Zurich City Hall

A reference data set for digital close-range photogrammetry 

1 General remarks

The main purposes of the International Scientific Committee for Documentation and Architectural Photogrammetry (CIPA, 1999a, Article 2) are:

· To promote recording, documentation and study of status and changes of cultural objects, monuments, groups of buildings, including their environment, villages, towns, sites and cultural landscapes by means of further development of applications of photography, photogrammetry and related disciplines and techniques.

· To actively pursue programmes, which define research needs, stimulate and support research activity, and increase exchange and dissemination of relevant information in order to promote greater understanding in the field.

· To actively pursue international co-operation in that domain.

As a discipline, architectural photogrammetry is currently undergoing profound changes. New technologies and techniques for data acquisition (CCD cameras, Photo-CD, photoscanners), data processing (computer vision), structuring and representation (CAD, simulation, animation, visualization) and archiving, retrieval and analysis (spatial information systems) are leading to novel systems, processing methods and results. Hence, modern digital architectural photogrammetry is characterized by the following components:

· Digital image acquisition by CCD-cameras or scanning of photographs, 

· Semi-automated procedures for data measurement and further processing, 

· Object-oriented approach to measurement, 

· Use of CAAD models in a priori and a posteriori modes, 

· Application of modern techniques for visualization and animation of results, 

· Administration of data in Monument Information Systems (MIS). 

The intention of the reference data set for digital close-range photogrammetry, as proposed in this paper, is to follow up the idea of the first CIPA test "Otto-Wagner-Pavillon” (Waldhäusl, 1992), which was established to compare different types of cameras, bundle adjustment software, calibration, measuring devices, derived accuracy, etc. At the time of the first test only a minority of the participating persons and institutes used digital image data and/or digital image processing and analysis techniques. Since then digital methods and techniques have been improved in different ways (sensor resolution, image analysis aspects, data management aspects, low-cost tools).

The data set "Zurich city hall" is therefore initiated to provide a basis to test and compare different digital methods, software packages and tools in order to derive geometric, topologic and thematic information of a building, and methods for storing, retrieving and maintaining these data sets. Main intention should be paid to the user-friendliness and practical handling of such a system and of the derived results in terms of topology, consistency, accuracy and reliability.

The paper describes the material and availability of the reference data set. The number and types of digital images available, the arrangement of the image sets (i.e. stereo image pairs, arbitrary image bundles or single images) and a description of the three-dimensional coordinates of geodetic reference points available.

The data set in general is suited to apply for all tasks or sub-tasks of photogrammetric building reconstruction. This holds in particular for the three-dimensional building reconstruction, bundle adjustment with convergent image rays, bundle adjustment with self-calibration, stereo photogrammetry, single image rectification, image mosaicing or CAD overlay.

The main intention is to get measures and reflect practical experiences about

· the handling of a system/tool,

· the flow of data,

· the management of a project,

· the reconstruction of an object,

· the derived results in terms of topology, consistency, accuracy and reliability,

· the import and export of data and data types and file formats that can be handled,

· the amount of photogrammetric knowledge necessary to handle the system/tool.

The reference data set is generally intended to be applicable to any task or subtask of photogrammetric building reconstruction. It consists of a complete description of the interior orientation of the used cameras, the images taken with these cameras and the co-ordinates and the description of the reference points measured on the facades of the building by geodetic means. In addition a questionnaire (CIPA, 1999b) related to this reference data set is available.

2 Object description

The city hall of Zurich (see Figure 1) serves as the test object. It is built in the years 1694-98 in the style of the late Renaissance. The city hall is located in the center of the city partly on the river Limmat. Its approximate dimensions are 35x12x18 meters.
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      Figure 1: Zurich city hall (seen from south-west).

3 Camera

For the image acquisition of the test object two standard, point and shoot cameras were used, a Fuji DS 300 and an Olympus C1400L. Both cameras can nowadays be considered as “typical” for the use of digital cameras in heritage documentation applications. They are affordable and easy to use. The quality of the derived images can be judged on the spot and the storage medium has usually enough capacity to hold the images of an entire project.
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Figure 2: Fuji DS 300.

The Fuji DS 300 (see Figure 2) records images at a resolution of 1’280x1’000 pixels. They can be stored in uncompressed TIFF format or in one of three JPEG compression schemes on Type I or Type II PC cards in 24-bit color or monochrome. The image capacity is up to 64 images on a 10 MB card. The camera has a built-in 3:1 optical zoom, which covers focal lengths equivalent to the 35-105 mm range of a 35 mm camera’s zoom lens. The camera can be operated as a fully automatic point-and-shot device or as a completely manual professional camera. Subjects are framed through an optical viewfinder. The f-stops are set manually (3.5, 5.6, 8 and 11), so varying the aperture opening will affect the depth of field. In addition the user can override the auto-focus to set the distance to the subject. 
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Figure 3: Olympus C1400L

The Olympus D1400L (see Figure 3) records the images with a progressive scan CCD and creates images of 1’280x1’024 pixel resolution. The camera has a built-in 3X zoom lens of 36mm to 110mm focal lengths and TTL (through the lens) single lens reflex type viewfinder. The D1400L comes with a 4 MB card that can store 4 - 50 images. One or as many as nine images can be viewed on the LCD Back Panel. Three modes of image capture are available: standard quality, high quality, and super high quality allowing for flexibility in selecting image size and levels of compression. In addition the camera features a focus lock, manual override focus systems and exposure compensation with three f-stop increments.

For both cameras the complete set of parameters of interior orientation, determined by a testfield calibration, are available.

	
	lens distortion parameters (unbalanced)
	discrete values of lens distortion (balanced)

	OLYMPUS C1400L
	[image: image4.jpg]Camers Name: [Olympus DT400L (ww Fix 26m]
Focallengh [399%6  mm
N
PincpaPont % [3552 . [318%6
LonsDitotion K. [0003288 K2 [27566 005
1. ooa0iezs P2 [oo0sieEs

Image Size: [1280  [1024 Set fom e





image format:

width: 8.245 mm
height: 6.600 mm

principal point (origin: upper left)
x0 = 3.932 mm
y0 = 3.192 mm

principal distance (photos 1 to 5 and 12 to 16) : c = 9.000 mm

principal distance (photos 6 to 11) : c = 10.600 mm
K1= 0.003288      K2 = -0.000022


	r (mm)
	(r(mm)

	
	
	0
	0

	
	
	1
	-0.046

	
	
	2
	-0.072

	
	
	3
	-0.060

	
	
	4
	0

	
	
	5
	0.113

	
	
	6
	0.272

	
	
	7
	0.456

	
	
	A1 = 0.00344281
A2 = -2.26E-05
r0 = 4 mm

K0 = -0.04708352
principal distance 
(photos 1 to 5 and 12 to 16) : ck = 8.595 mm

principal distance 
(photos 6 to 11) : 

ck = 10.124 mm

	FUJI   DS 300
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image format:

width: 8.451 mm
height: 6.600 mm

principal point (origin: upper left)

x0 = 4.304 mm
y0 = 3.375 mm 

principal distance (photos 1 to 15)
c  = 8.622 mm

K1= 0.002923      K2 = -0.000040
	r (mm)
	(r(mm)

	
	
	0
	0

	
	
	1
	-0.035

	
	
	2
	-0.053

	
	
	3
	-0.042

	
	
	4
	0

	
	
	5
	0.059

	
	
	6
	0.104

	
	
	7
	0.074

	
	
	A1 = 0.00302964 

A2 = -4.16E-05
r0 = 4 mm

K0 = -0.03648192
principal distance
(photos 1 to 15)
ck = 8.319 mm


The following formulas describe the distortion corrections. There are two common formulations for radial lens distortion: balanced and unbalanced. They are mathematically equivalent and make no difference to the algorithm. The balanced distortion formulation "looks" prettier and makes the distortions seem smaller so is commonly used by camera and lens manufacturers.

The formula used for unbalanced distortion is given by:       (r = K1.r3 + K2.r5

The formula used for balanced distortion is given by:

(r = A1.r (r2-r02) + A2.r (r4-r04) = (-A1r02-A2r04). r + A1r3 + A2r5
with :    A1= K1(1-K0)                A2= K2(1-K0)             K0 = -A1. r02- A2 .r04
To convert unbalanced distortion into balanced:

ck = c (1- K0)

A1 = K1 (1- K0)

A2 =K2 (1- K0)

To convert balanced distortion into unbalanced:

c = ck/(1- K0)

K1 = A1/(1- K0)

K2 = A2/(1- K0)

Where : 


r0 is defined by the user (usually (1/3*chip diagonal line)


ck : principal distance used for balanced distortion


c : principal distance used for unbalanced distortion 

Decentering distortion is often not modelled because its contribution is much smaller than radial lens distortion. It is necessary only for the highest accuracy measurements. Many metric cameras come with the radial distortion parameters only and the P1 and P2 decentering parameters can be set to zero.

4 Image arrangement

The images were taken in order to cover the entire building with all four facades and to enable the complete reconstruction of the building. Therefore the arrangement was set up to be suitable for photogrammetry with convergent image rays as well as for the “classical” stereo photogrammetric approach. The focus of the lens of the cameras was fixed during exposure.

The image acquisition with both cameras took place in a very similar way. The main purpose was to cover any detail of the object with at least two image rays and to allow as well the restitution of the object from stereo image pairs.

The two cameras were used to produce image sets of different file formats, compressed JPEG format on the one hand and uncompressed TIFF format on the other. Hence, with the Olympus D1400L a total of 16 images was taken to cover the entire object. The images are in compressed JPEG format with a file size of approximately 0.8MB each and 12.8MB for the entire set of images. With the Fuji DS 300 a total of 15 images in uncompressed TIFF format was taken. Each image has a file size of 3.75MB, makes 55MB for the entire set. 

Figure 4 depicts the basic arrangement for the images taken with the Olympus D1400L. The images are taken to cover the entire object and to enable also stereo photogrammetry. For the purpose of self-calibration a number of images was taken with a rotation of 90 degrees.
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Figure 4: Selection of images taken with the Olympus D1400L

5 Reference co-ordinates

In order to support the photogrammetric measurement in some specific cases (e.g. only the restitution from a part of one facade with one stereopair of images) a set of twenty-one, well-distributed reference points was measured geodetically in a local coordinate system.

The local co-ordinate system was defined with the X- and Y-co-ordinates in plane and Z in height direction. The axes of this local co-ordinate system were defined by laying approximately parallel to the outline of the building (i.e. the X co-ordinate runs in north-south direction and the Y co-ordinate runs in west-east direction).

The reference points were selected amongst the natural points of the object (i.e. no special or signalized), which are easily identifiable and separable.

The co-ordinates of the reference points were determined by polar measurements with an electronic theodolite Leica TC 3000 and a reflector-free EDM Leica DIOR3002. The achieved accuracy can be assumed to be of about 5 cm in all three co-ordinates. It should be explicitly mentioned here again, that the accuracy of the reconstruction is not the main purpose of this reference data set, but the reference coordinates are meant if there is a need for reference points for stereo measurement or for other reasons. 

Figures 5-7 give the location of the 21 control points on the facades.
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Figure 5: North facade with control points

[image: image8.jpg]



Figure 6: East facade with control points
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Figure 7: West facade with control points

The approximate location of the control points is given in Figure 5-7. The detailed location is always with respect to the interior wall socket. Figure 8 shows an example for the types of reference points, where the upper right vertex of the interior wall socket serves as reference.
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Figure 8: Control point no. 112

Hence the following list gives the precise location of the control points with respect to the interior wall sockets.

Location of reference points:

	facade
	Pt. No.
	Location
	Pt. No.
	Location
	Pt No.
	Location

	West
	101
	Upper left
	111
	Upper right
	121
	Upper right

	
	102
	Upper left
	112
	Upper right
	122
	Upper right

	
	103
	Lower left
	113
	Lower right
	123
	Lower right

	Nord
	201
	Upper left
	
	
	211
	Upper right

	
	202
	Lower left
	
	
	212
	Lower right

	East
	301
	Upper left
	311
	Upper right
	321
	Upper right

	
	302
	Upper left
	312
	Lower right
	322
	Upper right

	
	303
	Lower left
	
	
	323
	Lower right


List of Co-ordinates:

	Point number
	X [m]
	Y [m]
	Z [m]

	101
	118.13
	235.51
	14.61

	102
	118.13
	235.49
	10.37

	103
	118.20
	235.44
	3.66

	111
	136.09
	237.41
	14.65

	112
	136.12
	237.39
	10.37

	113
	136.08
	237.45
	3.67

	121
	151.99
	239.43
	14.76

	122
	152.02
	239.39
	10.48

	123
	151.99
	239.37
	3.69

	201
	114.93
	249.06
	14.68

	202
	114.99
	 248.99
	3.65

	211
	116.31
	237.22
	14.67

	212
	116.30
	237.25
	3.64

	301
	150.08
	255.11
	14.72

	302
	150.06
	255.12
	10.42

	303
	150.00
	255.12
	3.72

	311
	132.24
	252.96
	14.68

	312
	132.26
	252.99
	8.30

	321
	116.33
	251.15
	14.68

	322
	116.31
	251.16
	10.38

	323
	116.42
	251.17
	3.69


6 Call for participation

The main intention of this reference data set is to reflect and share practical experiences about the handling of a system/tool for the photogrammetric documentation of cultural heritage. In particular to get measures about the data flow, the derived results in terms of topology, consistency, accuracy and reliability, the requested input data, the possible export format, the amount of photogrammetric knowledge necessary to handle the system/tool, etc.

While making this reference data set available for the CIPA community the authors would like to encourage people from the scientific and from the practical point of view to use this material in order to derive results with different hardware, software and methods.

Hence, interested persons are asked in particular to

· use the data set

· use different software packages and/or tools for the reconstruction

· to reconstruct the object in different ways (2D/3D, CAD/map, entire object or parts of it, different degrees of detail)

· critically review the data import and export

· give a description of the data flow / automation, accuracy measurements, statistical data

· to report about their experience by filling in the questionnaire (CIPA, 1999b)

7 Availability of the reference data set

The reference data set as well as the complete questionnaire can be downloaded from http://photogeo.insa-strasbourg.fr
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