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Section I: Introduction and Executive Summary 

The ultimate goals of this program were to design, build, and test a prototype remote sensing-based 

unpaved road condition assessment system that can compete with manual methods, and to incorporate 

these measurements into a decision support system (DSS) to aid in managing unpaved road networks. A 

number of requirements were established for the performance of this system; previously established 

requirements are reviewed and the performance our assessment system are reported in this document. The 

criteria for such a system consists of a flight-worthy sensor for collecting data, a software suite to process 

these data to extract road distresses, and RoadSoft® GIS, a tool for road asset management decision 

support and data visualization. As described in our reports, Deliverables 1-A to 7-A, we have designed, 

built, and deployed such an integrated system, now named our Unsurfaced Road Condition Assessment 

System (URCAS). This report evaluates the performance of URCAS against the requirements established 

at the beginning of the project. Previous reports are available on our project website at 

www.mtri.org/unpaved under ñTasks and Deliverables.ò  

This deliverable report, the most detailed of all our project reports so far, provides a summary of the 

measurement and sensor requirements originally described in the projectôs first report, Deliverable 1-A. 

Of the several requirements, the need to detect a 1ò (2.5cm) elevation change in a 9ô (2.7m) distance from 

road center to edge to measure cross section, so that presence of sufficient crown can be assessed, ended 

up being one of the most critical in defining needed resolution in the 3D data we were capable of 

producing. As we developed our system, the need to measure road features to a 1ò/2.5 cm resolution was 

a requirement we were always keeping in mind. 

To start the main Performance Review section, we thoroughly review each of the eight main unpaved 

road sites assessed in 2012 to 2013 (one site was repeated from the first assessment summer to the 

second). These were all rural, unpaved roads located in southeastern Michigan with a wide variety of 

representative road distresses that could be readily accessed by a field crew using the UAV and, when it 

could be arranged, by a manned fixed-wing aircraft operating from the Ann Arbor, MI airport. In 

addition, we collected data at two sites in Iowa and one in Nebraska in 2013 when a coincident data 

collection opportunity presented itself. This opportunity enabled us to demonstrate that our Unsurfaced 

Road Condition Assessment System could characterize results for other statesô roads as well. For all these 

sites, we have been able to analyze data for 45 total road segments. 

The Performance Review section then continues to describe the sensor system performance. The UAV-

based system more than met the requirements to collect the type of overlapping imagery data needed to 

collect 1% crown measurement variations using readily available commercial hardware costing $9,000. 

However, even flying at the lowest safe elevation (about 500ô or 150m), using the same single camera 

from the UAV-based system in a manned fixed wing aircraft could not meet resolution requirements due 

a lack of needed angular diversity. Without sufficient angular diversity, creating the needed 1ò / 2.5cm 

resolution data is not possible with a 36 mp camera flying above 400ô (120m). In the future, as 

technologies advance, a manned fixed-wing aircraft-based data collection system could eventually match 

the current capabilities of our UAV-based system.  

The software suite used to extract road distresses from the measured data consists of a series of open-

source packages focused on Structure from Motion (SfM) techniques, tied together with custom-written 

scripts. These were described in Deliverables 6-A and 6-C, but additional development would be needed 

to have a ready-to-install, simpler-to-operate commercial software suite. The Performance Review section 

continues with describing the performance of the URCAS analysis algorithms. The typical performance 

of the overall system in correctly estimating distresses is measured in two ways, by individual distresses, 

and by comparing Unpaved Road Condition Indices (URCIs). Overall, the analysis algorithms detected 

93% of distresses measured manually, with the best performance for potholes. The overall false-alarm 

rate (detecting a distress when none was present) was 14%, reasonable in our opinion for maximizing 

detection of actual distresses. 95% of potholes were detected with a false alarm rate of only 4%. When 

http://www.mtri.org/unpaved
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compared to manual measurements, the requirement to measure crown with 2.5 cm (1ò) accuracy was 

met. Rut detection was more challenging with a 67% of probability of detection. Short ruts, essentially 

elongated potholes, were missed most often. While 100% of corrugations were detected, there was a 

relatively high level of false alarm, with the corrugation algorithm often identifying areas with significant 

3D data reconstruction noise as corrugation. Tuning of this algorithm is continuing.  

This reportôs final main section is a cost comparative analysis. There are a number of possible data-

collection systems that can be fielded to perform necessary measurement functions; however the preferred 

system we tested is a heavy-lift multi-rotor UAV (we used a Bergen Hexacopter as our second-year 

platform), a high-resolution camera (Nikon D800 or equivalent), and good-quality lens (Nikkor 50mm 

f/1.4). This system, when operated 8 hours per day, 3 days per week, for a 21-week season to collect 300 

road-miles of data segments, will cost $0.74/mile to operate to meet a representative set of unpaved road 

assessment needs (see the Comparative Cost Analysis section). This assumes a 3-year amortization of the 

initial hardware (aircraft and sensor). This preferred data-collection system satisfies all outlined 

performance requirements. 

This preferred system was not suitable for manned, fixed-wing, collections without modifications that 

were beyond the scope of this effort, particularly affordability. However, it is possible that a system, built 

with current technology, could be fielded, with significantly more complicated processing required. Such 

a system, used to collect a similar amount of road data as described above, includes the following 

estimates: the plane costs $160/hr to fly, a one hour flight can cover up to 5 miles of roads needing 

assessment (because there are target areas for collection; not every mile of road in a flight path needs 

assessment), 300 road-miles need to be assessed over a season, and there is a 21-week data collection 

season. As described in the Comparative Cost Analysis section, this will cost $16,340 per season. For a 

system consisting of 3 cameras ($10k amortized over 3 years), this comes to $10.26/mile. 
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Section II: Requirements Review 

Deliverable Report 1-A (Brooks et al. 2011a) provided a thorough description of the requirements that 

would need to be met to develop a remote sensing system capable of collecting inventory and distress 

data for unpaved roads that would be useful to road managers, with the goal of developing a working 

prototype of a commercially viable unpaved road data collection and asset management system. The 

ñRequirements for Remote Sensing Assessments of Unpaved Roads Conditions Reportò has been 

available on the project website (www.mtri.org/unpaved) since early in this project and can be found 

directly at http://geodjango.mtri.org/unpaved/media/doc/deliverable_Del1-A_RequirementsDocument 

_MichiganTechUnpavedRoadsr1.pdf. In it, several critical indicators were defined for unpaved road 

condition assessment; these were the distresses that would be measured to indicate condition: 

Critical leading indicator:  

 * Cross section (loss of crown) 

Trailing indicators: 

 * Loose aggregate 

 * Corrugations 

 * Potholes 

 * Ruts 

Desirable but optional: 

 * Road-side drainage 

 * Dust 

The first table in Deliverable 1-A provided the most effective summary of measurement requirements, 

and is repeated here: 

Table 1: Summary of requirements for a successful unpaved road data collection and asset 

management system as described in Deliverable 1-A. 

Number Name Type Definition 

1 
Data Collection 
Rate 

Sensor 
The systems must collect data at a rate that is competitive with current practice 
(to be determined, TBD) 

2 Data Output Rate System 
Processed outputs from the system will be available no later than 5 days after 
collection 

3 Sensor Operation Sensor ñEasyò, little training required 

4 Platform Operation Platform Training needed TBD, based on platform choice 

5 Reporting Segment System <100ft x 70ft, with location precision of 10ft. Map position accuracy +/- 40ft 

6 Sample locations System Specified by the user a map waypoints 

7 Inventory System 
A classified inventory of road types is required prior to system operation. This 
will consist of 3 classes: Paved, Gravel, Unimproved Earth 

8 Surface Width System 
This is part of the inventory, and may also be estimated by the system 
measured every 10ft, precision of +/- 4ò 

9 Cross Section Distress 
Estimate every 10ft, able to detect 1ò elevation change in 9ô, from center to 
edge. 

10 Potholes Distress 
Detect hole width >6ò, precision +/-4ò, hole depth >4ò, precision +/-2ò. Report in 
4 classes: <1ô, 1ô-2ô, 2ô-3ô, >3ô 

11 Ruts Distress Detect >5ò wide x 10ô long, precision +/-2ò 

http://www.mtri.org/unpaved
http://geodjango.mtri.org/unpaved/media/doc/deliverable_Del1-A_RequirementsDocument_MichiganTechUnpavedRoadsr1.pdf
http://geodjango.mtri.org/unpaved/media/doc/deliverable_Del1-A_RequirementsDocument_MichiganTechUnpavedRoadsr1.pdf
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Number Name Type Definition 

12 Corrugations Distress 
Detect spacing perpendicular to direction of travel >8ò - <40ò, amplitude >1ò. 
Report 3 classes: <1ò, 1ò-3ò, >3ò. Report total surface area of the reporting 
segment exhibiting these features 

13 Roadside Drainage Distress 
Detect depth >6ò from pavement bottom, precision +/-2ò, every 10ft. Sense 
presence of standing water, elevation precision +/-2ò, width precision +/-4ò 

14 Loose Aggregate Distress Detect berms in less-traveled part of lane, elevation precision +/-2ò, width +/-4ò 

15 Dust Distress 
Optional ï measure opacity and settling time of plume generated by pilot 
vehicle 

16 Flight Altitude Platform ~400ô 

17 Field-of- View Sensor 11 degrees 

18 Resolution Sensor 0.5ò, (4M pixels for this geometry) 

19 
Image Capture 
Speed 

Sensor 2.25 frames per second 

Deliverable 1-A also summarized as the sensor system as needing at least the following properties: 

1. Flight altitude ~400ft (~122 m) 

2. 11º FOV at that altitude -> 75mm lens 

3. >4MP sensor 

4. >2.25 fps imaging rate 

The report also provided an initial description of the Unsurfaced Road Condition Index (URCI), 

(Department of the Army 1995; Eaton 1987) that was further detailed in Deliverable 2-A, the State of the 

Practice of Unpaved Road Condition Assessment (Brooks et al. 2011b; available at 

http://geodjango.mtri.org/unpaved/media/doc/deliverable_Del2-A_State_of_the_Practice_for_ 

Unpaved_Roads_MichiganTech.pdf). Selection of the URCI was based on its ability to integrate 

information on unpaved road distresses into management and cost information needed by road managers. 

Distress information on improper cross section, corrugation (washboarding), potholes, ruts, and loose 

aggregate (berms) are scored based on the density and severity and compiled for a 0-100 score based on 

deduct values from a look-up table. Table 2 shows an example of the URCI data being tied to cost codes 

and management options (from Eaton, 1987; Eaton 1987a; Department of the Army, 1995) for a 

collection of information necessary to make the severity assessments that helped shape the project 

requirements. 

  

http://geodjango.mtri.org/unpaved/media/doc/deliverable_Del2-A_State_of_the_Practice_for_Unpaved_Roads_MichiganTech.pdf
http://geodjango.mtri.org/unpaved/media/doc/deliverable_Del2-A_State_of_the_Practice_for_Unpaved_Roads_MichiganTech.pdf
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Table 2: Maintenance alternatives and corresponding distress categories, severity codes determined 

from UCRI, and cost codes adapted from the Unsurfaced Road Maintenance Management method. 

Distress 
Number Distress 

Severity 
code 

Cost 
code* Description 

81 
Improper cross 
section 

L B Grade only. 

 
 

M B/C 
Grade only/grade and add material (water or both), and compact. 
Bank curve. Adjust transitions. 

  H C Cut to base, add aggregate, shape, water, and compact. 

82 
Improper 
roadside drainage 

L B Clear ditches every 1-2 years. 

  M A Clean out culverts. 

   B Reshape, construct, compact or flare out ditch. 

  H C Install underdrain, larger culvert, ditch dam, rip rap, or geotextiles. 

83 Corrugations L B Grade only. 

 
 

M B/C 
Grade only/grade and add material (water or aggregate or both), 
and compact. 

  H C Cut to base, add aggregate, shape, water, and compact. 

84 Dust stabilization L C Add water. 

  M C Add stabilizer. 

 
 

H C 
Increase stabilizer use. Cut to base, add stabilizer, water, and 
compact. Cut to base, add aggregate and stabilizer, shape, water, 
and compact. 

85 Potholes L B Grade only. 

 
 

M B/C 
Grade only/grade and add material (water, aggregate, or 50/50 mix 
of calcium chloride and crushed gravel), and compact. 

  H C Cut to base, add aggregate, shape, water, and compact. 

86 Ruts L B Grade only. 

  M B/C Grade only/grade and add material, and compact. 

  H C Cut to base, add aggregate, shape, water, and compact. 

87 Loose aggregate L B Grade only. 

  M B/C Grade only/grade and add material, and compact. 

  H C Cut to base, add aggregate, shape, water, and compact. 

*Cost code guide: A = labor, overhead; B = labor, equipment, overhead, C = labor, equipment, materials, overhead. 

As noted in Deliverable 2-A, the project team found the Department of the Army's URCI method to be a 

good candidate method to focus on for this project because it offered a clear set of measurement 

requirements, the realistic possibility of collecting most of the condition indicator parameters, and the 

potential applicability to a wide variety of U.S. unpaved roads. The manned and unmanned systems used 

in this project were selected and developed so that they could collect the necessary URCI data with the 

required resolutions shown in Table 1. The performance review, concept of operations, and cost analysis 

all stem from the URCI system and related measurement requirements.  
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Section III: Performance Review 

Description of Assessed Sites and Data Collections ï Unmanned and Manned Flights 

The MTRI team collected data at five sites in 2012 - Petersburg Road in Monroe County and Welch 

Road, Mills Macon Road, Garno Road and Piotter Hwy in eastern Lenawee County Michigan (see Figure 

1). Four sites were in assessed in 2013 as well: Marsh Road and Fleming Road in northwestern 

Livingston County. Palmer Hwy and Piotter Hwy in eastern Lenawee County were also evaluated (also 

shown in Figure 1). For the purposes of this project, up to four people were sent so that ground truth data 

could also be collected, but the imagery needed for unpaved road assessment could be collected with just 

a single data collector. No single study site had all the distresses for ground truth assessments.  As we 

eventually determined, our analysis software for locating unpaved road distresses was able to find and 

categorize more distresses than manual ground truth was able to do, so our ñground truthò data is better 

described as spot-checking reference data useful for evaluating part of the imagery analysis results. We 

selected roads for assessments, with the project UAVs (hexacopter/ single-rotor helicopter) and manned 

fixed wing aircraft based on communication with local county Road Commissions and extensive driving 

surveys by MTRI personnel. Often, county road commissions were unable to provide guidance on current 

unpaved road conditions within their counties (with the goal of narrowing the search for distressed 

unpaved road segments). Jay Carter of the Road Commission for Oakland County (RCOC), a partner in 

this project, was able to guide us to townships within the county with roads that had not been recently 

graded. However, it was up to the field crews to locate roads that met the data collection criteria. 
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Figure 1: Locations of the eight sites were unpaved road imagery were collected in 2012-2013 for 

calculating road distresses and the Unsurfaced Road Condition Index. 

As a result, to select unpaved roads for evaluation, we sent out field teams on driving surveys to look for 

distressed unpaved roads that met the conditions set for evaluation: they needed to be clearly visible from 

the air, had no trees or wires/poles close to the road, were lightly populated and lightly trafficked. Figure 

2 shows some examples of road conditions and near-road landscapes found in unpaved road areas of 

southeastern Michigan. 
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Oakland County (L) (DSC04204) and Monroe County (R) (DSC05012) 

   
DSC00684 Macomb County (L) DSC_4855 Livingston County (R)  

Figure 2: Sample road conditions and landscapes in several counties within SEMCOG. 

While the search for distressed unpaved roads included most of the member counties of the South Eastern 

Michigan Council of Governments (SEMCOG), suitable areas for aerial data collection were found in 

northwestern Livingston County, Monroe County and eastern Lenawee County in southeastern Michigan. 

The appropriate locations for data collection were generally in agricultural areas with open fields and few 

trees along the roads. The population density in the rural parts of these counties is low, the landscape is 

open and unpaved roads are common, making it easier to locate unpaved roads that are suitably remote 

and have quantifiable distresses of useful severity.  

A challenge faced by the field team was staying ahead of graders once suitably distressed unpaved roads 

were located (see Figure 3). Often, the grader would pass over distressed unpaved roads between the time 

the field team identified the distresses and when the data collection team could get out to the site. This 

delay may have been only a day or two, but graders beat the data collection team to the distressed 

unpaved roads several times. 
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Figure 3: A road grader working on a rural road in Livingston County, MI, as seen by data 

collection team while looking for distressed unpaved roads. 

In addition, there were two collections of opportunity in Iowa and one in Nebraska, made in late August 

2013 (Figure 4). The purpose of this collection was to verify that roads maintained in other states, using 

potentially different materials and methods, could be characterized with the same processing suite as 

Michigan roads. These sites were chosen from reviews of Google Earth imagery, within several miles of 

I-80, to minimize transit time to the site. All three sites were judged to be undamaged, and typical of the 

surrounding rural roads. Examination of the results indicated that there were no problems in assessing 

road conditions on these other types of roads. 
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Figure 4: Overflight of an Iowa road, also assessed for condition. 

Ground Truth Data Collection  

When a study site had been identified, a ñground truthò team followed to break the road down into short 

(typically 100 feet/~30 meters) segments for analysis. This was needed for verification and spot-checking 

of image analysis results and would not typically be required as part of an operational unpaved roads 

assessment system.  The road is marked with pavement marking paint and each segment numbered. 

Distresses present in each segment are measured (length, width, depth and any other attributes that may 

be required) and recorded on a field data sheet (see Figure 5).  
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Figure 5: A completed field data collection sheet for segment 2 of Fleming Road, Livingston 

County. Values on this form were entered into the MS Excel version of this inspection sheet where 

severity calculations were performed. Note that some units of measure conversions were necessary. 

Road condition attributes recorded on the field sheets are standard Army Corps of Engineers Unpaved 

Roads Condition Index attributes ï cross section, roadside drainage, corrugations (washboarding), 

potholes, ruts and loose (float) aggregate. Dust is part of the URCI but was not measured as a practical 
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part of this project. Road width was measured at each end of the segment; it was measured more often if 

road width varied significantly within a segment.  

Each road segment to be measured was numbered and distresses present marked and numbered. It was not 

necessary for segments to be immediately adjacent to each other. Distresses present within the segment 

are mapped, measured and the values recorded on the field data collection sheet.  A second page of the 

data collection form allowed for the mapping of distress location as well as entering data on road width, 

cross section (crown) drainage and float aggregate measurements. 

The data recorded on the field data sheet are entered into an Excel spreadsheet that is identical to (and the 

source of) the field data sheets (see Figure 5). This field data sheet is an evolution of a manual system 

developed to capture ground conditions when the data were collected. Calculations are built into the 

spreadsheet to classify the distresses present into the appropriate ñbinò (seen at the top of the data sheet) 

and produce a URCI index number. While out in the field, the ground truth team also made sketch maps 

of the sections to help interpret locations and types of distresses (Figure 6). To help understand how these 

data fed into the complete end-to-end system, three additional figures are included: Figure 7 shows a 

photo of the Fleming Road segment 2 data collection site (one of our representative segments needed for 

URCI evaluation of distress condition); Figure 8 shows the UAV-collected imagery after it has been 

converted into a 3-D point cloud using the projectôs remote sensing processing system analysis software, 

and Figure 9 shows a ñheight mapò indicating that potholes could be mapped using the projectôs analysis 

software. 
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Figure 6: A completed Unsurfaced Road Inspection Sheet, transcribed from the field data sheet 

above. The values on this sheet were collected from segment 2 on Fleming Road, Livingston 

County, MI and are actual attribute data. Values in the ñSeverityò column are calculated based on 

data entered for that particular feature . 
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Figure 7: Distress map from segment 2 of Fleming Road. The compass rose allows orientation of the 

map. In this case, the distresses are mapped and numbered, correlating to numbers painted on the 

road next to the corresponding feature. Road width is captured every ten feet in the XS field. All 

twenty distresses found on this segment were mapped on this sheet although documenting them 

required a second field data sheet. 
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Figure 8: Fleming Road segment 2 looking north. Distresses have been marked, measured, mapped 

and numbered prior to overflight. This image correlates to the south end of the distress map above. 

 

Figure 9: A 3-D point cloud generated through the projectôs structure-from-motion based remote 

sensing processing system software using overlapping UAV-collected imagery, of the same location 

shown in the ground photo in Figure 7. 



Performance Evaluation of Recommended Remote Sensing Systems in Unpaved Road Type Condition Characterization  16 

 

Figure 10: Part of the Fleming Road segment 2 as shown in Figure 7 and Figure 8, displaying a 

height map where potholes and their depths can be seen. 

2012 Field Season 

Figure 11 shows the five main locations evaluated during the projectôs initial 2012 field season: 

Petersburg Road, Welch Road, Mills-Macon Road, Piotter Highway, and Garno Road (see Figure 1 for 

their context in the rest of southeastern Michigan). Descriptions of each of the evaluated sites follow. 
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Figure 11: Focus map of the 2012 unpaved roads project field study sites. 

Petersburg Road 

The first flight and data collection tests were completed on Petersburg Road near Milan, Monroe County, 

MI on October 16 2012. This road met the conditions set for a data collect ï distresses present, away from 

airports, no trees or poles near the road, light traffic and no buildings in the segment of the road to be 

flown. The road surface is crushed limestone. 

The road was broken down into 100 foot / 30.5 meter segments and the segments were marked with 

fluorescent orange marking paint (Figure 12). The URCI method is based on taking one or two 100 foot 

samples to represent approximately a one mile stretch of road (Department of the Army 1995). The road 

width was measured and recorded, then distresses were measured and values recorded (Figure 13).  While 

the road was marked and measured, the Bergen Tazer 800 helicopter was prepared and programmed for 

flight. When the helicopter was ready, the road was briefly closed for safety and to keep vehicles from 

passing under the helicopter during a data collection.  
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Figure 12: Petersburg Road near Milan MI looking north. Note visible distresses (potholes). 

  



Performance Evaluation of Recommended Remote Sensing Systems in Unpaved Road Type Condition Characterization  19 

 

 

Figure 13: Location and attribute data about distresses found in each road segment were measured 

and recorded for comparison to image processing results. (three photos above): (DSC1285, 

DSC1295, DSC1297) 

Welch Road 

The surface of Welch Road consists of natural aggregate or river sand and gravel (Figure 14). This 

material, unlike crushed limestone, does not ólockô into a hard, impermeable surface as it is compacted 

and is prone to plastic deformation as the road and roadbed become saturated with water and vehicles 

(particularly trucks) pass over the road. Welch Road runs east-west; distresses identified on the road are 

washboarding and potholes, with a small accumulation of float aggregate primarily along the north 

shoulder of the road. Figure 15 shows a single image, as collected by the single-rotor Bergen Tazer 800 

UAV (in 2013, the project team switched to a simpler-to-fly Bergen hexacopter for its data collection). 

Figure 16 is an example of the 3-D point cloud created by our remote sensing processing system as an 
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intermediate step in being able to locate and categorize road distresses. Figure 17 is another example of a 

height map that helps demonstrate that we were able to generate the 3-D data needed for unpaved road 

condition assessment. 

 

Figure 14: Welch Road (facing west) near Mills-Macon Road, Lenawee County, MI. Road 

segmentation marks, potholes, washboarding (corrugation) and float aggregate are visible in this 

image.  (DSC03546) 

 

Figure 15: Aerial view of the same segment of Welch Road as Figure 14 above, seen from the MTRI 

remote control helicopter flying at 25 meters above the ground. Note the road segmentation marks, 

potholes, washboarding and float aggregate visible in both images. (DSC2865) 
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Figure 16: Example of the 3-D point cloud generated by the remote sensing processing system for 

the same stretch of road shown in Figure 14 using the overlapping UAV-based imagery. 

 

Figure 17: 3-D height map showing pothole distresses on Welch Road, as derived using the 

projectôs remote sensing processing system. 

Mills Macon Road 

Mills -Macon Road is a north-south road that intersects Welch Road just west of the Welch Road study 

area. The study area on Mills-Macon Road starts ~120 meters south of the intersection with Welch Road. 



Performance Evaluation of Recommended Remote Sensing Systems in Unpaved Road Type Condition Characterization  22 

The road surface as shown in Figure 18 (from the ground) and Figure 19 (from our UAV imagery) 

appears to be natural aggregate, with possibly some crushed limestone added when the road was last 

graded. Mills-Macon Road showed no significant distresses other than a minimal crown and some loose 

aggregate on the road. Mills Macon Road was used for prototype analysis; this sample output with few 

distresses was compared to known good road surfaces. 

 

Figure 18: Mills -Macon Road south of Welch Road looking north. Note thin layer of loose 

aggregate on the road surface and lack of other distresses on the road surface. (DSC03667) 
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Figure 19: Aerial view of same segment of Mills-Macon Road as Figure 18 above, seen from the 

MTRI remote control helicopter flying at 25 meters above the ground. Note the road segmentation 

marks and slight windrowing of the loose aggregate on the road surface. (DSC3440) 

Piotter Highway 

Piotter Highway is a north - south road located south of the town of Britton in eastern Lenawee County, 

MI. The study area is approximately midway between Laberdee and Holloway Roads. The road surface 

appeared, at the time of the survey, to be mostly natural aggregate although some crushed limestone may 

be present (Figure 20). Distresses found on Piotter Hwy in the fall of 2012 were generally potholes of 

various sizes irregularly scattered down the length of the study area along with a few ruts. The road was 

broken up into 100ô (30.5 meter) segments and marked with fluorescent orange marking paint. The 

location and size (length, width and depth) of distresses on the road were documented for later 

comparison to image processing results. Imagery was collected from the MTRI helicopter at 25 meters 

(about 82 feet; see Figure 21 and Figure 22) and 30 meters altitude (about 100 feet) as well as from a 

manned fixed wing aircraft (a Cessna 172) flying over the road at approximately 150 meters (about 500 

feet) above ground level (Figure 23 and Figure 24). The helicopter captured overlapping aerial imagery at 

nadir, while the imagery taken from the Cessna 172 was taken out the passenger side window at an angle 

(Figure 25). 
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Figure 20: A ground level view of part of segment 6 on Piotter Hwy, Lenawee County MI. View is 

to the north. 

 

Figure 21: The same segment of Piotter Hwy seen in Figure 20 above from the MTRI remote 

control helicopter flown at 25 meters. Few potholes are visible in this image but a long rut on the 

right side of the road is visible in both this image and the ground view of the same area. 

(DSC3449_gamma.jpg) 



Performance Evaluation of Recommended Remote Sensing Systems in Unpaved Road Type Condition Characterization  25 

 

Figure 22: Aerial view of Piotter Hwy from the MTRI hexacopter flown at 25 meters altitude. Note 

the segment markings and clearly visible distresses (potholes) in the road surface. 

(DSC3227_gamma.jpg) 

 

Figure 23: An aerial view of segment 6 of Piotter Rd from a Cessna 172 flying at approximately 500 

feet above ground level. The orange segment marks are clearly visible, but distresses are difficult to 

identify from this angle and altitude. (DSC5879) 
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Figure 24: Low oblique aerial photograph of Piotter Hwy segment 2 from the Cessna 172. 

Markings are clearly visible but distresses while visible are too small to be characterized into 

classes based on size. (DSC5855) 

 

Figure 25: View from the Cessna 172 over Piotter Rd while taking aerial photographs of the Piotter 

Hwy study area. 
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Garno Road 

Garno Road is an east-west road located about one mile south and a little west of Piotter Highway in 

Lenawee County MI. The study site consists of four 100 foot (30.48 meter) segments between Piotter 

Hwy and Sisson Hwy. The only distress noted by field crews on Garno Road in the fall of 2012 was float 

aggregate (see Figure 26 for a ground-based view). 

Data were collected on Garno Road from the MTRI helicopter and fixed wing aircraft (a Cessna 172) on 

the same day. The data were collected with the helicopter in the morning (Figure 27) and Garno Road, 

along with Piotter Hwy, was overflown in the early afternoon (Figure 28).  

 

Figure 26: Garno Road looking east. Note the loose/float aggregate on the road shoulders and along 

the crown of the road. 
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Figure 27: Garno Road from the MTRI helicopter at 25 meters. Loose/float aggregate is the only 

distress present. Note the marks in the loose gravel from the tires of farm equipment. 

 

Figure 28: Garno Road from a manned fixed wing aircraft at approximately 150 m / 500 feet agl 

(above ground level). The float aggregate distress is visible, but not easily characterized from this 

angle and altitude. 
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2013 Field Season 

Additional roads in southeastern Michigan were selected for evaluation in 2013 and a few roads evaluated 

in 2012 were revisited. A review of maps of paved vs. unpaved roads that we produced using semi-

automated analysis of SEMCOG-provided color-infrared aerial imagery enabled field teams to focus their 

search to areas with a high proportion of unpaved roads that have minimal tree cover obscuring the road 

surface, allowing for both hexacopter and manned fixed wing aircraft operations (see Deliverables 6-A 

and 6-C, Roussi et al. 2012a and Roussi et al. 2012b for the descriptions of the aerial imagery analysis to 

inventory the locations of unpaved roads) . The roads evaluated during the 2012 field season were located 

in Monroe and Lenawee counties, south of Ann Arbor. We made a concerted effort to include unpaved 

roads in the northern SEMCOG counties. Reconnaissance trips for 2013 data collection efforts used maps 

of the locations of unpaved roads that we generated to find unpaved roads with suitable distresses for 

evaluation. 

Again, the criteria for evaluation of the roads from the air made locating unpaved roads with current 

distresses challenging to find. In part, this reflects the very active management of unpaved roads in 

southeastern Michigan by local road maintenance agencies. Gravel roads are regularly graded, and 

County road commissions appear to rapidly attend to problems reported by local citizens. Field crews 

evaluated unpaved road condition in a large part of southeastern Michigan from northern Macomb County 

to southern Monroe County. Many distressed unpaved roads were located but few met the criteria for 

evaluation. Eventually, Marsh and Fleming roads in northern Livingston County (Figure 29) and Palmer 

Road in eastern Lenawee County were selected for evaluation. Piotter Road in eastern Lenawee County, 

originally assessed in 2012, was revisited to evaluate changes in road condition (see Figure 1 for its 

location). 

 

Figure 29: 2013 unpaved roads project field study sites in Livingston County. 
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Marsh Road 

Marsh Road in northwestern Livingston County (see Figure 29) was identified as a good candidate for 

evaluation in late May 2013 based on presence of visible distresses. The distresses were primarily 

potholes and extensive washboarding over a distance of approximately a half mile (800 m). When the 

field evaluation team arrived on site for an evaluation, it was found that the road had been recently graded 

and was in excellent condition (see Figure 30 for a ground view and Figure 31 for hexacopter imagery-

based view). It was decided to use the recently graded road as an example of an unpaved road with no 

distresses; at least crown could be assessed, which is of strong interest to local road commissions. The 

road surface was measured and marked; attributes were collected using the same methodology as was 

applied during 2012 data collection activities. Additional data were collected at this location on crown as 

there was substantial crown present over most of the length of the sampled area of the road. 

    

Figure 30: Marsh Road, north of Fowlerville, Livingston County, MI looking south.  Image on the 

left illustrates some of the distresses present on May 31, 2013; the image on the right was taken 

June 18, 2013. (IMG_4890 (L); IMGP0030 (R)) 
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Figure 31: A segment of Marsh Road from the MTRI hexacopter. No significant distresses were 

present, however crown measurements were taken on Marsh Road for comparison to the results 

from image processing. 

Fleming Road 

Fleming Road (Figure 29) is located several miles east of Marsh road in northwestern Livingston County. 

Distresses present on Fleming Road were primarily potholes of varying sizes and some minor ruts. 

Distresses on Fleming Road were measured and mapped as had been done at other study sites (see Figure 

32). However, on Fleming Road, the individual distresses were marked and numbered with different 

colored marking paint (blue for minor potholes, yellow for moderately sized potholes) in an effort to 

better differentiate and correlate distresses on the road with those seen in image processing output (Figure 

33, a seen using UAV-based imagery). The numbering sequence restarted for each 100 foot (30.5 m) road 

segment that was evaluated. 


















































































