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http://www.bnext.com.tw/article/view/id/35404
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The data landscape is radically changing

More connected people, apps and things generating more data in many forms

aditional
business data Machine Data

Business Data

*I0C Worldwide HPC Server Forecast Update, 2015-201%9
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< Driving Force
= Globalization

= Information technology

- Information/KnowledgeIntensity

— efficient production relies on information and know-how;
over 70 percent of workers in developed economies are

information workers many factory workers use their heads
more than their hands.

« New Media

— New media increases the production and distribution of
knowledge which in turn, results in collective intelligence.
Existing knowledge becomes much easier to access as a
result of networked data-bases which promote online
interaction between users and producers.

« Computer networking and Connectivity
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A GIS-BASED ENVIRONMENTAL
MODELING AND SIMULATION FOR
URBAN PLANNING AND DESIGN

Tian Kuay Lim! Hann-Ming Henry Juang?® Haiyan Miao?

1 National Environment Agency (NEA), Singapore

2 Environmental Modeling Center, National Centers for Environmental Prediction, USA
3Institute of High Performance Computing (IHPC), Agency of Science, Technology
and Research, Singapore
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Integrated Wind & Temperature Assessment
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Principle of LIDAR

LIDAR: Llght Detection and Ranging

GPS #7 2
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R Eh#Motivations

Spectral Reflectance Curves
for Selected Materials

(Jensen, 2005)

% Traditional Classification
= Satellite multispectral imagery
= Pixel-based classification (PBC) .

e = e o
- S —

.—
Concrete

« Goal: feature types, shapes and boun={ oy o o
o (o . E — — ingles
% Urban classification - T s
= High-resolution aerial imagery o- p
« Aerial DC equipped with NIR sensor T -~\.‘:;;:_H.. L Al
"0+ o5 o6 o7 05 o9
Wavelength, um

= Difficulties
 NIR can distinguish vegetations from man-made objects, difficult to

discriminate between trees and grass
» Building roofs: spectral variations caused by roof composition

- Shadow effects
= Forurban classification, height informationis more critical than

NIR.
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Basic Concept of an Expert System Function

Facts

A\ 4
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-
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Expertise

Expert System

Giarratano and Riley, 1989. Expert Systems- Principles and Programming.
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Knowledge Base Construction Workflow

Logical Thresholds

> Thresholds | gmmommmmmemmmmeeeoeeeooooooo- ,
I ;! Input Data Sets
: 1o !
1 I '
I Expert Knowledge o I !
: Prior Knowledge P Data

______________________________________

______________________________________

Pre-Processing

VDM
Integrated Vegetation
Discrimination Model

Ortho Rectify Calculation

nDSM i

________________________________________

Building

Correction Rules

Feature-discrimination Models




33

© 0O N o O b~ W N - H

e e N T o
co N OO o1 b W N -, O

Threshold Name
Threshold,,,
Threshold,,,
Threshold,
Threshold,,

Threshold

Thresholdpe.etapiliy
Threshold ;.

Threshold g, ingex
Threshold , .,
Threshold,,

Thresholdp,,
Threshold,,
Threshold,,
Threshold,,
Threshold,,
Threshold,,
Threshold,,
Threshold....

Smoothness

Thresholds

Explanation
Low height level height
High height level height
Low lidar intensity
High lidar intensity
Smoothness threshold
Penetrability threshold
Smallest Building Block Area
Shape Index
Smallest Area
lidar-TVI
NDVI
Remove grass from roads
Remove roads from grass
Remove trees from buildings
Remove buildings from trees
Remove roads from buildings
Remove grass from buildings

Remove roads from trees

ZEREENF AL

Value Used
Study Area 1 Study Area 2
0.5m 0.5m
2.5m 2.0m
5 5
18 15
3.0m 3.0m
0.05m 0.05m
1800 p 1800 p
0.5 0.5
225 p 225 p
Automatic Automatic
Automatic Automatic
1250p 1250p
750p 750p
750p 750p
750p 750p
1500p 1500p
1500p 1500p
On 750n
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Knowledge Base Construction

<&

L)

*

F 38 B E i 22 #tKnowledge Base System

5% B K78k Prior Knowledge Rules

. —BEE R AlThree-Level Height Rules (rules P1-P3)

= EEDITHREArea Analysis Rule (Rule P4)

78 1% 88 Bl #2 BYRoad Discriminative Model (RDM)

= LiDAR[EK 58 E 78 B A7 I LIDAR Intensity Road Rule (Rule R1)

" M2B B 8 I AR BllSmoothness Road Rule (Rule R2)

" %ﬁrLEQ?EEUPenetrablhty Road Rule (Rule R3)

=225 1B 4 585 5142 lintegrated Vegetation Discrimination Model (IVDM)
= NDVIFE #Z # HIINDVI Vegetation Rules (Rules V1 and V2)

= LiDAR-TVIHE #% #7 RILIDAR-TVI Vegetation Rule (Rules V3 and V4)
= NDFIZR#RBIND Tree Rule (Rule V5)

= AISTIZK#F BIAIS Tree Rule (Rule V6)

#2412 1E #: AlIBuilding Correction Rules (Rule B1 and Rule B2)

(R )

L)

*

L)

*

’0

L)

L)

L)

*
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[ Rd, =Threshold, < LidarIntersity <Threshold,,,
Rd = J Rdy,; = Smoothness < Thresholdg, . iness

\RdH 2 — |H First Return H Last Return| < ThreShOIdPenetrability

(Hu, 2003)

Rd 5z mkiEw kg & “7dy i e o & % ﬁf_‘ﬁ'

Threshold, ¥ Threshold,, % ™ /& % & ® ’fi_ B

Rdy;, Ry, 5 12 ki 3 r$ B OTde i ende o A SE R

smoothness z # & T 42 & ;

- X ;4 rﬁ }i(HFlrst Return)"f“ B fs - =0 W -3 '% E»(HLast Return) rﬁ’—}& B é‘ 5 32;1 B o
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LIDAR Intensity road result

ST

LIDAR Intensity image [N AREK

r ‘_.' - ¢

5 . ":’J
_— " 4y . g . -
> - . i ENDTNNY 4 L

If LIDARIntensity > Threshold, and LiDARIntensity < Threshold,y then Road = true
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150

100

50

Lidar TV (0.188)

If Use_ LIiDAR-TVI_for_Grass =true and
LiDAR-TVI > Thresholdny,

then Grass = true (V3)

If Use_LIiDAR-TVI_for_Tree = true and
LiDAR-TVI > Thresholdny,

then Tree =true (V4)
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- = w gk (FP)82 A s -

Sow kB R (LP)F A

(b) ND image

#Z 18 (Normalized Difference, ND)

L 4

(c) The extracted trees

ZHREENG P

— (H First H Last)

ND
(H First + H Last)

Arefi et al., 2003

If ND = true then
Tree = true

(V5)

SEREE>1.5
Otsu’s method
JERRE S ah

[ vagias

TREER AR



Segmentation

A knowledge- and segment-based vertical
stratification, rule-based classification,

and aggregation schemes

Rules

Knowledge
Base

Discriminative Models

\ High-Height Level Aggregation

Segmentation

Lidar Data || Aerial Imagery

Rules

.................. [S

.
.
L
"
un®
"
-----
----------
-----------------

&
=

Real World

Low-Height Level
Rule-Based Classification



? LowHeight Level == TRUE [—— | LoweHaight Lavel - —————— = Lowt

Madde-H

Love_Pen
Midie-Height Level Ground 1

L erght Level Aue
Middie-Height Grazs ule
Middle-Height Level Trse Rule

LowHesght Level Grass [———— &= LoweHeight Grass

I Love-Hisioht Level Ground [ &= LowrHeigh Level Ground <

¥ Rule Props: fh2_2.ckb

Mame: | LovrHeight Level Rue

Rule Confidence: = Compute from Condiions Specily

List of Conditions:
AHD || Variable | Relabon Vahae | Confiderce
1, [nDSM < Thieshold_HL 1.00
2 [Mask < 1 1.00
3

9 Lidar_Inkensity Ground == TAUE | Lidac Inkensity Ground |————— &= Lidar

? LowHeight Level == TRUE [——  LoweHeight Lavel | ———— = Lowst

P LidarTV1 Brass == TAUE [ | LidaTV1 Gross |—————— = Lidar_

9 LowHeight Level Ground == FALSE [l LowHeight Level Ground | —— == Low+

2 LowHeight Level == TRUE [—— | LoweHeight Lavel | ———— = Lowt

i/, Fasiable Props: B [%
VaisthNae: | Theahaad 11 I Gptonal =Lt
Wianisbis Typer |s-:d' - Dista Type: |nus| fI
Scalu Viarisbla Cptiorys:
»

& Vo © GiaphicModel  Frogram

I Leave Undefined [Promp Anslyst]

R - |

o | e |

[I£4
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2 NES

~
§ . ¥icwex #2; eexp 003268 img (Layer 1) 2 LowHeight Level == TRUE |—— LowHeight Level |———————— o= Lowt
Fil: Utity View AQlI Raster Help —
de B D EH 8L 2 ik Bom4+ kL X ™ #
- ! e . [F= LH Lidar Intenzity Road Rule
AN
. R o N \\
L %, ) . E ? Lidar Intensity Road == TRUE I— Lidar Irtenzity Road |7 ez Lidar |
? Lidar-T%1 » Threshald TV |
e Lidar-TY Grass Rule <
? Mask <1 |
? LowHeight Level == TRUE |—— LowHeight Level [————————— o= Lowt
y 9 Lidar-TVI Grass == TRUE I— Lidar-TVI Grass |— e Lidar-
ke | H Lidar-T4I Grass Rule |
? LH Lidar Intensity Road Class == FAL . LH Lidar Intensity Road Clazs |— e LH Lic
W
. W
Interactive Zoom [n
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s, Yiewer #1 : eexp_000420 img (:Layer_1)

10

File Utility View AOI Raster Help

AdK KA
AR KN

eE DES8o

7
A

=+ Sl \NakH F

".ll eag ass auon - MOnAe

SELECT THE CLASSES OF INTEREST:

Selected Classes:

| LH Lidar Intensity Road Class
LH Lidar-TVI Grass Class

LH NDVI Grass Class

LH Hard Road Class

MH Lidar Intensity Road Class
MH Lidar-TVI Grass Class
MH NDVI Tree Class

MH Hard Road Class

HH NDVI Tree Class

HH ND Tree Class

HH AlS Tree Class

HH Building

Available Classes:

| LH Lidar Intensity Road Class
LH Lidar-TVI Grass Class

LH NDVI Grass Class

LH Hard Road Class

MH Lidar Intensity Road Class
MH Lidar-TVI Grass Class
MH NDVI Tree Class

MH Hard Road Class

HH NDVI Tree Class

HH ND Tree Class

HH AlS Tree Class

HH Building

Add >

Add All

Remove <-

Remove All

[l

3

Next

Previous

Help
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Level 3 /

Level 2

Level 1

qoo eneeesfet oo et 2 wil e Pixel Level

N

Hierarchical network of image segmentation
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Definiens Professional Earth - [EBCS Comparision dpr - Level 15 of 1: Samples]

P RERSTF AP

% Fle view Image Ohjects Cassification Process Tools Export  Window  Help
e R | e R e gl M oMW EE B |E | ewlis -
A4 L24 0 0 Hee || BRH E E N W=l

2 A4
i

=81
2l ElE
@ Evilding
() Grass
@ Foad
) Tree 4| 4| » | » [\ Process Tree
EE
4| 1| » | w|" Groups £ Inheritnce Aetive clas Compare class
Bt ]| o =]
2= -
Active claz 1 1|l
Aetive view i3 not in classification mode. [PV L
1.0 as 200 305 M0 95 62D
0.0 182.0 37E.0 S0 TAZ.0 9400 1128
= || A
Tl Memberdip | Mammun Dist.| Mean D58 00 02F 080 0TS 100 13 14
Building 1.000 0.000 10.472
Tree 0629 2020 24409 ¥
Row 0212 6603 703 @
< > 2=
Feature Value
jﬂ Selectable fe. .
Fode Samples Equalizing Linear (1.00% Mo Featore orl...
Lanner Image Data Dk 1
Trage Data Object mean
< 5| | 4| 4] »|m|Features { Clasification 4 Clas

|
J Eight-chck for comn...

(564, 467) = (176732.00 Meters, 2502374 .00 Meters)

nDEM  Lingar (1.00%) 100 %

Level 151 [3]

1465 Objects



& Fle wiew Image Chiects Caszsification Procesz Tools Export  window  Help

i f |35 @ @ [RI 63|55 gl

Lewel_15 -
N W=l

=

B AA4L24 0 0 H®e | = 8 EBE
2l ElE=
@ Evilling
() Cheass
@ Foad
@ Tree 4| 1| » | w[\Process Tree
2=
«|‘|'|»| Groups / Inherinms Aetive class Compare clas
Buiting ] [Gore) -]
2= ~
Active class
@ EBuilding l IJ.||uJ | L
OGI&SS -1.0 a5 w0 WS M0 S5 62D
@Road
D Tree 1
0.0 182.0 37E.0 S0 TAZ.0 9400 1128
= || A
Tl Membersip | Mammun Dist.| Mean D58 00 02F 080 0TS 100 13 14
Building 1.000 0.000 10.472
Tree 0629 2020 24409 b
Ro 0212 6603 7033 @
< 3 ==
Feature Falue
jﬂ Selectable fe. .
Mode Clazsification | [Egualizing Linear (1 004 Mo Featore orl...
L aer Image Data | [nDEM 1
Image Data  Object mean
¢ 3| 3 4| 4| »|w " Features 4 Clasification Clas
__ |
| Eizht-click for com...
Lewel 15/ [3] 1465 Chjects

nDEM  Lingar (1.00%) 100 %



B Definiens Professional Earth - [Kac using ERDAS rules dpr - level 1 of 2: Pixels]

% File View Image Objects Classification Process Tools Export Window Help
i # 00 NaRE I W oW ZE® IE |eer -~

ARLR8 DA 00 | BE % DEEES
b

«| «| »|»/\Features / Classification



l'. Datiniens Professinnal Earih - [Kan nsing ERDAS rules dor

% Fle View Image Objects Classification Process Took Export Window Help -8
8 & e @0 NaR = 0 W O ZX B Iz el <] T @

L A e B @ ee »E8E % 5 OEBEBns

Cass herachy

[Tk : 2l
= @ High-Height Level Feature Value

© 1_HH NDVI Tree Selectable fe...
@ 2_HH ND Tree No Feature or 1.
. 4_HH Bmldmg

O 3 LH NDVI Grass

@ 4_LH Hard Ground (Pen)

@ 5_LH Hard Ground (Smoothness)
= (O Mid-Height Level

@ ! _MH Intensity Road

O 2_MH Lidar-TVI Grass

O 3_LH NDVI Txee

. 4_MH Hard Ground (Pen)

@ 5_MH Haxd Ground (Smoothness)

Class Description @@

Name Display
LR

Parent class for display Modifiers
[Low-Height Level v| || T Shared I~ Abstiact I Inactive

Al l ® Contained | *, Inherited |

- o Contained
- and (min)
~~+ Mean First Return Intensity < 18
= Mean First Return Intensity > 5
~~+ Mean nDSM < 0.5
, Inherited

Classification

TN AKBCSHJrules
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<+ Design Pattern

<+ Divide and conquer
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Y dx
- x ‘,3' z 2 M
LiDARF # % 3 ooy [
X &
(Hrnin, ¥ rnin)
LIDAR L|DAR Fali data Sorted LIDAR data
Raw data
¥
(= —
® - 3 J
Geo-Tile #1 Header
Xmin,Ymin, nx, ny, dx,maxCount
2502000 -+ .
B ® Statistical Matrix
4 1 4 & @_ (Point counts for each tile)
173,2501 174,2501
32| 3|2 :
2501000 Geo-tile Index Matrix
Geo-Tile > 4 } 4 1
174,2500 | 175,2500
3 2| 3 2
2500000
174000 175000

Geographic Coordinates

Geo-tile Data Files

Geo-tile Index Files
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HPSOFA: patchwise second-order polynomial surface El==g

o [*+—Dlock(i,j)
AN

e [*

Each tile is dived to 4 by 4 small blocks

K
@
@

Z=a +a,X+aY +a,XY +a X’ +aY*

Low point selection algorithm

block(i,j)
® ® R
s
I“. Igml‘n ®
e ™
°®

P P(i,j): a pointinblock(i,j)

P(@,))umin - lowestpointin block(i,j)

D(i,)),: distance between
P(@i.))xand P(i.))umin

N(,))iow - total number of points
with D(i,j), < 1m



(20 @3p Crsw2Dimage | Crest 3D image |

-~ Parameters
i | Moty oe | swe | swn | sep |
D B
e e —
Thesshold  [07 [SuferASClTgnd |
Run HPSOFA
Starttimer for itenation ot 12:4228 ~

Start timer for generate new work file at 124228
Generate new work file from: DAData\nsysud\nd2\ats 4

042 bin

To: DADats\nsysud'\nd Zhpsofathpeofa_002 bin

Stop timer for generats new work file at 12:42:36 elpase
|time 8

Start timer for patchwise fillering o1 12:42:36

Filter: Losding LIDAR Dats and Filtering. ... Basedonrawdata
Filler: Get block index data Paich s2x. Sn
Filter: CFTRA index sze (dxnp2): 90 30000
Filter: Generste cftra block mdex...
Filter: loading raw dats... Iv]
[DADatatnsysud\nd 2\hpsofalthpsofa tet DADatansysud\nd2\hpsofathpsofa_002 Jog Strtlerstion: 3 Stop lterstion: 3




ForestArea

Points: 628740 (points)
Point Density: 2.515 (points/m2)
Patch Sizes: 40m,30m,20m, 10m

8588388



Study Area 2
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.
L IDAR
fFirst return height

55— AR =
X:174000-177000
Y:2501000-2503000
‘e EdEs: VB .NET

e T LIDARMI &
A=A S EDHE

A=A
2005/02/01-2005/02/05




l Study Area 1
' a: 2005-Feb Color Aerial Imagery
b: 2005-Feb lidar intensity

' C: 2005-Feb lidar nDSM
‘&, ,%1 i d: 2005-Dec Color Aerial Imagery

S & e:2005-Dec CIR Aerial Imagery




a: 2005-Feb ColorAerial Imagery
b: 2005-Feb lidar intensity

c: 2005-Feb lidar nDSM
d: 2005-Dec Color Aerial Imagery

e: 2005-Dec CIR Aerial Imagery
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93.87%
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86.62%
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% LIDARZNDSMERIEE MAIER _E 285 @ tFE
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Hybrid Classification Method ..;

Feature Space All

B0
£ P 4 Feature space for buildings and trees Feature space forgrass and roads
PO * ‘f' » P g0 bU
5 * - -
a0+ AT 03;3*&. o :54;«» : i | 4 v §
. + %3 + 4 F. s o} ts
&0 e .,‘ &"'“H. ! ] 50
= A0 | &40 40
== &
o z
=l | = 30 30
o 5 wp i
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PATTERN 5

Geostrophic Velocity Pattern
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PATTERN 6

Geostrophic Velocity Pattern : 6 (10.8333%)
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Sound Sources
Identification
Rules

Inference
Engine

Knowledge base
from experts

https://www.youtube.com/watch?v=wgDoNYYL5hU




% Rules
< Expert’s knowledge [If [LTSA(f > 80)] then tru
Long duration -~ 15-20s If [LTSA(f < 95)] then true
---can be seen in LTSA If [LTSA(pwr >10)] then true
Pulsed If [LTSA( 2
pwr >20)] then true
"identifiable” overtong>

~85-90 Hz with slight
downshift in frequency

——S———————————————_— T v

Long-term spectral average (LTSA) piot

Rule 1 result.



% Rules
< Expert’ s knowledge “If [LTSA(f > 80)] then tru
[Long duration - ~ 15—205] O If [LTSA(f < 95)] then tru
---can be seen in LTSA If [LTSA(pwr >10)] then O
Pulsed | true
[ “identifiable” overtonﬂ If [LTSA(pwr >20)] then
~85 - 90 Hz with slight true
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Rule 1 result. Rule 2 result.
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<+ The rules not always give us “perfect” result
as it should be (noise masked by fish).

< Further computer vision technique to extract
information we are looking for.

A call find by rules
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A call recognition refinement by computer vision tech.
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