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Introduction Test Data Object Detection Building Reconstruction Conclusion

Benchmarks

 Benchmarks are widely used in Computer Vision to make the
results of different solutions comparable
 Examples:

— Middlebury Stereo Vision test
(Scharstein & Szeliski, 2002)
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Introduction Test Data Object Detection Building Reconstruction Conclusion

Benchmark on (Urban) Object Extraction?
 Benchmarks for object extraction by OEEPE/EuroSDR:

— Building extraction (Kaartinen et al., 2005): scanned
aerial images + airborne laserscanner (ALS) data

— Road extraction (Mayer et al., 2006): orthophotos from
scanned aerial images and from satellite images

— Updating of building data bases (Champion et al., 2009):
digital aerial / satellite images, ALS + (scanned) orthophoto

e Qutdated as far as airborne sensors are concerned

- Need for new benchmark data sets for urban object extraction
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Introduction Test Data Object Detection Building Reconstruction Conclusion

Benchmarks on (Urban) Object Extraction!

Data set of ISPRS WG lll/4 “Complex scene analysis and 3D
reconstruction”:
http://www.itc.nl/ISPRS WGIII4/tests datasets.html

The data have been downloaded by ~140 participants

Tasks
1) Urban object detection: buildings, trees, roads, cars
2) 3D building reconstruction: roof plane boundaries

Results submitted by the participants are evaluated by WG l11/4
based on reference data (cf. http://tinyurl.com/ISPRStest)

This presentation: report on the results
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_ ntoduction  TestData  ObjectDetection Building Reconstruction  Conclusion
Test Data: Overview

e Two urban test data sets consisting of
— High-resolution digital aerial images + orientation data
— ALS point cloud
— Digital surface model (DSM) from last ALS pulses

Reference data were generated by manual stereo plotting

Data sets:
1) Vaihingen / Enz (Germany): typical “old world” scenario

2) Downtown Toronto (Canada): typical “new world” scenario
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Test Data

Data Set 1: Vaihingen / Enz (Germany)

o Aerial images:
— Z/l DMC (c =120 mm)
— 20 images in 4 strips
— GSD: 8cm
— 11 bit CIR (pan-sharpened) __
— Accuracy of orientation: + 1 pixel
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Vaihingen / Enz: Image Configuration
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Test Data

Data Set 1: Vaihingen / Enz (Germany)

e Aerial images:
— Z/l DMC (c =120 mm)
— 20 images in 4 strips
— GSD: 8cm
— 11 bit CIR (pan-sharpened) __
— Accuracy of orientation: + 1

 ALS data:
— Leica ALS 50
— 5 strips (30% overlap)

— 4 - 7 points/m?, multiple pulses
with intensities

— Accuracy: = 3 cm
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Test Data

Vaihingen / Enz: ALS Configuration

o 5 strips

« DSM interpolated
at 25 cm
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Test Data

Vaihingen: Test Area 1

« Dense urban development, historic inner city area
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Area 1: 125 m x 200 m Reference: Reference:
37 building outlines 105 trees
accuracy: + 10 cm accuracy: +1m
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Test Data

Vaihingen: Test Area 1

« Dense urban development, historic inner city area

s

Area 1: 125 m x 200 m Reference (roofs)
accuracy: £ 10 cm
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Test Data

Vaihingen: Test Area 2

* High-rise residential buildings
y -* F > '

Area 2: 170 mx 190 m Reference: Reference:
14 building outlines 162 trees
accuracy: + 10 cm accuracy: +1m
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Test Data

Vaihingen: Test Area 2

* High-rise residential buildings
y '* F > '

Area 2: 170 m x 190 m Reference (roofs)
accuracy: £ 10 cm
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Test Data

Vaihingen: Test Area 3
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Area 3: 150 mx 220 m Reference Reference

56 building outlines 155 trees
accuracy: + 10 cm accuracy: +1m
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Test Data

Vaihingen: Test Area 3

Area 3: 150 m x 220 m Reference (roofs)
accuracy: £ 10 cm
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Introduction Test Data Object Detection Building Reconstruction Conclusion

Data Set 2: Downtown Toronto (Canada)

o Aerial images:
— Microsoft Vexcel UltraCam-D (c = 101 4 mm)
— 13 images in 3 strips e
— GSD: 15cm
— 8 bit RGB (pan-sharpened) \
— Accuracy of orientation: £ 1 pixel #
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Downtown Toronto: Image Configuration

* 3 strips . §
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Introduction Test Data Object Detection Building Reconstruction Conclusion

Data Set 2: Downtown Toronto (Canada)

o Aerial images:
— Microsoft Vexcel UltraCam-D (c = 101 4 mm)
— 13 images in 3 strips e
— GSD: 15cm
— 8 bit RGB (pan-sharpened) \
— Accuracy of orientation: + 1 pixel }

 ALS data:
— Optech’s ALTM-ORION M
— 6 strips (30% overlap)

— 6 points/m?, multiple pulses
with intensities

— Accuracy: £ 5cm
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Test Data

Downtown Toronto: ALS Configuration

6 strips

DSM interpolated
at 25 cm
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Introduction Test Data Object Detection Building Reconstruction Conclusion

Downtown Toronto: Test Area 4

* Mixture of low and high-storey buildings, Park

Area 4: 530 m x 600 m Reference
58 building outlines
accuracy. £ 20 cm
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Downtown Toronto: Test Area 4

* Mixture of low and high-storey buildings, Park

Area 4: 530 m x 600 m Reference (roofs)
accuracy: £ 20 cm (X/Y)
+15cm (2)
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Test Data

Downtown Toronto: Test Area b5

 Downtown area, high-rise buildings

Area 5: 530 m x 600 m Reference

38 building outlines
accuracy: £ 20 cm

iﬁ Institut fir Photogrammetrie und Geolnformation



Test Data

Downtown Toronto: Test Area b5

 Downtown area, high-rise buildings

Area 5: 530 m x 600 m Reference (roofs)
accuracy: £ 20 cm (X/Y)
+15cm (2)
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Task of the Participants

e Detection of urban objects:
— Buildings
— Trees

—(..)

e Deliverables: one of the following per object class
— Object outlines as (2D or 3D) polygons in object space
— Label image of objects + georeferencing information

— (binary mask of object pixels) + georeferencing information
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Building Reconstruction Conclusion

Test Data Object Detection

Evaluation Methodology

Introduction

e Evaluation of thematic accuracy:

Completeness TP /(TP + FN)
Correctness = TP/ (TP + FP)
Quality = TP/(TP +FN + FP)

» TP: Number of True Positives

» FP: Number of False Positives
» FN: Number of False Negatives

e Evaluation of geometrical accuracy (TP objects only):
— RMS error of distances
... from extracted outlines to reference outline (buildings),
no considering points with distance >3 m
... from extracted centres of gravity to reference (trees)
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Introduction Test Data Object Detection Building Reconstruction Conclusion

Evaluation Methodology

Completeness / Correctness / Quality are determined for three
entities:

— per-area: based on counting TP/FP/FN pixels in a raster
Image (buildings only)

— per-object: an object is counted as a TP if at least 50% of its
area coincide with an object in the other data set

— per-object (50 m?): These measures show the performance
for the most relevant objects (covering an area > 50 m?)

Mayer et al, 2006: Requirements for practical relevance:
— Completeness = 70%

— Correctness = 85%
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Test Data Object Detection Building Reconstruction Conclusion

Results Submitted by

Participants

Submitted | Abbr. Affiliation Areas
by 1 2 3 4 5
A. Moussa |CAL |University of Calgary B+T|B+T| B+T
D. Bulatov |FIE [Fraunhofer Inst. Ettlingen B
J. Niemeyer |HAN |University of Hannover B+T|B+T| B+T
D. Grigillo LJU |University of Ljubljana B+T|B+T| B+T
C. Liu TON |Tongji University B B B
W. Yao TUM | TU Munich B+T|B+T|B+T| B B
P. Dorninger |[VSK |TU Vienna B B B
Q. Zhan WHU [Wuhan University B+T|B+T| B+T

e Only one participant delivered results for Toronto (areas 4 + 5)

* One participant only delivered results for area 3

e Some participants only delivered results for building detection
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Object Detection

Data Used by the Participants

Submitted | Abbr. Affiliation Areas
by 1 2 3
A. Moussa |CAL [University of Calgary B+T|B+T|B+T
D. Bulatov |FIE [Fraunhofer Inst. Ettlingen B
J. Niemeyer |HAN |University of Hannover B+T|B+T| B+T
D. Grigillo LJU | University of Ljubljana B+T|B+T|B+T
C. Liu TON |Tongji University B B B
W. Yao TUM | TU Munich B+T|B+T|B+T
P. Dorninger |[VSK |TU Vienna B B B
Q. Zhan WHU |Wuhan University B+T|B+T| B+T

 Original images only

(1)

 DSM (ALS) + orthophoto (4)
« DSM (ALS)
e ALS points

(1)
(2)
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Introduction Test Data Object Detection Building Reconstruction Conclusion

Processing Strategies

Submitted | Abbr. Affiliation Areas
by 1 2 3 4 5
A. Moussa |CAL [|University of Calgary B+T|B+T| B+T
D. Bulatov |FIE |Fraunhofer Inst. Ettlingen B

J. Niemeyer |HAN |University of Hannover B+T|B+T| B+T

D. Grigillo LJU [University of Ljubljana B+T|B+T|B+T

C. Liu TON |Tongji University B B B
W. Yao TUM |[TU Munich B+T|B+T|B+T| B B
P. Dorninger |[VSK |TU Vienna B B B
Q. Zhan WHU [Wuhan University B+T|B+T| B+T

o Supervised, without segmentation (3)
* Unsupervised, with segmentation (5)
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Evaluation of Building Detection - Vaihingen

» Area-based evaluation (average Areas 1-3)

" Completeness [%]
B Correctness [%0]
m Quality [%]

CAL FIE HAN LJU TON TUM VSK WHU
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| Inwoduction  TestData  ObjectDetection Building Reconstruction  Conclusion
Evaluation of Building Detection - Vaihingen

* Object-based evaluation (average Areas 1-3)

100%
90
80
70
60 -
50 -
40 -

® Completeness [%]
m Correctness [%0]
m Quality [%0]

CAL FIE HAN LJU TON TUM VSK WHU
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Evaluation of Building Detection - Vaihingen

* Object-based evaluation for objects = 50 m? (average Areas 1-3)

100%
90 -
80 -

70

60 -
50 -
40 -

CAL FIE HAN LJU TON TUM VSK WHU

® Completeness [%0]
m Correctness [%]
m Quality [%)]

 Large structures can be detected reliably by most methods

 All methods except WHU fulfill the requirements by (Mayer et al.,
2006) for large buildings
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Introduction Test Data Object Detection Building Reconstruction Conclusion

Evaluation of Building Detection - Vaihingen

 RMS,.: error of planimetric distances (average Areas 1-3)
1.10m

1.00
0.90

0.80

" RMSyy [M]
0.70
0-50 I I I I I I I

CAL FIE HAN LJU TON TUM VSK WHU

e Order of magnitude: 2-4 x resolution of ALS data

* Full potential of images is not exploited
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Evaluation of Building Detection - Toronto

 Evaluation for TUM (average of Areas 4 and 5) (RMS,, = 1.5 m)

100%
90 -
80 -
70
60 -
50 -
40 -

® Completeness [%0]
B Correctness [%]
m Quality [%]

area-based object-based  objects > 50 m2

* More difficult scenario than Vaihingen
—No Infrared band
—Qcclusions, extremely high-rising buildings

* Nevertheless, requirements by (Mayer et al., 2006) fulfille
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Introduction Test Data Object Detection Building Reconstruction Conclusion

Evaluation of Building Detection — Area 2
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Object Detection

Evaluatlon of Building Detection — Area 3
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Object Detection

Evaluation of Building Detection — Areas 4 & 5

* Results by TUM

c
9
+—
©
S
L.
o
Y
=
o
(]
Q)
o
c
>
Q
S
+—
]
=
&
@©
L.
(@)
O
+—J
o
=
[l
.
]
Yo
+—
-}
=
+—J
2]
<
ca



. intoduction  TestData  ObjectDetection Building Reconstruction  Conclusion
Common Problems in Building Detection

* Building outlines for pixel-based approaches
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Object Detection

Evaluation of Bmldlnq Detection —Area 1
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. intoduction  TestData  ObjectDetection Building Reconstruction  Conclusion
Common Problems in Building Detection

* Building outlines for pixel-based approaches

e Complex structures in combination with steep terrain
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Object Detection

Evaluation of Buildinq Detection — Area 1
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. intoduction  TestData  ObjectDetection Building Reconstruction  Conclusion
Common Problems in Building Detection

* Building outlines for pixel-based approaches
e Complex structures in combination with steep terrain

* Dense tree canopies - Problems for ALS-based methods
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Object Detection

Evaluation of Buildinq Detection — Area 1

{\ ‘“"\ 1 TP “.i:*x;- R ‘.\L"“'“v b

‘ CAL -FP
=1

1 ]
1 :’.---



. intoduction  TestData  ObjectDetection Building Reconstruction  Conclusion
Common Problems in Building Detection

* Building outlines for pixel-based approaches
e Complex structures in combination with steep terrain
* Dense tree canopies - Problems for ALS-based methods

* Roofs covered by grass
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Evaluation of Building Detection — Area 2
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. intoduction  TestData  ObjectDetection Building Reconstruction  Conclusion
Common Problems in Building Detection

* Building outlines for pixel-based approaches

e Complex structures in combination with steep terrain

* Dense tree canopies - Problems for ALS-based methods
* Roofs covered by grass

 Large trees next to buildings for segmentation-based
methods
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Object Detection

Evaluation of Building Detection — Area 3
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 Intoduction  TestData  ObjectDetection Building Reconstruction  Conclusion
Common Problems

* Building outlines for pixel-based approaches

e Complex structures in combination with steep terrain

* Dense tree canopies - Problems for ALS-based methods
* Roofs covered by grass

 Large trees next to buildings for segmentation-based
methods

e Small building structures
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. intoduction  TestData  ObjectDetection Building Reconstruction  Conclusion
Common Problems in Building Detection

* Building outlines for pixel-based approaches

e Complex structures in combination with steep terrain

* Dense tree canopies - Problems for ALS-based methods
* Roofs covered by grass

 Large trees next to buildings for segmentation-based
methods

e Small building structures

» Occlusion / perspective distortion with high-rise buildings

ﬁ Institut fir Photogrammetrie und Geolnformation



Object Detection

Evaluation of Building Detection — Areas 4 & 5
* Results by TUM
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. intoduction  TestData  ObjectDetection Building Reconstruction  Conclusion
Common Problems in Building Detection

* Building outlines for pixel-based approaches

e Complex structures in combination with steep terrain

* Dense tree canopies - Problems for ALS-based methods
* Roofs covered by grass

 Large trees next to buildings for segmentation-based
methods

e Small building structures
» Occlusion / perspective distortion with high-rise buildings
e Shadow

« Uncommonly low buildings in a CBD environment
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Object Detection

Evaluation of Building Detection — Areas 4 & 5
* Results by TUM
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Evaluation of Building Detection - Vaihingen

* Influence of used input data (area-based, average Areas 1-3)

100 %
90
80 -
70 -
60 -
50 A
40 -

m Completeness [%0]
m Correctness [%]
m Quality [%]

images (1) DSM + ortho DSM (1) ALS points
(4) (2)

 Observed differences are not conclusive due to small number
of samples
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Evaluation of Building Detection - Vaihingen

e Influence of processing strategy (area-based,
average Areas 1-3)

100 %
90
80 -
70 -
60 -
50 -
40 -

m Completeness [%)]
m Correctness [%]
m Quality [%]

segmentation / pixels/points /
unsupervised (5) supervised (3)

* No significant difference
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Evaluation of Tree Detection - Vaihingen

* Object-based evaluation (average Areas 1-3)

1009
90
80
70
60
50
40
30

® Completeness [%]
B Correctness [%]
m Quality [%]

CAL HAN LJU TUM WHU

 Very low performance for all methods compared to building
detection
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Evaluation of Tree Detection - Vaihingen

* Object-based evaluation (average Areas 1-3)

1009%

90

80 -

70 ® Completeness [%0]
60 - m Correctness [%]

50 + m Quality [%]
40 -

30 -

CAL HAN LJU TUM WHU

* 50 m? corresponds to a crown diameter of about 8 m

* Only CAL and TUM fulfill the requirements by (Mayer et al,
20006)
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Object Detection

Evaluatlon of Tree Detectlon
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Object Detection

Evaluation of Tree Detection— Area 2
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Object Detection

Evaluation of Tree Detection— Area 3
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_ ntoduction  TestData  ObjectDetection Building Reconstruction  Conclusion
Common Problems in Tree Detection

 Similar problems as for buildings

« Complex scene content in combination with shadow
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Evaluation of Tree Detection— Area 1
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Common Problems in Tree Detection

 Similar problems as for buildings
« Complex scene content in combination with shadow

e Small trees
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Object Detection: Discussion

* Main buildings per plot can be detected rather reliably by most
methods, most methods can be practically relevant

« Small buildings remain a problem
e Occlusions in CBD scene - Multiple overlap required?

« Comparison of data sets and processing strategies remains
Inconclusive

 Full geometrical accuracy potential of images not yet exploited

* Trees are more problematic than buildings, practical relevance
guestionable for most methods

» Area 2 (high-rise residential) offers most favourable conditions
for automation
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Task of the Participants

« 3D Reconstruction of Buildings (LoD2 of CityGML standard):
— Detailed roof structures

— No roof overhangs, balconies

e Deliverables:

— Roof plane outlines as 3D polygons in object space
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Introduction Test Data Object Detection Building Reconstruction Conclusion

Evaluation Methodology

Quality of roof plane segmentation:

— Completeness / Correctness / Quality
» of all roof planes (50% overlap required for TPS)
» of roof planes larger than 10 m?

— (Topological parameters: not reported here)

Geometrical Accuracy:

— RMS,: RMS errors of the planimetric distances of roof
plane boundary points from reference

— RMS,: RMS errors of height differences between synthetic
DSMs

— RMS, is also affected by segmentation errors
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Object Detection

Building Reconstruction

Conclusion

Results Submitted by Participants

Submitted Abbr. Affiliation Areas
by 1121 3]14]5
W. Zhang BNU |Beijing Normal University X
J.-Y. Rau CKU |Cheng Kung Univ. Taiwan | X | X | X | X [X
D. Bulatov FIE Fraunhofer Inst., Ettlingen X
S. Oude Elberink | ITCE1 |ITC, Enschede X1 X| X
S. Oude Elberink | ITCE2 |ITC, Enschede X| X| X
B. Xiong ITCX |ITC, Enschede X X| X
P. Dorninger VSK |TU Vienna X1 X| X
G. Sohn YOR | York University X X| X| X X

e Two participants delivered results for Toronto (areas 4 + 5)

« Two participants only delivered results for area 3
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Data used by the participants

Submitted Abbr. Affiliation Areas
by 1121 3]14]5
W. Zhang BNU |Beijing Normal University X
J.-Y. Rau CKU |Cheng Kung Univ. Taiwan | X | X | X | X |X
D. Bulatov FIE Fraunhofer Inst., Ettlingen X
S. Oude Elberink | ITCE1 |ITC, Enschede X1 X| X
S. Oude Elberink |ITCE2 |ITC, Enschede X| X| X
B. Xiong ITCX [|ITC, Enschede X X| X
P. Dorninger VSK | TU Vienna X1 X[ X
G. Sohn YOR | York University X X| X| X X
e Images only (2)
e Images + ALS points (1)
o ALS points (5)
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Degree of Automation

Submitted Abbr. Affiliation Areas
by 1121 3]14]5
W. Zhang BNU |Beijing Normal University X
J.-Y. Rau CKU |Cheng Kung Univ. Taiwan | X | X | X | X |X
D. Bulatov FIE Fraunhofer Inst., Ettlingen X
S. Oude Elberink |ITCE1 |ITC, Enschede X X| X
S. Oude Elberink |ITCE2 |ITC, Enschede X| X| X
B. Xiong ITCX [|ITC, Enschede X X| X
P. Dorninger VSK |TU Vienna X1 X| X
G. Sohn YOR | York University X X| X| X X

e Semi-automatic (2)
e Fully automatic (6)
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Building Reconstruction

Building Models

Submitted Abbr. Affiliation Areas
by 1121 3
W. Zhang BNU |Beijing Normal University X
J.-Y. Rau CKU |Cheng Kung Univ. Taiwan | X | X | X
D. Bulatov FIE Fraunhofer Inst., Ettlingen X
S. Oude Elberink | ITCE1 |ITC, Enschede X1 X| X
S. Oude Elberink |ITCE2 |ITC, Enschede X| X| X
B. Xiong ITCX [|ITC, Enschede X X| X
P. Dorninger VSK |TU Vienna X1 X| X
G. Sohn YOR | York University X| X| X
* Generic (polyhedral) (4)
e Primitives (1)
o Adaptive (3)
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Evaluation of Building Reconstr. - Vaihingen

« Evaluation for all roof planes (average Areas 1-3)

1009

90
80
70
60
50
40
30

BNU CKU

FIE

ITCEL1 ITCE2 ITCX VSK YOR

e Correctness > 80% for all methods

e Many undetected roof planes

% Completeness [%]
B Correctness [%]
B Quality [%]
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Evaluation of Building Reconstr. - Vaihingen

 Evaluation for roof planes >10 m? (average Areas 1-3)

10004

90
80
70
60
50
40
30

BNU CKU

FIE

ITCE1 ITCEZ2

ITCX VSK YOR

e Correctness > 89% for all methods

% Completeness [%]
B Correctness [%0]
B Quality [%0]

 Number of undetected planes is still relatively large
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Evaluation of Building Reconstr. - Vaihingen

 Geometrical errors(average Areas 1-3)

1.5

1.0

" RMSyy [M]
0.5 I t " RMS, [m]
0.0 - . . . . . .

BNU CKU FIE ITCE1l ITCE2 ITCX VSK YOR

e Order of magnitude (planimetry): 2 — 4 x point spacing

* Height errors are relatively high, but also have influence of
segmentation errors

 Full accuracy potential not exploited
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Introduction Test Data Object Detection Building Reconstruction Conclusion

Evaluation of Building Reconstr. - Toronto

« Evaluation for roof planes (average Areas 4 & 5)

100 o4 100 94 5
90 all planes 90 planes > 10 m 14 |
80 80 = Compl. %] 12 -
70 - 70 - 1.0
60 - 60 - ® Correct. [%] 0-8
50 - 50 - 0.6
40 - 40 - m Quality [%] 0.4
30 A 30 - 0.2
BNU YOR BNU  YOR 0.0
N &
e Correctness > 80% for all methods o
B RMSyy [m]
o Slightly lower completeness / correctness m RMS, [m]

values than in Vaihingen

 RMS errors larger than Vaihingen
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Building Reconstruction

Common Problems
« Small roof planes (YOR)
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Building Reconstruction

Common Problems
« Small roof planes (YOR)

 Small appendices to larger roof planes (YOR)
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Building Reconstruction

Common Problems
« Small roof planes (YOR)

 Small appendices to larger roof planes (YOR)

* Undersegmentation (ITCE1)
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Building Reconstruction

Common Problems
« Small roof planes (YOR)

 Small appendices to larger roof planes (YOR)
* Undersegmentation (ITCE1)
* Wrong segmentation (VSK, FIE)
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Building Reconstruction

Common Problems
« Small roof planes (YOR)

 Small appendices to larger roof planes (YOR)
* Undersegmentation (ITCE1)

* Wrong segmentation (FIE)

e Missing regularisation (YOR)
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Building Reconstruction

Common Problems
« Small roof planes (YOR)

 Small appendices to larger roof planes (YOR)
* Undersegmentation (ITCE1)
* Wrong segmentation (FIE)

e Missing regularisation (YOR)

* Incorrect combination of planes (VSK)
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Introduction Test Data Object Detection Building Reconstruction Conclusion

Evaluation of Building Reconstr. - Vaihingen

e Impact of used data (average Areas 1-3, roof planes > 10 m?)

1009 . o
1.5

90 m RMS,, [m]

80 -

0 10 L m RMS;[m]

60 - " Compl. [%]

o " Corr. [%] 0.5 -

30 - B Quality [%0]

images images ALS 0.0 + |
(2) + ALS points Images images ALS

(1) (5) (2) +ALS points

_ _ B ©®
e Comparison not conclusive:

—Image-based methods only available for area 3 (FIE) or
semi-automatic

—Only one method combining ALS + images
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Introduction Test Data Object Detection Building Reconstruction Conclusion

Evaluation of Building Reconstr. - Vaihingen

e Impact of degree of automation (average Areas 1-3, roof
planes > 10 m?): Semi-automatic (S) vs. Fully-automatic (F)

100 95 1o B RMS,, [m]
90 B RMS, [m]
80 1.0
70 = Compl. [%]

60 - " Corr. [%] 05 -
50 B Quality [%]

40 -

30 - 0.0 -

S (2) F (6)

S (2) F (6)

e Semi-automatic processing can achieve a better accuracy both
In planimetry and height
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Introduction Test Data Object Detection Building Reconstruction Conclusion

Evaluation of Building Reconstr. - Vaihingen

e Impact of degree of automation (average Areas 1-3, roof
planes > 10 m?): Semi-automatic (S) vs. Fully-automatic (F)

100 95 1o B RMS,, [m]
90 B RMS, [m]
80 1.0
70 - " Compl. [%]

60 - " Corr. [%)] 05 -
50 - B Quality [%]

40 -

30 - 0.0 -

S (2) F (6)

S (2) F (6)

e Semi-automatic processing can achieve a better accuracy both
In planimetry and height
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Evaluation of Building Reconstr. - Vaihingen

* Impact of building models (average Areas 1-3, roof planes
> 10 m?): Generic (G) vs. Primitives (P) vs. Adaptive (P)

1.5
1009 " RMS, [M]
90 m RMS, [m]
80 - 1.0
70 - " Compl. [%]
60 - ® Corr. [%)] 0.5 -
50 - B Quality [%]
407 0.0
30 -

G@4) P(1) A3 G4 P@) A@®

« Comparison is not really conclusive
— Three adaptive methods are variant of the same algorithm
— Only one method based on primitives
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 Introduction  TestData  ObjectDetection Building Reconstruction  Conclusion
Discussion

 Building reconstruction works well for simply-shaped buildings
— Generally simple shape

— Dormers are small compared to dominant roof planes

e Complex shapes and small objects do not simply lead to more
generalized models

» Accuracy potential of the sensors not yet fully exploited
* Results are generally sufficient for a ‘nice’ visualisation

 Fully automatic generation of topologically and geometrically
correct models in complex environments

* Most favourable conditions: area 2 (high-rise residential bid.)
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Introduction Test Data Object Detection Building Reconstruction Conclusion

Conclusion

Comparison of state-of-the-art methods

Interested In individual methods?
- See sessions on the ISPRS benchmark

Benchmark for urban object extraction is still on-going

The data may still be obtained via the WWW

Results are made available via the WWW

Changed conditions of use: DGPF has allowed the use of the
Vaihingen data for any scientific purpose
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 Introduction  TestData ObjectDetection Building Reconstruction  Conclusion
Future Work

The data set should remain a standard data set for making
different methods comparable

We are contemplating an online evaluation system

Expansion of the data set:
— New data (incl. reference!) ?
— Provide DSM from matching and true orthophoto
— Provide reference for labelling (rather than object detection)

Special issue on the outcomes of the ISPRS benchmark
— Journal still to be negotiated

— We will announce this soon
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