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C.1 DISCLAIMER 

 
THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL 
WARRANTIES WITH REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS. IN NO EVENT SHALL THE 
AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT, INDIRECT, OR CONSEQUENTIAL 
DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, 
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR 



 
 

C-2 

OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE 
OR PERFORMANCE OF THIS SOFTWARE. 
 
C.2 INTRODUCTION 

Welcome to the user manual for the ROME (Road Object and Marking Extractor) Program! 

Many state Departments of Transportation (DOTs) track several metrics for compliance of 
pavement markings, such as appearance and retro-reflectivity, which are analyzed and used in 
creating a plan of action for maintenance. Unfortunately, issues arise due to the timing and 
frequency of the data acquisition. Often, individual hand-held reflectometer readings are required 
to recheck compliance quantitatively, which is risky, due to requiring roadside operations, and 
labor-intensive. Mobile lidar scans of state highways are now being conducted on a regular basis 
by many DOTs, providing a single dataset that can support many applications more safely and 
efficiently than conventional methods. In addition to capturing geometric information along the 
highways, a side product of lidar scans is intensity (return signal strength), which has a great 
potential for estimation of retro-reflectivity. The mobile lidar data is also useful to help identify 
the locations and extents of pavement markings for asset management. These road markings, in 
turn, help identify important multi-modal transportation assets such as bike lanes, medians, and 
crosswalks.  

ROME is a user-friendly, automated tool designed for extracting and assessing various road 
features from mobile lidar data.  The inputs to the program are point cloud (ASPRS LAS v1.2 
format) and trajectory (asciitrj) data obtained by a mobile lidar unit. The outputs include GIS 
shapefiles with road marking extraction and retroreflectivity evaluations that can be utilized for 
informed decision-making for the maintenance of various road objects. The ROME tool contains 
a simple interface that does not require the user to have extensive knowledge of the program in 
order to successfully run it. At this time, road objects should be able to be extracted from most 
mobile lidar systems; however, the radiometric calibration applied for retro-reflectivity 
evaluation is specific to the Leica Pegasus: Two mobile lidar system and will not produce 
correct results for other systems.  Future releases may address these when radiometric 
calibrations have been completed and are integrated into the software.  Please contact 
Jhjung1216@gmail.com for more information on this process.  

Please note that some of the material in this section has been adapted from a final report 
submitted to the research sponsor, Oregon DOT SPR-799, of the previous version of the RoME 
tool (v1.0).  

C.3 INTENDED AUDIENCE 

This tool is designed for maintenance personnel, engineers, and other authorities in 
transportation departments who need this information to help make appropriate decisions for the 
evaluation of road markings and pedestrian facilities. It is assumed that users have basic 
knowledge of road markings and pedestrian facilities as well as an understanding of appropriate 
uses of mobile lidar data, as a function of spatial accuracy, resolution, and other variables. To 
learn more about mobile lidar and its capabilities, please visit the e-learning website: 
www.learnmobilelidar.com.  

http://www.learnmobilelidar.com/
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C.4 PARTICIPANTS 

Dr. Jaehoon Jung has been the principal developer across the series and currently maintains the 
software. RoME v1.0 was initially developed at the Civil Engineering Geomatics Lab at Oregon 
State University, with support from the Oregon Department of Transportation (ODOT) for 
SPR799. At the time, the tool was named the Road Marking Extraction or RoME. The Oregon 
Department of Transportation (ODOT) provided several of the datasets and valuable input 
throughout the process. A listing of these personnel is available in the ODOT SPR-799 final 
report. OSU provided support for the development of the GUI through the NSF I-Corps program. 
The development of RoME v1.0 and its associated algorithms was a collaborative effort 
involving Jaehoon Jung, Erzhuo Che, Michael J. Olsen, Christopher Parrish, and Joseph 
Greenwood. These contributors were all members of the Geomatics research group within the 
School of Civil and Construction Engineering at Oregon State University.  

Pactrans provided funding for the development of RoME v2.0. Subsequent versions, RoME v2.1 
to 2.13, were developed by Jaehoon Jung, which expanded the capabilities of RoME.  Drs. Olsen 
and Che continued to provide assistance. These versions substantially improved the accuracy of 
the extraction as well as the efficiency.  

Version 3.0 substantially expanded the capabilities and was renamed the Road Object and 
Marking Extraction tool, or ROME given its ability to extract more features. Dr. Jaehoon Jung 
lead the development of the algorithms and wrote the code. Drs. Che, Olsen, Parrish and Turkan 
OSU have assisted with algorithm development and workflow. Drs. Che, Olsen, and Rastiveis 
(OSU) performed rigorous testing of the software. Additional features were added to ROME by 
Dr. Jaehoon Jung, which was partially funded from Oregon DOT through SPR850 and SPR866. 
These improved clustering of road marking and lane extraction. This work resulted in detailed 
annotation of point clouds and the training of a deep learning model using those point clouds. 
These features and deep learning model were integrated into ROME 3.0 and above.  Starting 
September 1, 2023, Dr. Jaehoon Jung continued developing ROME in his new position at 
Gyeongsang National University, providing numerous feature improvements and updates to the 
software, including substantially improved extraction results, data export capabilities of these 
new features with attribution, and a much-expanded GUI. Version 3.7 is the latest.  

ROME continues to be developed and maintained by Dr. Jaehoon Jung, now based at 
Gyeongsang National University. 

C.5 PUBLICATIONS 

Several research publications and reports outline the algorithms and procedures used by ROME, 
including the following:  

• Jung, J., Olsen, M.J., Che, E., Parrish C., and Turkan, Y. (In Press) “Instance-based 
clustering of road markings with wear and occlusion from mobile lidar data.” Journal of 
Computing in Civil Engineering 
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• Jung J., Olsen, M.J., Che, E., and Parrish C. (2020). “Efficient extraction and evaluation of 
complex pavement markings from mobile laser scan data, Pactrans Final Project Report.  

• Che, E., Olsen, M.J., Parrish, C.E., and Jung. J. (2019). “Pavement Marking 
Retroreflectivity Estimation and Evaluation using Mobile Lidar Data.” Photogrammetric 
Engineering and Remote Sensing, 85(8), 573-583. ASPRS. 
https://doi.org/10.14358/PERS.85.8.573 

• Jung, J., Che, E. Olsen, M.J., and Parrish, C. (2019).  “Efficient and Robust Lane 
Marking Extraction from Mobile Lidar Point Clouds”. ISPRS Journal of 
Photogrammetry and Remote Sensing, 147, 1-18. 
https://doi.org/10.1016/j.isprsjprs.2018.11.012  

• Olsen, M.J., Parrish, C.E., Che, E., Jung, J., and Greenwood, J. (2018). “Lidar for 
maintenance of pavement reflective markings and retroreflective signs”. Vol I. Reflective 
Markings, Oregon DOT SPR-799 Final Report.  

C.6 GETTING STARTED  

The ROME tool does not require installation. Double click “ROME.exe” to start extracting and 
evaluating road markings from mobile lidar data. It may take approximately 40 – 50 seconds 
until the GUI appears on your screen for an initialization process to complete. (Note that the 
initial run of the tool on a computer may require a few minutes to setup the program). Installing 
NVIDIA CUDA toolkit 11.2 may help speed up the initial setup and initialization of the GUI. 
The file “rome_2023-6-7-10-22-11_CNNVGG6_patch(41)_cell(0.1)_1-10-11-12-14-15-16-17-
21-40-50_CNN.hdf5” is required in order to perform some point cloud classification tasks 
necessary for the extractions.  

Please note that a set of ArcPy scripts are also available to convert the output of the ROME tool 
into a GIS geodatabase with additional analysis layers. For more details on these tools, please see 
the “GIS Database” section.  These were delivered with SPR799. 

C.7 LICENSING 

ROME v1.2 is available to use at www.learnmobilelidar.com as a demonstration of the software, 
but does not perform the extraction as effectively and efficiently as the current version. It also 
does not extract the same amount of features. ROME v3.7 requires a license to run the software 
beyond evaluating the software for demonstration purposes only.  Contact 
jhjung1216@gmail.com to discuss licensing options.  ODOT is provided with a license for 
running ROME 3.7 as part of the deliverables of SPR850 in accordance with the research 
contract. 

C.8 OVERVIEW 

As an overview, the ROME tool first subdivides the point cloud data into sections at fixed 
intervals (run length). It then performs ground filtering. After ground filtering, the road surface is 
extracted from the data. Subsequently, road markings in the point cloud datasets are extracted 

https://digital.lib.washington.edu/researchworks/bitstream/handle/1773/46275/Olsen%20Complex%20Pavement%20Markings.pdf?sequence=1&isAllowed=y
https://digital.lib.washington.edu/researchworks/bitstream/handle/1773/46275/Olsen%20Complex%20Pavement%20Markings.pdf?sequence=1&isAllowed=y
http://www.learnmobilelidar.com/
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and classified using a custom rule-based approach in conjunction with a deep learning 
convolutional neural network (CNN) model. Utilizing the road markings as a boundary, it then 
extracts bike lanes and key pedestrian facilities such as medians and crosswalks.   

For the markings, there are three primary steps: 1. Extraction- identification of higher intensity 
locations corresponding to markings in the road surface, 2. Clustering- combining smaller 
segments of a marking to form a single cluster, and 3. Classification- utilizing the rule-based 
approach with CNN in order to determine what type of marking is represented. These building 
blocks then form the formation of the GIS polyline outputs of the tool.  

For enhanced bike lane extraction, the user should run the EZFeat Curb Extraction tool prior to 
running ROME 3.7. A batch file with a streamlined workflow for executing this tool is provided 
with the SPR850 deliverables. 

C.9 TOOL FEATURES  

Several features contained within the Graphical User Interface (GUI) of the ROME program are 
shown in Figure C.1 and C.2 and described in Table C.1.  

   
Figure C-0-1. Main GUI of the ROME program (version 3.7) 
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Figure C-0-2. Interface for selecting features for GIS layer outputs 
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Table C-1. Description of the features in the main GUI shown in Figure C-1 and C-2 

No. Description 

1 

Here the user selects the grid cell size used for a rasterization process used in the 
extraction. The grid cell size is recommended to be smaller than the width of lane 
markings to be detected but should not be too small to reduce processing time or result 
in substantial unoccupied grids on the rasterized image.  It is also dependent on the 
resolution of the mobile lidar data, which is a function of vehicle speed.  In general, 
0.1m has worked well on testing of numerous mobile lidar datasets. Select the ‘Auto’ 
checkbox to enable the tool automatically to determine the cell size based on the point 
density estimated by the trajectory data.    

2 
This is the estimated road width to be processed for road marking extraction. If the 
value is too large, more false positives will occur. In general, 20.0 meters covers most 
typical highways worldwide and has been set as the default value. 

3 This is the run interval value to divide a large road into smaller subsets (run) to 
improve processing efficiency. 500m has been set as the default value.  

4 
This is the section interval value to divide the road data into smaller sections for 
detailed line fitting for the retro evaluation and GIS layer generation. 500m has been 
set as the default value. 

5 

The image contrast parameter can be adapted to reduce the false negatives. The larger 
the values, the more the false negatives are reduced. However, too large of a value 
may also increase the number of false positives. In general, the contrast parameter is 
recommended to be 6.0, but optimal value may vary depending on different datasets. 

6 This tool enables the user to save and apply the current key parameter set for the run. 
The changes in the key parameter set will also be applied to the internal parameter set.  

7 

This tool enables the user to change the internal input parameters. A new window will 
appear and allow the user to change the parameters (See the Appendix for more 
details). Note that it is generally recommended only for the user who has sufficient 
experience and knowledge of the program to change the internal input parameters.   

8 

This tool enables the user to browse to the folder containing the mobile lidar data and 
select them to run the road marking extraction and feature extraction. For 
classification, the user also needs to select a deep learning model (*.hdf5). This file is 
located in the same directory as the ROME excecutable. A corresponding trajectory 
data (asciitrj) must be copied to the same folder where the input LAS files are 
located. The input LAS files must contain the name of the trajectory data in their 
file names. The user can select any file from the folder, then the tool will 
automatically sort and process all the LAS or LAZ files in the folder. At the end of 
the process, all the output SHP files will be placed in a new subfolder created by the 
tool under the directory where the input files are located. The date and time that a new 
process started will be assigned to the new folder name so that multiple runs will be 
identifiable. 

9 This button enables the user to exit the program. 

10 Displays the progress.  

11 Displays the processing time.  
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No. Description 

12 

Select the checkbox if the input las files already have the road surface classified.  If 
selected, ROME will use the classification field of LAS file to identify road surface 
determined previously in another software package. The user can specify the specific 
road surface class (11 is default). Be sure to click ‘save’ button when the value is 
updated. If the checkbox is not selected or if road surface class does not match the 
actual road surface points, the tool will segment road surface using a built-in 
algorithm.  

13 

Select the checkbox to process the data in international feet rather than meters.  
Selecting the checkbox will also swap the parameter interface to appear in 
international feet.  Note that the user should verify that they are consistent with using 
the same units throughout.  If the input LAS file is in international feet, this box 
should be checked such that the output will be international feet.  However, if the user 
provides a LAS file in meters but then selects international feet, erroneous results will 
occur. 

14 

Select the checkbox to extract ground surface, which is recorded with unique number 
(0 = non-ground surface, 2 = ground surface) in a new field “ground” of the resulting 
LAS or LAZ file. The user can specify the incidence angle in the internal parameter 
window (ground angle). For example, if the value is set to 45 degrees, the tool will 
remove any non-ground objects whose angle is greater than 45 degrees above the 
typical ground surface.   

15 
Select the checkbox to extract the road surface. If the road surface was extracted 
previously in another software, the user can enter the classification field used to 
identify the road surface. This defaults to 11.  

16 Select the checkbox to extract road markings. 

17 

Select the checkbox to perform a classification of some road marking, which are used 
to identify some of the extracted features. Note that the classification model was 
trained using roadway datasets acquired in Oregon with the Leica Pegasus: Two 
system and may not produce correct results for other systems. For training a new 
classification model based on sensor specific data for improved results, please contact 
jhung1216@gmail.com.    

18 Select the checkbox to extract road lanes. They are generated longitudinally at the 
midpoint between the solid lane markings.  

19 This tool enables the user to deselect all the checkboxes in both the Configuration and 
Output sections. 

20 
Select the checkbox to export the road lanes in GIS shapefile format. The user can 
choose either bike lanes or entire road lanes.  This functionality was developed for 
SPR866.  

21 Select the checkbox to export the road features in GIS shapefile format.  

22 
This tool enables the user to select a list of road features to export in GIS shapefile 
format. A new window will appear and present the selection options as listed in Figure 
2. By default, all road features are selected.  

23 Select the checkbox to generate the CSV files. See the “Output files” section for 
detailed information about these files.  Note that this option is provided for legacy 

mailto:jhung1216@gmail.com
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No. Description 
support. It is required in order to run all of the python scripts to produce the GIS data 
layers from SPR799.   

24 This button is a duplicate of #19 to deselect options.  

25 Select the checkbox to toggle the selection of all road features.  

26 This button enables the user to save and apply the current road feature selection. 
 
C.10 INPUT FILES  

The ROME tool inputs mobile lidar data (ASPRS LAS or LAZ v1.2) and the corresponding 
trajectory data (asciitrj). Typically, MLS systems collect a substantial number of points along the 
roadway. Road surface segmentation is an important prerequisite for reducing the false positives 
due to unwanted objects (e.g., buildings, signs, trees, cars, sidewalk etc.) while improving 
processing efficiency. The current version can identify the road surface which is recorded with 
unique number in the classification field of the input point cloud file. The user can also select 
feature 12 in Table C.1 to use a pre-segmented road surface if this process was performed 
previously and identify the classification code in the LAS/LAZ file. If there is no recorded 
classification for the road surface, the tool will segment road surface in the process.  

Table C-2 shows an example format for the trajectory data file, where TIME, X, Y, Z are the 
necessary fields to run the ROME tool, and the other fields can be ignored. While other mobile 
lidar datasets should work provided the information is input in the same format, they have not 
yet been tested. For custom development, please contact jhjung1216@gmail.com.   

Table C-2. Example format for the trajectory data file (asciitrj) 

TIME X Y Z PITCH ROLL HEADING ST.DEV 
POS 

ST.DEV. 
ANGLES QUALITY 

147179.190 57612.464 61356.273 73.863 1.860 0.844 234.282 0 0 1 
147179.195 57612.463 61356.273 73.863 1.861 0.844 234.282 0 0 1 
147179.200 57612.461 61356.273 73.863 1.863 0.845 234.283 0 0 1 
147179.205 57612.460 61356.273 73.863 1.865 0.845 234.283 0 0 1 
147179.210 57612.459 61356.273 73.863 1.866 0.845 234.284 0 0 1 
147179.215 57612.458 61356.273 73.863 1.868 0.844 234.282 0 0 1 

   
C.11 OUTPUT FILES 

The final output consists of a GIS shapefiles and CSV (comma separated values) with the 
extracted features.   

C.11.1 GIS Shapefiles 

Two shapefiles are output from the tool: lanes and features. Figure C.3 shows an example of the 
features layer. The lanes tool contains lines associated with each lane as well as the bike lanes. 
Note that the layer will be named bike lanes if that is selected instead of all. The features tool 
contains the output pavement markings, crosswalks, and medians. These output files can be 
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imported into GIS software directly for further visualization and processing. The ArcPy Scripts 
described below are no longer necessary unless the user wishes to perform the stripe color 
reclassification or the retrograder.py script to output condition scores for sections of the 
highway.  

The lanes shapefile generated for each extracted feature and contains the following fields: 

• FID- a feature ID, unique to each lane segement. 

• LaneID – a unique identifier for each extracted lane. (Note that multiple segments of the 
same lane can be linked together via this field). 

• Width – estimate of the lane width.  

The features shapefile (Table C.3) is generated for each extracted feature and contains: 

• StripeID – a unique identifier for each extracted stripe. 

• SectionID - the corresponding section to link the Stripe to the Section table. 

• NodeStart, NodeEnd – The starting and ending indices of the nodes of the stripe. 

• Color – The estimated color (white or yellow) of the stripe using the RGB colors mapped 
to the point cloud.  Note that this field may not be reliable due to the limitations of RGB 
values acquired by a mobile lidar unit.   

• Material- A field in which the user can input the type of material associated with a 
marking, if desired.  

• Length – The length of the extracted stripe (in meters or feet). 

• ConditionScore – a Grade (A - F) assigned based on the median retroreflectivity value of 
the simulated retroreflectivity readings for the stripe and the color of the stripe.  (See 
Table C.10 and SPR-799 for details).    

• RetroNumPts - Number of the retro samples on the stripe.  

• RetroMin, RetroMax, RetroMedian, RetroAve, RetroStdDev – summary statistics of the 
simulated retroreflectivity readings for the stripe.   

• NumPtsPC – The number of lidar points composing the stripe in the point cloud, 

• IntMin, IntMax, IntMedian, IntAve, intStdev summary statistics of the intensity values for 
the lidar points belonging to that stripe.    

• Width – width of the stripe based on the user input parameter.    

• Stripe Type – A classification to indicate which feature was extracted:  
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o 'lane white dash',  

o 'lane white solid',  

o 'dotted line',  

o 'crosswalk standard parallel',  

o 'crosswalk continental',  

o 'median raised',  

o 'bike symbol' 

Table C-3. Example of fields and data provided in the feature shapefile 

StripeID SectionID Node 
Start 

Node 
End Color Materi

al Length Condition 
Score 

Retro 
NumPts 

Retro 
Min 

Retro 
Max 

1 1 1 2 White N/A 10.064 D 20 84.522 121.604 
2 1 3 4 White N/A 3.241 A 7 339.864 373.280 

Retro 
Median 

Retro 
Ave 

Retro 
StdDev 

Num 
PtsPC 

Int 
Min 

Int 
Max 

Int 
Median 

Int 
Ave 

Int 
StdDev Width StripeType 

101.274 103.402 10.515 2775 0.045 0.502 0.259 0.249 0.073 0.1 Lane 
373.280 361.432 15.072 642 0.074 1.000 0.849 0.803 0.178 0.1 Left arrow 

 

 
Figure C-0-3. Example screenshot of the output layers in a geodatabase in ArcGIS Pro. 
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C.11.2 CSV Files (Legacy) 

CSV file output is provided for legacy support. Select feature 23 in Table C.1 to generate the 
CSV files of the Run, Section, Stripe, Node, and Retro tables in CSV format. These files are 
output as they were the format for the output for RoME v1.0. ROME 3.7 outputs these files to 
provide legacy support during the transition. (Each of these tables will be described below). The 
output tables are linked through a set of IDs such that the attributes can be efficiently stored but 
still available throughout the various data layers. The generated CSV files can be imported into 
commercial GIS software or analyzed by themselves.  Note that the units of distance 
measurements are either meters or feet and are based on the user’s setting in the ROME 
software.  

To extract markings and to evaluate the retro values (when applicable), the current version of the 
tool divides the road data into smaller sections and fits a line to each marking detected within a 
section. By default, the section interval is set to 500.0 m; however, the user can enter a new 
section interval into feature 4 in Figure C.1. Note that line fitting and retro evaluation may be 
incorrect for complex and curved lane markings. The user can check the Root Mean Square 
(RMS) for each line fitting in the Stripe table (see Table C.6) to identify these features. 

The Run table (Table C.4) is generated as a summary of the data with a separate record for each 
LAS file.  It contains the following attributes:  

• RunID – A unique ID for each run. 

• HWYNumber - The highway number, which can be modified by the user in the resulting 
CSV file.   

• Date- the acquisition date, which is useful for tracking pavement marking degradation 
with time. 

• SectionIDStart, SectionIDEnd – The starting and ending indices of the sections for each 
run (las file). 

• StripeIDStart, StripeIDEnd – The starting and ending indices of the stripes extracted for 
each run. 

• NodeStart, NodeEnd – The starting and ending indices of the nodes extracted for each 
run. 

• Several user parameters, described earlier, are provided in the table as well for reference.  

• Software Version – The current software version.    

• File Name – Input LAS file name for each run.    
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Table C-4. Example of fields and data in the Run table 

RunID HWY 
Number Date Section 

IDStart 
Section 
IDEnd 

Stripe 
IDStart 

Stripe 
IDEnd 

Node 
Start 

1 H1 20170725 1 2 1 6 1 
2 H1 20170725 3 4 7 62 13 

Node 
End 

Section 
Interval 

Grid 
CellSize 

Angle 
DiffDeg 

Stripe 
Width 

Road 
Width 

Software 
Version File Name 

12 10 0.05 15 0.1 7.2 2.4 T04… 
124 10 0.05 15 0.1 7.2 2.4 T05... 

 
The Section table (Table C.5) is generated for each section where stripes are extracted.  It 
contains the following attributes: 

• trajMidX, trajMidY, trajMidZ - location of trajectory’s mid spot (meters or feet),  

• StripeIDStart, StripeIDEnd – The starting and ending indices of the stripes extracted for each 
section. 

• RunID - the corresponding ID to link the section table to the Run table.  

Table C-5. Example of fields and data in the Section table 
SectionID trajMidX trajMidY trajMidZ StripeIDStart StripeIDEnd RunID 

1 71521.710 54613.878 136.311 1 4 1 
2 71513.559 54619.596 136.244 5 7 1 
3 71505.359 54625.336 136.178 8 10 1 
4 71497.208 54631.049 136.110 11 13 1 
5 71489.012 54636.801 136.050 14 16 1 
6 71480.813 54642.549 135.986 17 19 1 

 
The Stripe table (Table C.6) is generated for each extracted stripe and contains: 

• StripeID – a unique identifier for each extracted stripe. 

• SectionID - the corresponding section to link the Stripe table to the Section table. 

• NodeStart, NodeEnd – The starting and ending indices of the nodes of the stripe. 

• Color – The estimated color (white or yellow) of the stripe using the RGB colors mapped to the 
point cloud.  Note that this field may not be reliable due to the limitations of RGB values 
acquired by a mobile lidar unit.   

• RMS – Root Mean Square of the line fitting for individual markings. The line fitting is required to 
evaluate the retro values. The user can use the RMS values to identify and remove the lines with 
large RMS values if using for retroreflectivity analysis to ensure correctness.  

• Length – The length of the extracted stripe (in meters or feet). 
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• ConditionScore – a Grade (A - F) assigned based on the median retroreflectivity value of the 
simulated retroreflectivity readings for the stripe and the color of the stripe.  (See SPR-799 for 
details).    

• RetroNumPts - Number of the retro samples on the stripe.  

• RetroMin, RetroMax, RetroMedian, RetroAve, RetroStdDev – summary statistics of the simulated 
retroreflectivity readings for the stripe.   

• NumPtsPC – The number of lidar points composing the stripe, 

• IntMin, IntMax, IntMedian, IntAve, intStdev summary statistics of the intensity values for the 
lidar points belonging to that stripe.    

• Width – width of the stripe based on the user input parameter.   

Table C-6. Example of fields and data provided in the Stripe table 

StripeID SectionID Node 
Start 

Node 
End Color RMS Length Condition 

Score 
Retro 

NumPts 
Retro 
Min 

Retro 
Max 

1 1 1 2 White 0.012 10.064 D 20 84.522 121.604 
2 1 3 4 White 1.027 3.241 A 7 339.864 373.280 

Retro 
Median 

Retro 
Ave 

Retro 
StdDev 

Num 
PtsPC 

Int 
Min 

Int 
Max 

Int 
Median 

Int 
Ave 

Int 
StdDev Width Class 

101.274 103.402 10.515 2775 0.045 0.502 0.259 0.249 0.073 0.1 Lane 
373.280 361.432 15.072 642 0.074 1.000 0.849 0.803 0.178 0.1 Left arrow 

 
The Node table (Table C.7) is generated for each node (start and end points for each stripe).  It 
contains the following attributes:  

• NodeID – unique ID for each node 

• X, Y, Z – the X, Y, Z coordinates (meters or feet) for each node, 

• StripeID – the corresponding StripeID to provide the link to the Stripe table. 

Table C-7. Example of fields and data provided in the Node table 
NodeID  X   Y   Z  StripeID 

1 71526.766 54612.420 134.245 1 
2 71518.552 54618.135 134.179 1 
3 71521.947 54611.244 134.295 2 
4 71519.298 54613.112 134.270 2 
5 71522.562 54606.341 134.399 3 
6 71514.357 54612.146 134.334 3 

 
Simulated retro-reflectivity readings are generated at a fixed distance (user parameter: Default 2 
feet) along each stripe.  These readings are simulated by extracting the lidar points within a 
window size with the dimensions of the active window of the Delta LTX handheld 
retroreflectometer.  The results are stored in the Retro table (Table C.8), which contains: 
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• RetroID- unique ID for each simulated retroreflectivity reading.  

• X, Y, Z – the X, Y, Z coordinates (meters or feet) for each simulated retroreflectivity 
reading, 

• StripeID – a link to the corresponding stripe where the simulated retroreflectivity reading 
is obtained. 

• NumPtsPC – The number of lidar points within the simulated retroreflectivity reading 
that were used for the retro evaluation.  This can also serve as a quality control metric. 

• Retro10 – The 10th percentile retro value from the lidar points within that window based 
on the SPR-799 radiometric calibration for the Leica Pegasus: Two.   

Table C-8. Example of the fields and data provided in the Retro table 
RetroID  X   Y   Z  StripeID NumPtsPC Retro10 

1 71526.685 54612.478 134.244 1 44 99.933 
2 71526.276 54612.667 134.241 1 45 86.530 
3 71525.868 54612.956 134.239 1 39 93.282 
4 71525.460 54613.245 134.236 1 40 90.638 
5 71525.052 54613.534 134.232 1 39 84.522 
6 71524.644 54613.822 134.229 1 38 100.653 

 
C.12 GIS DATABASE 

ArcGIS Python (ArcPy) scripts, csv2gdb.py, stripeEditor.py, and retrograder.py are included in 
the ROME package. The csv2gdb.py script inputs the csv files output from the ROME software 
and converts them to feature classes in a new GIS geodatabase. The stripeeditor.py script 
provides a simple way to correct stripe coloring based on digitized yellow stripes.  It also can 
screen any transverse markings. The retrograder.py script aggregates the retroreflectivity results 
into grades for larger sections. The GIS tool was developed using ArcGIS python (Arcpy), which 
is the preferred scripting language for ArcGIS. Upon export of the csv files from the ROME tool, 
the user would then run the python scripts in sequence to create a file geodatabase containing the 
results of each run (Table C.9 and Figure C.4).  While each run will likely be an individual 
section of highway, the final results can then be merged with previous runs for inclusion in a 
larger layer using the “merge” geoprocessing tool available within ArcGIS, as necessary.  

The csv2gdb.py script (Figure C.5) first imports the csv files into the geodatabase as tables. The 
tool creates a new geodatabase or can write to an existing geodatabase. It then creates point 
feature classes from the Node, Section, and Retro tables based on the X,Y,Z values in those 
tables. The tool then uses the information from the Node table to reconstruct the lines for the 
stripe table based on the ID links to represent the individual markings extracted from the ROME 
tool. It then reconstructs a polyline from the points in the section table to create a polyline feature 
class for the Run table. Note that the initial tables that are no longer needed are deleted to avoid 
confusion. (The csv files themselves are not affected by the script. Nevertheless, it is 
recommended to archive them). The script takes approximately 30 seconds per mile of data, but 
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will vary depending on the hardware used and if files are located on a network vs.  the local 
machine).    

 

 

Table C-9. Description of data layers produced with the python script tool   

Script# Data Layer Description 
1 Run Creates a polyline feature class with a single polyline for each run which 

represents an approximate version of the trajectory for each stripe 
1 Stripe Creates a polyline feature class with individual polylines for each 

extracted stripe (or segment of stripe).  Contains quality control 
information on the stripe.   

1 Node Creates a point feature class with the start and end nodes for each stripe.  
The primary purpose of this table is simply for creation of the stripes. 

1 Section Creates a point feature class with points along the trajectory for each 
discretized section in the ROME tool. These sections are connected to 
create a polyline feature for the run feature class. 

1 Retro Creates a point feature class with simulated retro-reading samples every 
3 ft (or other user specified increment) along each stripe. Contains 
various statistics related to the retro-reading from the lidar point cloud. 

2 Stripe_Tfill Creates a new version of the Stripe Feature Class with transverse stripes 
removed and coloring corrected.   

3 MP_Retro 
(user 
defined 
name) 

Creates a polyline feature class that contains an aggregated condition 
score of the stripes located within the section of a certain increment 
(e.g., tenth of a mile) based on the Oregon DOT milepost layers.  (Can 
use any mile increment provided the fields remain constant). This layer 
is meant to be used for regional or statewide asset management 
purposes.   

 



 
 

C-17 

 
Figure C-0-4. Screenshot of the output layers in a geodatabase in ArcCatalog 

 
In order to run this tool, the user must specify the following parameters: 

• An input folder for the csv files.  (e.g., C:\RetroData\hwy001\csv) 

• An output folder for the geodatabase.  (e.g., C:\RetroData\hwy001) – note that this folder 
should not be in the same folder as the csv files but can share the same root path.    

• A name for the output geodatabase (e.g., hwy001retro).  Do not include the “.gdb” as the 
script will automatically add that.   

• The spatial reference of the data contained in the input csv files.  (e.g., 
OCRS_SALEM_NAD_1983_2011_TM_Meters).  Please make sure to input the 
coordinate system used for exporting the LAS files.   

Example outputs are shown on the following pages.  Figure C.5 shows the GUI for the 
csv2gdb.py tool in ArcGIS Pro and Figure C.6 shows an example of the extracted markings with 
attributes available in the Stripe table.  Note that the input CSV filenames must not contain 
illegal characters except ‘_’.   
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Figure C-0-5. GUI for the csv2gdb.py tool in ArcGIS Pro showing input parameters as well 

as command line output.   

 
Figure C-0-6. Example output of the csv2gdb.py script showing attributes available in the 

stripe table.     
 
A second (optional) python script stripeEditor.py inputs the stripe feature class as well as a 
feature class containing digitized lines of yellow stripes. The script changes the color of all lines 
within a user specified distance to be yellow and all others to be white. The assumption is that 
there are significantly fewer yellow lines, they are generally continuous, and thus can be quickly 
digitized.  In cases where there are dashed yellow lines next to a solid yellow line, the user would 
still only need to digitize the main line since the dashed lines would be within the threshold 
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distance. In the case of a single dashed yellow line to indicate passing, the user could simply 
digitize a continuous line to represent the yellow line since this is only used as a reference for 
coloring, but the dashed lines would be preserved in the stripe Feature Class. However, a 
limitation of this approach resides in the fact that erroneous results would occur with a white line 
in close proximity to a yellow line.   

The script also has an option to remove transverse markings (which are the bulk of the false 
positives of the ROME tool). If that option is selected, it creates a new stripe feature class with 
“_Tfill” appended to its name.  Figure C.7 shows the GUI for the stripeEditor.py tool in ArcGIS 
Pro and Figure C.8 shows an example of the extracted markings with yellow and white stripes. 

 

 
Figure C-0-7. GUI for the stripeEditor.py script.   
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Figure C-0-8. Example output of the stripeEditor.py script showing correct yellow and 

white stripes with transverse stripes removed.   

To improve the data quality for asset management, it may be worthwhile to perform some 
manual cleanup of the data to remove erroneous stripes.  The user may use some of the attributes 
such as stripe length, number of points, etc.  as quality metrics to quickly select stripes that are 
likely false positives.  They can then adjust the selection as appropriate and remove the false 
positives.  They can also adjust the stripe color information by plotting the stripes with 
symbology in GIS and subsequently adjusting the color of the stripes to be correct.  Note that the 
retrograde.py grades the stripes differently based on its color in accordance with specifications. 
As a shortcut, should a conservative result be desired for the aggregated asset management layer, 
one can change the color attribute field to be yellow for all stripes, which will result in a more 
conservative grading. 

The retrograder.py script (Figure C.9) inputs a mile marker feature class (e.g., the 1/10th 
milepost layer) and then provides a retroreflectivity quality score for each 1/10th mile post 
section as an attribute field (labeled “MP”).  The choice of the milepost layer depends on the 
resolution desired for asset management purposes.  

The script reclassifies the condition score in the stripe table based on the median retroreflectivity 
value from all points in the retro feature class using the thresholds in Table 9.  Although the 
ROME tool also performs this classification, the values are reclassified to account for any 
additional editing.  Next, the script creates a buffer (e.g., 200ft) on each side from the polyline in 
the run feature class.  It then clips the mile marker feature class to include only those points that 
lie within the buffer.  (Note that all attributes are preserved such that the results can be linked 
back to the milepost layer if desired).  The script then reconstructs a polyline between each mile 
marker and stores it in a new feature class.  Each polyline is buffered and all stripe polylines 
from the stripe feature class located within that buffer are analyzed to provide the overall score 
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for that section.  The grade for the section is assigned based on the thresholds in Table C-10 
depending on the color of the stripe (white or yellow).  The script computes the mean 
retroreflectivity grade of all stripes within each milepost section.  (Note that for computation, the 
grades are converted to a numerical scale ranging from 0(F) to 5(A)).  A value of Z represents no 
data.   

Table C-10. Grade (Condition Score) thresholds 

Grade White Yellow 
A >350 >250 
B 250-350 200-250 
C 150-250 125-200 
D 100-150 100-125 
E 50-100 50-100 
F <50 <50 

 
The script contains the following input parameters (Figure C.9): 

1. Analysis Geodatabase – The file path and name of the geodatabase output from the 
csv2gdb.py script.   

2. Stripe Feature Class – The stripe feature class output from the csv2gdb.py script. 

3. Run Feature Class – The run feature class output from the csv2gdb.py script 

4. Oregon DOT Tenth MilePost Feature Class – The 1/10th milepost layer.  (Another layer 
could be used if finer (e.g., 1/100th mile) or coarser (e.g., 1 mile) aggregate results are 
desired.  It should be noted that this table must have a field named “MP”, which contains 
the milepost numbers of each marker.  The program will reconstruct the polyline based 
on the order of the mileposts.  The lower milepost is considered the start node of the 
section for the rating purposes).  This ordering should be considered when field verifying 
the results since the direction of the mileposts may increase in the direction opposite the 
direction of travel.   

5. LRSKeyFilter (optional) – A filter based on the LRS Key to filter the mileposts to a single 
route.  This filter is useful for divided highways which have mileposts on different sides 
and areas where highways intersect to avoid misclassifying the results to the incorrect 
highway.    

6. An output name for the output feature class providing retroreflectivity values at the 
milepost increments (e.g., hwy001_MP_Retro) 

7. Output layer spatial reference (Optional) – Note that the spatial reference for the 
milepost layers is Web Mercator.  As a result, there can be a significant amount of 
distortion with geoprocessing tools such as Buffer in ArcGIS, which can lead to 
undesired results of stripes not being considered in the analysis.  The script allows the 
user to reproject the data layer to a low distortion coordinate system such as the 
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appropriate zone in the Oregon Coordinate Reference System (which will likely be used 
for las files and ROME output files).  However, an alternative to reprojecting the 
milepost data is to simply use a larger buffer should the output be desired in Web 
Mercator.  If this parameter is left blank, the program will not reproject the data.   

8. Buffer Distance – Enables the user to specify a buffer distance.  The default is 100 ft.  
This buffer distance should ensure that all stripes of interest are within that distance of 
the line formulated between the mileposts.  The buffer distance is also used  

9. Delete temporary files – By default the program will delete the various geoprocessing 
layers created to produce the final results.  However, the user can uncheck this box for 
troubleshooting purposes.   

An example output for a section of Interstate-5 in Salem area is shown in Figure C.10. This 
figure includes data from a single northbound and a single southbound pass from the center lane 
on each side. 

 
Figure C-0-9. GUI for the retrograder.py script and associated inputs in ArcGIS Pro        
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Figure C-0-10.  Example output of the retrograder script showing the MP_retro results for 

a single northbound and single southbound pass colored by overall condition score.    

 
C.13 RECOMMENDATIONS 

There following tips are recommended to use the developed program effectively. They include: 

• The classification and retro evaluation of the ROME tool (v3.7) were trained with data 
acquired by the Leica Pegasus Two MLS system. To improve the classification results on 
data collected with another sensor, the models need to be retrained with new datasets 
specific to the sensor. For custom classification, please contact: jhjung1216@gmail.com  

• The retro evaluation for some complex road marking can be incorrect due to line fitting. 
It is recommended to refine the results using the RMS field provided in the Stripe table 
when necessary.  

• The classification of yellow and white markings can sometimes be incorrect due to 
shadow, occlusion, lighting condition, and misalignment between the lidar and camera 
sensors. The Stripe Editor tool can help correct some of these issues, but manual updating 
may be necessary.  

mailto:jhjung1216@gmail.com
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C.14 REFERENCES 

ROME utilizes several open-source algorithms for data processing, including:  

• cc3d: connected components on multilabel 3D images. https://pypi.org/project/connected-
components-3d/  

• Focal-loss: a loss function generalizes multiclass SoftMax cross-entropy. 
https://github.com/artemmavrin/focal-
loss/blob/master/src/focal_loss/_categorical_focal_loss.py 

• Glob: Unix style pathname pattern expansion. https://docs.python.org/3/library/glob.html 

• Laspy: Python library for lidar LAS/LAZ IO. https://laspy.readthedocs.io/en/latest/ 

• Math: mathematical functions. https://docs.python.org/3/library/math.html  

• Matplotlib: Visualization tool with Python. https://matplotlib.org/  

• Natsort: Simple yet flexible natural sorting in Python. https://pypi.org/project/natsort/ 

• NumPy:  the fundamental package for scientific computing with Python. 
https://numpy.org/ 

• Open3d: open-source library that supports rapid development of software that deals with 
3D data. https://pypi.org/project/open3d/ 

• Opencv-python: pre-built CPU-only OpenCV packages for Python. 
https://pypi.org/project/opencv-python/ 

• OS: Miscellaneous operating system interfaces. https://docs.python.org/3/library/os.html 

• Patchify: A library that helps you split image into small patches. 
https://pypi.org/project/patchify/ 

• Pandas: open source data analysis and manipulation tool. https://pandas.pydata.org/ 

• Pyshp: Pure Python read/write support for ESRI Shapefile format. 
https://pypi.org/project/pyshp/  

• Scikit-image: a collection of algorithms for image processing. https://scikit-image.org/ 

• Scipy: Fundamental algorithms for scientific computing in Python. https://scipy.org/ 

• TensorFlow: An end-to-end open source machine learning platform. 
https://www.tensorflow.org/ 

https://pypi.org/project/connected-components-3d/
https://pypi.org/project/connected-components-3d/
https://github.com/artemmavrin/focal-loss/blob/master/src/focal_loss/_categorical_focal_loss.py
https://github.com/artemmavrin/focal-loss/blob/master/src/focal_loss/_categorical_focal_loss.py
https://docs.python.org/3/library/glob.html
https://laspy.readthedocs.io/en/latest/
https://docs.python.org/3/library/math.html
https://matplotlib.org/
https://pypi.org/project/natsort/
https://numpy.org/
https://pypi.org/project/open3d/
https://pypi.org/project/opencv-python/
https://docs.python.org/3/library/os.html
https://pypi.org/project/patchify/
https://pandas.pydata.org/
https://pypi.org/project/pyshp/
https://scikit-image.org/
https://scipy.org/
https://www.tensorflow.org/
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• Tifffile: A Python library to store NumPy arrays in TIFF. https://pypi.org/project/tifffile/ 

• Time: Time access and conversions. https://docs.python.org/3/library/time.html 

• Tkinter: python interface to Tcl/Tk. https://docs.python.org/3/library/tkinter.html 

 

 

https://pypi.org/project/tifffile/
https://docs.python.org/3/library/time.html
https://docs.python.org/3/library/tkinter.html
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C.15 APPENDIX 

This appendix (Figure 11) contains the full options available in the internal parameter window to 
operate the ROME tool (v3.7). Note that it is generally recommended only for the user who has 
sufficient experience and knowledge of the program to change the internal input parameters. 
Please see the above references for more information on these parameters. For any questions, 
please contact jhjung1216@gmail.com  

 

 
Figure C-0-11.  Internal parameters for ROME v3.7 
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APPENDIX D: TOOL EVALUATION RUBRIC 

Table D-1. Summary of datasets explored for the evaluation. 

Dataset Tested # 
points 

Length of 
highway 

Types of objects 
present 

Processing Time 
(seconds) 

Comments 

      
      
      
      

 
Modify the following table to reflect your evaluation results.  Sample comments are provided for reference as to how to classify 
your comments.  Delete any non-applicable comments. It would be ideal to complete a separate table for each tool tested. Be as 
specific as possible (e.g., the EZ Feat Curb Extraction Tool missed the curb in the areas of occlusion for the mobile lidar but captured 
most other areas).  

Table D-2. Rubric for the evaluation. 

Evaluation 
Category 

Major Issue Minor Issue Positive Results Comments 

Tool stability • Tool doesn’t run. 
• Frequent unexplained 

crashes 

• Occasional or 
predictable 
crash 

 

• Tool runs as expected with 
minimal issues. 

 

Note any situations 
where the program did 
not operate as expected. 

Extraction 
Results 

• No objects extracted. 
• Too many false 

positives that one can’t 
make sense of the 
results.  

• Some objects 
missed. 

• Some false 
positives 
observed.  

• Overall most objects 
detected 

• Few false positives 
• Clear reasons why an 

object is missed (e.g., 
occlusion in the data) or 

Comment on any 
specific issues you see 
with extraction results 
(e.g., in areas of 
occlusion, poor marking 
quality, etc.) 
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Evaluation 
Category 

Major Issue Minor Issue Positive Results Comments 

 why a false positive is 
generated. 

 
Parameters • Parameters are unclear 

and overwhelming. 
• Could not obtain good 

results with tweaking 
parameters.  

 
 

• Most parameters 
are clear. 

• Parameters 
require some 
fine tuning to 
obtain good 
results. 

• Parameters are clear 
• Parameters required 

minimal fine tuning obtain 
good results.  

 

Note which parameters 
are unclear or required a 
lot of tweaking. 

Simplicity of 
process 

• Unclear how to proceed 
with executing the tool 

• After some trial 
and error, 
process 
completed 
successfully 

• Straightforward operation Note any suggestions 
for improving the 
workflow. 

GUI (when 
applicable) 

• Issues with 
functionality of GUI 
and selecting options 

• Order of buttons in GUI 
doesn’t match workflow 

• A few 
options\elements 
of GUI are 
unclear but 
generally easy to 
follow. 

• GUI is intuitive and easy to 
run. 

 

Note any confusing 
elements of the GUI.  

User Manual • User manual missing 
key steps. 

 

• User manual 
explains key 
steps but 
portions are 
confusing. 

• User manual explains tool 
well, easy to follow 

 

Point out specific things 
to add to the user 
manual or portions that 
are confusing. 
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Future Explorations 
• What opportunities are there for future GIS-based tools to improve cleanup of the 

dataset? e.g. GIS scripts to combine lines or segment as were developed for SPR799.   

• What is needed to transition this tool to work with the new Riegl scanner?  (e.g. trajectory 
information)? 
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APPENDIX E: FEATURE EXTRACTION SUMMARY 

Table E-1. Summary of features in all data files considered for training data. 

Labeled 
Data ID File ID 

Crosswalk Median Bike lane Lane Marking 

Std. 
Parallel  

Stag. 
Cont.  Ladder  Raised  Closed  Painted Bike 

Symbol 

Std. 
Bike 
Lane 

Buff. 
Bike 
Lane 

White 
Solid 

White 
Dash  

SiteID_1_Hwy99EB 
 1_HWY99EB_00                   1 - 
 1_HWY99EB_01 1           1     1 - 
 1_HWY99EB_02 1           1 1   1 - 
 1_HWY99EB_03 1           1     1 - 
 1_HWY99EB_04             1     1 - 
 1_HWY99EB_05 1           1     1 - 
 1_HWY99EB_06             1     1 - 
4 1_HWY99EB_07 1           1     1 - 
 1_HWY99EB_08                   1 - 
 1_HWY99EB_09 1           1     1 - 
 1_HWY99EB_10 1           1     1 - 
 1_HWY99EB_11 1                 1 - 
 1_HWY99EB_12 1           1     1 - 
5 1_HWY99EB_13 1           1     1 - 
 1_HWY99EB_14             1     1 - 
 1_HWY99EB_15 1           1     1 - 
 1_HWY99EB_16 1     1     1     1 - 
 1_HWY99EB_17 1           1     1 - 
 1_HWY99EB_18             1     1 - 
6 1_HWY99EB_19     1       1     1 - 
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Labeled 
Data ID File ID 

Crosswalk Median Bike lane Lane Marking 

Std. 
Parallel  

Stag. 
Cont.  Ladder  Raised  Closed  Painted Bike 

Symbol 

Std. 
Bike 
Lane 

Buff. 
Bike 
Lane 

White 
Solid 

White 
Dash  

7 1_HWY99EB_20 1           1     1 - 
 1_HWY99EB_21 1                 1 - 
 1_HWY99EB_22 1           1     1 - 
 1_HWY99EB_23             1     1 - 
8 1_HWY99EB_24 1           1     1 - 
 1_HWY99EB_25 1                 1 - 
 1_HWY99EB_26 1                 1 - 
 1_HWY99EB_27                   1 - 
 1_HWY99EB_28                   1 - 
 1_HWY99EB_29                   1 - 
SiteID_1_Hwy221  
 1_HWY221_01       1           1   
 1_HWY221_04     1 1           1 1 
13 1_HWY221_06 1   1 1     1     1   
 1_HWY221_07 1   1 1     1     1   
 1_HWY221_10                   1   
 1_HWY221_13                   1   
 1_HWY221_02                   1   
 1_HWY221_05                   1   
24 1_HWY221_08 1   1 1     1     1 1 
25 1_HWY221_10 1   1 1     1     1   
 1_HWY221_11 1     1     1     1 1 
26 1_HWY221_12     1 1     1     1 1 
 1_HWY221_14       1     1     1 1 
27 1_HWY221_17 1     1     1     1   
SiteID_2_Hwy99W  
 2_HW99WSB_21 1           1     1   
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Labeled 
Data ID File ID 

Crosswalk Median Bike lane Lane Marking 

Std. 
Parallel  

Stag. 
Cont.  Ladder  Raised  Closed  Painted Bike 

Symbol 

Std. 
Bike 
Lane 

Buff. 
Bike 
Lane 

White 
Solid 

White 
Dash  

 2_HW99WSB_24 1           1     1 1 
 2_HW99WSB_26 1           1     1 1 
 2_HW99WSB_28                   1 1 
 2_HW99WSB_30 1           1     1 1 
 2_HW99WSB_32             1     1 1 
23 2_HW99WSB_34 1 1   ?     1     1 1 
 2_HW99WSB_36 1           1     1 1 
 2_HW99WSB_38 1           1     1 1 
 2_HW99WSB_40             1     1 1 
28 2_HW99WNB_18 1 1   1     1     1 1 
29 2_HW99WNB_21             1     1 1 
 2_HW99WNB_24 1           1 1   1   
 2_HW99WNB_26 1                 1   
 2_HW99WNB_28 1 1   1     1     1 1 
 2_HW99WNB_30 1                 1   
 2_HW99WNB_32 1           1     1   
 2_HW99WNB_34 1           1     1 1 
30 2_HW99WNB_36       1   1 1     1   
 2_HW99WNB_38 1           1     1   
SiteID_2_Hwy141 
 2_HW141_6 1           1     1   
 2_HW141_8 1           1 1   1 1 
 2_HW141_10 1             1   1 1 
 2_HW141_12 1 1         1         
20 2_HW141_14 1 1       1 1     1 1 
 2_HW141_16 1           1     1   
 2_HW141_18             1     1   
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Labeled 
Data ID File ID 

Crosswalk Median Bike lane Lane Marking 

Std. 
Parallel  

Stag. 
Cont.  Ladder  Raised  Closed  Painted Bike 

Symbol 

Std. 
Bike 
Lane 

Buff. 
Bike 
Lane 

White 
Solid 

White 
Dash  

21 2_HW141_20 1           1 1   1 1 
22 2_HW141_22 1           1     1 1 
SiteID_3_Hwy29 
 3_HW29_5 1 1   1     1     1 1 
 3_HW29_11 1     1     1     1   
 3_HW29_17 1                 1   
 3_HW29_23 1           1     1   
 3_HW29_29             1     1 1 
14 3_HW29_35 1           1 1   1 1 
 3_HW29_41 1                 1 1 
 3_HW29_47                   1   
 3_HW29_53 1                 1   
15 3_HW29_59 1     1     1     1 1 
 3_HW29_65                   1   
 3_HW29_1                   1   
 3_HW29_8 1                     
 3_HW29_15                   1   
 3_HW29_22 1           1     1 1 
 3_HW29_29                   1   
 3_HW29_36       1     1     1 1 
 3_HW29_43             1     1 1 
 3_HW29_50 1                 1   
 3_HW29_57 1           1     1   
 3_HW29_64 1           1     1   
SiteID_3_Hwy102  
9 3_HW102_0 1 1         1     1 1 
10 3_HW102_1             1     1   
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Labeled 
Data ID File ID 

Crosswalk Median Bike lane Lane Marking 

Std. 
Parallel  

Stag. 
Cont.  Ladder  Raised  Closed  Painted Bike 

Symbol 

Std. 
Bike 
Lane 

Buff. 
Bike 
Lane 

White 
Solid 

White 
Dash  

 3_HW102_2             1     1   
 3_HW102_3             1     1   
11 3_HW102_4 1           1     1 1 
12 3_HW102_5   1   1               
 3_HW102_6       1     1     1   
SiteID_4_Hwy99E 
 4_HW99E_25 1                 1   
 4_HW99E_28 1                 1   
 4_HW99E_31                   1   
 4_HW99E_34 1                 1   
 4_HW99E_36 1                 1   
 4_HW99E_38 1           1     1 1 
 4_HW99E_40             1     1   
 4_HW99E_42 1         1 1     1 1 
31 4_HW99E_44 1           1 1   1 1 
32 4_HW99E_46 1           1 1   1 1 
 4_HW99E_0                   1   
 4_HW99E_2 1           1 1   1 1 
 4_HW99E_4 1           1 1   1 1 
 4_HW99E_6 1         1 1     1   
 4_HW99E_8 1                 1   
33 4_HW99E_10   1         1     1   
 4_HW99E_12 1           1     1   
 4_HW99E_14 1                 1   
 4_HW99E_16                       
 4_HW99E_18                       
 4_HW99E_20                   1   



 
 

D-9 

Labeled 
Data ID File ID 

Crosswalk Median Bike lane Lane Marking 

Std. 
Parallel  

Stag. 
Cont.  Ladder  Raised  Closed  Painted Bike 

Symbol 

Std. 
Bike 
Lane 

Buff. 
Bike 
Lane 

White 
Solid 

White 
Dash  

 4_HW99E_22             1     1   
 4_HW99E_24 1           1     1   
SiteID_5_Hwy213  
 5_HW213SB_1       1           1   
 5_HW213SB_2           1       1   
 5_HW213SB_4 1                     
 5_HW213SB_6 1                     
 5_HW213SB_8 1                     
 5_HW213SB_10           1           
 5_HW213SB_12 1                     
 5_HW213SB_14 1           1 1   1   
1 5_HW213SB_18 1         1           
 5_HW213SB_17 1 1   1   1 1 1   1   
 5_HW213SB_20 1                     
 5_HW213SB_22 1                     
 5_HW213SB_24 1                     
2 5_HW213SB_26 1 1         1       1 
 5_HW213SB_28           1           
3 5_HW213SB_30   1   1               
16 5_HW213NB_8 1           1 1     1 
 5_HW213NB_10 1                     
 5_HW213NB_12 1         1           
 5_HW213NB_14 1           1 1       
 5_HW213NB_16 1                     
 5_HW213NB_18 1                     
 5_HW213NB_20 1                     
 5_HW213NB_22 1         1           



 
 

D-10 

Labeled 
Data ID File ID 

Crosswalk Median Bike lane Lane Marking 

Std. 
Parallel  

Stag. 
Cont.  Ladder  Raised  Closed  Painted Bike 

Symbol 

Std. 
Bike 
Lane 

Buff. 
Bike 
Lane 

White 
Solid 

White 
Dash  

17 5_HW213NB_24 1     1   1 1         
18 5_HW213NB_26   1 1                 
 5_HW213NB_27       1   1           
19 5_HW213NB_28 1   1 1           1   
 5_HW213NB_30 1                     
 5_HW213NB_32 1                     
 5_HW213NB_34 1         1           
 5_HW213NB_36                   1   
 5_HW213NB_38 1     1     1     1   
Other Data 
 Other 1 1   1     1         

Totals (All Files) 104 14 9 28 0 14 91 14 0 126 41 
Total (Labeled Data) 24 9 7 12 0 4 28 5 0 26 16 

 


