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Discrimination spectral analysis of pavement materials

based on spectral characteristics
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Abstract: The application of hyperspectral remote sensing technology in road surface type
recognition, pavement damage assessment and road health monitoring is one of important
applications and future trends of remote sensing technology in the field of transportation.
We collect a lot of spectral data of asphalt concrete, cement concrete, grassland and bare
soil four kinds of objects in our study. The original spectral data of the trilaternal parame-
ters were nondimensionalized and dimensioned. Finally, the spectral division between four
objects was calculated, and the segmentation characteristics of different pavement materials

based on spectral characteristics are deeply studied. The results of the study are as follows:
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(1) Compared with two parameters of all parameters and partial parameters, the principal
component analysis is more suitable for the analysis of the parameters of the ground spec-
trum. (2) The distinction between two kinds of pavement of asphalt concrete and cement
concrete is higher than that of grassland, and the distinction degree between them is lower
than that of bare soil, and the distinction degree between two kinds of pavement is also low.
(3) The differentiation rules between grassland and other ground features, bare soil and
concrete can be selected from the following parameters: the red edge area and amplitude,
the three edge position, the ratio of the red to blue edge area, the ratio of the red to yellow
edge area, and the difference of the normalized red and blue edge area. The distinction rules
between asphalt concrete and cement concrete can be selected from the following parame-
ters: red edge area and amplitude, yellow edge area, normalized red and yellow edge area
difference. The distinction rules between bare soil and cement concrete need to be obtained
by other methods. The results of the study will provide a reference and theoretical reference
for hyperspectral remote sensing technology in road recognition research and application.

Key words: hyperspectral remote sensing technology; road recognition; road health monito-

ring; ground spectrum data; feature analysis; discrimination analysis

, (Principle Component Analysis,

2l , PCA)
Y o b
[9]
b
, s R , Z-score
[3]
o b Y
’ b N
b
[4-8] “ 2 [10]
o o b
“ ”

b ’
s Z-score .

7]



14 4 . 3
3
1 D o
1.1 .
s GF_ 1 ]
. 21 km, ’
14y, 2y; B
— , 46.7 km, 2) o
10 vy, 1 y; ASD ( Analytical Spectral
- s 76.6 km, Device) ASD Field Spec Hand Held 2
7 yo A . 9
N N s 325~1 075 nm, 1 nm,
2016 10 10~13 10:00~14.00, 1.5 nm, 3.0 nm, 25°,
. R 0 s {ASD
(SMA—13), ye,
(AC—130), R ViewSpecPro  Origin
(AC— ,
16C), ( 2 ).
’ ’ 80 - : 7
70 - S
’ K60 i ’7'7 -
, 50 - ".: “‘ A //
40 - e //
. 1, 30 f\ “ P
20 - R e S
116°40'0'E 117°0'0'E 0 2 \JI\ I
L — —-
0 1 L L L L L L I}
P = 300 400 500 600 700 800 900 1000 1 100
o o /nm
S <
Z £ W
1.0
z z 0.5
o o
& Q 0.0
2 F 0.5
-1.0 _
£ E s | e
o °
S =) _2.0 1 L L L Il L L I
¥ ¥ 300 400 500 600 700 800 900 1000 1 100
/nm
: (b)
116°40'0"E 117°0'0"E 2 4
1 Fig. 2 The original spectral curve and the first derivative

Fig. 1 Distribution map of Jingcheng

expressway sample point

1.2

reflectance curve of four kinds of surface features

1.3



) 2017 12

A ’ N
”
’ o
; [12] 1 3
3 R o
“ ”»
b
b
é : :
[9] “ 2
“ ”»
H
i : :
[10]
b
3 “ ”»
7/-score
Fig. 3 Technology roadmap
. Z-score
D v —7
y=—, @YD)
[} ] S
3
[8] s x x N °
1« »
Table 1 Definition of trilaternal parameters
530
SD, SD, = > f(o) 490 ~ 530 nm
=490
582
SD, SD, = > /(o) 550 ~ 582 nm
=550
760
SD, SD, = > /' 680 ~ 760 nm
=680
D, D, = maxf' (z),x € [490,530] 490 ~ 530 nm
D, D, = maxf'(x),x € [550,582] 550 ~ 582 nm
D, D, = maxf'(z),x € [680,760] 680 ~ 760 nm
Ab D, (nm)
Ay D, (nm)
Ar D, (nm)

SD,
SD,

SD,
SD,

(SD, —SD;)
(SD, +SD,)

(SD, —SD,)
(SD,+SD,)
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Table 2  Statistical table of trilateral parameter of four kinds of surface features

SD, SD, SD, D, D, D, A5 Ay A
51775  —6.9635  46.364 0 0.209 5 0.009 0  0.945 5 522 593 721
55455 —3.6225  2.986 5 0.345 5 0.2820  0.1135 525 626 742
12180  —5.2590 —0.3680 0.2680  0.2140  0.0590 525 624 759

13.4725 —16.4730 —1.914 0 0.9320  0.6815 0.072 5 525 625 759
SD,/SD, SD,/SD, (SD, —SD,)/(SD, +SD,) (SD, —SD,)/(SD, + SD,)
8.9549  —6.658 1 0.799 1 1.353 5
0.5385 —0.824 4 —0.299 9 —10.3915
—0.087 2 0.070 0 —1.191 2 —0.869 2

—0.142 1 0.116 2 —1.331 2 —0.791 8
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Table 3 The standardization of trilateral parameter

SD, SD, SD, D, D, D, A Ay A
—0.449 7 0.193 8 14941 —0.6874 —1.0214 14978 —1.500 0— 1.498 1—1.343 9
—0.3638 0.7738 —0.3792  —0.2796 —0.0519 —0.4257 0.500 0 0.561 §—0.180 1
—0.6737 0.4897 —0.5241  —0.5120 —0.2934 —0.5517 0.500 0 0.436 9 0.762 0

1.4871 —1.4573 —0.590 8 1.478 9 1.366 7 —0.520 5 0.500 0 0.499 4 0.762 0
SD,/SD, SD,/SD, (SD, —SD,)/(SD, + SD,) (SD, —SD,)/(SD, +SD,)

1.496 4 —1.486 6 1.328 1 0.767 8
—0.400 6 0.307 4 0.209 5 —1.470 8
—0.541 7 0.582 5 —0.697 6 0.344 1
—0.554 0 0.596 7 —0.810 1 0.358 9

4 , Y, Y,

Table 4 Load matrix of principal component analysis

Y, =0.184Z, —0.1392Z, — 0.322Z, +

SD, 0.558 0.792 0.2297, +0.2847Z; —0.317Z; +0.315Z, +
SD, —0.420 —0.907 0.314Z3 4+ 0.311Z, — 0.319Z,, + 0.322Z,, —
SD, —0.973 0.230 0.3147Z,, — 0.105Z 5,
D, 0.692 0.690 Y, =0.4582, —0.524Z, +0.133Z, +
D, 0.858 0.473 0.3997, 4+ 0.273Z; +0.161Z, — 0.173Z; —
D, — 0.960 0.279 0.17628 _0.009ZQ +O.14821() _0.125211 -
A 0.954 —0.300 0.024Z, +0.374Z;
Ay 0.950 —0.305
Ar 0.942 —0.016 ’
SD,/ SD, —0.966 0.256 ’ 1 SD, s D, sy Ay Ars
SD,/SD, 0.973 —0.217 SDr/ SDI; ’ SD)’/SDy ’ (SD1 - SD/; )/( SDr +
(SD, —SD,)/(SD, + SD;) —0.949 —0.042 SD,) ’ 2 SD,,SD, .
(SD, —SD,)/(SD, +SD,)  —0.317 0.647 D,,(SD,—SD,)/(SD,+SD,) .
2 , S o
4 b SD[) ’ D[; . Dy L] A/] b Ay 2 Ar b SD,-/
5
SD, s
; Table 5 The score of principal component analysis
5 SD,, ’ SD; ’ Db s
A/, ’Ay aD_V ’
—19.194 1 0.777 1
s 2
3.671 5 —1.653 4
13 .
6.851 0 —1.185 9
1 9 . 8.671 6 2.062 1
2.3
. Yl l\Yg ZsZ]NZIS

SD,~(SD,—SD,)/(SD,+SD,) .
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Table 6 The discriminative power of surface features H630'0'E 116°45' 0 117°0'0"E
Z L L Il =
(A —A;)? (B, — B;)? T O}N\ 5
(=} j=}
— 522.832 2 5.907 3 22.994 3 = =
- 678.344 0 3.853 2 26.118 9 z z
S Lo
— 776.498 3 1.651 3 27.895 3 ] ]
=) S
F F
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Table 7 The comparative analysis of discriminative power table of surface features
T
— 2.043 0 2.349 3 2.926 4 3.616 6 4.047 1 22.994 3
— 2.020 1 2.088 5 3.565 0 3.566 2 4.151 9 26.118 9
— 3.527 6 3.524 0 3.585 5 3.662 3 5.230 7 27.895 3
- 0.387 4 0.393 2 0.961 5 2.052 4 2.057 5 3.213 7
— 2.553 1 2.644 7 0.970 3 2.134 6 2.134 6 6.229 5

- 2.938 2 2.559 5 0.073 7 0.144 5 0.066 7 3.723 5
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