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Abstract 
Transportation agencies manage hundreds of active work zones, often spread 
across large geographic regions. Traditionally, verifying compliance with 
maintenance of traffic (MOT) plans has required in-person inspections by 
staff or contractors which is time-consuming, resource-intensive, and often 
requires extensive driving with an image or video recording device. With tight 
staffing requirements, it is only possible to inspect a small subset of work zones 
using field visits. The emergence of commercial truck dash cameras that can 
provide images at 1 second intervals from several trucks a day now enables an 
agency to review dash camera images to “virtually” drive their work zones. 
This has the benefit of not only drastically reducing travel time and costs, 
but also provides an opportunity to perform repetitive, weekly inspections 
of the work zones to determine compliance with an agency’s practices. A 
series of case studies covering sign placement, lane configuration, temporary 
work zones, maintenance closures, and pavement marking applications is 
presented. The paper concludes with an example of two different artificial 
intelligence (AI) models that can be used to process these images to deter-
mine the presence of a work zone on interstate roads. Across a suite of 40 
images from 8 states and 20 interstate routes, both models performed very 
well and demonstrate considerable opportunity to integrate commercial 
dash camera images with AI models to screen work zones at scale for further 
human review. 
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1. Introduction 

In 2023, there were over 100,000 work zone crashes across the United States [1]. 
Agencies devote considerable time and effort to carefully designing work zone ge-
ometries, markings and signs to ensure high quality maintenance of traffic (MOT). 
However, work zones are extremely complex due to the large numbers of stake-
holders ranging from initial design engineers, prime contractors, and sub-con-
tractors. Work zone signs, markings, barrier walls and barrels are items that often 
require considerable inspection effort to ensure the work zone MOT is consistent 
and compliant with agency standards. To illustrate the dynamic nature of work 
zones, images from roadside monitoring cameras, also called Intelligent Trans-
portation System (ITS) cameras, are shown below. 

Figure 1 shows an ITS camera image along interstate I-65 in Indiana just up-
stream of a temporary work zone that requires a reduced speed limit. In this case, 
the static speed sign is located in close proximity to a work zone speed limit trailer. 
The static speed limit sign shows a 65 mile per hour (MPH) speed limit while the 
work zone speed limit trailer about 120 feet further downstream shows a 55 MPH 
speed limit when flashing. The Manual on Uniform Traffic Control Devices 
(MUTCD) states that existing permanent regulatory signs shall be removed or 
covered if a temporary traffic control zone requires regulatory measures that are 
different [2]. These types of situations occur quite frequently and are very difficult 
for agencies to monitor and provide timely feedback. In this particular case, while 
a roadside camera was able to capture the scenario and could be used for subse-
quent feedback, the high cost of road side cameras make this type of monitoring 
virtually impossible to repeat at scale.  

 

 
Figure 1. ITS camera image on I-65 in Indiana showing a static speed limit sign and a work 
zone speed limit trailer in close proximity. 

 
Figure 2 shows two ITS camera images along I-65 in Indiana in an active work 

zone where 3 lanes of travel are being maintained and a concrete barrier wall is 
being installed directly adjacent to live traffic. Although this sequence was cap-
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tured on a roadside ITS camera, this is another example of an active construction 
zone that is very difficult to monitor for compliance with standard practices. 
When one considers this is a moving work zone activity with barrier wall being 
placed at approximately 900 feet per hour, road side cameras and/or inspectors 
are challenged to monitor these activities as the work progresses. 

 

 

 
Figure 2. ITS camera images on I-65 in Indiana showing the installation of a concrete bar-
rier wall during the day next to live traffic. 

 
While inspectors can drive-through a zone for inspection purposes, this type of 

inspection is costly and labor intensive, often requiring multiple agency members: 
one to drive and one to document the work zone. In some cases, it is done with 
one driver and a video recorder, but that requires further effort to review the video 
after the drive is complete. As a result, field inspections are often only performed 
for the most complex work zones, and then relatively infrequently. Agencies may 
delegate work zone inspection to MOT sub-contractors and require them to drive 
the work zone on a regular basis, typically weekly to perform inspections. How-
ever, this simply shifts the work from the agency to the sub-contractor, which is 
still costly and labor intensive. 
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Research Objective 

The objective of this paper is to evaluate emerging commercial truck dash camera 
imagery collected at scale across large sections of the network at approximately 1 
second intervals in an efficient manner on a regular, perhaps weekly basis. Such 
inspection provides an agency with images of work zone MOT signs, striping, lane 
use patterns, as well as lane and shoulder conditions. In summary, agencies need 
a cost-effective mechanism to “virtually” drive their work zones on a regular basis 
and identify irregularities that warrant further study. This paper illustrates several 
work zone inspection use cases that can be done effectively with commercial truck 
dash camera images and rapidly reviewed in the office. The paper concludes by 
illustrating how current machine learning/artificial intelligence technologies can 
further improve efficiency in work zone review. 

2. Background 

Some studies have looked at using cameras to detect work zones for autonomous 
vehicles [3] and to detect changes in speed limit in work zones [4]. There have 
been recent developments in using unmanned aerial vehicles (UAV) for traffic 
monitoring and management [5]-[11], estimation of traffic flow [12], identifica-
tion of defective road markings [13], and pavement conditions [14]-[19]. Studies 
have used UAV for work zone related monitoring [20]-[23] but these techniques 
are still in their infancy. 

2.1. Agency Operated Camcorders and Dash Cameras 

Perhaps the most common inspection technique for transportation agencies is to 
drive through a work zone to perform inspections. In earlier years, this was often 
done in two person teams with one driving and one taking notes. More recently, 
many agencies have transitioned to using consumer electronic devices, such as 
GoPros, that can geotag latitude and longitude on a digital image every 0.5 to 1.0 
seconds. This has the ability of providing precise location information if further 
follow up is required. However, this still requires significant travel to and from 
job sites and does not scale well. 

2.2. Commercial Dash Camera Technology 

Many private motorists and public agencies have begun including dash cameras 
in their vehicles for risk management and loss protection. The commercial truck-
ing industry has been particularly aggressive at integrating dash cameras across 
their fleets and there are now a number of dash camera providers for the commer-
cial truck industry. Some of those providers have business models with consented 
user agreements that allow truck images to be shared with external stakeholders 
such as public agencies. While commercial truck dash cameras have been used to 
verify roadway conditions [24], the use of dash cameras for work zone related 
tasks is an emerging opportunity. 
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2.3. Coverage of Commercial Dash Cameras 

Past studies have reported some commercial truck dash camera providers have 
30,000 - 60,000 trucks with images that may be downloaded at approximately 1 
second intervals on demand [25]. That study reported that virtually all sections of 
Indiana interstates are covered by imagery at least a few times a day during each 
day of the week, with some modest decrease in coverage on weekends when there 
are fewer commercial trucks on the interstates. Some of the busier corridors, such 
as I-65 in Indiana, frequently have 4 or more trucks per hour that can provide 
dash camera imagery at 1 second intervals. Figure 3 shows example imagery from 
a truck on southbound I-69 on August 12, 2024. Using linear referencing tech-
niques, each commercial truck dash camera image is associated with an interstate 
route, direction of travel and a mile marker location along the route [25]. 

Metadata associated with the image provide valuable context for the images. At 
the top of the image shown in Figure 3(a), the following metadata attributes are 
visibly encoded on the image overlay: 
• Internal Purdue Identifier (PU929770); 
• State (IN); 

 

 
(a) 

 
(b) 
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(c) 

Figure 3. Dash camera images along I-69 in Indiana verifying MUTCD work zone design. 
(a)Arrow board at merge point; (b)LANE ENDS MERGE LEFT sign 1000 feet in advance 
of merge point; (c) RIGHT LANE CLOSED AHEAD sign 2500 feet in advance of merge 
point. 

 
• Route (I-69S); 
• Mile Marker (273.3); 
• Local Date and Time: (2024-08-12, 17:16:15); 
• Speed (22 MPH). 

Comparing Figure 3(b) and Figure 3(c), the mile marker changes to 273.5 and 
273.7, the time to 17:15:12 and 17:14:42, and the speed to 16 and 27 MPH, respec-
tively. The visible side mirrors in the lower left and right corner also provide evi-
dence that these images were captured from a commercial truck. These dash cam-
era images from Figure 3 can be used to identify MUTCD traffic control devices 
such as signs and markings. A subject matter expert can then cross reference the 
images with standard agency practices. Figure 4 is adapted from the MUTCD [2] 
to illustrate the practices transportation agencies typically follow for sign place-
ments near an interchange entrance ramp. In this simple example, one can see the 
arrow board in Figure 3(a), 2 orange W4-1 signs in Figure 3(b), and 2 orange 
W20-5 signs in Figure 3(c) align with the configuration recommended in Figure 
4. 

2.4. Near Term Dash Camera Inspection Workflow for Agencies 
and Data Costs 

This technology is at the point where imagery from relatively large segments of 
roadways can be downloaded on a weekly basis. The current download capacity 
of Purdue is to retrieve approximately 10,000 images per week from commercial 
dash camera providers. That imagery can cover approximately 400 miles of inter-
state. Early efforts to scale this indicate approximately 400 miles of interstate can 
be monitored per week with a data service cost on the order of $3400/month. De-
pending on the specific agency’s need for images per week, the scaling of the data 
can be increased or decreased based on the requirements. 
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Figure 4. MUTCD Typical Application 44: Work in the vicinity of an entrance ramp. 

 
In the near term this is a very cost-effective replacement for traditional “wind-

shield” inspection where an agency or contractor drives the work zone. In Indiana, 
a work zone of interest can be automatically downloaded on one day and a quick 
frame by frame “virtual” drive to examine key elements and determine if they have 
changed can be done the following day in approximately an hour of combined 
machine and manual effort. The following section discusses a series of use case 
studies. Several examples from outside of Indiana have been incorporated to 
demonstrate how well these commercial truck dash camera inspection techniques 
scale nationally. 
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3. Methodology 
3.1. Use Case Studies 

This section presents five selected use case studies highlighting how commercial 
truck dash camera images can be used in the verification of sign placement, tem-
porary work zone lane usage, temporary work zones and maintenance closures, 
as well as pavement markings and shoulder conditions. Proper placement of sign-
age within work zones is important to ensure that motorists are able to safely and 
predictably navigate through work zones. 

The MUTCD provides guidance, but by the nature of work zones, roadway con-
ditions are regularly changing and contractors and agencies must verify that work 
zone signage is not only positioned in the correct place but that any work zone 
asset is compliant with the MOT plans. While the use case studies presented in 
this section all focus on interstate roadways, the techniques are scalable to any 
roadway where there is sufficient commercial dash camera coverage. 

3.1.1. Sign Placement (Use Case Study 1) 
Work zone warnings signs and arrow boards, such as those shown in Figure 3, 
are examples of MOT that an agency may inspect to determine if the correct 
design is in place and the correct message is being conveyed to motorists. Figure 
5 presents an image of a truck traveling along southbound I-69 near mile marker 
273 on August 12, 2024. On the right side of the image, an entrance ramp that 
will later merge with the mainline traffic downstream is visible. The right side of 
the entrance ramp has a work zone speed limit sign of 55 MPH while the left side 
of the entrance ramp has a work zone speed limit trailer showing a speed limit of 
50 MPH when flashing. While these messages may be displaying different speed 
limits under different conditions, the placement of speed limit trailer might be 
better positioned further away from the static speed limit sign to limit the possibility 
of confusion from the perspective of the driver. The ability for a transportation 
agency to verify signage on a frequent basis can allow the agency to be proactive  

 

 
Figure 5. Dash camera image along I-69 in Indiana showing a static work zone speed limit 
sign and a dynamic work zone speed limit trailer displaying different speed limits. 
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and agile in determining that the correct information is being conveyed to motorists. 

3.1.2. Work Zone Lane Usage (Use Case Study 2) 
On large freeway work zones, there can be several MOT phases throughout the 
length of a project. The MOT pattern may change several times, which can result 
in different lane restrictions and lane usage depending on the phase. In Figure 6, 
several images are shown from a commercial truck along I-65 in Indiana that is 
approaching a bifurcation where the left lane crosses over to the opposite side of 
the freeway along the northbound lanes and the right lane continues on the south-
bound side of the freeway. The following callouts verify the location of the images 
are at the same location while the MOT setup changes: 
• Callout Y points to the yellow edge line, delineating the inside edge of the road-

way; 
• Callout E points to the white edge line, delineating the outside edge of the 

roadway; 
• Callout t points to a tree west of I-65; 
• Callout d points to a drainage culvert. 

Figure 6(a) and Figure 6(b) shows that on August 8, 2024, of the three lanes 
that were currently configured when approaching the bifurcation, lanes 1 and 3 
were open for vehicular travel. Conversely, Figure 6(c) shows on October 9, 2024 
that lanes 1 and 2 were open and lane 3 was now closed due to a shift in MOT for 

 

 
(a) 

 
(b) 
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(c) 

Figure 6. Dash camera images along I-65 in Indiana showing difference in lane usage at 
bifurcation over 2 months. L1, L2, and L3 represent lane 1, lane 2, and lane 3, respectively. 
(a) Dash camera image on August 9, 2024 showing lane 1 and 3 open; (b) Dash camera 
image on August 9, 2024 showing lane 1 and 3 open; (c) Dash camera image on October 9, 
2024 showing lane 1 and 2 open 

 
the specific phase. These images illustrate the ability to perform a detailed inspec-
tion to assess status of construction phasing and more importantly, efficiently 
evaluate the lane configuration and signage from both a plan compliance and 
driver’s perspective. 

3.1.3. Temporary Work Zones (Use Case Study 3) 
Work zones that are short-term and temporary in nature can be challenging to 
track from an agency perspective as they can be completed relatively quickly and 
the MOT is often placed and taken down within the same day. Furthermore, while 
maintenance activities may only need to close a single lane for a few minutes or 
hours, they can be scheduled to take place over a range of days making it hard for 
an agency to track exactly when the work took place and more specifically, what 
the MOT looked like. Figure 7 and Figure 8 are both examples of temporary  
 

 
Figure 7. Dash camera image along I-70 in Illinois showing shoulder running of several 
vehicles due to lane incursions from work crew. 
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Figure 8. Dash camera image along I-83 in Maryland showing shoulder running due to 
lane incursions from work crew. 

 
work zones where crews are installing pavement markings with lane incursions 
from the work crew in place. In Figure 7, a work crew along I-70 in Illinois is 
installing skip line pavement markings between both travel lanes and in Figure 8, 
a work crew along I-83 in Maryland is also installing skip line pavement markings. 
Both of these examples involve the vehicles being diverted onto the inside shoul-
der. From the metadata shown on the top of the camera images, the speed of the 
vehicles in these two use cases are 15 and 26 MPH. Having the ability to visually 
record these type of work zones allows for transportation agencies to better un-
derstand how construction related activities that require a lane incursion can af-
fect driver behavior. Longer term, they can help provide an important training 
tool for designers as well as roadway contractors on the impact these types of chal-
lenging construction activities have on traffic. 

3.1.4. Maintenance Lane Closures (Use Case Study 4) 
Transportation agencies may have maintenance activities occurring at any time 
of the day on any day of the year. These activities can take several minutes, 
several hours, or even several days depending on the specific maintenance tak-
ing place. In Figure 9, a truck is driving along eastbound I-70 in Utah on May 
5, 2025. In Figure 9(a), the start of a lane closure can be seen with several or-
ange barrels on the shoulder at mile marker 8.8 and the start of the lane taper 
further downstream from there. Figure 9(b) shows that 0.3 miles downstream 
at mile marker 9.1, a single right lane closure is in effect and that a vehicle 
within the barrels is being used for a bridge inspection. Bridge inspections can 
often require temporary lane closures for the safety of those performing the 
inspection. With this type of remote inspection by dash cameras, an agency can 
perform many more inspections than driving out to remote sites. With im-
proved efficiency, more feedback can be provided, as well as generating a li-
brary of good practices for future training. 
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(a) 

 
(b) 

Figure 9. Dash camera images along I-70 in Utah showing a temporary work zone for a 
bridge inspection. (a) Start of taper for temporary lane; (b) An articulated boom lift truck 
inside barrels for a bridge inspection. 

3.1.5. Pavement Markings and Shoulder Conditions (Use Case Study 5) 
Work zones often require lane restrictions and lane shifts which can require 
temporary pavement markings, temporary width constraints, and temporary 
shoulder conditions. In Figure 10, a truck along the northbound direction of I-65 
on June 24, 2025 is within a work zone which has a temporary lane constructed 
that is using part of the original shoulder. The original pavement markings have 
been removed and temporary ones have been installed for the duration of this  

 

 
Figure 10. Dash camera image along I-65 in Indiana showing pavement marking and 
shoulder inconsistencies. 
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work zone phase. The ability for transportation agencies and contractors to be 
able to monitor the condition of the pavement markings is important to evaluate 
the compliance of the work zone with the design. In addition, week by week mon-
itoring can be performed with dash camera images to monitor changes in shoul-
ders and identify guardrail or MOT devices that require maintenance. 

4. Feasibility Study of Using AI Models to Inspect Dash 
Camera Images 

While dash camera images can allow transportation agencies the ability to virtu-
ally drive any and all their work zones as frequently as needed, the images still 
need to be inspected and verified manually, which can become labor intensive 
with the increasing number of dash camera images. Several researchers have 
looked at the feasibility of using Artificial Intelligence (AI) for incident detection 
[26]-[28] and to also predict traffic conditions [29]-[34]. Other researchers have 
used AI for the recognition of traffic signs [35]-[37], but the ability for an agency 
to implement these models at a scalable level is not currently present. 

As part of ongoing studies of work zones, Purdue monitors interstate speeds in 
9 states in a pooled fund study. Those speeds are collected remotely from con-
nected vehicles and occasionally exhibit anomalies such as queued traffic or in 
some case, total closure [38]. To investigate irregularities in the observed speeds 
or unexpected queueing, Purdue collects approximately 10,000 dash camera im-
ages weekly from commercial trucks across 400 interstate miles in those 9 states. 
Construction work zones are one of the most common anomalies detected in the 
connected vehicle data and require manual inspection of dash cameras to confirm. 
To evaluate the feasibility of automating the verification of a work zone, two AI 
models, ChatGPT o4-mini and Gemini 2.5 Flash were chosen due to their wide 
accessibility and usability to process images from these locations. The following 
AI prompt was submitted to the AI models to analyze a diverse set of 40 images 
from 8 of the partner states: 

“Can you analyze these photos one by one from a driver's perspective and tell 
me if the driver is in a construction work zone in their direction of travel? 
Please provide commentary on what you see in the image to support your 
answer and summarize the results in a table.” 

Table 1 provides a summary distribution of the 40 dash camera images sub-
mitted to the AI models that spanned 20 interstates routes in the 8 states. The 
authors selected 31 images that showed some type of evidence of a construction 
work zone and 9 images where there was no visible evidence of a work zone. Table 
2 summarizes the results from the AI prompt. For this study, the AI models’ 
responses were sorted into one of three categories: Correct if the model correctly 
identified if it was within or not with the work zone, False Negative (FN) if the 
model did not identify the work zone while it was within one, and False Positive 
(FP) if the model incorrect identified a work zone when it was not within one.  
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Table 1. Summary of images submitted to ChatGPT o4-mini and Gemini 2.5 Flash. 

State 
Number of Images 

in Work Zone 
Number of Images 
not in Work Zone 

Number of Unique 
Interstate Routes 

Delaware 2 0 1 

Illinois 7 3 5 

Maryland 6 0 3 

Michigan 1 3 2 

Pennsylvania 4 0 2 

Texas 4 1 2 

Utah 2 1 2 

Wisconsin 5 1 3 

Totals 31 9 20 

 
Table 2. Summary of results. 

 ChatGPT   Gemini  

Correct FN FP Correct FN FP 

36 4*  39 1  

Legend: FN: False Negative, did not identify work zone; FP: False Positive, incorrectly iden-
tified work zone; *: Two of the False Negatives noted the vehicle was not in a work zone, 
but approaching one. 

 
Neither of the two models made any mistakes indicating the presence of a con-
struction zone when no construction zone was present (FP). However, there were 
5 errors by the models on indicating that no construction zone was present when 
in the authors’ judgement the image included a work zone. Figure 11 shows the 
response from the models for 5 images where there was disagreement between the 
authors and the AI model. A potential reason for Figure 11(a) and Figure 11(b) 
receiving “No” responses from ChatGPT could be due to work zone signage say-
ing work is ahead, giving the possibility of work not being conducted at the loca-
tion of the images. Figure 11(d) and Figure 11(e) received “Approaching” a work 
zone response from ChatGPT, potentially for similar reasons as well. With the 
exception of Figure 11(c), each of the models responded with information that 
showed the model recognized the presence of a work zone in the direction of 
travel, but did not say the driver was in the work zone. Figure 11(c) noted the 
presence of a work zone on the other side of the road. This too seemed to be a 
plausible response. 

While the results presented only use commercially available AI models, the 
study provides the feasibility of a work zone engineer being able to inspect several 
sets of dash camera images across a number of work zones, allowing them to 
rapidly triage and analyze these work zones in a quick manner. Compared to the 
traditional method where a set of engineers would have to drive out to each work  
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Figure 11. Images and AI response from each model for the five images where the authors disagreed 
with the AI model. The response the authors disagreed with is shown as red text. 

 
zone, record several drive throughs in each direction, note anomalies or anything 
of interest in the moment, and then drive back to their office to further analyze 
the videos. 

5. Conclusions 

The use case studies presented in this paper suggest that commercial truck dash 
cameras are a viable and scalable data source for transportation agencies to inspect 
and monitor their work zones. This approach drastically reduces the need to phys-
ically drive through a work zone to inspect signs, striping and infrastructure. The 
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ability to virtually drive the work zone can allow for a robust inspection and mon-
itoring for a much larger set of work zones on a more frequent basis. Additional 
benefits accrue from reducing the frequency of traffic exposure for transportation 
agency and construction staff in inspecting work zones. The use case studies 
shown by this study focus on interstate highway work zones, but the techniques 
easily scale to any roadway with sufficient dash camera coverage. 

While human inspection of commercial dash cameras is scalable and can be 
more efficient than manually driving the work zones, the process for inspecting 
all these images can be labor intensive. To address the repetitive nature of inspect-
ing thousands of images on a weekly basis, an evaluation was performed using two 
commercial AI models to scan a representative set of images from 8 states to de-
termine if a work zone was present. Table 2 summarizes those results and Figure 
11 provides illustration of responses from the AI models where there was disa-
greement with the authors. In all cases, the 2 AI models gave reasonable responses 
to the prompt, with some subtle variations in classification that would also occur 
with humans. These results are very promising and suggest there is an opportunity 
for further scaling these techniques to systematically process these images with 
perhaps even more complex questions for identifying damaged infrastructure, sign 
visibility issues, and ultimately compliance with agency standards and design 
plans. 

However, some limitations of using commercial truck dash camera images is 
that while the coverage across interstates is usually strong within urban areas and 
trucking corridors, coverage in rural areas, overnight, and on weekends could be 
sparse. Furthermore, image quality and position can vary from truck to truck 
which can become an issue if specific text needs to be read off of road signs. 

In summary, this paper has demonstrated the use of commercial dash cameras 
to virtually inspect work zones over several use cases to assist agencies in moni-
toring their work zones. Furthermore, the feasibility of using AI models to rapidly 
analyze these images and videos has promising results. To be able to accurately 
and efficiently utilize these processes to analyze several work zones within a given 
time period, agencies will need to train their staff not only in how to view the 
images and what to look for, but also what AI prompts would be best for their 
given work zones. 
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