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Motivations

LW Information on temporal dynamics of land cover in and around urban areas is
! needed for a variety of purposes:

*housing planning policy
*transportation planning policy

*environmental studies
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Aim

y The aim of this research is to develop a Change Detection Algorithm in order to
\‘1 obtain the accuracies required by typical applications.
\

—Pp A new method for urban change detection that greatly reduces the human
effort needed to analyze the imagery:

NAHIRI: Neural Architecture for HIgh Resolution Imagery

Change Detection algorithm based on Neural Networks able to exploit in
parallel both the multi-band and the multi-temporal data to discriminate
between real changes and false alarms.
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Site Information

Image Information

Data Set 1 Location Dimension Acquisition Satellite Spatial Res. Dimension
(km?) Date (m) (pixels)
TEST AREA 1 Tor Vergata Campus, 3.7 May 29, 2002 QuickBird 2.8 706 x 729
Rome, Italy
March 13, 2003
TEST AREA 2 Boulder, 280 July 5, 1992 Landsat 30 664 x 432
Colorado, U.S.A.
August 17, 1996
TEST AREA 3 Boulder, 0.4 August 14,2002 QuickBird 0.6 1300 x 800
Colorado, U.S.A.
July 6, 2004
TEST AREA 4 Boulder, 6.2 October 23, 2003 QuickBird 24 1382 x 800

Colorado, U.S.A.

October 15, 2005
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NAHIRI Flow Chart

1. Choice of the inputs of the NNs
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' 3. Change Map = MAP1- MAP2

4. Multi-temporal Operator
LogiR (k)j—Log|R, (k)

5. Topology of NN3: Change Mask
Output - 2 Classes:

* Change
* No Change o
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6. AND Gate: NAHIRI CD NN1 and NN2 Topology NN3 Topology



The campus of the Tor Vergata University is located in the upper part of the image.
(2002)
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NAHIRI



Test Area 1: Campus of the Tor Vergata University

o T [ | o o o [ o [ o] 1 OST Classification

W ] Comparison:
=P PP T Overall error: 22.2%
Kappa Coefficient:
lncl(.a/E‘,;ror . B ¥ ¥ o * ‘ 0. 4 4 4

NAHIRI Change
Detection:

2002 Green Red Yellow Cyan Orange ‘White Gray Total Excl. Error

pixel (%)
Gre 1 0 0
Red 0 1 0
Yellow 0 0 0
N | Overall : 5.5%
T : : verall error: 5.5%
White 0 a Y U 1 0 0

°
oo Lo Lol o 1 Lo | o el v ] Kappa Coefficient:
Total 0 0 1 2 0 3 ¢
pixel
0.783

Incl. Error 0 0 0 50 100 0 0
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Boulder Area
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Test Area 2

located
northwest of
Denver, Colorado,
U.S.A.

The Boulder study
area is

Boulder Area (1996)




1992 Vegetation Man-made Soil
Vegetation Gray Cyan Dark Green Orange
Man-made Green Gray Dark Blue White




Test Area 2: Boulder, Colorado, USA ﬁs

Boulder Area Boulder Area
(1992) (1996)
PCC NAHIRI
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Test Area 2: Boulder, Colorado, USA

1996
)
A it Dark Dark Total | FXCE ( j
™ I;!“ ‘ 1992 Green | Red | Blue | Yellow | Magenta | Cyam | | Brown | po | Orange | White | Black | Gray pixel E(l;rf;r NAHIRI hange
JATN 14
il Green 1 i 0 i 0 0 0 0 0 i 0 0 0 0 0 .
Detection:
Red 0 1 0 i 0 0 0 0 0 i 0 0 0 0 0 L4
Blue 0 i 1 i 0 0 0 0 0 i 0 0 0 0 0
" Overall error: 5%
AN Yellow 0 i 0 2 0 0 0 0 0 i 0 0 0 0 0 ° 0
!
Magenta 0 i 0 i 0 0 0 0 0 i 0 0 0 0 0
1996
| Cyan 0 i 0 i 1 1 0 0 i i 0 0 0 1 50
Dark Dark Total | B¢k
2 | Yellow | Magenta | Cyan Brown Orange | White | Black | Gray 5 Error
Dark Green Blue pixel %
b 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 (%)
Teen
0 i 0 0 0 0 0 0 0 0 0 i
Brown 0 i 0 i 0 0 0 1 0 i 0 0 0 0 0
'
P 0 i 0 0 0 0 0 0 0 0 0 i
[ ar
<ul 0 i 0 i 0 0 0 0 0 0
0 i 0 0 0 0 0 0 0 0 0 i
Orange 0 i 0 i 0 0 0 2 0 2 50
2 i 0 0 0 0 0 0 0 0 0 i
White 0 i 0 i 0 0 0 i 1 0
0 i 0 0 0 0 0 0 0 i 0 i
Black 0 0 0 0 0 i 0 0 i 0 0 1 0 0 0
0 1 1 0 0 0 0 0 0 i 1 50
cray 0 i 0 i 0 0 0 0 0 i 0 0 44 0 0
— T — 0 i 0 1 0 0 0 0 0 0 0 i
ola 0 0 0 0 i 0 0 0 0 0 0 0 2 3
pixel
Tocl 0 i 0 0 1 0 0 0 0 0 0 i
Frror 0 0 0 0 100 0 0 0 0 0 0 0 43
kL) 0 i] 0 0 0 1 0 0 0 0 0 i]
FOStU ciassiicanion = |
Orange 0 0 0 0 i 0 0 0 0 0 0 0 0 0 i
[ )
°
l ° White 0 0 0 0 i 0 0 0 0 0 1 0 0 0 i
Black 0 0 0 0 i i 0 0 n y 0 1 2 4 30
Overall error: 18.3%
° ° 0 Gray 1 1 0 0 i 0 0 0 0 4 0 0 it 6 13.6
Total 1 i 0 0 1 T T 7 0 § 0 0 2 1
pixel
° Y Incl.
a a Oe lClen ° Error 50 50 0 0 100 0 0 0 0 100 0 0 5
(%)
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Test Area 3: Boulder, Colorado, USA

2004

Test Area 3 (2002)
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Test Area 3: Boulder, Colorado, USA

NAHIRI
) ‘
v Ground Dark Dark Total Excl. an e
' Green Red Blue | Yellow | Magenta | Cyan s Brown N Orange | White | Black Gray : Ervor
F\ Y Truth Green Blue pixel (%)
T .
Wi Green 913 386 0 0 0 0 0 0 0 0 33 0 202 621 40.5 Detectlon [ ]
([ ]
Red 4713 | 235620 0 1 0 0 0 0 0 0 63 0 28656 33433 124
S T S N 0 0 O O Overall error: 11.8%
\ [ ] [ J 0
' Yellow 0 14 0 233 0 0 0 0 0 0 0 0 289 303 S6.6
Magenta 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - _— — e — - =
Post Classification Comparison
Cyan 1232 & 0 3 0 55 0 0 0 0 0 0 33 175 76.1 ol
; ; cl.
Dark low | Magenta | Cyan 2::3\ Brown gﬁ: Orange | White | Black Gray T;.J;g'll Exror
Gm 8 0 0 0 0 0 862 T8 0 0 0 2 1015 1733 66.8 r (%)
Teen
a0 0 566 0 0 0 0 63 0 17217 198962 536
Brovm 2 & 0 62 1 0 4 1540 0 0 2 2 4174 4253 134
\ Dol 3 0 0 0 0 0 0 T 0 1085 6905 26
j B 0 0 0 0 0 0 0 0 -
ue
) 0 0 0 0 0 0 0 0 2 18 100
Orange 1865 42 0 556 0 0 0 11 35697 100
iz 0 0 0 0 0 0 0 0 198 214 398
White 12 3 0 0 0 0 0 0 45 5 88.5
J 0 0 i} i} 0 0 0 0 i} 0 -
Black 0 0 0 0 a 0 121 0 160 100
5 0 35 0 0 0 0 1 0 11 175 761
Gray 043 35605 0 1157 56 160 16 218 394 0 §344 29 677071 )46922 6.5
Total ] 0 0 1320 943 0 0 0 2 238 1275 45.1
pinxel TET6 36068 0 1779 57 3 2l [ 394 0 8586 33 677071 | 123661
Incl. 8 1 0 7 4214 0 0 2 3 1472 1579 272
Error 89.4 133 - 88.4 100 904 23 376 100 - 99.5 100 91
Y
! ) 0 0 0 0 0 0 0 0 0 0 -
Overall error: 11.9% Kappa Coefficient: 0.722
1 UDUL U I1GDJIIIVAGILIVIL Tranze Towz =z = S 36 0 359 0 0 0 0 11 0 32864 35697 100
° White 50 7 0 39 0 1 0 0 0 0 82 0 211 308 79
Comparison:
@ Black 0 0 0 0 il 0 0 0 0 140 0 20 160 100
N
Gray (3721 474595 0 108332 55 478 14 218 473 0 23295 108 539798 [W184195 | 254
Overall error: 23.3%
[ ] [ ] 0 ;':;’:; 11569 | 48zz0 0| [T —g— TTot 4is 0 23558 118 59 250489
Incl.
Error 40.1 155 - 997 100 96.2 17 216 100 - 997 100 9
° (%)
[ ]
l l ° Overall error: 23.3% Kappa Coefficient: 0.568
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Test Area 4: Boulder, Colorado, USA




Conclusions

ﬂ B PCC m NAHIRI

NAHIRI

Location Spatial K-Coefficient
Res. (m)
Test Area 1 Tor Vergata Campus, 2.8 0.783 0.444
Rome, Italy
Test Area 2 Boulder, 30 0.881 0.619

Colorado, U.S.A.

Test Area 3 Boulder, 0.6 0.722 0.568
Colorado, U.S.A.

Mean 0.795 0.544

Test Area 1

Test Area 2
Test Area 3

b The mean of the K-Coefficient ranges from 0.544 in the case of PCC to 0.795
| ‘ (NAHIRI) over very high and high resolution optical imagery.

Thank you for your attention!
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