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3.1 BHEmEBNHIRA] Automatic recognition of pavement damage
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3.2 BRE 4 Ef& Two-dimensional Image of pavement
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3.3 BT = % 55 = B#E Three-dimensional point cloud data of pavement
T I 22 B AR I 2 b ) = 4 2% P AE AL B = ZE O T RSO A B % T 3 AT I A AR R L
=, REBIM A BRI =48 = 8dE .
3.4 BELNRE B % Depth image of pavement
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IR 15 1 L R

3.5 ¥MIE#HZ Detection Precision
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3.6 3 L IEHZE Classification Precision

H B4 53 S TE MR 11 2 6 B T s o A o DL B T T R B
3.7 IRAIE#HZE Recognition Precision
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3.8 /E5% Error Rate
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) FEBUHIHLACE A7 il 454
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423 REFTIFEEX

a) FHARLR AR AL 1) 2 B i T — 4E G S VE R KT 0.1m.
b)) EUEERF/NT 0.01%.
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a) BREEEEEE, BfEMER. BRAE. WS, B, s,

b BIGEBHYE, AIESm e o8 BAEGER.
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a) BRI =4k =B AR A5

S T 4 5 2 B ORAFAEAR SR R B BK TS B SR, 4 2 i DMV AL il Hidls
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X RAF

b) M BREE A A

GNSS F 4t & A 2R DR A7 EAR SO I T b ER A7 BAS B o092, BL GNSS R 4gits itk
ITRAE, @il P2 SRR S (Beidou Navigation Satellite System, BDS).

) EEBUHHLHE A7 1 45 1)

HEBURAL SR B R AFAERR ST T B TS BRSO, BL AVI AR AT IRAF
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b) BaBHEERFNT 0.01%.
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labels SCAFIAF I TXT #%30H) YOLO #idladeiUbn%s. YOLO Hdafk i TXT #rZefk il
EFEPREREARGEE, BV RSEE, EHEH 0. 1. 2. 3. &R0,
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PATG, 2 JE%EHE 2 > Inception E ¥LJG, 519 2% HAFEHRRE; Xception JGHEAT P IXGEFR %
N 3X3 KRR BIE R m AL, CRERRER R R, &
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Resnets0

Input:(241,360,3)

[ Conv,7xTx64 |

T
| BatchNonm,Scale,Relu |
| Max Booling,3x3 |

Pool
[ o, 1x6x64 |

[ Conv, 1% 1256 |

[ Comv, 1% 1356 |
1

BatchNorm, Scale

Cony,1%1x512
BatchNorm, Scale

Conv,1x1x1024
RatehNorm, Seale

Conv, 1132048

BatchNorm, Scale

BatchNorm,Scale |
I

Eltwise,Relu |

Res2a

[ Conv, 1x1x64 |

| BatchNo‘rm,Scale |

| Eltwise,Relu |
Res2b!

| Eltwise,Relu |

Res2e

Conv,1x1x128 |

BatchNorm Seale |

[ Eltwise Relu |
Res3a
[ Coav, 1x1x128 |

| BatchNorm Seale |

| Bliwise,Relu |
Res3b! Res3e
| Bliwise,Relu |

Res3d
Conv, IX 14256 |

BatchNorm ,Seale ‘

| Eltwise,Scale |

Resda

[ Conv, 1x1x256 |

| BatchNo‘rm,Scale |

| Eltwise,Scale |

Resdb | Resdd
Resde @ Resde

[ Eltwise Relu |
Resdf
Conv, 1x1512 |

| BatchNorm,Scale |
T

[ Eltwi;e,Relu |

Resda }7

[ Conv, Ix 13512 |

| BatchNo;m,Scale |

/——— |
| Eltwise,Relu |
ResSh : ResSe

| Average Pooling,7x7 ‘

Output:(2048)

TneeptionV3
Input: (320,480,3)

Cony 3x3x32, Relu

Max Pooling 3x3

‘ Conv 1x1 [Conv 1xl ‘ Pool ‘
[ [
‘ Cony 1x1 ‘ Conv 5x5 ‘ Cony 3x3 ‘ Conv 1x1
Repeated
o 3 Times

Cony 1x]

| Ceny 1x7

Cony 721

Conv 17

Conv 1x1

Pool

Ceny 1x1

Repeated

Conv 1x1
5 312

Cenv 11
Stride=2x2

4 Times
Repeated
Contact .
i 2 Times
‘Conlel ‘ |Conv 1x] | Pocl |
Conv 3x3 ! I !
S Cony 1x3 ‘ Conv 3x1 [ | Conv 1x1 ‘ Conv 1%1
Conv 1x3 [ | Conv 3x1

Output(2048)
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Tnput (320,480,3)

Conv 3x3x%32, Relu

Conv 3364, Rely

SeparableConv 3x3x128

Relu
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I
=

SeparableConv 3x3x256

Relu
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Max Pooling 33

Relu
SeparableConv 3x3x728

Relu
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Max Pooling 3x3

-3
=

SeparableConv 3x3x728

Relu
SeparableConv 3x3x728

Relu
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Relu
SeparableConv 3x3x728

Relu
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Max Pooling 3x3
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Relu
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Global AveragePooling

Output:(2048)
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Rate:0.5

Dense
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7 43 BB L s I EHR B B IR AR 4R R
K FH A Fi T T Joe A B i T 5 MR B BRI AR, ROZcR AR 9.1 WK psE $E A

R0 AN E BB B SRRV E fEhs

1BHR B|R
K IE#f % (Detection Precision) =95%
SrZEIERAFR (Classification Precision) >95%
YU IERE%  (Recognition Precision) >90%
#45%. (Error Rate) <8%
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AT 1.45 K (ZANE0LE) 5020 (FABEOER
MR RS <lmm
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BT ~0.1nm (ZEBEATARIRFEIEHD
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