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Original method: Brooks et al. 2017
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A.J., Colling, T. and Banach, D.M., 2017. Identification of unpaved roads in a

regional road network using remote sensing. Photogrammetric Engineering &
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<=2 Road Surface Identification through Al
MRS ) Models - Workflow

1. Creating training data (polygons labelled as asphailt,
concrete, unpaved, etc) for county based on available
Imagery

2. Create a pixel classifier model using generated training data
and algorithm

3. Run MIREMultiProcess algorithm to generate Geopackage
output of roads (can be exported to Shapefiles and File
Geodatabases as well)
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Developing Training Data

Research Institute

Each county had
between 40-60 training
polygons built for each
class using State
Imagery and Google
Streetview
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< Field work- Ground truth in
Kalamazoo Co, Michigan

Research Institute

Went out to collect additional ground truth data for Kalamazoo county
in July (similar work done for Gogebic/Ontonagon)

Randomly selected roads to attribute as paveTruth= Yes (paved) or
No (unpaved) |
Sealcoat = paved (left)
Loose gravel= unpa
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Pixel Classifier
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»

RED 800-1000 nm

BG (panchromatic) IR
(blue-green) (near infra-red)




ﬁ\fﬁ Al Random Forest Model
Pixel Classifier
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XG Boost Pixel Classifier
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Third Generation

First Generation Second Generation

Weighted Consensus Voting
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MIRE Multi-Processing Codeﬂ- %f

Code analyzes pixel counts/ratios to determine
whether a road Iis paved or unpaved.

Additionally, the code calculates the following

attributes for each road feature

— Average road offset from database digitized feature

— For paved roads, a determination of whether the road is concrete
or asphalt as well as statistics indicating algorithmic confidence in
that declaration

These attribute calculations are discussed on the following slides
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Oakland County Ontonagon County
IDs: 105566 and 105551 ID: 278807

Lexington Blvd and Mount Vernon Blvd Old M 35 Rd

.17 and .17 Miles .52 Miles

Alignment Offset: 18.58ft and -27.72ft Alignment Offset: 40ft

NFC: 7 (Local Roads) NFC: 7 (Local Road)

Urban Roads with Greenspace in the Middle Offshoot from Highway

0 0.25

L 1Km

0 0.25
| 1 Miles

Y:\ais lab\project\MDOT MIRE UnpavedRoadsID\auto io\Viewalltruthdata\Viewalltruthdata.aprx

Gogebic County

ID: 328185

Burt St

.24 Miles

Alignment Offset: 40ft
NFC: 7 (Local Road)

Rural Road outside Ramsay

Michigan Tech Research Institute 02-16-2023
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Oakland County Ontonagon County

IDs: 108085 and 108716 ID: 278593

N Altadena and N Gainsborough 107th Engineers Memorial Highway
.14 and .14 Miles .16 Miles

Alignment Offset: -0.6ft and -0.9ft Alignment Offset: -3.46ft

NFC: 7 (Local Roads) NFC: 7 (Local Road)

Detroit Suburb Bridge over Big Iron River

0 0.1

e Km

0 0.1

(I 1 Miles

Y:\gis_lab\project\MDOT_MIRE_UnpavedRoadsID\auto_io\Viewalltruthdata\Viewalltruthdata.aprx

Gogebic County
ID: 326934

Peters St

.07 Miles

Alignment Offset: -3.78ft
NFC: 7 (Local Road)
Suburb in Wakefield

Michigan Tech Research Institute 02-16-2023
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Asphalt vs. Concrete
Classification
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Wefiiase ) Classification

SR Asphalt vs. Concrete

0.07 1

0.06 1

0.05 -

0.04 1

0.03 4

0.02

0.01 4

0.00

Instead of classifying individual pixels, we have transitioned to classifying the
distribution of the red channel over all pixels found along a road segment
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When looking at average distributions over entire counties, we start to see differences
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Mlchlgan Asphaltvs Concrete Distribution m_ |

Code

resczenmnstirue . ) Classification Results - e |

(old) indicates the pixel class prevalence was used to classify asphalt
VS concrete. _ - _
(new) indicates the brightness distribution was used to classify asphalt

VS concrete.

Overall significant improvement to these stats

Monroe Oakland

(old) (old)
Precision Asphalt 94.7% 77.4%
Recall Asphalt 92.6% 94.4%
F1 Asphalt 93.6% 85.1%
Precision Concrete  43-0% 60.5%
Recall Concrete 51.8% 23.6%
F1 Concrete 47.0% 34.0%




@?ﬁ Classification Statistics Used:
s ) Precision, Recall, and F1 Scores

relevant elements
I 1

Our county-wide metrics include 3
summary statistics for both paved and
unpaved classes and then concrete vs.
asphalt

false negatives true negatives

Precision — If aroad is given a
particular label, what is the probability

the label is correct?
— Categorizes prevalence of Type | errors
(i.e. false positives)

Recall — If a road was supposed to be
labeled X, what is the probability the

classifier found the road?
— Categorizes prevalence of Type Il errors tems are relevant? tems are retrieved?
(i.e. false negatives)

retrieved elements

Precision = Recall = ——

F1 Score — The harmonic mean of

Precision and Recall

— 2* (Precision * Recall) / (Precision + Recall) Image By Walber - Own work, CC BY-SA 4.0,
https://commons.wikimedia.org/w/index.php?curid=36926283 20




<72 Final Output - File
diiiee ) Geodatabase

File geodatabase contains original MIRE fields with
MTRI added fields:

o IsPaved, PaveType, PaveType combined, QualWarnings,
AlignmentOffset, ClassMatrixTypeUvP, ClassMatrixTypeAvC,
AsphaltProbability

With ESRI-formatted metadata:

Gogebic County

sy M,

Tags Gogebic County, Michigan, roads, unpaved, gravel, dirt, surface type, model inventory road element, Michigan Department of Transportation, Michigan Tech Research Institute, Center for Technelogy and Training, MIRE,
machine learning, XGBoost

Summary

Segmented roads layer for Gogebic County, MI using the RoadSoft segments, with paved vs. unpaved surface type and asphalt vs. concrete status identified using high-resolution aerial photography from the State of Michigan
and image analysis methods developed by MTRI to help MDOT meet the requirement to have Model Inventory Road Element {(MIRE) Fundamental Data Elements (FDEs) features available for local agency owned roads. The
machine learning methods utilized have been updated in 2022-2023 and focus on XGBoost,

Description

tributes include an
hin a user-

The geometry of this dataset is the RoadScft version of the Michigan Framework Roads Layer (v23), with additiona Ia ttributes H"a' were assigned by MTRI .Jsir'g utomated image anal /sis me‘hc-ds Tke’e t
updated "IsPaved” field, along with several other fields that were derived from the machine learning decision-
defined buffer around the road feature centerling, 2) adds additional imagery indices derived from the 4 bands, 3) classif the \xels ithin tke buf‘fﬂlecl area into es ."alrer, vegetated, sl g
asphal g a pre-trained classification model, 4) aggregates class pixel counts by distance to the feature centerline, 5) computes th age road offset from the centerline to focus analysis, & i road pixel class counts
are combined with the pre-existing road classifications to automatically train a new per r gment paved/unpaved classifier and asphalt/concrete classifier, 6) updates the "IsPaved” field with " 0", 7) uses the

alt/concrete classifier to update the PaveType field for any segment classified as paved. Aclcl'ticra fields are also created including; “PaveType: “Asphalt”, “Concrete”, or empty if the road is unpaved. “PaveType_combined™:
“Unpaved”, "Asphalt”, or "Concrete”. "QualWarnings”: contains the letter "E” if the road contains relatively few road type pixels per mile indicating the road may not exist or is heavily obscured. “AlignmentCffset”:
contains the average offset in feet from the road centerline. These values are positive if the average alignment is to the right of the road feature and negative if to the left. Right and left are defined based on the geometry
definition of the road segment ccwslster‘t with an observer standing at a vertex and looking towards the next vertex, * glas’ MatrixTypeUvP" “TP" if the road is listed as paved and the classifier predicts paved, “FP” if the road is
isted as unpaved and the r predicts unpaved, “TN” if the road is listed as unpaved and the classifier predicts unpaved, "FN” if the road is listed as paved and the classifier predicts unpaved, "NULL" if the road does not list
a pavement type. "ClassMatrixTypeAvC™ "TP" if the road is listed as asphalt and the classifier predicts asphalt, “FP" if the road is listed as concret d the classifier predicts asphalt, “TN" if the road is listed as concrete and the
classifier predicts concrete, "FN” if the road is listed as asphalt and the classifier predicts concrete, "NULL" if the road does not list 2 pavement type. “asphaltProbabili 0.0,1.0] probability that the classifier believes the road
carmmant 1c acnhald Ar ety 1fF fhe read wae Flaceified 2 ninpaved
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<=2 Road Surface Identification through Al

Research Institute

Models - Example Output

Paved and Unpaved
N Accuracy
-
s 7 Precision Paved 99.4%
Recall Paved 99.8%
F1 Paved 99.6%
Precision Unpaved 96.4%
Wayne County MI
Recall Unpaved 87.4%
m Road Network Update 2
= i Machine learning results to identify pixel F1 Un paved 91.7%
type and asphalt, concrete, and unpaved
roads
b &
&
T : ] Concrete and Asphalt
] H_J:—I_L bl\ % Unpaved Accurac
l unl=BE e — Asphalt Y
t-— 8 — Concrete Precision Asphalt 94.6%
T : - Recall Asphalt 93.5%
P F1 Asphalt 94.0%
0 5 10 0 5 10
e Viles m Km Michigan Tech Research Institute 07-23-2023
S Precision Concrete 91.6%
Recall Concrete 93.1%
F1 Concrete 92.3%
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<=2 Road Surface Identification through Al
MiggEnS=2’) Models - Example Output

Paved and Unpaved

‘ = . Bay County MI Accuracy
W= E
@ Road Network Update Precision Paved 98.6%
g ] | Machine learning results to identify pixel
| ! - type and asphalt, concrete, and unpaved Recall Paved 99.5%
| : - roads
‘J_L‘L : e F1 Paved 99.0%
Retns (Ao
| I i‘r Unpaved
] J e — Asphalt Precision Unpaved 95.8%
: ‘211’ —— Concrete Recall Unpaved 89.2%
1 N F1 Unpaved 92.4%
L | i [ ”\**\
a}
{ s \l A
- il Ti\x Concrete and Asphalt
o o Accuracy
i | J i el Precision Asphalt 98.8%
It i .
. S ) (7 el T | {:EP Recall Asphalt 99.9%
<] & \\ | fT | F1 Asphalt 99.3%
! Jaui) il
NHEEI
0 5 10 0 10 20 1 w— . Precision Concrete 98.5%
nm: Miles I Km Michigan Tech Research Institute 07-23-2023
R e Recall Concrete 85.8%
F1 Concrete 91.7%
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<=2 Road Surface Identification through Al

HikigmTi’) Models - Example Output

N Ingham County MI N Oscoda County MI N Lapeer County MI
wiby Road Network Update | v %? E Road Network Update \\‘@E Road Network Update
. 77 d
: i
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R e
M_IRE Process finishe_d for_ 24 Unpaved
Michigan counties, with third Acohalt

phase to classify 59 additional Spha
counties in the next year — Concrete
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Classification Results Example

Paved and Unpaved Accuracy Monroe Oakland Ontonagon Gogebic Wexford Kalamazoo
Precision Paved 97 7% 98.5% 99.7% 96.3% 97.5% 99 2%
Recall Paved 98.6% 99.0% 99.9% 98.1% 96.2% 99 9%
F1 Paved 98.1% 98.7% 99.8% 97.2% 96.8% 99 5%
Precision Unpaved 95.2% 93.4% 98.9% 96.9% 97.2% 97.7%
Recall Unpaved 92 4% 90.3% 96.7% 93.9% 98.2% 86.8%
F1 Unpaved 93.8% 91.8% 97.8% 95.4% 97 7% 91.9%

Concrete and Asphalt Accuracy Monroe Oakland Kalamazoo | Ontonagon Gogebic Wexford
Precision Asphalt 99 4% 94.3% 99 5% 99 9% 99.9% 100.0%
Recall Asphalt 99 9% 96.3% 99 6% 100.0% 98.4% 98.3%
F1 Asphalt 99.7% 95.3% 99 6% 100.0% 99.1% 99.1%
Precision Concrete 99.3% 89.3% 85.1% )

Recall Concrete 94 20 a4 0% 30.9% Not enough Mileage of Concrete Roads to
Analyze Accuracy
F1 Concrete 96.7% 86.6% 82.9%
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Conclusions
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Michigan Tech Al-enabled image analysis methods
can be deployed for other states needing road

surface type identification
o For MIRE compliance, updating GIS inventories, management by

road surface type
o Please contact Colin Brooks, cnbrooks@mtu.edu, 734-604-4196

for more information

Monroe County MI Oscoda County MI
Road Network Update Road Network Update
_ Machine learning results to identify porel ) Te Mothine leaming results to identify pixel
r b type and asphalt, concrete, and unpaved
% (\? =~ ;—/, roads
‘\ | 7 Unpaved
18 : ( |} ‘N‘ —— Asphalt
) I 1 <) Concrete
\' Y 4
i | [T N
X Hy P
l‘ ] AL
N ;-’ B Vi P ey
B T__TL;!:* Y &
4 fe |
e S
| | y
| | ~haf 1\ N
{ ) |
i &1 |
0 5 10
fies | —— K higan Tech Research Institu
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Using multi-temporal imagery to
iImprove mapping and inventory of
forested roads in Michigan’s western
Upper Peninsula

Colin Brooks, Environmental Science Lab Manager, MTRI,
chbrooks@mtu.edu, 734-913-6858

David Banach, Assistant Research Scientist, MTRI,
dmbanach@mtu.edu, 734-994-7225

Mark Fedora, Supervisory Hydrologist, USDA Forest Service —
Ottawa National Forest, mfedora@fs.fed.us, 906-932-1330 x 318

MichiganiTech %
Research Institute
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Conclusions
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Michigan Tech Al-enabled image analysis methods
can be deployed for other states needing road

surface type identification
o For MIRE compliance, updating GIS inventories, management by

road surface type
o Please contact Colin Brooks, cnbrooks@mtu.edu, 734-604-4196

for more information

Monroe County MI Oscoda County MI
Road Network Update Road Network Update
_ Machine learning results to identify porel ) Te Mothine leaming results to identify pixel
r b type and asphalt, concrete, and unpaved
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