.229 0.004 30.7

9 3.1 Falling Rocks, Next 10 Mi Yellow 3 0.965333 0.96 0.973 0.013 99.8 3 43.865 43.902 0.037 284.1

10 3.5 Orange-End Slide Area Orange 3 0.844333 0.837 0.855 0.018 138.2 3 43.047 43.104 0.057 437.7

11 4.2 Blue Camera Blue 3 0.638 0.63 0.644 0.014 107.5 3 42.07 42.088 0.018 138.2

12 4.3 Beluga Pt-Brown Brown 3 0.558667 0.55 0.573 0.023 176.6 3 41.802 41.82 0.018 138.2

13 4.5 Stop Red 3 0.436333 0.429 0.449 0.02 153.6 3 41.663 41.68 0.017 130.6

14 5.9 Blue Camera Blue 3 0.150333 0.145 0.154 0.009 69.1 3 39.437 39.469 0.032 245.7

15 6.1 Blue Camera Blue 3 0.074333 0.066 0.079 0.013 99.8 3 39.196 39.208 0.012 92.2

16 6.3 Blue Trail Sign Blue 2 59.974 59.971 59.977 0.006 46.1 2 38.9 38.907 0.007 53.8

17 6.4 Blue Trail Sign Blue 2 59.663 59.332 59.994 0.662 5083.8 2 36.913 38.655 1.742 13377.6

18 7.7 Blue Trail&Blu Camera Blue 1 59.319 59.319 59.319 0 0.0 1 36.988 36.988 0 0.0

19 7.9 Yellow Ped Xing Yellow 1 59.231 59.231 59.231 0 0.0 1 36.781 36.781 0 0.0

20 8 Blue Trail Sign Blue 1 59.125 59.125 59.125 0 0.0 1 36.649 36.649 0 0.0

21 8.8 55 White 3 58.946 58.94 58.951 0.011 84.5 3 35.338 35.362 0.024 184.3

22 9 Blue Trail Sign Blue 3 58.95733 58.949 58.963 0.014 107.5 3 35.064 35.104 0.04 307.2

23 9.1 Blue Trail Sign Blue 3 58.98933 58.981 59.002 0.021 161.3 3 32.291 34.871 2.58 19813.0

Average: 360.1 Average: 1907.3
Avg w/o Outliers: 97.7 Avg w/o Outliers: 179.3

Radius of Earth (approx.): 5000
Circumference of Earth (approx.): 31416
Feet per Degree (approx.): 460767
Feet per Minute (approx.): 7679.4

Feet per Minute Approximation

Seward Hwy GPS Sign Location Data, 5-29-01, Summary (Excluding Run 2)

RangeRange

Latitude (min.) Longitude (min.)



Sign Mile Sign Color
No
1 0 Left Lane Ends-W Yellow err N err W 61 N 10.7 W

2 0.1 Merge Symbol-W Yellow

3 0.2 55 MPH White

4 1 Delay 5 Veh -R White 61 N 2.092 149 W 46.423 61 N 10.756 149 W 57.752

5 1.2 Slow Veh Turnout 1000' Blue 61 N 1.999 149 W 46.14 61 N 10.756 149 W 57.752

6 1.4 Veh Turnout - arrow Blue 61 N 1.876 149 W 45.913 61 N 10.756 149 W 57.752

7 2.7 Brown Camera Brown 61 N 10.756 149 W 57.752

8 2.9 Briown-McHugh Ck Brown 61 N 1.028 149 W 44.225 61 N 10.756 149 W 57.752

9 3.1 Falling Rocks, Next 10 Mi Yellow 61 N 0.973 149 W 43.902 61 N 10.756 149 W 57.752

10 3.5 Orange-End Slide Area Orange 61 N 0.855 149 W 43.104 61 N 10.756 149 W 57.752

11 4.2 Blue Camera Blue 61 N 0.644 149 W 42.073 61 N 10.756 149 W 57.752

12 4.3 Beluga Pt-Brown Brown 61 N 0.573 149 W 41.82 61 N 10.756 149 W 57.752

13 4.5 Stop Red 61 N 0.449 149 W 41.68

14 5.9 Blue Camera Blue 61 N 0.154 149 W 39.437 61 N 10.756 149 W 57.752

15 6.1 Blue Camera Blue 61 N 0.079 149 W 39.196 61 N 10.756 149 W 57.752

16 6.3 Blue Trail Sign Blue 61 N 10.756 149 W 57.752

17 6.4 Blue Trail Sign Blue 60 N 59.332 149 W 36.913

18 7.7 Blue Trail&Blu Camera Blue 61 N 10.756 149 W 57.752

19 7.9 Yellow Ped Xing Yellow 61 N 10.756 149 W 57.752

20 8 Blue Trail Sign Blue 61 N 10.756 149 W 57.752

21 8.8 55 White 60 N 58.951 149 W 35.362 61 N 10.756 149 W 57.752

22 9 Blue Trail Sign Blue 60 N 58.963 149 W 35.068 61 N 10.756 149 W 57.752

23 9.1 Blue Trail Sign Blue 60 N 58.985 149 W 32.291

Latitude Longitude Latitude Longitude

Seward Hwy GPS Sign Location Data, 5-29-01, Runs 1 and 2
Run 1 Run 2

The van malfunctioned on run 2 - all signs are 
recorded at the same location.   This data was 
not included in the summary.  



Sign Mile Sign Color
No
1 0 Left Lane Ends-W Yellow 61 N 2.724 149 W 47.396 61 N 2.73 149 W 47.399

2 0.1 Merge Symbol-W Yellow

3 0.2 55 MPH White 61 N 2.661 149 W 47.313 61 N 2.665 149 W 47.315

4 1 Delay 5 Veh -R White 61 N 2.084 149 W 46.411 61 N 2.09 149 W 46.432

5 1.2 Slow Veh Turnout 1000' Blue 61 N 2 149 W 46.156 61 N 1.991 149 W 46.133

6 1.4 Veh Turnout - arrow Blue 61 N 1.87 149 W 45.923 61 N 1.884 149 W 45.949

7 2.7 Brown Camera Brown 61 N 1.117 149 W 44.504 61 N 1.105 149 W 44.458

8 2.9 Briown-McHugh Ck Brown 61 N 1.014 149 W 44.229 61 N 1.021 149 W 44.226

9 3.1 Falling Rocks, Next 10 Mi Yellow 61 N 0.96 149 W 43.891 61 N 0.963 149 W 43.865

10 3.5 Orange-End Slide Area Orange 61 N 0.837 149 W 43.064 61 N 0.841 149 W 43.047

11 4.2 Blue Camera Blue 61 N 0.63 149 W 42.07 61 N 0.64 149 W 42.088

12 4.3 Beluga Pt-Brown Brown 61 N 0.553 149 W 41.815 61 N 0.55 149 W 41.802

13 4.5 Stop Red 61 N 0.431 149 W 41.679 61 N 0.429 149 W 41.663

14 5.9 Blue Camera Blue 61 N 0.145 149 W 39.464 61 N 0.152 149 W 39.469

15 6.1 Blue Camera Blue 61 N 0.066 149 W 39.198 61 N 0.078 149 W 39.208

16 6.3 Blue Trail Sign Blue 60 N 59.971 149 W 38.907 60 N 59.977 149 W 38.9

17 6.4 Blue Trail Sign Blue 60 N 59.994 149 W 38.655

18 7.7 Blue Trail&Blu Camera Blue 60 N 59.319 149 W 36.988

19 7.9 Yellow Ped Xing Yellow 60 N 59.231 149 W 36.781

20 8 Blue Trail Sign Blue 60 N 59.125 149 W 36.649

21 8.8 55 White 60 N 58.94 W 35.339 60 N 58.947 149 W 35.338

22 9 Blue Trail Sign Blue 60 N 58.949 149 W 35.104 60 N 58.96 149 W 35.064

23 9.1 Blue Trail Sign Blue 60 N 58.981 149 W 34.871 60 N 59.002 149 W 34.795

Latitude

Seward Hwy GPS Sign Location Data, 5-29-01, Runs 3 and 4
Run 3 Run 4

Longitude Latitude Longitude
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APPENDIX D – SMARTS Van Operation Manual 
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APPENDIX E – Handheld Meter Manual 
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