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SketchUp

Base map of the Chi-Chi Township created by
GIS (Murao, 2006Db)
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Counterclockwise Order to Photograph
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Recording Roof Form

How to record the roof form in Chi-Chi
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Examples of the Building Facade

Correction of the Building Facade Images
Photographed at the Site

P Object
came[a", building

street

(a) photograph taken at the site . (D) processed image




Elevation Image of the Cluster of the Buildings
as Seen from a Street

Application of the Elevation Photographs as
Textures to the Building Frames
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Example of the buildings in the virtual space
with exterior walls and roofs (before and
after applying the texture)
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Landscape of Taiwan on GoogleEarth
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Position of the district on GoogleEarth
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reconstruction processes
that can be displayed on GoogleEarth

Contents

Information Classificatio

Location of the facilities
Explanation of the facilities
Image of the reconstruction process

Result of the anal

sis of the reconstruction

text
Image

description by Placemark

graph, table, data, etc.

Structure (The Number

Date of

Date of

ID Facilities of Stories) Construction Start Construction
(Before the Completion

01 |Chi-Chi Sightseeing Center Parking Lot 2001/12/1 2006/8/31 Unfinished

02 |He-Ping National Primary School RC 2F 1999/9/26 2000/4/27

Chi-Chi Government Office

RC 4F

2000/4/22

2002/10/15

Chi-Chi Health Center

RC 2F

2003/4/4

2004/summer

The First Market

RC 3F

2002/10/30

2004/summer

Chi-Chi Station

Wooden 1F

2000/4/21

2000/7/24

Railroad Musium

Wooden 1F

2002/1/2

2002/3/8

Chi-Chi Resort Center

RC 5F

2000/12/27

2001/12/31

09 [Chi-Chi Public Swimming Pool - 2000/4/9 2002/11/22
10|Parking Lot RC B2F 1997/7/9 2001/1/17
11 [Chi-Chi Police Station RC 3F 2002/8/10 2004/summer
12 |Chi-Chi Nationarl Junior High School RC 2F 2000/6/1 2000/12/1
13|Chi-Chi Nationarl Primary School RC 2F 2000/6/1 2001/3/1
14 [Farmer Bank RC 3F - 2001/12/19
15|Wu-Chang Temple RC 3F 1999/11/1 Preserved
16 |Guang-Sheng Temple Wooden 1F 2000/7/1 2003/8/1
17 | Temporary Housing (I) (138+20) 1999/10/20 2000/1/28
18| Temporary Housing (I1) (72) 1999/9/26 1999/10/13
19 | Temporary Housing (I11) (23) 1999/9/26 1999/10/13
0 |Permanent Housing constructed by Chi-Chi Governmen 2000/8/1 2002/3/1

77777777777




Example of displaying the information regarding
the reconstruction process
using the placemark function
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Speed Detection for Moving Objects
from Digital Aerial Camera and
QuickBird Sensors

September 2007

Fumio Yamazakit, Wen Liul, T. Thuy Vu?

1. Graduate School of Engineering, Chiba University, Japan.

2. National Institute of Advanced Industrial Science and
Technology, Tsukuba, Japan.

Background

B Satellite remote sensing and aerial photography have been
used to capture still (snapshot) images of the earth surface.

B But if two images with a small time interval are taken,
they can be employed to detect moving objects, e.g. cars,
and even measure their speeds.

B If such data are available, many new applications can be
considered such as observing highway traffic conditions.




Objectives

B Demonstrate the possibility and limitation of detecting
moving objects from a QuickBird (QB) scene using a slight
time lag (=0.2 seconds) between panchromatic (PAN) and
multi-spectral (MS) sensors.

B Develop a new object-based method to extract moving
vehicles and subsequently detect their speeds from two
consecutive aerial images automatically.

Contents

B Time lag in QB images and moving objects seen in
Google Earth

M Visual inspection of vehicle speed from QB images

M Detection of vehicle speed from digital aerial
Images

B Automated detection of vehicles from aerial images




Time Lag between PAN and MS sensors of QuickBird

Images from Japan, USA, Peru, Thailand, Indonesia, Morocco, Iran, Turkey, Algeria

Tus- Tean=At =0.20s or 0.23s as Etaya et al. (2004)
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2002.3 Time 2006.7 ]
City Country _ Pan Date Pan second Multi second Time lag Angle
Phuket Thailand ~ 2002-03-23T04:01.03.062201Z 3.062201 3290829  0.228628 18.7
Bourmerdes  Algeria 2002-04-22T10:38:03.511477Z 3511477 3739662  0.228185 112
Nazca Peru 2002-09-16T15:17:21.362451Z 21.362451 21566609  0.204158 79
Bangkok Thailand 2002-11-07T03:53:50.219099Z 50.219099 50419314  0.200215 124
Ho Chi Minh  Vietham 2003-01-24T03:23:00.199687Z 0.199687 0428753  0.229066 5.8
Al Hoceima ~ Morocco  2003-05-02T10:52:47.103698Z 47.103698 47305407  0.201709 9.9
Al Hoceima ~ Morocco  2003-05-02T10:52:48.132006Z 48.132006 48360933  0.228927 9.9
Zemmouri  Algeria 2003-05-13T10:26:11.716533Z 11.716533 11.917026  0.200493 8.7
Zemmouri  Algeria 2003-05-13T10:26:11.982056Z 11.982056 12182562  0.200506 9.9
Zemmouri  Algeria 2003-05-23T10:36:02.233942Z 2233942 2437080  0.203138 24.4
El Bahri Algeria 2003-05-23T10:36:02.245295Z 2.245295 2448350  0.203055 24.4
Bourmerdes Algeria 2003-05-23T10:36:02.997635Z 2997635 3198562  0.200927 24.4
Zemmouri  Algeria 2003-06-13T10:20:07.060596Z 7.060596 7286107  0.225511 157
Bourmerdes  Algeria 2003-06-13T10:20:07.832587Z 7.832587 8.061467  0.228880 157
El Bahri Algeria 2003-06-18T10:25:17.237030Z 17.237030 17.464350  0.227320 78
Bourmerdes  Algeria 2003-06-18T10:25:17.867547Z 17.867547 18.069401  0.201854 7.8
Golcuk Turkey 2003-07-09T08:34:57.832288Z 57.832288 58.061186  0.228898 24.3
Java Indonesia  2003-07-11T02:53:46.114738Z 46.114738 46.343444  0.228706 5.9
Java Indonesia  2003-07-11T02:53:46.126404Z 46.126404 46.356200  0.229796 6.6
Bam Iran 2003-09-30T06:36:37.696921Z 37.696921 37.925953  0.229032 10.2
Bam Iran 2003-09-30T06:36:38.315425Z 38.315425 38517892  0.202467 10.2
Bam Iran 2004-01-03T06:43:10.872776Z 10.872776 11074393  0.201617 23.6
Bam Iran 2004-01-03T06:43:11.086528Z 11.086528 11288208  0.201680 24.7
Al Hoceima ~ Morocco  2004-04-21T10:53:54.115946Z 54.115946 54.344776  0.228830 10.2
Al Hoceima ~ Morocco  2004-04-21T10:53:54.451403Z 54.451403 54.680398  0.228995 9.7
Al'Hoceima ~ Morocco  2004-04-21T10:53:55.104604Z 55.104604 55306103  0.201499 9.7
Niigata Japan 2004-10-24T01:14:13.736939Z 13.736939 13965948  0.229009 47.0
Niigata Japan 2004-10-24T01:14:15.869887Z 15.869887 16.098831  0.228944 46.9
Niigata Japan 2004-10-24T01:14:16.178797Z 16.178797 16406078  0.227281 47.0
Niigata Japan 2004-10-24T01:14:18.243454Z 18.243454 18472351  0.228897 46.8
Phuket Thailand ~ 2005-01-02T04:12:41.455673Z 41.455673 41681230  0.225557 27.3
Katrina USA 2005-09-03T16:59:44.549076Z 44549076 44749734  0.200658 8.2
Java Indonesia  2006-06-08T03:09:30.290380Z 30.290380 30.520786  0.230406 429
Java Indonesia  2006-06-13T03:14:21.660828Z 21.660828 21.886511  0.225683 25.3
Java Indonesia  2006-06-13T03:14.24.784328Z 24.784328 24.987395  0.203067 26.5

Java Indonesia  2006-07-11T03:25:44.101285Z 44.101285 44303326 0.202041 15.6 6
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Pansharpened QuickBird Image from Google Earth
Tokyo/Narita International Airport, Japan
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just take-off
Al=17.8 m

v= Al/At
=17.8/0.2 =89 m/s = 320 km/h




Pansharpened QuickBird Image from Google Earth
Manila International Airport, Philippines
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just landing
Al=18.1m
v=18.1/0.2=90.5 m/s = 326 km/h

Pansharpened QuickBird Image from Google Earth
Hong Kong International Airport, China

After take-off

Al=22.1m
v=22.1/0.2=110.5 m/s = 398 km/h




Pansharpened QuickBird Image from Google Earth
Shinkansen train near Toyohas
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Pansharpened QuickBird Image from Google Earth
Sky-train in central Bangkok, Thailand
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Pansharpened QuickBird Image from Google Earth
Tokyo-Nagoya Expressway near Isehara, Japan
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Simulated Pansharpened Image Having Small Time-Lag
between Panchromatic and Multi-spectral Sensors

Panchromatic 0.25m
7 e oy T

Simulated
Pansharpened 0.25m

Ghosts appeared
In front of cars.
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Contents

B Time lag in QB images and moving objects seen in
Google Earth

M Visual inspection of vehicle speed from QB Iimages

M Detection of vehicle speed from digital aerial
Images

B Automated detection of vehicles from aerial images
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QB bundle product of Bangkok

S: $e=668580.00(s-668583.00an=-3.00m
Sn=1517304.000ss)-1517306.40an=-2.40m
S?2=se2+sn2 = 3.84m

Rl T: t=50.419314ws-50.219099¢a  0.20s

(2% B¥ = ds/dt =3.84/0.20

o MS image Time = 2002-11-07T

03:53:50.41931471

. / R LAY =19.2 m/s = 69.1km/h

3.00E
1517306.40N

Map:668580.00E
1517304.00N




Down: South bound R1~R27 (from right)

17

North bound lanes

Visual inspection results

13 16
120 ; 4 " * * N
110 |-®----- «® . -39 10
= 100 | 5 * . 12 14 15 ¢
N | 6 10 ’ ’ ’
g 9 . *e
T
70 .
60
Car Nu.
South bound lanes
9o (L34 19
* oo 9 .
80 14
6 7 * 13
. P 12 4 16 17 18
E 0 2 8 10 ‘ 15 "‘ 20 21 23
= * * Pt * * e o
> 60 V'S 22 24
: L B4
50 . -
2 2
40
Car Nu.

€60km/h <v < 120km/h

OV, erage =97.93km/h

®R1~R109:
45km/h<v<90km/h
% =70.92km/h

average

®R20~R27:

The speed is reduced
as the cars close to the

crossroad.
18




Result of visual speed detection
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The length of the arrows  the speed
The arrow directions mean the car directions WSouth bound lanes 19

Test of accuracy using simulated QB images

Carry out tests using simulated QB images produced from
aerial images to assess the accuracy of visual inspection.

(use 3 aerial images and move the cars in the images to
obtain the second images.)

Miyanogi, Chiba, Japan 02/7/20 from PASCO CORP. 0.25m/pixel 20




Before

Simulated MS image

Vi

Resize to 2.4m/pixel

» Pan=(Bandl1+Band2+Band3)/3

Simulate the Pan image

Resize to 0.6m/pixel .
Simulated Pan image

After

Speed compersion

120
10

The standard
deviation of the

100

speed difference
between the
reference value and
detected results Is

- L
T 0 H
_
\_g 80 —
o 70 M
D 60 H ]
3l al n Al NiA
40 . . . . : . . .
1 2 3 4 5 G 7 a8 9 10 11 12 13
Car Number

|EI Reference @ Detected result |

around 11km/h.

The standard deviation
of the azimuth angle
difference between the
reference value and
detected results iIs
around 13 degrees.

Direction(degres)

0 L
4
-60 -
-120

-180 -

Direction Compersion

180 r

120

i

Car Number

Il:l Referance @ Detected reusult
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Contents

B Time lag in QB images and moving objects seen in
Google Earth

M Visual inspection of vehicle speed from QB images

M Detection of vehicle speed from digital aerial
Images

B Automated detection of vehicles from aerial images
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Digital Aerial Camera: UltraCam D

4 Panchro
lenses

-4 Multispectral
lenses

Figure & Color imags segment from aerial fim (lef) with 8 G5O of 15 cm, obigined from & 12.5um scan. The UltraCam-image has
a 3D of 16 cm (right). The inserts are 2x enlarged and have a diameter of 150 pixels. Note the definition of the railroad frack.

http://www.pasco.co.jp/measure/air/ultracam/

http://www.vexcel.com/products/photogram/ultracam/index.html 24




Speed detection of vehicles from aerial images

B High resolution.
ﬂ - B Two consecutive aerial

\:gzc' Images have 60~80%
overlap.
B The time lag between two
Images is a few seconds.
B The speed of vehicles can
be detected with higher
HQ\ accuracy.
t4

T

25

vmme foo Flight Lines of Digital
==~ = 5. Aerial Photography of
S Tokyo by GSI

UltraCam D

I 1 Date: August 4, 2006

: Azimuth Overlap: 80%
=-| Lateral overlap: 80%

.| Flight height: 1,400m

—#-== | Bands: B,G, R, NIR, Pan
==...| Pixel size: 9.0 pm (Pan, MS)
.. | Image size:
| 11500*7500 pixels (Pan)

3680 * 2400 pixels (MS)
Resolution: 12 cm (Pan)
37.5 cm (MS)




Sharpened Multlspectral
True Color Composite

Sharpened Multlspectral |
False Color Composite  #

Hamazakibashi, Tokyo 04/8/06 from GSI 0.12m/pixel

GPS Tlme 438380. 26185

" TS W LR

I GPS Time: 438383.3394s .

L e ol W

—

E—“‘

e -7474.55W

-38358.52S
—

At=438383.3394-438380.2618=3.0/76 s

-7507.91W
-38375.49S

=
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ranspareh'cy 60% J

The targets in
the upper
lanes: 16 cars.

™ The targets in

. the lower
-~ lanes: 21 cars.
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Speed (km/h)

Speed (km/h)

~
o

w
o

N
o
T

=
o
T

o

1 2 3 4 5 6 7 8 9 10 11 12 13
Car Number

Lower Roadwayv

14 15 16

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Car Number

18 19 20 21

30km/h <v < 50km/h

V. =39.7 km/h

10km/h < v < 30km/h
V ... =19.0 km/h
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The length of the arrows  the speed
The arrow directions mean the car directions 31

Contents

B Time lag in QB images and moving objects seen in
Google Earth

B Visual inspection of vehicle speed from QB images

B Detection of vehicle speed from digital aerial
Images

B Automated detection of vehicles from aerial images
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Flowchart of automated vehicle extraction

RGB Aerial Image

Method

&
<

Road image (white background)

Road extraction

Noise removing (Morphological

&
<

PAN i

mage

filter) Transform

Object-based vehicle

<
<

Initial extracted result
(road and background removed)

&

extraction

Verification

Final imag

e and data

(vehicles and shadows)

(vehicles & associated shadows)

______________________________________________
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Database (example)

Car ID X/pixel Y/pixel Size/pixel Car ID X/pixel Y/pixel Size/pixel
1 252 13 89 1 232 18 245
2 174 13 5 2 241 31 108
3 201 122 447 3 194 133 453
4 161 172 81 4 152 192 100
5 83 197 53 5 190 3 65
6 223 71 225
6 214 84 214
7 134 283 153
- - - - 7 102 180 121
Shadow ID X/pixel Y/pixel Size/pixel
1 261 13 94 8 123 290 139
5 190 3 73 Shadow ID X/pixel Y/pixel Size/pixel
3 217 125 827 1 248 32 90
4 170 171 87 3 211 136 798
5 93 196 126 4 159 192 75

A shadow object has the same ID as The last ID of shadow means the
a car’'s means it is cast by this car.

The number of cars is not the same, because of the noise.

number of cars in the scene.




Flowchart of speed detection

r--------—-— image-before —-—-—-- po—mmmn = Image-after -——------—-—
Car data1 | | Shadow data1 Car dataZ2 | | Shadow data2
Link car data1 and car data2 i
b : ! Computing the speed
y a moving distance
from car data

Y Remove the link
shadow data

Size{car data1)- Size{car

data2)|<area
N3

Link shadow datat and shadow
data2 by moving distance

|

|Size(shadow data)- BParameters
Size(shadow data2)|<area
o BResult

Computing the speed from shadow data

37

CarlD Distance(pixel} Speed(km/h)} | Direction(degree)
1 21.10 94.93 -121.43
2 | 000 | 000 | 000 |
3 13.04 58.67 -122.47 AUEMLRSALO ] DA AGEE) (RSN
4 21.93 98.69 -114.23 ’ M R A
5 -l 836 8251 6054 2 1304 5868 -1225
3 23M 1067 -11786
6 15.81 71.15 -124.70
4 1836 8262 606
? I 3.“4 58.6? _1 4?.53 5 16.64 7428 —122.7
Result of speed detection 5 1304 5888 1475
Speedkm/h) Direction{degree)

The detected result | « 5 ol
shows good o
agreement with the
reference data. .

a0

80

Datectad rasult

Detected result

0 20 40 60 &0 100 120 Reference

Reference | #Speedkm./nl # Dirzcnenidepes!




Summary

B The time lag between Pan and MS bands of QB
Images was highlighted to detect moving objects.

B The speeds of vehicles were visually detected from
QB images, but accuracy was not very high.

B The speeds of vehicles were detected from digital
aerial images with high accuracy.

B An object-based automated method of vehicle
extraction from aerial images was proposed.
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