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Section I: Introduction and Executive Summary

Theultimategoals of this program were to design, build, and test a prototype remote deastag

unpaved road condition assessment system that can compete with manual methods, and to incorporate
these measurements into a decision support system (DSS) to aid inngamggvedoad network. A

number of requirements were established for the performance of this syeteiously established
requirementsire reviewedndthe performanceur assessment systeme reported in this document. The
criteria for such aystem consists offight-worthy sensor for collecting data, a software suite to process
these data to extract road distresses, and Ro&I&8, a tool foroadassetmanagemendecision

support and data visualizatiofks described in our reports, Datrrables 1A 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 ahe projectPrevious reports are available on our project website at

www.mtri.org/unpavedi nder fATasks oand Deliverabl es.

This deliverable report, the most detailed of all our project reports so far, pravidesmary of the
measurement and sensor requirements origirAnally de
Of the several requirements, the needdstaocefdomt ect a

road center to edge to meas 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 featur@gt®al5 cm r esol ut i
a requirement wevere always keeping in mind

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

road sites assessed in 2062013 (one site was repeated from the first assessmentesumthe

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 fixgiehg aircraft operating from the Ann Arbor, Ml airport. In

addition, we collected data at twites in lowa and one in Nebraska in 2013 when a coincident data

collection opportunity presented itself. This opportunity enabled us to demonstrate that ousdéasurf

Road Condition Assessment System coul droralhtteseact er i
sites, we have been able to analyze data for 45 total road segments.

The Performance Review section then continues to describe the sensomsrédemance. 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 atthelowet s af e el evation ( abosinglecardetadé or 150
from the UAV-based system ia manned fixed wing aircrafould not meet resolution requirements due

a lack of needed angular diversity. Without sufficient angular diversity, creatimgghe ded 10 [/ 2. 5«
resolution data is not possible with a 36 mp came
technologies advance, a manned fixadg aircraftbased data collection system coaldkntuallymatch

the current capabilities of our UAWased system.

The software suite used to extract road distresses from the measured data consists of a seres of open
source packagdscused on Structure from Motion (SfM) techniguigsd together with customvritten
scripts.These were described Deliverables 6A and 6C, but additional development would be needed

to have a readto-install, simplefto-operate commercial software suitdhe Performance Review section
continues with describing the performance of the URCAS analysis algoritinasypicalperformance

of the overall system in correctly estimating distresses is measured in two ways, by individual distresses,
and by comparing Unpaved Road Condition Indices (URCiggrall,the analysis algorithms detected

93% of distresses measured manuaiiyh the best performance for potholes. The overall falaem

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 ratd%f. &ihen
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compared to manual measurements, the requirement
met. Rut detection was more challenging with a 67% of probability of detection. Short ruts, essentially
elongated potholes, were missed most oftehil&\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 noiss corrugation. Tuning of this algorithm is continuing.

Thisrgpor t 6s fi nal mai n s ect iThere are a numbercobpessiblecdatmp ar at i v «
collection systems that can be fielded to perfapoessaryneasurement functionepweverthe preferred

systemwe tested is heavylift multi-rotor UAV (we used a Bergddexacopteas our secongear

platform), a highresolution camera (Nikon D800 or equivalent), and ggaality lens Nikkor 50mm

f/1.4). This system, when operated 8 hours per day, 3 days per weeklfaeak seasoto collect 300

roadmiles of data segmentwill cost $0.74/mile to operate meet a representative set of unpaved road
assessment needs (see the Comparative Cost Analysis sddtisrgssumes Zxyear amortization of the

initial hardware (aircraft and ssor). Ths preferreddatacollection systensatisfiesall outlined
performanceequirements.

This preferredsystem was not suitable for manned, fixeidg, collections without modifications that

were beyond the scope of this effquairticularly affordabity. However, it is possible that a system, built
with currenttechnology, could be fielded, with significantly more complicated processing required. Such
a system, used to collect a similar amount of road data as describediatiades the following
edimates:the plane costs $160/hr to flg one hour flight can covep to 5 miles of roads needing
assessment (because there are target areas for collection; not every mile of road in a figletisath
assessment300 roadmiles need to be assessedravaseason, and there is a#éek data collection
seasonAs described in the Comparative Cost Analysis sectios will cost $6,340per season. For a
system consisting of 3 cameras ($10k amortized 8years), this comes tdl®.26mile.
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Sectionll: Requirements Review

Deliverable Report-A (Brookset 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 thabwd 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

NfnRequirements for Remote Sensing Assessmments of

available on the project websit@ww.mtri.org/unpavejisince early in this project and can be found

directly athttp://geodjango.mtri.org/unpaved/media/doc/deliverable_{BeRequirementsDocument
MichiganTechUnpavedRoadsr1.ptif it, several critical indicators were defined for unpaved road

condition assessmerihese were the dresses 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:

* Roadside drainage

* Dust

The firsttable in Deliverable 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 systenas describedn Deliverable 1-A.

Number Name Type Definition
1 Data Collection Sensor The systems must collect data at a rate that is competitive with curf
Rate (to be determined, TBD)
5 Data Output Rate | System Proces_sed outputs from the systemawdilable no later than 5 days af
collection
3 Sensor Operation| Sensor |[fEea sy 0, | ittl e training require
4 Platform Operatioll Platforn| Training needed TBD, based on platform choice
5 Reporting Segmel| System| <100ft x 70ft, with location precidiofi.dflap position accuraciO#/
6 Sample locations | System| Specified by the user a map waypoints
A classified inventory of road types is required prior to system oper
! Inventory System will consist of 3 classes: Paved, Gravel, UniEgmtbved
. This is part of the inventory, and may also be estimated by the syst
8 Surface Width System measured every 10ft, precisiondob+/
9 Cross Section Distresssdsgetlmate every 10ft, able to d
. Detect hole widt hheoléed, deptélt i e
10 Potholes Distress 4 cl as QD36 2061>8,6 106
11 Ruts Distress Det ect >50 wide2ox 106 |l ong, pr
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Number Name Type Definition
Detect spacing perpendicuthitc e c t i o < 400f0 ,t raanvpe
12 Corrugations Distress Report 3 &logagss89. RePporktotot al
segment exhibiting these features
. . . Detect depth >60 fr e2n0,p aevvBemseyn t
13 Roadside Drainag| Distress presence of standing water, elevation preision +/ wi d t-4h o p 1
14 Loose Aggregate | Distress| Detect berms in lessveled part of lane, elevation preci@ian,+/ wio
15 Dust Distress \(/)epr::glr;al measure opacity and setitimg of plume generated by pilot
16 Flight Altitude Platforn] ~4 00 6
17 Fieldof View Sensor | 11 degrees
18 Resolution Sensor|0. 50, (4M pixels for this geon
19 Image Capture Sensor | 2.25 frames per second

Speed

Deliverable 1A alsosummarized athe sensor systeas needingt least the following properties:

TN S

Flight altitude ~400ft (~122 m)

11° FOV at that altitude> 75mm lens
>4AMP sensor
>2.25 fps imaging rate

The report also provided an initial description of the Unsurfaced Roaditiem Index (URC),
(Department of the Army 1995; Eaton 1987) that was further detailed in Deliverablin@ State of the
Practice of Unpaved Road Condition Assessment (Brooks et al. 2011b; available at
http://geodjango.mtri.org/unpaved/media/doc/deliverable Be@tate of the Practice for

Unpaved _Roads_MichiganTech.jpdbelection 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), potholesdut®se
aggregate (berms) are scored based on the density and sevecityrguiled fora 0100 score based on

deduct values from a loakp table Table2 shows an example of the URCI data being tied to cost codes

and management options (frdgaton, 1987; Eaton 1987a; Department of the Army, 18895
collection of information necessary to make the severity assessthatitelpedshapethe project
requirements.
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Table 2: Maintenance alternatives and corresponding distress categories, severity codes determined
from UCRI, and cost codes adapted from the Unsurfaced RdaViaintenance Management method

Distress Severity Cost
Number Distress code code* Description
81 Improper cross | B Grade only.
section
M B/C Grade only/graqle and adp_l material (water or both), and ¢
Bank curve. Adjust transitions.
H C Cut to base, add aggregate, shape, water, and compact.
82 Irg];(;g%eer drainat L B Clear ditches ever® gears.
M A Clean out culverts.
B Reshape, construct, compact or flare out ditch.
H C Install underdrain, larger culvert, ditch dam, rip rap, or gec
83 Corrugations L B Grade only.
M B/C Grade only/grade and add material (water or aggregate o
and compact.
H C Cut to base, add aggregate, shape, water, and compact.
84 Dust stabilizatio| L C Add water.
M C Add stabilizer.
Increase stabilizer use. Cut to basstahdider, water, and
H C compact. Cut to base, add aggregate and stabilizer, shap
and compact.
85 Potholes L B Grade only.
M B/C Gradelonly/grad_e and add material (water, aggregate, or
of calcium chloride and crushed gravebngatt.
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 aggregat({ 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, O

As noted in Deliverable-2, the project team found the Department of the Army's URCI method to be a
good candidate method to focus ontfiis project because it offeda clear set of measurement
requirements, the realistic possibility of collecting mafsthe condition indicator parameters, and the
potential applicability to a wide variety of U.S. unpaved roatie. manned and unmanned systems used
in this project were selected and developed so that they could colleetddssaryJRCI data with the
required resolutions shown fablel. The performance review, concept of operations, and cost analysis
all stem fromthe URCI system and related measurement requirament
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Section Ill: Performance Review
Description of Assessed Sitesnd Data Collectionsi Unmanned and Manned Flights

The MTRI team collected data at five sites in 20P2tersburg Road in Monroe County and Welch

Road, Mills Macon Road, Garno Road didtter Hwy in eastern Lenawee County MichigseeFigure

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 ev@isated

shownin 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 collectoNo single study site haall the distressef®r ground truth assessmentss we

eventually determined, our analysis software for locating unpaved road distresses was able to find and
categorize more distresses than manual s@petterund tru
described as spaheckingreferencedata useful for evaluating part of the imagery analysis results. We
selectedwadsfor assessments, with the projetAVs (hexacoptersinglerotor helicopter) and manned

fixed wing aircraft based on communiigat with local county Road Commissiomsd extensive driving

surveys by MTRI personnel. Often, county road commissions were unable to provide guidemcerdn
unpaved road conditions within their counties (with the goal of narrowing the search fessdidtr

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 crewottate roads that met the data collection criteria.

Performance Evaluation of Recommended Remote Sensing Systems in Unpaved Road Type Condition Characterization 6



-
L
L)
5 . V3 5 Wisconsin o
Livingston £
2
lllinois
Indiana Ohio
St. Clairf
Macomb
Oakland
Livingston \ .
15
La
Detroit St. Clair ),
Washtenaw Wayne
/" Canada
L _ A
enawee Monros
Lake Erie ‘M\
A
Unpaved Road Field Sites n
2012 2013 W%E
Welch Rd. & . '
O Mills-Macon Rd. pigtter Hury s
0 25 50
o 5 T kB @ GamoRd. @© Palmer Hwy A—
. Piotter Hwy . Marsh Rd. 0 10 20
() PetersburgRd. () Fleming Rd. Miles

Figure 1: Locations of the eight sites were unpaved road imagery were collected in 26A@13 for
calculating road distresses and the Unsurfaced Road Condition Index.

As a resul to select unpaved roads for evaluatioa,sent oufield teamson driving surveys to look for
distressed unpaved roads that mefcthreditions set for evaluatiothey needed to be clearly visible from
the air, had no trees or wires/poles close tadhe, vwerelightly populated and lightly traffickedrigure

2 shows some examples of road conditions andHreeatt landscapes found in unpaved road areas of
southeastern Michigan.

Performance Evaluation of Recommended Remote Sensing Systems in Unpaved Road Type Condition Characterization 7



C04204) and Monroe County (R) (DSC05012)

DSC00684 Macomb County (L) DS4855 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 couméi€ooth 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 colientwere 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 roadstliidy 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 locatedseeFigure3). 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 haveeen 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 lookng for distressed unpaved roads.

In addition, there were two collection§opportunityin lowa and one in Nebraska, made in late August
2013(Figure4). The purposef 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 roadsThesesites were chosen from reviews of Google Earth imagethin several miles of
[-80, to minimize transit time to the si#ll three sites were judged to be undamaged, and typical of the
surrounding rural road&xamination of the results indicated that there were no problems in assessing
road conditions othese other types of roads.
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Figure 4: Overflight of an lowa road, also assessed for condition.
Ground Truth Data Collection

When astudy sittadb een i dent i f i ed,follawediogreakthe mad dawnitghodt t e a m
(typically 100 feet/~30 meters) segments for analyidiss was needed for verificati@and spotthecking

of image analysis results and would not typically be required as part of an operational unpaved roads
assessment systerfihe road is marked witpavement 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 s{zeefigureb).
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Unsurfaced Road Inspection Sheet

Road Name _ Segment No. Segment length
Fleme 2 (00 7

Inspector - Date
Distress Types: Unit Bins L M H

81 Improper Cross Section Linear Feet |For 83 & 86 Max Depth |<1" 1"-3" >3”

82 Inadequate Roadside Drainage Linear Feet Pothole Severity Levels

83 Corrugations / Washboarding Square Feet Average diameter

84 Dust (not measured) N/A Max Depth  |<1' 1-2' 2.3 >3

85 Potholes Number 0.,5"-2" L L M M

86 Ruts Square Feet 2"-4" L M H H

87 Loose Aggregate Linear Feet 4"+ M H H H
Distress Quantity and Severity
Feat, 9[ ¢ pﬁ
No Distress Type Length | Width Depth | Severity Raiatis 4_// / / .

: J i il

T — AAA /UL H neagued
g A (¥ ] ("
S| Pettst (30 [13 [
2o ( < /!
) | U /

IENEY,
gs| | 24 e |.<

<s| 25 e | /7
5 1
S ¢ [2% | <7S]

e 2 /g |/ 1
€S Z2-1/8 |[125]

I8¢ 26 |20 {128
"gs 2] |24 |25
"les 25|y |L.iss
1esl N/ 13] |76 |4
%5 4/ 19 |wzs
14 g\f\/ ?) (,]“ /—g ! ' %7( Segment Area=

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 inspeati sheet where
severity calculations were performed. Note that some units of measutenversions were necessary

Road condition attributes recorded on the field sheets are standard Army Corps of Engineezd Unpa
Roads Condition Indeattributes’ cross setion, roadside drainage, corrugations (washboarding),
potholes, ruts and loog#oat) aggregate. Dust is part oetJRCI but was not measured as a practical
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part of thisproject. Road width was measured at each end of the segment; it was measurdtémiire o
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 vegnretite s

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 flaggregate 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 she¢sgeFigure5). 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 apprepridi bi no (seen at the to
and produce a URCI index numb®/hile out in the field, the ground truth team also made sketch maps

of the sections to help interpret locations and types of distrdsgesg6). To help understand how these

data fed into the complete etmtend system, three additional figures are incluééglire7 shows a

photo of the Fleming Road segment 2 data collection site (one of our representative segments needed for
URCI evaluation of distress conditiomjigure8 shows the UAVcollected imagery after it has been
convertedintoa-® point c¢cloud using the pr o jawlgsisshfsvare,e mot e s
andFigure9s hows a fhei ght mapo benthppedsingtheggr ajheadt Gso tahrod le
software.
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Unsurfaced Road Inspection Sheet
Road Name Fleming Road Segment No. 2 Segment length 100
Inspector Page: Date 6/18/2013
1 of 2
Distress Types: Unit Bins L M H
81 Improper Cross Section Linear Feet |For 83 & 86 Max Depth |<1" 1"-3" >3"
82 Inadequate Roadside Drainage Linear Feet Pothole Severity Levels
83 Corrugations / Washboarding Square Feet Average diameter
84 Dust (not measured) N/A Max Depth |<1' 1-2' 2-3' >3'
85 Potholes Number 0.5"-2" L L M M
86 Ruts Square Feet 2"-4" L M H H
87 Loose Aggregate Linear Feet 4"+ M H H H
Distress Quantity and Severity
Feat. Distiess Type Ler?gth W?dth Depth | severity Remarks
No. (in) (in)
1
85|Pothole 30.0 18.0| 1.250in. |M
2
85|Pothole 31.0 18.0| 1.250in. |M
3
85(Pothole 24.0 16.0( 0.750in. |L
4
85|Pothole 35.0 24.0| 1.250in. |M
5
85|Pothole 54.0 28.0| 1.125in. |M
6
85|Pothole 31.0 24.0| 1.250in. |[M
7
85|Pothole 31.0 18.0( 1.375in. (M
8
85|Pothole 22.0 18.0| 1.375in. |L
9
85|Pothole 26.0 20.0| 1.500in. |L
10
85(Pothole 37.0 24.0( 2.750in. |H
1
85|Pothole 35.0 41.0( 1.375in. (M
12
85|Pothole 31.0 26.0| 1.125in. |M
13
85(Pothole 41.0 19.0( 1.500 in. (M
14 Segment Area= 3017.5
85|Pothole 39.0 28.0| 2.125in. |H

Figure 6: A completed Unsurfaced Rad Inspection Sheet, transcribed from the field data sheet
above. The values on this sheet were collected from segment 2 on Fleming Road, Livingston
i b u tcalculdtadtbased oV a |

County, M and
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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 generatedd hr ough t he p rflofh-mationbasedsemotel ct ur e
sensing processing system software using overlapping UAMllected imagery, of the same location
shown in the ground photo inFigure 7.
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Figure 10: Part of the Fleming Road segment 2 as shown Figure 7 and Figure 8, displaying a
height map where potholes and their depths can be seen.

2012 Field Season
Figurellshovs t he five main | ocations evaluated

Petersburg Road, Welch Road, Milacon Road, Piotter Highway, and Garno RoaeéeFigure 1for
their context in the rest of southeastern Michig@®scriptions of eacbf 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 wemmpletedon Petersburg Road near Milan, Monroe County,
MI on October 16 2012. This road met the conditions set for a data ¢otlesttesses 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 wastoken down into 100 foot / 30rBeter segments and the segments were marked with
fluorescent orange marking paiftigure12). 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 Armyrh@96ad
width was measured and recordétn distresses were measured and values recgridgeoie13). While

the road was marked and measured, the Bergen Tazer 800 helicopter was preppregrammed 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.

Performance Evaluation of Recommended Remote Sensing Systems in Unpaved Road Type Condition Characterization 17



Figure 12: Petersburg Road near Milan Ml looking nath. Note visible distresses (potholes).
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Figure 13: Location and attribute data about distresses found in each road segment were measured
and recorded for comparison to image processing resulté&hree photos above)(DSC1285,
DSC1295, DSC1297)

Welch Road
The surface of Welch Road consists of natural aggregate or river sand andrigavell4). This
material, unli ke crushed | i mestone, does not 6l oc

and is prone to plastic deformation as the road and roadbed become satuhateateviand vehicles
(particularly trucks) pass over the road. Welch Road runsaessit distresses identified on the road are
washboarding and potholes, with a small accumulation of float aggregate primarily along the north
shoulder of the roadrigurel5 shows a single image, as collected by the sirafier Bergen Tazer 800
UAV (in 2013, the project team switched tsimplerto-fly Bergen hexacoptdor its data collection).
Figurel6is an example of the-B point cloud created by our remote sensing processing system as an
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intermediate step inding able to locate and categorize road distrefsgsre17 is another example of a
height map that helps demonstrate that we were able to gemer @B tata needed for unpaved road

condition assessment.

Figure 14: Welch Road (facing west) near MillsMacon Road, Lenawee County, MI. Road
segmentation marks, potholes, washboarding (corrugation) and float aggregate are vighh 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 aggrgate visible in both images.[ISC285)
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Figure 16. Example of the 3D point cloud generated by the remote sensing processing system for
the same stretch of road shown ifrigure 14 using the overlapping UAV-based imagery.
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Figure 17: 3-D height map showing pothole distresses on Welch Road, as derived using the
projectdés remote sensing processing system.

Mills Macon Road

Mills-Macon Road is a nortbouthroad that intersects Welch Road just west of the Welch Road study
area. The study area on Milldacon Road starts ~120 meters south of the intersection with Welch Road.
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The road surfacas shown irFigure18 (from the groundandFigure19 (from our UAV imagery)

appears to be natural aggregate, with possibly some crushed limestone added when the road was last
graded. MillsMacon Road showed no significant distresses otheramimimal crown and some loose
aggregate on the road. Mills Macon Road was fmegrototypeanalysis this sampleoutput withfew
distressesvascompare to known good road surfaces.

Figure 18: Mills -Macon Road south of Welch Rad looking north. Note thin layer of loose
aggregate on the road surface and lack of other distresses on the road surface. (DSC03667)

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



Figure 19: Aerial view of same segment of MillsMlacon 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. $03440)

Piotter Highway

Piotter Highway is a northsouth road located south of thevioof Britton in eastern Lenawee County,

MI. The study area is approximately midway between Laberdee and Holloway Roads. The road surface
appeaed, at the time of the surveyp, be mostly natural aggregate although some crushed limestone may
be presengFigure20). Distresses found on Piotter Hwy in the fall of 20d&egenerally potholes of

various sizes irregularly scattered down the length of the study area along with a few rutsdmsroa
broken up imeterpsegmenis@nd(marked With fluorescent orange marking paint. The
location and size (length, widand depth) of distresses on the road were documented for later
comparison to image processing results. Imagery was collected from the MTRI helicopteredei2b

(about 82 feet; seeigure21 andFigure22) and 30 meters altitud@about 100 feetqs well as from a

manned fixed wing aircraft (a €ena 172) flying over the road at approximate&d® meters (abo®00

feef) above ground levéFigure23 andFigure24). 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

(Figure25).
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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 imagend the ground viewof the same area.
(DSC3449 gamma.jpg)
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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 tbsurface.
(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 diffitmilt
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 charactegd 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

GarnoRoad is an eastest 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 crewGammo Road in the fall of 2012 was float
aggregatéseeFigure26 for a grounebased view)

Data were collected on Garno Road from the MTRI helicogote fixed wing aircraft (a Cessna 172) on
the same day. The data were collected with the helicopter in the m@fignge27) and Garno Road,
alongwith Piotter Hwy, was overflown in the early afternd&igure28).

Figure 26. Garno Road looking east. Note the loose/flbaggregate 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 tire$ 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 vere revisited. A review of mas paved vs. unpaved roatiet we produced using semi

automated analysis of SEMCQ@gBovided colofinfrared aerialmagery enablefield teams to focus their
search to areas with a high proportion of unpaved roads thatrtiaiveal tree cover obscuring the road
surface, allowing for both hexacopter and manned fixed wing aircraft opergemBeliverables-8

and 6C, Roussi et al. 2012a and Roussi et al. 2012b for the descriptions of the aerial imagery analysis to
inventoly the locations of unpaved roaddjhe roads evaluated during the 2012 field season were located
in Monroe and Lenawee counties, south of Ann Arldée.made a concerted effort to include unpaved

roads in the northern SEMCOG counties. Reconnaissancéatrip@813 data collection efforts used maps

of the locations of unpaved roattiat wegenerated to find unpaved roads with suitable distresses for
evaluation.

Again, the criteria for evaluation of the roads from the air made locatipgvedoadswith current

distresses challenging to finih. part, this reflects the very active management of unpaved roads in
southeastern Michigan by local road maintenance agencies. Gravel roads are/rg@adad, and

County road commissions appearapidly attend tgoroblems reported by local citizerfseld 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
evaluaion. Eventually, Marsh and Fleming roads in northern Livingston Cdfigyre 29 and Palmer

Road in eastern Lenawee County were selected for evalu®&iiotter Road in eastern Lenawee County
originally assessed in 201&as revisited to evaluate changes in road condjtiea Figure for its

location)
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Figure 29: 2013 unpaved roads project field study sites in Livingstofounty.
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Marsh Road

Marsh Road in northwestern Livingston Cou(dge Figure 29yas identified as goodcandidate for

evaluation in late May 2018ased on presence of visible distres3&e distresses were primarily

potholes and extensive washboardivgr a distance of approximatelyalf 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 conditigeeeFigure30for a ground view an#figure31 for hexacopter imagery

based view)It was decidé to use the recently graded road as an example of an unpaved road with no
distressesat leastrown could be assessadhichis of strong interest to local road commissiofise

road surface was measured and marked; attributes were collected usimgahmeethodology 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 RoadFigure29)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 donstatipthieegseeFigure

32). However, on Fleming Road, the individual distresses were marked and numbered with different
colored marking paint (blur minor potholes, yellow for moderately sized potholes) in an effort to
better differentiate and correlate distresses on the road with those seen in image processiffggungput
33, a seen using UAMased imagery)The numbering sequence restarted for each 10¢30d m)road
segment that was evaluated.
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