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Abstract 
Efficient management of transportation corridors depends on the availability and effective analysis of high-quality geospatial data. 
Recent advancements have focused on Mobile Mapping Systems (MMS), which integrate Global Navigation Satellite 
System/Inertial Navigation System (GNSS/INS), Red-Green-Blue (RGB) cameras, and LiDAR units. However, the large volume of 
collected data and specialized software/hardware requirements often limit data accessibility and visualization by stakeholders. This 
study focuses on facilitating accessibility to transportation geospatial data by developing a Potree-based web portal for better 
management, visualization, and quality control of such data. The developed web portal enhances end-users’ capabilities by providing 
primary quality control tools for assessing the georeferencing accuracy of multi-modal, multi-platform, and multi-temporal 
geospatial data. Users can also utilize these quality control tools to validate the calibration of Pan/Tilt/Zoom (PTZ) cameras installed 
along transportation corridors. Validating the calibration of PTZ cameras allows for precise pointing of these cameras to investigate 
the cause of traffic congestions and improve response activities by Transportation Management Centers (TMCs). Apart from the 
primary tools, the proposed portal also offers specialized functionalities to handle derived products from MMS data that can be used 
for the assessment of pavement markings condition––which is necessary for the safe operation of connected and autonomous 
vehicles (CAVs). 
 

1. Introduction 

Advancements in remote sensing technologies enabled the 
development of Mobile Mapping Systems (MMS), facilitating 
efficient and precise data collection along transportation 
corridors. Modern MMS integrate Light Detection and Ranging 
(LiDAR) sensors, Red-Green-Blue (RGB) cameras, and an 
integrated Global Navigation Satellite System/Inertial 
Navigation System (GNSS/INS) unit to deliver georeferenced 
imagery and 3D point clouds (Toth et al., 2009). Efficient road 
management requires the collection and analysis of various 
geospatial datasets, such as LiDAR point clouds and geo-tagged 
imagery, which provide critical information for improving 
roadway safety (Brinster et al., 2024). However, obtaining high-
accuracy georeferenced data from MMS depends on accurate 
system calibration and valid trajectory information. High-
quality geospatial data constitute a valuable resource for 
roadway network assets inventory and data-driven decision-
making. Despite these benefits, many users who rely on 
products from MMS geospatial data—such as lane width within 
work zones, pavement markings condition assessment, bridge 
inspection, and/or drainage system evaluation—lack access to 
specialized hardware and software for fully utilizing such data 
and products (Scheiblauer et al., 2011; Schütz et al., 2019).  
 
Traditionally, geospatial data visualization requires users to 
install third-party software such as CloudCompare (Girardeau-
Montaut, 2016), which demands high-end hardware to manage 
large LiDAR datasets. Moreover, these tools are often not 
intuitive for efficiently visualizing and manipulating the data 
and derived products. To address these challenges, several web-
based platforms for geospatial data visualization have been 
developed, including Cesium (Liu et al., 2023) and Plas.io 
(Plas.io., 2014). One of the most widely used open-source 

WebGL-based platforms is Potree (Schütz et al., 2015; Schütz 
et al., 2019). Potree is specifically designed for efficient 
visualization of large-scale point clouds within a web browser, 
eliminating the need for software installation. In this study, 
Potree is adopted due to its following characteristics: 1) the 
ability of simultaneous visualization of image and point cloud 
data, 2) no requirement for local data storage, 3) no requirement 
for software installation, 4) availability of annotation tools, and 
5) flexibility for customized tool development. While prior 
studies have utilized Potree for applications in Building 
Information Modeling (BIM) (Yeshwanth Kumar et al., 2019) 
and healthcare analytics (Carey et al., 2021), they did not 
consider transportation data management or quality control of 
geospatial data. Efficient transportation infrastructure 
management by agencies such as Departments of Transportation 
(DOTs) and Traffic Management Centers (TMCs) requires the 
integration of multi-modal, multi-platform, and multi-temporal 
geospatial data. These agencies rely on mobile LiDAR and 
image data to enhance traffic flow, monitor road conditions, and 
improve highway safety. However, the large volume and 
complexity of MMS image and LiDAR data/products pose 
significant challenges. Even though existing visualization tools 
can handle massive LiDAR point clouds and imagery, they 
often lack the necessary functionalities required by DOTs and 
TMCs. These agencies need solutions that go beyond 
visualization by incorporating tools for data-driven decision-
making and transportation corridor management (Hawkins, 
2013). 
 
This study addresses the needs of transportation data 
management by integrating advanced functionalities for the 
manipulation and quality control of multi-modal, multi-platform, 
and multi-temporal geospatial data and derived products. 
Specifically, the study aims at developing a web portal for 
efficient storage, visualization, and manipulation of geospatial 
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data via an intuitive user interface. By integrating advanced 
functionalities for georeferencing quality assessment, the web-
based platform enables end-users to interpret and analyze 
geospatial datasets/products. The objectives of the proposed 
MMS web portal are: 1) providing quality control tools for 
multi-modal/multi-temporal/multi-platform geospatial data to 
enhance the reliability of highway management decisions, and 
2) equipping end-users with a range of specialized 
functionalities designed for analyzing MMS -derived products. 
 
The remainder of this paper is organized as follows: Section 2 
introduces the design of the MMS web portal; Section 3 
presents the web portal’s implementation and validation through 
several case studies related to transportation corridors. Finally, 
Section 4 provides discussion and concluding remarks. 

2. Design of the MMS Web Portal  

2.1 Motivation 

Effective management of transportation corridors requires 
quality verification of multi-source, multi-modal, and multi-
temporal geospatial datasets. Even tough tools for refining 
positional accuracy of geospatial data/products do exist, non-
expert users at DOTs and TMCs often lack quality control 
mechanisms (for example, to verify 2D/3D data alignment). 
Augmenting existing visualization environments with data 
validation tools would significantly improve their usability and 
effectiveness. One critical application is work zone management, 
where frequent roadway changes make it essential to verify the 
agreement between as-designed and as-built lane width values 
(Ravi et al., 2019; Cheng et al., 2024). Identifying and 
visualizing road segments with substandard lane widths is 
crucial to minimizing congestion and reducing back-of-queue 
crashes (Habib et al., 2018). Moreover, the proliferation of 
autonomous and connected vehicles (CAVs) and growing 
reliance on Driver Assistance Systems (DASs) necessitate 
continuous evaluation of lane markings visibility, traditionally 
conducted through retroreflectivity analysis (Zehr et al., 2019). 
Mobile LiDAR offers valuable insights into the reflectivity of 
lane markings through point cloud intensity data (Mahlberg et 
al., 2021). However, DOTs and TMCs lack specialized tools to 
interpret and utilize LiDAR intensity data for prioritizing lane 
markings maintenance activities (Cheng et al., 2020; Cheng et 
al., 2022). Additionally, traffic monitoring by TMCs relies on 
Pan/Tilt/Zoom (PTZ) cameras to assess traffic flow and 
diagnose congestion causes (Matthew et al., 2023; Shen et al., 
2023). However, the accuracy of PTZ camera pointing depends 
on proper calibration, whose validity needs to be frequently 
checked due to environmental conditions and repeated 
maintenance of these cameras. 
 
The proposed web portal aims to address the above gaps by 
creating an environment capable of handling multi-modal/multi-
temporal/multi-platform geospatial datasets and derived 
products. By integrating these diverse data sources, the web 
portal serves as a comprehensive platform for visualization, 
quality assessment, and decision support, enabling DOTs and 
TMCs to efficiently manage transportation networks. The 
following subsections provide detailed description of the web 
portal architecture and the key functionalities designed to 
enhance transportation infrastructure management. 
 
2.2 Architecture of the MMS Web Portal 

The architecture of the MMS web portal, depicted in Figure 1, 
comprises three main components: 1) front-end, 2) back-end, 

and 3) database. The front-end provides a graphical user 
interface (GUI) through which users can interact with the portal 
by issuing commands to visualize and analyze geospatial data 
including LiDAR point clouds and geo-tagged imagery. The 
back-end handles data processing by executing server-side 
applications that manage the geospatial data in response to user 
inputs from the front-end. In this study, the back-end is hosted 
on a Unix server as a virtual machine, with specifications 
detailed in Table 1. The virtual machine serves as a centralized 
repository with links to geospatial datasets acquired by LiDAR 
and imaging systems. The collected geospatial datasets, on the 
other hand, are stored in a 30 TB shared server. In addition to 
manipulating LiDAR and geo-tagged imagery data, the system 
provides additional functionalities that allow users to conduct 
the following operations: 1) conduct quality control of image 
and LiDAR data georeferencing through backward/forward 
projection functions, 2) visualize extracted lane marking point 
clouds, 3) inspect lane marking intensity and lane width 
profiles, 4) analyze intensity-retroreflectivity scatter plots to 
confirm the possibility of using the LiDAR intensity as a 
precursor to lane marking retroreflectivity, and 5) validate the 
calibration of PTZ cameras as a prerequisite for precise 
pointing. Further details related to these functionalities are 
provided in the following section.  
 

2x CPU Intel(R) Xeon(R) Gold 6248R CPU @ 
3.00GHz  

RAM 4 GB 
Storage Space 60 GB 

Table 1. Unix server’s hardware specifications. 

 
Figure 1. Illustration of the MMS web portal architecture, 

showing the front-end, back-end, and database. 

2.3 Built-in/Developed Functionalities 

The MMS web portal provides a range of built-in and developed 
functionalities to facilitate user-friendly interaction with 
geospatial data/products for informed decision-making. These 
features, illustrated in Figure 2, allow users to efficiently 
visualize, analyze, and manipulate geospatial data. As shown in 
Figure 3, users can upload various geospatial datasets/products, 
including original point clouds, bare-earth points, extracted lane 
markings (Figures 3a, 3b, and 3c, respectively). Figure 4 shows 
the web portal with a geo-tagged image imported and overlaid 
on the LiDAR point cloud, illustrating the georeferencing 
quality of the 2D imagery and 3D point cloud. In such 
visualizations, georeferencing artifacts will show as 
misalignment between corresponding image and LiDAR 
features – such as lane markings, utility poles, etc. For example, 
Figure 4a illustrates the case of well-aligned geo-tagged 
imagery and LiDAR point cloud, with a highlighted region to 
show the smooth transition of bridge features between these 
modalities. On the other hand, Figure 4b shows misaligned geo-
tagged imagery with LiDAR data, as can be seen by the non-
smooth transition of the signage boundaries between the 3D 
view and corresponding perspective view of the 2D image. The 
web portal interface also includes several built-in tools for data 
manipulation. For example, Figure 5 showcases the profile 
extraction tool for users to examine the level of detail in 
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extracted profiles and evaluate alignment of multi-modal/multi-
platform/multi-temporal LiDAR point clouds.  
 

 
Figure 2. Illustration of built-in/developed functions integrated 

within the proposed web portal. 
 

 
(a) 

 
(b) 

 
(c) 

Figure 3. Illustration of web portal visualization of 3D data: (a) 
original point cloud colored by height, (b) bare earth point cloud 
colored by height, and (c) extracted lane markings point cloud 

colored by intensity. 
 

 
(a) 

 
(b) 

Figure 4. Illustration of web portal visualization of geo-tagged 
2D imagery and 3D LiDAR data, showing: (a) well-aligned 

bridge features, and (b) misaligned traffic signage boundaries. 
 

 
(a) 

 
(b) 

Figure 5. Illustration of (a) a profile location and (b) extracted 
profile highlighting the misalignment between two point clouds 

in yellow and grey. 
 

In addition to the built-in tools, the web portal features several 
new functionalities developed in this work to enhance 
georeferencing data quality checks and asset management. The 
primary addition is the general functionalities for backward and 
forward projection (which are further described in Section 
2.3.1) developed to assess the georeferencing/alignment quality 
of LiDAR data and geo-tagged imagery. Other than using these 
functionalities to evaluate the positional quality of 2D/3D 
data/products from MMS, they can be also used to validate the 
calibration of PTZ cameras for precise pointing applications. As 
stated earlier, lane marking inventory is a critical component. 
Therefore, functionalities for visualizing MMS-derived products 
such as lane markings, intensity profiles, and lane width 
estimates have also been developed. Specifically, these 
functionalities include: 1) visualization of a lane marking 
intensity profile along with corresponding 3D LiDAR and 2D 
image points for a selected query point in the intensity profile, 
2) visualization of a lane width profile, along with 
corresponding 3D LiDAR and 2D image points for a selected 
query point in the lane width profile, and 3) scatter plot 
visualization of lane marking LiDAR intensity and standard 
retroreflectivity (collected by other devices), combined with 
corresponding 3D LiDAR and 2D image points for a selected 
query point in the scatter plot. Such functionalities are 
explained in Section 2.3.2. 

 
2.3.1 Developed Functionalities for General Evaluation of 
Georeferencing Quality  

The backward and forward projection functions of the web 
portal are used to visualize conjugate features in imagery and 
LiDAR data. The backward projection takes an object point 
from the LiDAR point cloud and back-projects it onto the 2D 
images where the point is visible (Figure 6a). The forward 
projection, on the other hand, starts by selecting a point in an 
image and projecting it onto the corresponding LiDAR point 
cloud (Figure 6b). These developed functions can be used to 
evaluate the georeferencing quality of 2D/3D geospatial data 
and derived products. For example, in the backward projection, 
2D misalignment between the actual point and its backward 
projection can be quantified to assess the georeferencing 
accuracy in pixel units. This functionality could be used to 
validate a PTZ camera’s intrinsic and extrinsic calibration 
parameters, essential for maintaining their effectiveness in 
traffic flow monitoring, traffic incident detection, and managing 
emergency response. The demonstration of using the developed 
backward/forward projection functions to facilitate PTZ camera 
calibration validation will be discussed further in Section 3.1.2. 

ISPRS Annals of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume X-G-2025 
ISPRS Geospatial Week 2025 “Photogrammetry & Remote Sensing for a Better Tomorrow…”, 6–11 April 2025, Dubai, UAE

This contribution has been peer-reviewed. The double-blind peer-review was conducted on the basis of the full paper. 
https://doi.org/10.5194/isprs-annals-X-G-2025-821-2025 | © Author(s) 2025. CC BY 4.0 License.

 
823



 

 
(a) 

 
(b) 

Figure 6. Illustration of (a) backward projection of an object 
point from the LiDAR point cloud onto a 2D image where the 
point is visible and (b) forward projection of a selected image 

point onto the corresponding LiDAR point cloud. 
 

2.3.2 Specialized Functionalities Developed for Asset 
Management 

Maintaining large-scale road networks requires continuous 
monitoring of pavement surface condition, lane markings 
visibility, and signage occlusions. The developed web portal 
includes tools for visualizing lane markings intensity profiles, 
along with scatter plots, if any, between LiDAR intensity and 
standard retroreflectivity measured by DOT/contractor 
dedicated devices. These visualization functions can be used as 
a reporting mechanism for assessing the condition of lane 
markings based on their intensity and retroreflectivity. Users 
can visualize the intensity profile and select a specific point 
within the profile, as demonstrated in Figure 7. In Figure 7a, the 
selected point is displayed on the lane marking point cloud and 
backward-projected onto the nearest image where it is visible. 
Similar to intensity profile visualization, the web portal includes 
a function for the visualization of a lane width profile and 
displaying the corresponding point-pair in the LiDAR point 
cloud and corresponding image for a selected location in the 
profile as illustrated in Figure 7b. This function provides 
valuable insights for identifying locations that fall below 
standard lane width requirements, promoting more effective 
communication between DOT staff and work zone contractors. 
Moreover, the web portal supports scatter plot visualization for 
intensity-retroreflectivity analysis, which is used to identify 
anomalies and determine whether LiDAR intensity or 
retroreflectivity better represents the lane marking condition, as 
presented in Figure 7c. An example showing regions where 
high intensity corresponds to low retroreflectivity and vice 
versa is presented in Section 3.2. By integrating these 
visualization and analysis tools, the web portal facilitates 
efficient, data-driven decision-making for roadway maintenance 
and safety management.  
 

 
(a) 

 
(b) 

 
(c) 

Figure 7. Illustration of web portal visualization of (a) lane 
marking point cloud along with its corresponding image and 
intensity profile, (b) lane marking point cloud along with its 

corresponding image and lane width profile, and (c) intensity-
retroreflectivity scatter plot visualization. 

 
3. Implementation and Validation 

This section explores the capability of the web portal and its 
developed functionalities for quality control across various 
transportation corridor management scenarios. The following 
subsections present use cases that highlight the following web 
portal’s major functionalities: 1) case studies that demonstrate 
generalized functions for evaluating the georeferencing quality 
of geospatial data/products, and 2) a case study utilizing the 
specialized functionalities for road asset management. 

3.1 Case Studies that Demonstrate the Generalized 
Functions 

3.1.1 Case Study 1: Quality Control of Multi-Modal, 
Multi-Platform, and Multi-Temporal Geospatial Data 

Valid system calibration parameters and trajectory information 
are critical for generating accurately georeferenced geospatial 
data/products. This case study demonstrates the web portal’s 
built-in/developed tools for evaluating georeferencing quality of 
transportation-related geospatial data/products. For this research 
objective, two wheel-based mobile mapping systems—Purdue 
Wheel-based Mobile Mapping System – High Accuracy 
(PWMMS-HA) and Purdue Wheel-based Mobile Mapping 
System – Ultra High Accuracy (PWMMS-UHA)—as presented 
in Figure 8a and Figure 8b, and a DJI M300 UAV system, as 
shown in Figure 8c, are employed to collect multi-modal, multi-
platform, and multi-temporal geospatial data. Figure 9 shows 
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the study site along the I-65 highway in Indiana, USA and the 
description of the datasets is summarized in Table 2. The 
PWMMS-HA is equipped with four LiDAR units—three 
Velodyne HDL-32E (Velodyne, 2020a) and one Velodyne 
VLP-16 High-Res (Velodyne, 2020b)—and three FLIR 
Grasshopper3 9.1 MP GigE color cameras (Teledyne FLIR 
LLC, 2024b). All the sensors are georeferenced by an Applanix 
POS LV 220 GNSS/INS unit (Applanix, 2024). The PWMMS-
UHA includes two profiling LiDAR units—a Riegl VUX 1HA 
(Riegl, 2020) and a Z+F Profiler 9012 (Z+F, 2020). There are 
also two rear-facing FLIR Flea2 FireWire color cameras 
(Teledyne FLIR LLC, 2024a). These LiDAR and RGB camera 
units are directly georeferenced by a NovAtel ProPak6 GNSS 
receiver (HEXAGON, 2024) and ISA-100C near-navigation 
grade inertial measurement unit (IMU) (NovAtel, 2022). The 
DJI M300 is equipped with a Zenmuse L1 LiDAR (Livox 
sensor), a 1-inch CMOS camera, and an IMU on a 3-axis 
stabilized gimbal (DJI, 2025).  
 
Misalignments between acquired imagery and LiDAR data are 
usually the result of unreliable GNSS/INS trajectory and/or 
erroneous intrinsic/extrinsic system calibration parameters. 
Zhou et al. (2023) proposed the Unified Multi-Sensor Advanced 
Triangulation (UMSAT) algorithm to enhance the trajectory 
and/or system calibration parameters in such scenarios. To 
illustrate the impact of this enhancement, the web portal is used 
to visualize the data alignment quality before and after the 
UMSAT optimization. Specifically, to assess the georeferencing 
quality of multi-modal/multi-platform/multi-temporal geospatial 
data, the profile extraction tool from the web portal is utilized to 
check the alignment. Figure 10a shows the location of extracted 
profiles from the PWMMS-HA and DJI M300 UAV LiDAR 
data. The side view in Figure 10b reveals a noticeable 
misalignment. The UMSAT refinement results in the 
improvement of alignment between the two systems, as 
presented in Figure 10c. In addition, the backward projection 
function is also tested on these datasets; a selected LiDAR 
object point is projected onto the 2D imagery captured from all 
platforms, as shown in Figure 11a, using the original trajectory 
and system calibration parameters. From Figure 11b, one can 
notice that the accuracy of the backward projection improves 
after UMSAT. 
 
Highway 

Area Data Collection Date Data Acquisition 
Platforms 

I-65 

July 10, 2022, and 
September 18, 2023 PWMMS-HA  

December 2, 2022, and 
September 18, 2023 PWMMS-UHA 

August 2, 2022, DJI M300 UAV 
Table 2. Description of MMS collection dates and data 

acquisition platforms used. 
 

  
(a) (b) 

 
(c) 

Figure 8. Illustration of data acquisition systems, showing the 
(a) PWMMS-HA, (b) PWMMS-UHA, and (c) DJI M300 

platforms. 
 

 
Figure 9. Illustration of the data acquisition site showing the I-
65 highway with the Region of Interest (ROI) highlighted by a 

cyan box. 
 

 
(a) 

 
(b) 

 
(c) 

Figure 10. Illustration of (a) a profile location along the I-65 
highway together with extracted profile showing the PWMMS-
HA and UAV data alignment (b) before and (c) after UMSAT 

refinement. 

 
(a) 
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(b) 

Figure 11. Illustration of a selected point on a light pole marked 
by a red dot that has been back projected onto imagery as a blue 

placeholder (a) before and (b) after UMSAT refinement. 
 

3.1.2 Case Study 2: PTZ Camera Calibration Validation 
 

Accurate calibration of PTZ camera systems is crucial for their 
precise pointing towards points of interest along the 
transportation corridor. However, factors such as environmental 
conditions, routine maintenance, and reinstallation can lead to 
deviations in both intrinsic and extrinsic calibration parameters, 
compromising the pointing accuracy to have a specific location 
at the center of the PTZ camera's field of view. To overcome 
these challenges, researchers have explored various automated 
calibration approaches. In this case study, the automated PTZ 
camera calibration approach proposed by Hany et al. (2025) is 
used for demonstration. When the camera is properly calibrated, 
the backward/forward projected points align precisely with their 
respective features in both 2D imagery and 3D LiDAR data. For 
this case study, we used forty-five PTZ cameras (AXIS, 2024) 
along the I-465 ring highway in Indianapolis, Indiana, USA as 
shown in Figure 12a and Figure 12b, respectively. The 
backward projection function from the web portal was utilized 
to validate the intrinsic/extrinsic camera calibration parameters. 
Figure 13 shows an example of the validation result for one 
camera. One can notice that the accuracy of backward 
projection improved after the calibration process, as presented 
in Figure 13b. 
 

  
(a) (b) 

Figure 12. Illustration of (a) a PTZ camera and (b) the 
acquisition site showing the I-465 ring highway with the 

locations of PTZ cameras marked as red circles. 
 

 
(a) 

 
(b) 

Figure 13. Illustration of backward projection result for a 
selected point on the light pole (a) before and (b) after PTZ 

camera calibration. 
 
3.2 Case Study that Implements Specialized Functions: 
Lane Marking Quality Assessment 

The web portal capabilities in evaluating lane marking 
conditions are illustrated through a case study, where two 
wheel-based mobile mapping systems—PWMMS-HA and 
PWMMS-UHA—are utilized to acquire data along the I-65 and 
I-74 highway in Indiana, USA as shown in Figure 14. The data 
collection occurred on July 7, 2022 and September 18, 2023. 
 

 
Figure 14. Illustration of the I-65 and I-74 highway showing the 

MMS trajectory colored by GPS time. 
 
As demonstrated in Figure 15a, the MMS web portal features 
simultaneous visualization of LiDAR-derived lane marking 
point clouds and geo-tagged imagery. This feature facilitates 
direct comparison between point cloud data and RGB imagery, 
enhancing the interpretability of lane marking conditions. 
Additionally, the system supports concurrent visualization of 
lane marking point clouds and their associated intensity profiles. 
One can use this feature to assess intensity variations, which 
may indicate degradation in lane markings condition. For 
instance, Figure 15b presents a low-intensity point selected in 
the intensity profile and its corresponding geotagged imagery, 
revealing degraded lane marking. Conversely, Figure 15c 
displays a high-intensity point selected in the intensity profile, 
with its corresponding geotagged imagery indicating a freshly 
painted lane marking. Beyond intensity visualization, the web 
portal provides a tool for illustrating lane width profiles derived 
from lane marking point cloud data. As illustrated in Figure 
15d, a point pair indicating narrow lane is mapped onto 
corresponding imagery. This functionality aids in detecting 
narrow lane locations and/or irregularities and can, therefore, 
serve as a tool to ensure compliance with regulatory standards. 
 
Previous research has shown that lane markings typically have 
high retroreflectivity and LiDAR intensity (Zehr et al., 2019; 
Cheng et al., 2020; Cheng et al., 2022). Mahlberg et al. (2021) 
demonstrated a correlation between these two metrics, which 
can be used to assess lane marking quality. The web portal 
includes an intensity/retroreflectivity scatter plot addon to 
analyze this relationship and identify anomalies in data points 
(for example, when a high intensity point is found to have low 
retroreflectivity and vice versa). Additionally, it allows users to 
visualize these points within the lane marking point cloud and 
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the corresponding imagery where they are visible. Figure 16a 
highlights a point in the scatter plot with high intensity and low 
retroreflectivity. Based on the web portal’s visualization tool, 
this high intensity point corresponds to a freshly painted lane 
marking in the imagery with high intensity. The low 
retroreflectivity is likely due to an error in the retroreflectivity 
measurement. This suggests that LiDAR intensity provides a 
more reliable representation of the lane marking’s reflective 
properties. Figure 16b shows a point with high retroreflectivity 
and low intensity. A closer inspection of the imagery at this 
location reveals the presence of crack sealing which is likely the 
cause of the high retroreflectivity. The integration of these 
functionalities within the web portal significantly enhances the 
efficiency and reliability of lane marking assessment, thereby 
improving the decision-making process for better management 
of transportation corridors. 
 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 15. Illustration of lane marking quality assessment: (a) 
simultaneous visualization of LiDAR-derived lane marking 

point clouds and geo-tagged imagery, intensity profile 
visualization of locations with (b) high intensity, (c) low 

intensity, and (d) point pair in a region with narrower lane width 
back-projected onto the 2D imagery. 

 

 
(a) 

 
(b) 

Figure 16. Illustration of intensity-retroreflectivity scatter plot 
visualization: (a) high intensity point corresponding to low 

retroreflectivity values along I-65 highway for right edge line 
and (b) low intensity point corresponding to high 

retroreflectivity values along I-74 highway for skip line. 

4. Discussion and Concluding Remarks 

This study presents a Potree-based web portal designed for the 
management, visualization, and quality control of geospatial 
data collected along transportation corridors. The proposed web 
portal provides users with tools for assessing georeferencing 
quality, which is necessary for reliable interpretation and 
decision-making using multi-modal, multi-platform, and multi-
temporal geospatial data. Moreover, the developed portal and its 
functionalities can be used for evaluating the validity of 
intrinsic/extrinsic calibration of PTZ cameras that often undergo 
significant changes due to environmental conditions and 
maintenance operations. Specialized functionalities are designed 
for analyzing/interpreting MMS LiDAR-derived products such 
pavement marking intensity and lane width. Through the few 
presented case studies, the web portal demonstrates its potential 
as a powerful tool for data-driven decision-making in 
transportation asset management.  
 
Future work will focus on expanding the capabilities of the 
MMS web portal by incorporating additional functionalities 
tailored to transportation and urban planning applications. 
Additionally, extending the portal’s application to broader use 
cases, such as outdoor/indoor stockpile volume 
estimation/monitoring, hydraulic site visualization, and urban 
streetscape mapping will be investigated. 
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