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data integration, registration, interactive visualization to be controlled to obtain good quality results). For most
practical cases a simpler approach is adopted: a series of
ABSTRACT: pictures taken by a digital camera are stitched onto the surface

This paper proposes a novel technique to speed up thef the object, trying to avoid shadows and highlights and
registration of 2D images to 3D models. This problem oftentaking pictures under favorable light conditions. However,
arises in the process of digitalization of real objects, becauseven in this simpler case, the pictures need to be processed
pictures are often taken independently from the 3D geometryn order to build a plausible texture for the object [CCS02].
Although there are a number of methods to solve the prob- A basic problem in managing color information is how to
lem of registration automatically, they all need some furtherregister the images with the geometric data. In some cases
assumptions, so in the most general case the process stifie problem has been solved by fixing the camera onto the
requires the user to provide some information about how th@D scanner, so that the relative position of the two devices is
image corresponds to geometry, for example providing pointknown and 2D and 3D data are already aligned [PGD),
to-point correspondences. We propose a method based on[@WI97]. Unfortunately, s are often unregistered since a more
graph representation where the nodes represent the 2D photsimple setup is used (hand-held camera, color acquired in a
and the 3D object, and arcs encode correspondences, whiskcond stage w.r.t. shape scanning). Two main reasons justify
are eitheiimage—to—geometrgr image—to—image@oint pairs.  the latter choice: the 3D scanner could require light conditions
This graph is used to infer new correspondences from thand a scanning setup which is not optimal for cameras
ones specified by the user and from successful alignment @nd viceversa (sampling resolution is usually very different,
single images and factually encode the state of the registratioand thus the selected set of scanning poses can be not
process. optimal or redundant for the photographic campaign); or the
After each action performed by the user, our system exploregictures may have been taken by a professional photographer
the states space to find out the shortest path from the curremdependently from the 3D scanning campaign.
state to a state where all the images are aligned, i.e. a Many papers addressed the problem of registering 2D
final state and therefore guides the user in the selectiopictures to 3D geometry (see Section Il). We can still say that
of further alignment actions for a faster completion of thethere is no fully automatic approach to register 2D images in
job. Experiments on empirical data are reported to show théhe general case (i.e. a large and complex object, where each
effectiveness of the system in reducing considerably the usémage covers only a subset of its overall extent). The user is
workload. usually required to provide correspondences, or hints on the
correspondences, which link the 2D images and 3D geometry.

The main goals of this work are: to reduce the user

The digitization of real objects, usually referred as 3Dintervention in the process of registering a set of images with
scanning, has become one hot topic in computer graphices 3D model; to improve the robustness of the process by
This is due both to the many intrinsic difficulties and tech-giving to the user the possibility to select correspondences
nical/theoretical problems involved (see [BR02] for a survey)which link either 2D points to 3D geometryinfage—to—
and to the wide variety of applications of 3D scanning,geometrycorrespondences) or 2D points to 2D poinisdge—
which include industrial manufacturing, reverse engineeringto—image correspondences). The main idea is to setup a
character modelling in the movie industry, cultural heritagegraph of correspondencesvhere the 3D model and all the
modelling (virtual museums, restoration planning and docuimages are represented as nodes and a link is created for
mentation [CCG 04]), etc. any correspondence defined between two nodes. This graph

Many applications require to sample not just the geometryf correspondences is then used to automatically infer new
but also the color information, for example 3D models for correspondences and to find the shortest path, in terms of
the design of virtual museums require reflection attributesthe number of correspondences that must be provided by
Acquiring the real color of an object, i.e. its surface re-the user, to complete the registration of all the images. The
flection properties, is a complicated and time consumingechnique has been designed to implement a new image
task [LKG™03], [Goe04] and the methods proposed usuallyalignment system, which allows to manage large set of images
make some assumptions on the photometric property of then complex models produced with accurate 3D scanning. The

I. INTRODUCTION



paper proceeds as follows: Section Il briefly presents thenentioned, camera parameters can be divided in two main
previous work; Section Ill describes the canonical methodyroups:

used to align a single image, given a setwage-to—geometry  , extrinsic parameters which model the location and
correspondences; Section IV describes our correspondence orientation of the camera with respect to a world co-
graph and its use to infer new correspondences; Section V. ordinate system, and

shows how the correspondence graph is used to minimize the , intrinsic parameterswhich model the behavior of the
user workload. Section VI shows a case study to evaluate the internal geometry and the optical characteristics of the
benefit of the proposed technique and finally conclusions and  camera.

future work are reported in Section VII. Figure 1 shows an example of the camera geometry.
Extrinsic parameters can be inferred by the rigid body trans-
formation from a world coordinate system,(, y.,, z.,) to the

Camera parameters estimation involves the computatiof@mera 3D coordinate system(2:

Il. RELATED WORK

of intrinsic camera parameter@he focal length, the optical X T
center and radial distortion introduced by the lens), and the VI =R| yo | +7T (1)
extrinsic parametergposition and orientation of the camera 7 'Zw

in the global reference system). ) . . . .
where R is the3 x 3 rotation matrix and T is the translation

Intrinsic parametersan be estimated by providinmage— Th h h - deri
to—geometrycorrespondences or by taking a picture of g Vector. ‘hese are t. € par ameters we have to optimize to erve
the position and orientation of the camera. The transformation

known calibration pattern on a planar geometry [Tsa87], . . . .
[Zha98]. In this second case, we can design patterns thj'iom 3D camera coordinates to distorted image coordinates

can be detected automatically. A number of publicly availabl f“d’ﬁ) IS rr;egulated by intrinsic parametéy which is the
libraries for camera calibration are available [Cor01]. ocal length:
Extrinsic parametersi.e. the view specification associated

to a given picture, are often retrieved by providingage—o— apgher intrinsic parameter which can be considered is ra-

geometrycorrespondences and minimizing an error functionyia) ens distortion: we can calculate the undistorted image
which usually is the sum of the differences between eachqqqinates

3D point projected onto the screen and its corresponding 2D

feature. The selection of these correspondences can be tedious Xa+Dy =Xy , Ya+ Dy =Y, 3)
when many images have to be processed, or complex wh
we have images which depict regions of the 3D shape with
insufficient shape features (e.g. nearly-planar or smoothlyD, = Xy(ki7? + kor* +...) | Dy = Yy(kir® + kor® + ...)

X

X, =f% v, =Y @)
z z

here

curved surface sections). (4)
To avoid the tedious work to provide correspondencesand
landmarks can be placed onto the real object and can r=4/X24+Y? (5)

be detected automatically. The use of landmarks has thSeO the parameters to be calibrated &ye

disadvantage that some image parcels contains the marker .
i - The user-driven setup of a few correspondences between
rather than the surface color; moreover, stitching markers o : . . : )
D points in the image and 3D points on the model is the

valuable or delicate works of art is often prohibited. standard approach to calculate all these parameters. As a

When each image covers the entire object, the Sllhouett(r%atter of fact, the goal is to find the parameter values which

of the model in _the image and the sHhouett_e contour of theminimize the error function value, defined as the distance
rendered 3D object can be used as matching features. Thtll

setween the selected image points and the projection of the
is done by minimizing the difference between the projection ge p brol

of the synthetically-rendered object and its silhouette inpomts selected on the 3D model (projected back on the

the photo [NK99], [Low91], [MK99], [LHSO00], [WWH97]. image by using the computed camera intrinsic and extrinsic

Silhouette extraction requires a 2D segmentation usuall easD arameters).
; ' req gmenta Y Y Two different calibrations are implemented in our system
to achieve automatically (or anyway, with little user inter-

vention). The disadvantages of the silhouette-based metho@s: dTgZina%%rﬁgﬁn[\fsggﬁege%;haet Llles;ri tlhle;l)risntt ?:r(])?r,ezzzi?
are that the entire object has to be visible in each imag% !
(preventing the use of this method on complex objects wher%
we need a dense photo sampling), and the lack of robustnegg

in the case of symmetrical objects.

ences (for a fully optimized calibration), and it is able to
timize all extrinsic and intrinsic parameters. The second
libration performs a non-linear method [DG97] derived
from the approach of Faugeras and Toscani [FT86], which
needs at least 4 correspondences and performs optimization
on extrinsic parameters and the focal length value.

The alignment of a single image to a 3D model is per- Another useful feature of our system gives the user the
formed by defining all the parameters of the virtual cam-possibility to optimize only one (or more) of the variables,
era whose position and calibration gives an optimal inverse.g. rotation, translation, focal length or lens distortion. This
projection of the image on the 3D model. As previously can be useful, for instance, if we are sure about the evaluation

I11. ALIGNING A SINGLE IMAGE



N~ > via some image-to-imagecorrespondence pairs, since we
g may infer an implicitimage-to-geometnybetween; and
> M by taking into account the composition @RG(I2, M)

v / \“Pw(x,Y) with 121(15, I). This composition is performed by mutually
X projecting corresponding points: given a point péir, q)
which defines the correspondené®l (I, ;) with p € I

and g € I, by projectingg on the geometry according to

\ I12G(12, M) we indirectly connect the poing of image I,
2w to the modelM . This mechanism is shown in the right-most
graph in Figure 2, which shows what happens when the graph
gt is automatically augmented: the point on IMAGE?2 associated
*” P(x.Y) to correspondence is projected on the model, creating at

or

P, Ya) the same time an “indirect” correspondenggrepresented

in the figure by a dashed line) between IMAGEL and the
Fig. 1. Camera geometry without radial lens distortion mesh. In this case the act of mutually aligning an image
pair caused the creation of a new correspondence between
an image and the 3D model, without intervention by the user.
obtained for the intrinsic parameters (e.g. because we havehis approach can be very useful when an image covers a
performed a pre-calibration of the camera) and thus we neeggion of the 3D shape where it is hard to find shape-based
Only to Optimize the rotation and the translation to align thecorrespondences_ Using a mixed 12G and 121 approach the
image. user can now set also correspondences between overlapping
images; those correspondences can be used by the system
for augmenting the 12G correspondences in model regions
The registration of a single 2D image to a 3D geometry carwhich present insufficient shape features. Those “indirect”
be performed linear and non-linear techniques as presentadrrespondences can be easily created by the system for the
in the previous section. To solve the task we need to findnore “challenging” images, helping substantially the user to
a sufficient number ofuseful correspondencefegistering complete the alignment.
15-20 images to a single 3D geometry can be very time
consuming and hard to manage, especially when the geometry o } )
presents large flat areas with insufficient 3D features or when Automatic inferring new correspondences is an advantage
single images cover a too small sections of the 3D model. Thw.r.t standard so_lut|ons, but _explomng _thls feature manually
former could be the case, for example, of a large mosaic ofan be challenging even with a few images. We show an
a very simply-shaped building. The task can be simplified ifexamplg on how taking different c.h0|ces leads to different
the user could add correspondences between pairs of imagE&Sults in terms of user workload (Figure 3). Let us start from
(image—to—image The overlapping areas of the images, duethe hypothe_sls that at least five corres_pondences_are reeded
to color changes and texture detail, can often be more usefif align an image to the 3D model (single 12G alignments).

to infer new correspondences than the corresponding sectidf Figure 3 the starting state (uppermost graph) shows that
of the 3D model. IMAGEZ1 has only one connection to the 3D model, IMAGE2

Our technique addresses the selection of Hathge-to- has three connections and IMAGE3 has four connections.

geometry (12G) and image-to-image(12l) correspondences Observing or_1|y the curr_ent state, the wisest choice seems to
and has been developed to help the user to complete ifpe the creation of a single correspondence from IMAGE3

registration of all images in a shorter time, setting a lowerl® theé mesh. This leads to the state in the second line in
number ofimage-to-geometrgorrespondences. Figure 3, with a cost equal to one since we added just a new

correspondence (arg). A new correspondence (dashed arc
&) can be inferred from IMAGEL to the 3D model. If we

connected by an arif there is a correspondence between@!idn IMAGEZ to the 3D model, with the cost of two more
the respective entities, of type either 12G or 121. We show aforrespondence (lingsandr), we may also create four new

very simple correspondence graph in the example in Figure £0nnections (dashed afci, m, n) between IMAGE1 and the
IMAGEL1 is connected with the 3D mesh with three corre-3D, model (right-most graph on sgcond line, Figure 3). At ,th'S
spondences (i.e. three corresponding point pairs have bed@int, IMAGEL can be aligned without any new intervention
selected): IMAGE2 has four correspondences and MAGE Pf user and the total cost of the complete registration is equal
and IMAGE?2 are connected by an agevhich is a correspon-  © three. Conversely, going back to the starting graph layourt,

dence between points in the images (a 12| correspondence) We decide to align first IMAGE2 to the the 3D model,
Let us introduce what do we mean by inferring new We discover that with a cost of two new correspondences

correspondences from the 12G and 12 arcs defined in th&arcsp andg, bottom-left graph of Figure 3) IMAGEL earns
graph. Automatic inferring of nevimage-to-geometrycor- four new inferred connections to 3D model. At this point,

re_spondences can be performed whenever an_mf@grs 1The number of correspondences can varies if the image is totally
aligned to the 3D geometry/ and to another image, uncalibrated or some parameters (for example the focal length) is known.

IV. INFERRING CORRESPONDENCES

V. MINIMIZATION OF USER WORKLOAD

We define acorrespondence graptwhere the 3D model
and the images are represented by nodes. Two nodes



IMAGE 1

not aligned

IMAGE 2

not aligned

IMAGE 1

not aligned

Fig. 2. Example of correspondences graph (on the left). A meage-to-geometrgorrespondenceg) for IMAGEL is inferred automatically given an
image-to-imagecorrespondence which links IMAGE1 with IMAGE2 (graph on the right).

IMAGE1 can be aligned without any added cost (Figure 3, An exhaustive search on this space is prohibitive, since the
bottom-right) and IMAGE3 has a new inferred connectionbranching factor would be:!/2, with » number of nodes.
(dashed arw). We have reached the minimum number of In fact, given a correspondence graph, the user can place a
connections to complete the initial alignment: just two newcorrespondence between any pair of nodes. Therefore, we
arcs. Therefore the second strategy is cheaper than the finrgidefineA as the action of aligning an image, i.e. of placing
one. all the correspondences necessary to align an image. In this
From this very simple example the reader can visualize howvay the branching factor becomes even if the optimum in
complex the correspondence graph can become when we haigfms of number of correspondences placed is not guaranteed
to manage some tens of images. With many tens or hundredgiymore, since we will visit only a subset of the state space.
of connections to be selected, the process becomes very hafde use a Best First approach: starting from the current state,
for a human operator. The graph of possible future states camll the actions that can be performed are evaluated with a
be quite complicate, so that a complete exploration of alheuristic functionand the corresponding states are put in
possible future states results in an excessive time overheada priority queue. The algorithm ends when a goal state is
So what we need is a system that suggests the best stratef§ind and the corresponding path is reported.
in order to minimize the number of correspondences to place
manually. We pose the problem asstate space search Heuristic evaluation of an action The action of aligning
problem [RN95]. an image is evaluated considering two factors: the number
Note that the correspondence graph encodessthof ~ Of (direct and inferred) correspondences to the mesh, and
the alignment, i.e. the set of correspondences that have bedi number of correspondences to other non-aligned images.
placed. If the system is in a state and the user places a The first factor describes the proximity of the image to a
correspondence, the system moves to the statéd goal Possible alignment, the second factor describes the number
state, a graph in which all the images are aligned, is #f new correspondences that the alignment of the image
correspondence graph where every image is connected to tH@uld produce.
model by at least 11 (direct or indirect) corresponding 12G )
point pairs (the number of correspondences is 7 if the intrinsic "€ result of the search is used to suggest to the user
parameters are already known). the_ next action to take, and the _search is done a}fte_r each
More formally, we can define the state space as the quinaqtlon. B.ack to the example mentioned at the beginning of
tuple: this section, our graph-based system would suggest to the
user to align IMAGE2 as a first step, and then to consider
IMAGE3 and IMAGEL.

VI. RESULTS AND DISCUSSION

where N is the set of states] is the current state when  We present a simple concrete example where we analyze
the search is performed C N is the set of goal the improvement brought by the use of graph correspon-
states, A is the set of actions (in this case the singletondences and workload minimizer. The sample dataset, shown
{place_a_correspondence}) ando : N x A — N is the in Figure 4, consists of a 3D model (nearly 500K faces) of

set of transactions. a painted ceramic dish and a set of 8 pictures, taken directly

S={N,I,G, A0}



IMAGE 1

not aligned

IMAGE 1

not aligned

IMAGE 2\ _

not aligned

IMAGE 3

ALIGNED

I ALIGNED
o

IMAGE 3

ALIGNED

TOTAL COST: 3

IMAGE 1

not aligned

TOTAL COST: 2

Fig. 3. Different workloads in registration completing. Top: starting state. Middle: registration aligning Image 3 for first, then Image 2. Bottom: registration
aligning Image 2 for first, then Image 1.

Experienced user Unexperienced user
12G only 12G and 121  12G only  12G and 12]
Completion time ~35 min ~28 min ~50 min ~35 min
No. of correspondences selected 42 33 51 38
Medium no. of correspondences for each image (min-max) 9 (8-11) 11 (8-13) 11 (7-14) 12 (9-13)
TABLE |
RESULTS OF FIRST TEST
Experienced user Unexperienced user
Without minimizer ~ With minimizer ~ Without minimizer ~ With minimizer
Completion time ~23 min ~12 min ~32 min ~17 min
Total cost (no. of new correspondences) 22 17 25 18
TABLE Il

RESULTS OF SECOND TEST
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nearly 7 minutes in registration time, and, by the end of
registration, the number of explicit correspondences set from
images to 3D model shows a 25% reduction, even if the
medium number of correspondences defined for each image
is improved, due to the new 12G correspondences inferred
from the 121 ones. Unexperienced user had an improvement of
nearly 15 minutes (partially due to the improved skill gained
while using the system), reduced by 13 the number of selected
correspondences and obtained as well an improvement in the
number of total correspondences (explicit and implicit) for
each image. This very simple test shows that the use of graph
correspondences can be very helpful to user, reducing time
and improving the registration quality.
Fig. 4. The dataset used for the test (3D model and all eight images), The second test was perfor'm_eq to analyze the usemlnes.s of
representing a ceramic dish. the graph-based workload minimizer. The same users of first
test were given an “intermediate” state of registration on the
samedish dataset, where some 12G and 12I correspondences
were already set, and two out of the eight images were already
aligned to the geometry. Users had to complete registration
with and without the use of the advices proposed by the
workload minimizer. The minimizer estimated a minimum
number of 15 new correspondences needed. In Table Il
we present a comparison of results. Without the help of
minimizer, the experienced user took nearly 23 minutes to
complete the registration, setting 22 new correspondences.
Using the minimizer, he the completion time was almost
halved, with only 17 new correspondences (for two images
the alignment became satisfactory with one more connection
than the ones indicated by minimizer). The second user
produced similar results, using approximately one half of
Fig. 7. Alignment of one of the images over the dish mesh. the original times. Workload minimizer proves to be very
helpful, especially when we can use 12| connections: the user
does not have to align images one by one, he/she can set
by the rgb unit of the scanner (Konica Minolta VI910). The some 12| connections between images, taking advantage of
pictures present quite big overlapping areas and each oriexture features, and then start aligning the less challenging
covers a small section of the dish. Moreover, the very simpl®nes selecting I12G correspondences. Then he/she can ask the
geometry of the plate makes the registration of pictures quitsystem to augment the graph, adding implicit 12G arcs, and
challenging, due to the difficulty in finding relevant surfaceto suggest him the following action to be performed.
features.

The screenshot presented in Figure 5 shows the structure
of our application: in thaNorkspacemode the thumbnails of We have presented a new technique to help user in mini-
all loaded images are listed in the lower part of the window,mizing the workload in the registration of images to scanned
and any of them can be dragged to the main part to set ne@D models and a system implemented according to this new
connections (marked as green crosses in the images, or approach. The main idea is to represent all the correspon-
solid points on the 3D model). THealibration mode, shown dences between the model and the images using a graph;
in Figure 6, shows the result of the alignment of an imagegraph arcs represent baihages-to-geometrgnd images-to-
with the 3D model. The white arrow indicates an advice givenimagescorrespondences. Using a graph-based approach it is
by the workload minimizer. possible to augment automatically the graph, ugingges-to-

In the first test, we asked two subjects to perform aimagescorrespondences to infer implidinages-to-geometry
complete registration of the images using our system. Theorrespondences. It's also possible, exploring the graph and
first subject had already used the application previously, hencemulating possible following states, to identify the series of
was an “experienced” one, since he . The other subject triedctions which can lead to the end of the registration with
the application for the first time directly in the test. The the lowest workload. The proposed technique proves to be
subjects performed two registrations of the same dataset (s@ery helpful when many images (more than 15) have to be
a screenshot of an intermediate step in Figure 7), the firstegistered. Moreover, we proved empirically that it is much
time using only 12G correspondences, the second time usingasier to set correspondences between the overlapping parts
I2G and 121 correspondences. A comparison of results i®f images than between images and the 3D model. The tech-
shown in Table |. Experienced user had an improvement ohique works best when a subset of possiblages-to-images

VIl. CONCLUSIONS AND FUTUREWORK



connections is set, and some images are already aligned ficHS00] H.P. Lensch, W. Heidrich, and H.P. Seidel. Automated texture

the geometry. The graph-based approach is incorporated in registration and stitching for real world models. Froc.
_friend| d interactive reqistration svstem. It also 8th Pacific Graphics 2000 Conf. on Computer Graphics and
a user-inendly and Intera g Y - Application pages 317-327, Los Alamitos, CA, 2000. IEEE.
gives the possibility to calibrate selected subsets of the eXtkG 03] H.P.A. Lensch, J. Kautz, M. Goesele, W. Heidrich, and H.-P.
trinsic/intrinsic parameters of the camera used. Although the S:(')dnfgtri'C”:j"g:ﬁi%s&dT:aeg:;‘stﬁ:ﬁg‘r’]”G?; Srﬂatslzazl( g?ggj’azg‘;e and
choices for the search strategies do not guaranteed the optimal gApr” 2003. phie ' '
solution in terms of number of correspondences, becauseow91] D.G. Lowe. Fitting parameterized three-dimensional models to
of pruning of the state space and the use of an heuristic images. IEEE Transactions on Pattern Analysis and Machine

f . in th ical b d th hoi Intelligence PAMI-13(5):441-450, May 1991.
unction, in the practical cases observed the choices maiﬁ]Kgg] K. Matsushita and T. Kaneko. Efficient and handy texture

by the system where always optimal, so a future direction o mapping on 3D surfaces. In P. Brunet and R. Scopigno, editors,

work is certainly to adopt more powerful strategies for a more Computer Graphics Forum (Eurographics '99jolume 18(3),
let | i f the state space pages 349-358. Blackwell Publishers, 1999.
compiete expioration o pace. ~ [NK99]  P.J. Neugebauer and K. Klein. Texturing 3d models of real
Even if the registration turns out to be easy and sufficiently worls objects from multiple unregistered photographic views.
fast, the proposed technique extracts information out of the ggg’q‘gg& Graphics Forum (Eurographics'99 Praclp(3):245-
graph b}’ analyzing only .User,s ChOiC?S: U_nfortun?tely' NQpcD+97] K. Pull, M. Cohen, T. Duchamp, H.Hoppe, L. Shapiro, and
automatic feature extraction mechanism is provided. As W. Stuetzle. View-based rendering: Visualizing real objects
a second future extension, we would like to search for from scanned range and color data. In Julie Dorsey and
- . . . Philipp Slusallek, editorsEurographics Rendering Workshop
automatic image fegturg matching solutions which could, 1997 pages 23-34. Springer Wien, June 1997. ISBN 3-211-
for instance, determine in an unattended manner the mutual 83001-4.

rough alignment of images or find overlapping images. ThigRN93] ibpfgjsﬁ'kla’;ﬂeﬁ-ﬂc'\éﬂ;hg- gggda' Intelligence a Modern
automatic feature extraction (e.g. based on edge and shapfvig7] Y. sato, M.D. Wheeler, and K. Ikeuchi. Object shape and

detection, or on color analysis) could speed up calibration and reflectance modeling from observation. ~ In Turner Whitted,
improve “shor h” definition. Testina th lication on editor, Comp. Graph. Proc., Annual Conf. Series (SIGGRAPH
p. ove “shortest pat definitio eSt. g the application o 97), pages 379-388. ACM SIGGRAPH, Aug. 1997.
a b'gger nu_mbe_r of users an(_j comparing cameras parame_teﬁ'%am] R. Tsai. A versatile camera calibration technique for high
obtained with different techniques could be very helpful in accuracy 3D machine vision metrology using off-the-shelf TV
analyzing the usefulness of the approach and in inserting Ty zﬂgdzssl%ffE Journal of Robotics and Automation
new user-friendly features in the alignment process. We argywHo7] S. Winkler, P. Wunsch, and G. Hirzinger. A feature map
now processing the David dataset (76 high resolution images approach to real-time 3-D object pose estimation from single
to be mapped on a very complex geometry which presents 2-D perspective views. IRroc. 19th DAGM Symposium (Braun-

. . . schweig, Germany, September 15;173ges 129-136, 1997.
many Sf_ﬂOOth, feature-poor surface regions), which is a vVeryzhagg]  zhengyou Zhang. A flexible new technique for camera calibra-
compelling testbed. tion, April 16 1998.
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