L 2000

7
1sburg

Research on 3D RealitybasedM odeling and 3D Virtual
Walkthrough for Cultur al Archaeological Sites
A CaseStudy of the Small Wild Goose Pagoda irthe Tang Dynasty

GENG Guehud, LIU Jun*?, WANG Xuesond
'nstitute of Visualization Technology, Nort hw
2 Mathematical Research Institute, Weinan Teachers University, Weinan, Shaanxi, 714000, China
% College of Information Science and Technology, Beijing Normal University, Beijing 100875,.China

Abstract

Taking the Small Wild Goose Pagoda in Tddgnasty asa case,study this paper mainly researches the key
technologies of the8D reality-based modeling from real datnd of the 3D virtual walkthrough of the cultural
archaeological sites. Firstly, this paper puts forward the method oBEheligital data process of theultural
archaeological sites by way of combining the technologies o8Ehkser scanning of the largeenesand the digital
photography, which enables the prompt and accurate digital data acquisition without damagiogjtutied
archaeological sites; then lealson the lasesynchronized visual image of the ancient buildings, the paogoseshe
method of3D reality-based modeling from real data with the adoptioriochl texture mapping; finally, the paper
introduces the systematic architecture htetogy roadmap and all the key technologies 8D virtual walk-through
system based on WebGIS faslturalarchaeological sites.

The implemerdtion of the méhods proposed in the paper nahonly create a realithased3D digital modeling of
the Small Wild Goose Pagoda, which helps to realize the digital protection of this important cultural site built in 707
AD, but also creata digital object withthe 3D virtual walkthrough function for the Small Wild Goose Pagoda so that
people can enjoy itsnigue historical, cultural and tourist values based on the Internet

Key words digital archaeological 3D Realitybased modeling, virtual walkthrough

1 Introduction the 3D internetbased virtual walkthrough would
be a wothwhile subject
It is known to all that cultura&rchaeological Taking the Small Wild Goose Pagoda in Tang

sites are the very important material data in Dynasty as the case, this paper focuses on the foll
research of the ancient histogylture, art and the ~ OWing two aspects: engineering application of the
development of science and technology. However, 3D scenes modeling based on laser scanning and
with the passage of time, these ancient historical e design and implementation of the 3D seene
and cultural siteiave been sufferingonsiderable  Virtual walkthrough systenirhen, the research is
damages, which magethe digital protection of e_xpected to pe an example and reference fo_r the
these sites in urgent need. In addition, tality- d_lgltal protection of other cultural archaeological
based digital technologies are as well in great need SIt€s.

to fully display the historical charms of these sites 1 1 The research object

and improve their cultural and tourist values. _ _

Evidently, the reconstruction of the cultural The Small Wild Goose Pagoduiilt between
heritage sites is an exciting field of apptioa. 707" 709A.D. is one of the two significant
Therefore, how to realize the accuré8® data
measure without damaging the ruins of ancient
buildings and relics, how to create tBB reality- ! Barche Barcelo J., Forte Mand Sanders D.H.Virtual
based modeling from real data, and how to realize Rgeality in ArchaeologgOxford: Archeo Press, 2000)
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pagodas in the city of Xi‘amyhich isthe site of the Stef8. Texture Mapping which is to create
TangDynasty capital Chang'an. The pagoda has a the textureanddo the texture mapping
brick frame built around a hollow interioand ts Stept. ModelsOptimizing which isto simpk
square base and shape reflect the building style of ify and reconstruct the trianglmodels for getting
other pagodai the eraas show infigure 1. better performanse
Steb. ObjectsCreating which is to assemble
the surface models and the terrain models to enrich
the visual effects ahegeographical environment
SteB. bjectsEmbedding which isto embed
the site models with3D virtual walkthrough
function in the CAWS’ developed by oueam;
Stey Webbased Releasingvhich isto reat
eazetheobjects of the cultural sitem the Internet.

2 The technical method andprocess

2.1. Data acquisition

2.1.1. The 3Dlaser scanning model

Precise mapping work is required in order to
provide the first-hand material for the ancient
architecture protection and to provide important
data for research on the cultural sites. At the same
time, dter thousands of years, the ancient build
ings of the cultural sites ka mostly suffered
serious deformatiorand damage due to natural
factorssuch aswind, rain, lightning strike, earth
quakes etc. The taditional manual measure
Toran L methods are in low measurement precision, in

addition, researchers need to climb the ancient
buildings, whichmaytend todestroy tle building,
relics and antiques etdn contrast, through laser
; Wanlio GI3 3D scanning technology, the 3D model of static
object of the cultural heritage sites can be acquired

Figure 1. The Small Wild Goose Pago&xenes
1.2 The technical roadmap

Badng on thepractice we draw the corresp
onding technical roadmap, alsown in figure 2
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It should be noted that although tBB laser
scannercan obtain the high-density surface space
coordinates information of thetes scenes, but the
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high-precision color texture information for realis
tic modeling is still missingTherefore, it isnece
ssary to obtairthe high-precisioncolorful texture
information with the adoption of théiigh-
precision digial camera while scanningthe
cultural heritage siteswe calkd this method"a
fusion of laser measurement technolbgy

Respond to requests Service request
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Figure 2. The technical roadmap

In our view, the sevensteps should be
involved in the projectas described bellaw

Stefd. Data Acquation which concretely
includesgeting the 3D geometric datandthe 3D
texture dataf the cultural sites.

Stef2. 3D Modeling which isto create the
surface modelandthe terrainmodels of cultural Ming YU, et al,fiReaearch on mapping of ancient architec

sites ture based on laseghreedimension scanning technolagy
Science of Surveying and Mappia§04, 29(5): 6071
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The operating modés describedas follows: scanning process, the serial numbers and the pre
during the scanning process, the point cloud data planned path should be strictly cadieut, which
of the sites scenesare obtained by the laser is benefical to the management of the -point
scannersand the colorful texture information of cloud data of the view, but also helpful to simplify
the site scenesis obtainedby the coaxial digital the registration of the multiple point cloud data.
cameras After postprocessing, th realistic 3D
model isconstructedas shown iffiigure 3
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2.2. The 3D egisteringmethod

: The accuracy is the key problem in the
} multiple point cloud reigtration. As we know,

i accuracy errors result from two choic€$) how to

| choose the initial transformation matrix at the
! beginning of iteration;(2) how to chose the
|
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appropriate registraiin algorithm.

The typical multple point cloud registration
methods are ICP algorithm and featbesed
registration methagl ICP algorithm requires over

Figure 3. Thefusion 3Dlaser scanning model lapping 3D data points from theiew, with points
as the registration unieaturebased registration

2.1.2. The 3D scanning plan method requires first the calculation featufesn
] . the 3D point cloud and no registration can be

The Small Goose Pagoda site contains many optained without calculation features or with the
ancient buildings from the Tang Dynasty to the cg|culation features insufficieht
Qing Dynasy, as well as many modebuildings Generally,the ancient building and relicsof
so the resrach teadivide thesite scenefto two the cultural siteshave very complex geometrical
regions: the ancient buildings with the Pagoda forms and are extremely difficulo calculate thie
body as the center and the modern bulidings with  gnpropriate3D features. Bdag on this situation
the modern exhibitionoomas the center. Then we  \ye proposea fistepby-step registration strategy
determinethe scanning strategyf fi a n chuiln t  that s, first of all to carry out the initial iteration
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ings with high-accuracyscanning and theutbuik using lowerresolution sampling data, and then to
dings with middle-accuracyscanning , ~ and  pgpkréaSe®he data samplirate in the next round of
four closerange scasstations in thdour directiors the iterative process in order to achieve precision
of the pagoda boby facagjefour farrangescan of the match from the beginnifhe specific
stations in thdour directiors of the pagodaidges, process is as follows:
as shown in figure 4. Definition: reflectance images formed by the

51 52 oA reflectivity values of all the sampling points of

-_l-""-n.

each view in 3D scenes and has all the
characteristics of the general image.

Stepl. The adjacent reflectance imagese
divided into M and N suimages, assuming that
the subimages conia the same number of pixels.

Step2.The similarity between adjacent reflec
e oy R =V tance images is calculated based on Mahalanobis

distance, and the initial coordinate transformation

Figure.4. Scanstation map of theagoda matrix is identified by the sub mage 6s cent r c
In addition, a set of measurement targets are the three pairs ahelargest similarity.

set in the key geometrical locations of the pagoda

body like the top, the middle and the base. Of the

measurement targets, atas threewhere the

adjacent scastations locate are not on tkame

line. ®Johnson Sarface eegistratibn, by matching oriented

The moving path of the laser scanner adopts points‘)(Prc_)ceedings_, of Inter_national Confgrence on Rgcent
the AForesight to Back s?ﬁéﬁr&e%mc‘;’DD'ﬁ@ lfmwmc?%wMOdfyngnrmlalrlzﬂg t he

it
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Step3.Based on the initial coordinate transfor
mation matrix, the3D edge points of the adjacent
view aretranslated to the same coordinate system
at first, and all of th&D edge points are registered
by using the improved ICP algorithm, and the
transformation matrix is further optimized.

Step4.Based on the optimized transformation
matrix, all of the3D points of the adjacent view
aretranslated to the same coordinate system

Step5.The results of step will be seen as the
registration object of step, repeating stepstb 4,
then all of the local point closdvill be registered
finally.

The advantages of the method can increase the
registrationspeed by reducing the amouwoftitera
tive calculations, and cambtain more satisfactory
registration results. We appthe above method to
register the point cloud data of the Small Wild
Goose Pagoda, as shown below.

(e) Registration process of S1&S2

(f) The sites point cloud

Figure 5. Registeringhemultiple point cloud
by usingstepby-stepmethod

In practical applications, in order to avoid
convergenceslowly or even divergencalue to
incorrectinitial selection, itis advisabalg¢o adopt
the humancomputer interactionto select some
generaloverlapingpoints intwo pointcloudas the
initial point of iteration processso that iterative
initial value is closer to the true value, thereby
speedingup the convergence rate and shdrtgn
the computing time.

2.3. 3D segmentaion
2.3.1. The segmentation method

The 3D sites segmentation ia process of
extracting the central building from the site point
cloud data.lts algorithm can be roughly divided
into threecategories: to be based on regions, to be
based on edges and to be based on the mixture of
regions and edges. The first algorithm adopts the
point-by-point scanning, so its speed is slow; the
second algorithm always produces poor accuracy
of the edge locan because of the disturbing
signals; while, the third algorithm can overcome
the deficiencies of the first two algorithfns

The original point cloud data of the cultural
site scenesare immense. In addition, there are not
only ancient buildings, outbuildings but also large
amounts of invalid data like the trees, sign posts
and other shelters between the laser scanner and
the measured objects, and the scattered points
while laser perteates the transparent objects in the

“Ai-wu  ZHANG, Bagct Proeessing Methods of 3D
Geometrical Signals from Large Scale Scemdsurnal of
Computeraided Design & Computer Graphic2005, 17(7):
1486 1491
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site scenes Therefore, the segmentation of this
kind of largescale3D scenes is extremely difficult
and till now there exists no systematic engimmepr

mapping (signal strength, the sampling ratieaw
the correlation curveas shown below:

Table 1the @Gignal strengthsampling rat¢ data

approach to realize it. In effect, the rough segment

ation of tre site scenesis considered helpful to Signal
extract the central buildings or the large outdoor _strength | 0-3800 | 04021 | 0.4124 | 0.4179 | 0.4258
cultural relics to be interested. sampling
Basd on the above analysisthis paper rate 0.00 511 1011 11502 1 19.04
proposes the rough segmentation algorithm of the gjgnq 04350 | 04417 | 04401 | 04564 | 04682
large scenes, whichaccording to the sign strength ‘ ‘ ' ' '
intensity distribution of the scanning echo, is t0  sampling 235 | 4313 | 5586 | 6540 | 80.40
rapidly extract the aimed object through filtering _rate ' ' ' ' '
the invalid signalsThis algorithm can be realized Signal 04775 | 04799 | 04887 | 0.4961 | 05181
as follows: strength ' ' ' ' '
First, to collect and analyze the signal  sampling 0329 | 9540 | 9832 | 9922 | 99.90
intensity distribution of the scanning echo tbe rate ' ' ' ' '
site scenesso as to define the threshold value  signal
section of the valid signals of the aimed object; St?ength 05255 | 05358 | 05534 | 06180 | 06342
Then, to filter the point cloud data of the site  sampling 9994 | 9997 | 99.98 | 99.98 | 99.99
scenesaccording to the following rules: to take the _rate : : : : :
data of the distance signal values between the signal 0.6870
[, - d.d, +ad])d>d,) as the aimed object -Stength
and retain all data; to take the data of the distance 2?2”""”9 100

signal values between the,d - d,) as the i
(signal strength, the sampling rate) correlation curve

shelters of the aimed object and retain as useful ] e
data; and to take the data of the distance signal P |
values beveen the(drni +d,,+ r) as scattered

points when laser penetrates the transparent objects s~
and delete them as invalid data. e

This algorithm is essentially the technology of
edge segmentation. Although its segmentation
accuracy is limited, it is simple and efficient and
easy to design ancharry out. herefore, it can be
used toextract the large cultural relics fronthe
original point cloud data of the cultural sites

085

1 a:n]h:Drae(Ds..D)
2.3.2. The segmentation process Samplng ate (%
Figure 6. (signal strength, sampling rate)

correlation curve

(2) to determine the threshold value range

According to the (signal strength, sampling
rate) correlation curve, the intensity distribution of
the laser echo signal of the Small Wild Goose
Pagodashould be constricted 0.47750.5534.

(3) to trigger the filter process of the pre
defination according to the determined threshold
value section

With the samphg rates of 93.29% 99.98 as
the premises and basing on the rough algorithm of
the largescale scenes, we extract the main part of
the Small Wild Goose Pagoda (including the tablet

The experiment object in the paper is the
center regionof the Small Wild Goose Pagoda,
including thebody, the base and the smadbletin
front of the Pagoda. The point cloud data of the
scenes are 20,822,559 points and thdata
processingplatform is Cyclone 5.5. Themain
process iss described below.

(1) to collect and analyze the distance signal
intensity of the laser scanning of the Pagoda

Altogether, in the experimenwve select21
groups of key datavhich indicate the correlation
betweerthe signal intensity and sanmj rate, and
according to the results of statistical analysis
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in front of the Pagoda) successfully and achieve accuracy, and can not smooth the regiien

comparatively ideal segmentation, as showthin
following figures.

(c)Left view (d)Right view

Figure7. The original point cloud

(c)Left view

(d)Right view
Figure 8. Thesegmentatiomesult

2.4. 3D geometrical madeling

In the 3D geometrical modeling, there are

mainly two methods which aréhe volumetric

method proposed by Sequeira and Tuakd the

mesh methogroposed by Curless and Levoy
The disadvantagef volumetricmethodis that

the local registration esr will affect the modeling

errors caused by multiple8D registration. In
addition, the meshmethod can identify holes and
automatically distinguish the points which are not
from the same objett

According to the lavof geometrial symmetry
of the ancientrchitectures,the8D Model Repair
ing Systemwhich was developed bthe Visual
Technology Instituteof Northwest University is
adoptedto repair the mesh model of the Small
Wild Goose Pagodawnhen the holes are in the
plane area, the linear interpolation method is used
to fill in the missing data, such as the holes in the
windows and the walls of the ancient buildings;
when the holes ar@ the nonplanar areasuch as
the holes on top of roafshe quadc interpolation
method is uséd We construct the3D geometric
model of the main part ahe Small Wild Goose
Pagoda by using th&ystem andichieve satisfaet
ory results, ashown below.

5 oot tossier S MEMRR R

m T 1)

Figure 9. TheHole RepairingSystem

(a) Beforeholes repair(b) After holes repair

Figure 10. Holes repairing experiment

® Shaexin HU, et al, fiModeling Method for Largecak
Cultural Heritage Sites and Objects Using Real Geometric
Data and Real Texture DadaJournal of System Simulat
ion, 2006, 18(4): 951954.

6 Xin CHENG, et al Hdie-filling Method for Reconstruction
of Triangular Mesh) Application Research of Computers
2006, (6): 158159
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(a) Mesh model (b) Surface model
Figure 11. Geometrical model of theagoda Figure 12. The twostep method
2.5. 3D texturemapping In the simulation experiment, 670 measuring

. . points are usedto calculate the mapping ersor
In the existing texture mapping methods, the \atore and after the use tie two-step method
camera parameters gat be acquired accurately,  gng the resultare shown in table2. The exper
which would limit the accuracy of texture ont resuits show that, after error compensation,
mapping. From the perspective of engineering g horizontal and vertical errors have been greatly
applications there is no3D texture mapping  yequed and the erroristribution concentratein
method of the largesceneswhich can achieve range of around Ohich indicae that the

realistic effects as digital photography technology ,.curacy of texture mapping has been improved
can We usethe twastepmethodwhichis based on y PpRINg P

. . ; . evidently.

the synchronized visual image and laser scanning _ _
data to implement the texture mapping of 8i2 Table 2 The mapping error comparisdretween
models of the cultural sites.In the metthbd Jaser Non compensation and-Gcompensatiorpixels)
data andthe synchrenized visual image are
calibratedat first. Secondthe camera parameters Non error Global gror Local error

A . A compensation compensation compensation
are estimated.Then,utilizing the lassnchronized
visual image as one kind of integrations, the global Mean | Variance | Mean | variance | Mean | Variance

and local mapping error distributions between
higher resolution texture image and laser scanning  rorizontal | 455 | 586 | 230 | 289 | 079 | 1.33

data are caldated. Finally, using the calculated error
error distribution,the higher resolution textures are ..o | 416 | 213 | 196 | 244 | 063 | 103
mapped to th&D model. error

The key of themethodis how to obtain the
true mapping points and the mapping error of the
data points. We divide the work into the folliog
three stages, firstly you should select some feature
points manually at the global processing stage, and
the more feature points would be extracted
automatically based on the previous data sets at the
local processing stage, and then the mapping error
would be estimated by combinirthe dual tuner
spine interpolation and bilinear interpolation
method.The main flowof the twostep methods
shownin figure 12

We achieve the3D texture mapping of the
main part ofthe Small Wild Goose Pagoda by
using the lasesynchronized method, as shown
figure 13.

"XinJIN,e t Texture miapping of 3D scenes based on the
lasersynchronized visual image Chinese Journal of

Scienific Instrument2006, 27(6): 2082085 (a) By the Cyclone method
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