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Figure 2. Spectral response of the WorldView-2 Sensor’. (for color image please see electronic version)

WorldView-2 data simulation and analvsis results

Algorithms and Technologies for Multispectral, Hyperspectral, and Ultraspectral Imagery XV,
edited bv Svivia S. Shen. Paul E. Lewis. Proc. of SPIE Vol. 7334. 73340U - © 2009 SPIE




WorldView-3

Sensor Bands

Dynamic Range
Swath Width

Sensor Resolution
(or GSD, Ground Sample
Distance; off-nadir is
geometric mean)

launched in August 2014

Panchromatic: 450 - 800 nm

8 Multispectral:

Coastal: 400 - 450 nm
Blue: 450 - 510 nm
Green: 510 - 580 nm
Yellow: 585 - 625 nm

8 SWIR Bands:

SWIR-1: 1195 - 1225 nm
SWIR-2: 1550 - 1590 nm
SWIR-3: 1640 - 1680 nm
SWIR-4: 1710 - 1750 nm

12 CAVIS Bands:

Desert Clouds: 405 - 420 nm
Aerosol-1: 459 - 509 nm
Green: 525 - 585 nm
Aerosol-2: 620 - 670 nm
Water-1: 845 - 885 nm
Water-2: 897 - 927 nm

Red:

Red Edge:
Near-IR1:
Near-IR2:

SWIR-5:
SWIR-6:
SWIR-7:
SWIR-8:

Water-3:
NDVI-SWIR:
Cirrus:
Snow:
Aerosol-3:
Aerosol-3:

630 - 690 nm
705 - 745 nm
770 - 895 nm
860 - 1040 nm

930 - 965 nm

1220 - 1252 nm
1350 - 1410 nm
1620 - 1680 nm
2105 - 2245 nm
2105 - 2245 nm

11-bits per pixel Pan and MS; 14-bits per pixel SWIR

At nadir: 13.1 km

Panchromatic Nadir: 0.31m

Multispectral Nadir: 1.24 m
SWIR Nadir: 3.70m
CAVIS Nadir: 30.00 m
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Bandpass wavelengths for Landsat 8 OLI and TIRS sensor, compared to Landsat 7 ETM+ sensor
Note: aimospheric transmission values for this graphic were calculaled using MODTRAN for a summertime mid-faiitude hazy atmosphere (circa § km visibility).
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orIdView2 4 New Bands
Coastal

» chlorophyll absorption, blue light scattering, water depth, “true-color”; will
support coastline water depth studies based upon its chlorophyll and water
penetration characteristics. Also, this band is subject to some atmospheric
scattering and is investigated to examine atmospheric correction

techniques. sonoq L. HEtEE. TEEOR IF. /0074 L EKDBEBIEHICRICER
@ OKERBEGR—T B, - CONVRIZRSHEICERLTEY . KB EFELHET S

Yellow

« important for vegetation and turbidity applications. Also, this band will assist
In the development of "true-color" hue correction for human vision

representation. 4L BYEEICEETHS. £1=. CO/NAVRIE, ABINRBIEEROE DO EIEH
EZx95DIZEIT5,

Red Edge

« aids in the analysis of vegetation and vegetative condition. Directly related
to plant health revealed through chlorophyll production. s+ sissmissair+z

DEITSH, 70070)LEEICEAEL THEYDREICEEZEET S,

NIR2

» overlaps the NIR1 band, supports vegetation analysis, materials

differentiation and biomass studies; may help with atmospheric correction
NIRLEF—/N—FvTLTHEY . EERET. ME DD, NAATRAREY R 5, Ff-. KKRMLE

ZBT5.

Canuricaht @ 20410 NisxitalRlalha Ina Niaitalllabha Dranriatary and Niaital2lahas Qanecitiva
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R:Red
G:Green
B:Blue

17\

NURBAEBEDOE VAU RE2DE-STE.
Eﬁﬁtlﬁlﬁ)]%\b‘o

& R:SWIR1

G:NIR

% B:Red

Table 1 LANDSAT8/0LI #E[EE{& (2013.9.27) IZDWLZWTDE/\> FiEFEE

Layer 1 Coast.aero. 2 Blue 3 Green 4 Red 5 NIR 6 SWIR1 7 SWIR2
1 1.00000 0.97700 0.81537 0.82041 0.03587 0.68077 0.83632
2 0.97700 1.00000 0.89303 0.91559 0.14586 0.78042 0.88652
3 0.81537 0.89303 1.00000 0.96168 0.49184 0.85811 0.83716
4 0.82041 0.91559 0.96168 1.00000 0.37392 0.88240 0.88343
5 0.03587 0.14586 0.49184 0.37392 1.00000 0.55591 0.25422
6 0.e8077 0.78042 0.85811 0.88240 0.55591 1.00000 0.92290
Z 0.83632 0.88652 0.83716  0.88343 0.25422 0.92290  1.00000
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' R:Red Edge
| G:NIR2
| B:Yellow

R:Red
. G:NIR1
. B:Blue

Table 2 WorldView2 EREET!) 7 (2014.04.29) IZTDWLWTOR/\ FEIFEE

Layer 1.Coastal 2.Blue  3.Green 4.Yellow 5.Red 6.Red Edge 7.NIR1 8. NIR2
1 1.00000 0.98527 0.93857 091259 0.89835 0.54744 0.32054 0.30145
2 0.98527 1.00000 096366 093752 0.93204 0.58683 0.36186  0.34347
3 0.93857 0.96366 1.00000 0.98161 0.96997 0.75457 0.55436  0.53508
4 091259 0.93752 098161 1.00000 0.99224 0.76490 0.55626  0.54388
5 0.89835 0.93204 0.96997 0.99224 1.00000 0.73419 0.52266 0.51210
6 0.54744 0.58683 0.75457 0.76490 0.73419 1.00000 0.95401 0.94615
7 0.32054 0.36186 0.55436  0.55626  0.52266 0.95401 1.00000 0.99264
8 0.30145 0.34347  0.53508 0.54388 0.51210 0.94615 0.99264  1.00000
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Table 3 WorldView?2

R:Yellow
G:Red Edge
B:Coastal

; R:Red Edge

G:NIR2

. B:Yellow

EEEILEET U 7 (2014.06.29) [ZDLNTHE/NY FEHERES

Layer 1. Coastal 2.Blue 3.Green  4.Yellow 5. Red 6. Red Edge 7. NIR1 8. NIR2
1 1.00000 0.98748 0.96426  0.95514 0.94078 0.51030 -0.01591 0.06413
2 0.98748 1.00000 0.98115 0.96950 0.96535 0.52128 -0.01558 0.06831
3 0.96426  0.98115 1.00000 0.97901 0.97209 0.63257 0.10180 0.18126
4 0.95514 0.96950 0.97901 1.00000 0.99299 0.53949 -0.02181 0.06323
5 0.94078 0.96535 0.97209 0.99299 1.00000 0.50679 -0.05554  0.03217
6 0.51030 0.52128 0.63257 0.53949 0.50679 1.00000 0.81031 0.85004
7 -0.01591 -0.01558 0.10180 -0.02181 -0.05554 0.81031  1.00000  0.98082
8 0.06413  0.06831  0.18126  0.06323  0.03217  0.85004  0.98082 1.00000




Table 4 WorldView?2

EREILE T 7 (2014.09.13) IZDWLVNTHOLK/\> FEEE

Layer 1. Coastal 2. Blue 3.Green  4.Yellow 5.Red 6.Red Edge 7.NIR1 8. NIR2
1 1.00000 0.93377 0.73819 0.71041 0.73246 0.19798 0.00904  0.03953
2 0.93377 1.00000 0.87792 0.87742 091038 0.36037 0.14488 0.18794
3 0.73819 0.87792 1.00000 0.97724 0.92858 0.73144 0.53037 0.55923
4 0.71041 0.87742 0.97724 1.00000 0.97339 0.68616 0.46422 0.50573
5 0.73246  0.91038 0.92858 0.97339 1.00000 0.55360 0.32883  0.38033
6 0.19798 0.36037 0.73144 0.68616  0.55360 1.00000 0.95065 0.95646
7 0.00904 0.14488 0.53037 0.46422 0.32883 0.95065 1.00000 0.99203
8 0.03953 0.18794  0.55923  0.50573  0.38033  0.95646  0.99203  1.00000




4. FIRNBERE IV D EEEICKSHFT

Fig.9 WorldView2 (#8RE. 2014.06.29) & Training Fields  (R:Red, G:NIR1. B:Blue)



Table 5 WorldView2 (#8FE, 2014.06.29) TOLXMBASFEICHTAHERA/ Y FIZK DHFIZHFE

ETnds used:d }:Coas’(al, '.IL‘:Blue. 3:Grcie|;, 4:‘éf’e||ow5e5:Red, E:Rcd cdse,s?:NIRT, 8:NIR2
asses used: D rice early "Z: rice late 3: sovbean . grass D water
(A) 2:Blue. 3:Green, 5:Red. 7:NIR1
TRAINING CLASS FERFORMANCE (Resubst itut jion Method) (Channels used: 2-3,5,7)
Praject Reterence ber of Samples in Class
Class Class  Accuracy+ Nunber 3 3 3]
Name Numbe r Sanp les rice_ear|y rice_|ate soybean grass water
rice_early | 3 5798 h430 366 1] 0 0
rice_late 2 82.0 3254 537 2667 0 0 0
sovbean 3 100.0 4870 0 0 4870 0 0
grass 4 100.0 1961 0 0 1] 1961 ]
water ] 100.0 1645 0 0 0 0 1645
TOTAL 17128 6017 3033 4870 1561 1645
Ral iability Accuracy (%)X 90.2 87.9 100.0 100,10 100.0
OVERALL CLASS PERFORMANCE (16173 / 17126 ) - 94.4% Kappa Statistic (X100) = 92.6%. kappa Yariance = (.000006.
(B) 1:Coastal, 2:Blue, 3:Green, 4:Yellow, %:Red, B:Red edze, 7:NIR1, 8:NIRZ2
TRAINING CLASS PERFORMANCE (Resubst i tution Method) (Chanrels used: 1-8)
Project Reference ber of Samples in Class
Class Class  Accuracy+ Nunber | 2 3 4 3]
Name Numbe r (%) Sanp les rice ear|y rice_late sovbean Erass water
rice_parly | 94.8 K798 h497 29 0 0
rice_late ? a0.n 3754 327 7977 1] l 1]
sovbean 3 100.0 4870 0 0 4370 0 0
grass 1 100.0 1561 0 0 0 1581 0
water R 100.0 16845 [ 1] 1} Il 1645
17126 5824 3226 4370 1561 1645
Rel iability Accuracy (%)% 94.14 90.7 100.0 100.0 100.0
(WFRAIT Tl 4SS PFF(FURMAN(F (16”00 / 17176 ) = 96.3% Kappa Statistic (X100) = 95.1%. Kaopa Variance = (1000004 .
(F) (A) + G:Red edg=
TRAINING CLASS PERFORMANCE (Resubstitut ion Method) (Channe|s used: 2-3,5-7)
Froject Reterence Nunber ot Samples in Class
Class Class  Accuracy+ Murmbe r 3 4 3
ne Number Sameles rice_early rice_late sovbean grass water
rice_ear|y 1 93 .8 A79F R43R 358 1] 7 1]
rice_late 2 2.8 3254 561 2693 1] 0 0
sovbean 3 100.0 4370 0 0 1470 0 0
grass 4 100.0 1561 0 0 0 1561 0
water 5 100.0 1645 0 0 0 0 1645
TUT&L 17126 H997 3051 4570 |h63 1645
Reliability Accuracy (%)% 90.6 858.3 100.0 99.9 100.0
NYFRAI T 1 ARS pERFURMANCE (182 / 17126 ) = 94.8% Kappa Statistic (X100) = 92.8%. Kappa Variance = 0.000005.

(F) (&) + &:NIR2
OVERALL CLASS PERFORNANCE (15478 / 17128 )

+ (100 - percent omission error) ;
* (100 - percent commission error) .

96.2%

Kapoa Statistic (X100) =
also called producer’ s accuracy.
also called user’' s accuracy.

95.0%. Kappa Yariance = 0.000004.
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Table 6 WorldView2 (#8fE, 2014.06.29) TO L& 7H 58I

I\ F 1) 7 (Bhattacharyya) IE B

(B) Average class distance

(A) Minimun class distance
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Fig.10 WorldView2 (#§RE. 2013.06.29) & Training Fields (2[EH) (R:Red, G:NIRT, B:Blue)



Table7 WorldView2 (#8FE, 2014.06.29) TOERA/\Y FIZXARMDFOHIFHEEL

Bands used: 1:Coastal, 2:Blue, 3:Green, 4:Yellow, H:Red, 6:Red edee, 7:NIR1, 8:NIRZ2
Classes used: 1: ricel 2: rice? 3: soybeanl 4: soybean?
(A) 2:Blue, 3:Green, 5:Red, 7:NIR1
TRAINING CLASS PERFORMANCE (Resubstltutlon Method) Channels used: 2-3,5,7
Project Reference Number of Samples in Class
Class Class Accuracy+ Numbe r 2 4
Name Numbe r Samp | es ricel rice? sovbean] sovbean?
ricel 1 66.1 11105 7335 3770
rice? 2 87.0 7243 945 6298 0 0
soybean] 3 94.9 3200 0 0 3038 162
soybean? 4 98.1 hghz 0 0 110 5742
TOTAL 27400 8280 10068 3148 5904
Reliability Accuracy (%)x 88.6 62.6 96.5 97.3
OVERALL CLASS PERFORMANCE (22413 / 27400 ) = 81.8% Kappa Statistic (X100) = 74.8%. Kappa Yariance = 0.000011.

(B) 1:Coastal,
TRAINING CLASS PERFORMANCE (Resubstitution Method)

Project Reference
Class Class Accuracy+ Number
Name Numbe r (%) Samp les
ricel 1 5.3 11105
rice? 2 90.8 7243
sovbean] 3 96.6 3200
sovbean? 4 99.4 H85h2
TOTAL 27400
Reliability Accuracy (%)%
OVERALL CLASS PERFORMANCE (23893 / 27400 ) = 87.2%

(E) (A) + B:Red edge
TRAINING CLASS PERFORMANCE (Resubstitution Method)

Project Reference
Class Class  Accuracy+ Numbe r
Name Numbe r (%) Samp | es
ricel 1 3.2 11105
rice? 2 89.0 7243
soybean] 3 95.4 3200
sovbean? 4 98.9 h8h2
TOTAL 27400

ability Accuracy

Reli (%)%
OVERALL CLASS PERFORM&NCE (23414 /27400 ) =

2:Blue, 3:Green, 4:Yellow, 5:Red, 6:Red edge, 7:NIR1,

85.5%

8:NIR2

Channels used: 1-8

Number of Samples in Class

3 4

ricel rice? sovbean] sovbean?
8406 2699

666 6577 0 0

0 0 3092 108

0 0 34 5818

9072 9276 3126 5926

92.7 70.9 98.9 98.2

Kappa Statistic (X100) = 82.1%. Kappa Yariance = 0.000008.

Channels used: 2-3,5-7

Number of Samples in Class

3 4

ricel rice? sovbean] sovbean?
8127 2978

794 6449 0 0

0 0 3052 148

0 0 66 h786

8921 9427 3118 h934

91.1 63.4 97.9 97.5
Kappa Statistic (X100) = 79.7%. Kappa Yariance = 0.000009.
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Table 8 WorldView2 (%8R, 2014.06.29) TO=MH I

INDF 1) 7 (Bhattacharyya) IE &

(A) Minimun class distance

(B) Average class distance
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Fig.11 WorldView2 (#8f. 2014.09.24) & Training Fields (R:Red, G:NIR1, B:Blue)



Table 9 WorldView2 (EBFE, 2014.09.24) TOFER/N\> FIZXAESEOHRMELIE

Bands used: 1:Coastal, 2:Blue, 3:Creen, 4:Yellow, H:Red, 6:Red edze, 7:NIR1, S:NIRZ2
Classes used: 1: ricel 2: rice2 3: sovbeanl 4: sovbean?
(A) 2:Blue, 3:Green, 5:Red, 7:NIR1
TRAINING CLASS PERFORMAMNCE (Resubstltutlon Method) Channels used: 2-3,5,7
Project Reference Number of Samples in Class
Class Class Accuracy+ Number 1 2 3 4
Name Number (%) Samp | es ricel rice? soybean] sovbean?
ricel 1 99.0 3606 3571 35 0 0
rice? 2 97.3 6935 186 6749 0 0
sovbean] 3 81.8 3200 8 0 2616 576
soybean? 4 75.2 2663 2 0 659 2002
TOTAL 16404 3767 6784 3275 2578
Reliability Accuracy (%)x 94.8 99.5 79.9 Tt
OVERALL CLASS PERFORMANCE (14938 / 16404 ) = 91.1% Kappa Statistic (X100) = 87.4%. Kappa Yariance = 0.000009.

(B) 1:Coastal, 2:Blue, 3:Green, 4:Yellow, 5:Red, 6:Red edze, 7:NIR1, 8:NIR2
TRAINING CLASS PERFORMANCE (Resubstitution Method) Chanrels used: 1-8

Project Reference Number of Samples in Class
Class Class Accuracy+ Numbe r 1 2 3 4
Name Number (%) Samp | es ricel rice? sovbean] sovbean?
ricel 1 99.8 3606 3598 3 0 0
rice? 2 99.0 6935 68 6367 0 0
sovbean] 3 95.5 3200 8 0 3056 136
sovbean? 4 96.7 2663 1 0 88 2574
TOTAL 16404 AR7H RA7H 2144 2710
Reliability Accuracy (%) 97.9 99.9 97.2 95.0
OVERALL CLASS PERFORMANCE (16095 / 16404 ) = 98.1% Kappa Statistic (X100) = 97.3%. Kappa Variance = 0.000002.
(E) (&) + edze
TRAINING PLﬂSS PERFURM&NCE (Resubst itut ion Method) Channels used: 2-3,5-7
Project Reference Number of Samples in Class
Class Class Accuracy+ Numbe r 1 2 3 4
Name Numbe r (%) Samp |es ricel rice? sovbean] sovbean?
ricel 1 99.5 3606 3589 5] 0
rice? 2 98.9 6935 75 6360 0 0
sovbean] 3 94.1 3200 10 0 3011 179
sovbean? 4 94.0 2663 2 0 157 2504
TOTAL 16404 3676 6877 3168 2683
Reliability Accuracy (%)% S 97.6 99.8 95.0 93.3
OVERALL CLASS PERFORMANCE (15964 / 1640¢ ) = 97.3% Kappa Statistic (X100) = 96.2%. Kappa Variance = 0.000003.
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Table 10 WorldView2 (#8f[F, 2014.09.24) TOREMS I

(A) Minimun class distance

(B) Average class distance
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Fig.12 WorldView2 (do#Fi#E. 2014.07.12) & Training Fields (R

Ty o W, i
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Table 11 WorldView2 (dhiZ;E, 2014.07.12) TOFEANY FIZLK HBEESEOHIFIHEEL

Bands used: 1:Coastal, 2:Blue, 3:Green, 4:Yellow, 5:Red, 6:Red edge, 7:NIR1, 8:NIR2
Classes used: 1: conifer 2: broad_leat 3: grassl 4: grass?

(A) 2:Blue, 3:Green, 5:Red, 7:NIR1
TRAINING CLASS PERFORMANCE (Resubstitution Method) Channels used: 2-3,5,7

Project Reference Number of Samples in Class
Class Class Accuracy Number 1 2 3 4
Name Numbe r (%) Samp | es conifer broad_|eaf grass| grass?
conifer 1 93.1 23895 22244 1483 138 30
broad_|eaf 2 94.2 7820 412 7368 32 8
grassl 3 2.2 13523 100 254 9757 3412
grass? 4 92.7 19196 50 38 1314 17794
TOTAL 64434 22806 9143 11241 21244

Reliability Accuracy (%) 97.5 80.6 86.8 83.8

OVERALL CLASS PERFORMANCE (57163 / 64434 ) = 88.7%  Kappa Statistic (X100) = 84.3%. Kappa Variance = 0.000003:

(B) 1:Coastal, 2:Blue, 3:Green, 4:Yellow, 5:Red, 6:Red edge, 7:NIR1, 8:NIR2
TRAINING CLASS PERFORMANCE (Resubstitution Method) Channels used: 1-8

Project Reference Number of Samples in Class
Class Class Accuracy Numbe r 1 2 3 4
Name Numbe r (%) Samples conifer broad_leaf grassl| grass?
conifer ] 93.0 23895 22214 1564 105 12
broad_|eaf - 95.8 7820 304 7492 23 1
grass]| 3 80.9 13523 79 277 10944 2223
grass? 4 95.2 19196 69 3 843 18281
TOTAL 64434 22666 9336 11915 20517
Reliability Accuracy (%) 98.0 80.2 91.9 89.1

OVERALL CLASS PERFORMANCE (58931 / 64434 ) = 91.5%  Kappa Statistic (X100) = 88.1%. Kappa Yariance = 0.000002.

(E) (A) + 6:Red edzge
TRAINING CLASS PERFORMANCE (Resubstitution Method) Channels used: 2-3,5-7
Project Reference Number of Samples in Class

Class Class Accuracy Numbe r 1 2 3 4
Numbe r (%) Samp | es conifer broad_|eaf grass] grass?

conifer 1 93.0 23895 22218 1527 126 24
broad_|eaf 2 85.0 7820 350 7427 41 2
grass 3 76.9 13523 ] 30 265 10405 2723
grass? 4 94.6 19196 10 961 18162
TOTAL 64434 22731 9229 11533 2091 1

Reliability Accuracy

(%) 97.6 80.5 90.2 6.9
OVERALL CLASS PERFORMANCE (58212 / 64434 ) = 90.3%  Kappa Statistic (X100) = 86.5%. Kappa Variance = 0. 000003..
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5. Red Edge @ F| FA {51
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Yellow: 585 - 625 nm Near-IR2: 860 - 1040 nm
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6. 2'f\l:l nfd (EEL_I_E*E)

HWEDFET. WorldView2/\2 KTl

Band6 (Red Edge)
> Band8 (NIR2)
> Bandl (Coastal)
> Band4 (Yellow)
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CORRELATION MATRIX  #5[EJE&8  2014.06.29

Layer 1. Coastal 2. Blue 3. Green 4. Yellow 5. Red 6. Red Edge 7. NIR1 8. NIR2
1 1.00000 0.98748 0.96426 0.95514 0.94078 0.51030 -0.01591 0.06413
2 0.98748 1.00000 0.98115 0.96950 0.96535 0.52128 -0.01558 0.06831
3 0.96426 0.98115 1.00000 0.97901 0.97209 0.63257 0.10180 0.18126
4 0.95514 0.96950 0.97901 1.00000 0.99299 0.53949 -0.02181 0.06323
5 0.94078 096535 0.97209 0.99299 1.00000 0.50679 -0.05554  0.03217
6 0.51030 0.52128 0.63257 0.53949 0.50679 1.00000 0.81031 0.85004
7 -0.01591 -0.01558 0.10180 -0.02181 -0.05554 0.81031 1.00000 0.98082
8 0.06413 0.06831 0.18126 0.06323 0.03217 0.85004 0.98082 1.00000

Table 4 WorldView?2

BEREILE T 7 (2014.09.13) IZDWLVNTHOLK/\> FEEE

Layer 1. Coastal 2.Blue 3.Green  4.Yellow 5.Red  6.Red Edge 7.NIR1 8. NIR2
1 1.00000 0.93377 0.73819 0.71041 0.73246 0.19798 0.00904  0.03953
2 0.93377 1.00000 0.87792 0.87742 0.91038 0.36037 0.144838 0.18794
3 0.73819 0.87792 1.00000 0.97724 0.92858 0.73144 0.53037 0.55923
4 0.71041 0.87742 097724 1.00000 0.97339 0.68616 0.46422 0.50573
5 0.73246  0.91038 0.92858 0.97339 1.00000 0.55360 0.32883  0.38033
6 0.19798 0.36037 0.73144 0.68616 0.55360  1.00000 0.95065  0.95646
7 0.00904 0.14488 0.53037 0.46422 0.32883 0.95065 1.00000  0.99203
8 0.03953 0.18794 0.55923 0.50573 0.38033 0.95646  0.99203 1.00000
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