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Characterization of Unpaved Road Conditions 

through the Use of Remote Sensing 

Goal of the Project: Extend available Commercial Remote Sensing & Spatial 

Information (CRS&SI) tools to enhance & develop an unpaved road assessment 

system by developing a sensor for, & demonstrating  the utility of remote sensing 

platform(s) for unpaved road assessment. 

ïCommercially viable in that it can measure inventory and distress data at a rate and cost 

competitive with traditional methods 

ïRapid ID & characterization of unpaved roads  

ïInventory level with meaningful metrics 

ïDevelop a sensor for, & demonstrate the utility of remote sensing platform(s) for 

unpaved road assessment 

ïPlatform could be a typical manned fixed-wing aircraft, UAV, or both; depends on 

relative strengths & weaknesses in meeting user community requirements 

ïSimplify mission planning, control of sensor system, & data processing fitting for a 

commercial entity or large transportation agency 

ïDemonstrate prototype system(s) to stakeholders for potential implementation 

developed through best engineering practices 

ïDevelop a decision support system to aid the user in asset management and planning 
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Road Characteristics 
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Å Unpaved roads have common characteristics 

ï Surface type 

ï Surface width 
Å Collected every 10', with a precision of +/- 4ò 

ï Cross Section (Loss of Crown) 
Å Facilitates drainage, typically 2% - 4% (up to 6%) vertical change, sloping 

away from the centerline to the edge 

Å Measure the profile every 10' along the road direction, able to detect a 

1% change across a 9'-wide lane 

ï Potholes 

Å <1', 1'-2', 2'-3', >3ó width bins 

Å <2ò, 2ò-4ò, >4ò depth bins 

ï Ruts  
Å Detect features >5ò, >10' in length, precision +/-2ò 

ï Corrugations (washboarding) 
Å Classify by depth to a precision of +/-1ò 

ï <1ò, 1ò-3ò, >3ò 

Å Report total area of the reporting segment affected 

ïRoadside Drainage 
Å System should be able to measure ditch bottom relative to road surface 

within +/-2ò, if >6ò 

Å Detect the presence of water, elevation +/-2ò, width +/-4ò 

ïFloat aggregate (berms) 
 

 
 



 

 

Combined Methods: Dept. Army 

Unsurfaced Road Condition Index (URCI)  

Representative Sample Segments (approx. 100ô long; 2 per ~mile for 

representative sample ï pg. 2-3 in TM 5-626) 

2 Part Rating System 

ïDensity 

ÅPercentage of the sample area 

ïSeverity 

ÅLow 

ÅMedium 

ÅHigh 

 

 

Good candidate method to focus on 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. 

Endorsed by TAC as effective rating system 
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Combined Methods: Dept. Army 

Unsurfaced Road Condition Index  

Decision matrix from distress criteria  (Eaton 1987a) 
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Summary of requirements 
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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 

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 

 



 

 

Inventory: Surface Type 

Ç How many miles of unpaved road are there? Not all counties have this. 

Ç Need to able to determine this inventory 

Ç c. 43,000 (1984 estimate) ï but no up-to-date, accurate state inventory exists 

Ç c. 800 miles in Oakland County estimate 

Ç We are extracting this from recent, high-resolution aerial imagery, focusing on 

unincorporated areas ï attribute existing state Framework roads layer 

Ç Completed Oakland, Monroe, Livingston,  St. Clair, Macomb, Washtenaw, 

Counties; shared with SEMCOG, adding to RoadSoft GIS asset management 

tool 

Ç 87%-94% accuracy 

Ç Ex: Livingston Co.: 894 miles unpaved 
Ç 1289 miles unpaved 
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Unpaved Road Detection Results 

Users 
Producer

s Overall 

Unpaved 93.9% 77.5% 94.3% 

Paved 94.3% 98.7% 

Users Producers Overall 

Unpaved 93.9% 77.5% 94.3% 

Paved 94.3% 98.7% 

Monroe County 
Accuracy Assessment  

at 30% coverage 

  Mileage 

Paved 1390.0 

Unpaved 351.9 

Total 
Mileage 1741.9 



 

 

Integration of unpaved road inventory 

results with RoadSoft GIS 
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Unpaved Road Detection Results 

Users 
Producer
s Overall 

Unpaved 83.6% 62.2% 89.4% 

Paved 90.5% 96.7% 

Users Producers Overall 

Unpaved 83.6% 62.2% 89.4% 

Paved 90.5% 96.7% 

Oakland County 
Accuracy Assessment  

at 25% coverage 

  Mileage 

Paved 2948.2 

Unpaved 693.9 

Total 
Mileage 3642.1 



 

 

Unpaved Road Detection Results 

Macomb County 
Accuracy Assessment 

20% coverage 

Users 
Producer

s Overall 

Unpaved 71.8% 60.9% 94.3% 

Paved 96.2% 97.6% 

Users Producers Overall 

Unpaved 71.8% 60.9% 94.3% 

Paved 96.2% 97.6% 

  Mileage 

Paved 1847.0 

Unpaved 319.4 

Total 
Mileage 2166.4 



 

 

Unpaved Road Detection Results 

Livingston County 
Accuracy Assessment 

25% coverage 

Users 
Produc

ers Overall 

Unpaved 83.8% 72.1% 87.2% 

Paved 88.4% 93.8% 

Users Producers Overall 

Unpaved 83.8% 72.1% 87.2% 

Paved 88.4% 93.8% 

  Mileage 

Paved 1289.4 

Unpaved 894.1 

Total 
Mileage 2183.5 



 

 

Selected sensor: Nikon D800 

Nikon D800 ï full-sized (FX) sensor, 36.3 Mp, 

4 fps - $3,000 

More than meets all our requirements 

Weight prime lens, weights ~1.5 kg 
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Body type  

Body type Mid-size SLR 

Body material Magnesium alloy 

Sensor  

Max resolution 

(px) 

7360 x 4912 

Effective pixels 36.3 megapixels 

Sensor photo 

detectors 

36.8 megapixels 

Other resolutions 6144 x 4912, 6144 x 4080, 5520 x 3680, 4800 x 3200, 4608 x 3680, 4608 x 

3056, 3680 x 2456, 3600 x 2400, 3072 x 2456, 3072 x 2040, 2400 x 1600  

Image ratio w:h  5:4, 3:2  

Sensor size Full frame (35.9 x 24 mm)  

Sensor type CMOS 

Processor Expeed 3 

Color space sRGB, Adobe RGB 

Color filter array Primary Color Filter 

Image  

ISO 100 - 6400 in 1, 1/2 or 1/3 EV steps (50 - 25600 with boost)  

White balance 

presets 
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Custom white 

balance 

Yes (5) 

Image 

stabilization 

No 

Uncompressed 

format 

.NEF (RAW) 

JPEG quality levels Fine, Normal, Basic 

File format Å NEF (RAW): 12 or 14 bit, lossless compressed, compressed or 

uncompressed 

Å TIFF (RGB) 

Å JPEG 

Optics & Focus  

Autofocus Å Phase Detect 

Å Multi-area 

Å Selective single-point 

Å Tracking 

Å Single 

Å Continuous 

Å Face Detection 

Å Live View 

 



 

 

Platforms 
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Bergen Helicopter 

ï Total flight time: 16 minutes (not including 2 

minute reserve); flight time for a 200 meter 

section ~ 4 minutes. 

ï Flown at 2 m/s at 25 and 30 meters 

ï 50mm prime lens 

 

Cessna 172 and 152 Aircraft 

ï Average air speed: 65 knots (~ 75 mph) 

ï Flown at altitudes of 500 and 1000 feet 

ï 105 mm prime lens (2012), 70-200mm  zoom 

(2013) 

Bergen Hexacopter 

ï Total flight time: up to 30 minutes with small 

payloads 

ï Weight: 4kg unloaded 

ïMaximum Payload: 5kg 

ï Includes autopilot system, stabilized mount 

that is independent of platform movement, 

and first person viewer system (altitude, 

speed, battery life, etc.) 

 



 

 

Initial UAV Collect 

Flight time for a 200 m section: 4 minutes 

During collects helicopter is flown at 2 m/s 

and at an altitude of 25 m (82ô) and 30 m 

(98ô)  

15 Example flight at http://www.youtube.com/watch?v=KBNQzM7xGQo 

 

http://www.youtube.com/watch?v=KBNQzM7xGQo


 

 

Field site collections 

16 

Five sites were selected in 2012, four 

sites were selected in 2013 in SE 

Michigan 
ï Assistance of Road Commission Authorities 

aided in the selection of field sites 

ï None of the sites contained all distress 

features of interest for ground truth 

assessment, but all were found 

ïRoad graders often hindered data collection 

 

Two collections opportunities in Iowa 

and Nebraska (August 2013) 
ï Verified maintained roads (with the potential 

of being maintained using different materials 

and methods) in other states could be 

categorized with the same processing suite as 

Michigan roads 

ï Selections based on Google Earth imagery 

and proximity to Interstate-80 

ï Results indicate that there were no issues in 

assessing road conditions on these other 

unpaved roads.  

 



 

 

Ground Truth  
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