
3D MODELING FOR HISTORICAL STRUCTURE USING TERRESTRIAL LASER RANGING DATA 

Hirosh i  YOKOYAMA  ,  H i rofu mi  CHIKATSU   

To kyo Den ki  Univ. ,  Dept .  o f  Civi l  En g. ,   

Hato yama,  Sai t ama,  350-0 394  JAPAN 

E-mai l :  {yo ko yama,  ch ikat su}@g.dend ai . ac . jp  

Co mmission V,  WG V/4  

KEY WORDS:  Cul tu ral  Her i tage,  Mode l ing,  Vi su al i zat ion ,  Lase r  scanning ,  Represen tat ion ,  Three-

d imen sional ,  Digi t a l  

ABSTRACT: 

Recent ly,  a  l aser  scanner  has  been  r eceivin g more  a t t en t ion  as  a  use fu l  to o l  fo r  r eal - t ime 3D dat a  

acqui s i t ion ,  and  var ious  app l icat ions  su ch  as  c i t y  mode l ing ,  DTM generat ion  and  3D mod el in g o f 

cu l tu ral  he r i t age were  p ro posed .  

Ho wever,  3 D Represen ta t i on  of h i s to r i ca l  s t ructu res  f ro m poin t  c loud  3D d ata  co l lect ed  b y la ser  scanner  

i s  s t i l l  i s sues .  In  o rder  to  reduce the  t ime ,  labor  and  ski l l  fo r  a rch ival  record in g o f the  cu l tu ra l  her i t age,  

the  au thor s  d iscuss  measur ing sys t em u sin g 3D scann er  and  3D mod el in g.  

Thi s  pap er  d escr ib es  on  3 D represen tat ion  o f  h is to r ica l  s t ructu re  u s in g la ser  scanner  and  break- l ine  b y  

f l a tn ess .  

1 .  INTRODUCTION 

With  respect  to  r ecord in g  work,  i t  i s  es sen t ia l  

to  reduce the  amount  o f  t ime ,  labor,  and  ski l l  

emplo yed  whi l e  makin g a rch iva l  r ecord s  o f a  

h is to r i cal  s t ru cture .  In  o rder  to  do  so  a  l a ser  

scanner  i s  used  to  measu re  the  s i te s ,  and  on 

the  bas is  o f  th e  r esu l t s ,  an  image o f the  model  

i s  con st ru cted .  

Th e Tr ian gula ted  I r r egu lar  Ne twork (TIN)  

model  i s  gen eral l y  gen era ted  fo r  3D model in g  

us ing a l l  the  measured  po in ts 1 ) ,  ho wever,  the  

large amount  o f  po in t  c loud  data  ob ta ined  b y 

the  l aser  scanner  pose  a  p rob lem.  

Al though  the  March ing  Cube Algor i th m is  

gen erat ed  fo r  redu ct ion  o f  the  d at a  valu es  o r  

the  po lygon  nu mber,  th e  p rec is ion  se t t in g o f  

the  mod el  chan ges .  

Th i s  i s sue beco mes a  par t i cu la r ly ser ious  

p rob lem in  accura te  3D mod el in g.  In  th is  

paper,  th e  3D model ing o f a  h is to r ical  

s t ruc ture ,  us in g  a  l aser  scanner  and  break-

l ines  wi l l  be  in t roduced .  

2 .  3D REPRESENTATION 

Figure  1  p resen ts  a  f l owchar t  o f  cer t a in  

p rocesses  fo r  th e  3D represen tat ion  of the  

h is to r i cal  s t ructu re .  Recen t ly,  the  l aser  scanner  

has  a t t r act ed  cons iderab le  a t ten t ion  as  a  

measu remen t  too l  th at  can  per form extensive  

3D measurements  in  a  shor t  t ime.  A Total  

Sta t ion  i s  o ft en  used  fo r  th is  purpose,  bu t  i t  

requ i r es  a  grea te r  amount  o f  measurement  t ime ,  

labor,  and  ski l l  a s  co mpared  wi th  the  la se r  

scanner.  Hen ce,  the  au thors  measured  the  

h is to r i cal  s t ruc ture  and  car r i ed  ou t  3D 

model in g us ing la se r  scan ners  to  save t ime  and  

labor.  Addi t ion al  t ech n ical  ou t l ines  a re  

p resen ted  la t er.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

F ig.1  F lo wch ar t  fo r  3D Represen tat ion  

3 .  3D MODELINGN USING BREAK-LINES 

3 .1  Outl ine of  Model ing  Process  

Th e h is to r i cal  s t ru cture  co nsis t s  o f  several  f l a t  

par t s .  There fore ,  i t s  3 D model in g i s  enab led  

b y the  un i fi ca t ion  of a l l  f l a t  p ar t s  in  the  3D 

Measurement  o f  th e  
His to r ical  St ru cture  a t  

Mul t ip le  Lo ca t ions  

Uni fi cat ion  of  the  Coord inate  Syst em 
on  the  Basi s  o f  Measurement  Resu l t s  

3D Model in g wi th  Texture  

Detect ion  o f Break-Lin es  and  Const ru ct ion  
of 

 TIN Model  on  th e  Bas is  o f  Measurement  



model .  Next ,  the  b reak- l ines  p ro vid e th e  

ob ject  ed ges  and ,  r idgel ines ,  and  these  can  

used  to  accurat e ly d et ermine th e  po in ts  to  b e  

modeled  o f the  TIN alo ng wi th  th e  f l a tn ess  

c lass i f i ca t ion  r esu l t s .  Th e t echnica l  ou t l ines  

are  p resen ted  l a t er.  

3 .2  Class i f i cat ion of  The  Flat  and Non-Flat  

Areas  

In  o rder  to  d evelop  a  robust  f i l t er in g method  

for  topographic  su rveyin g,  3D po in t  c loud  dat a  

fo r  a  topographic  scen e was  acqui r ed  u s in g a  

ter r es t r i a l  l aser  scanner.  A smal l  mask wi th  

30 *30  cm a rea  i s  used  ins tead  of the  3D 

in format ion  samples .  Af t e r  a  3 *3  po in t  mask  i s  

gen erat ed  around  an  in t e res t  po in t ,  the  mask 

s ize  expands  to  30 *30  cm b y co mput ing  the  

p lane coord inat es  fo r  the  neighbor  po in t s .The  

mask i s  th en  t ran s formed  so  that  in  the  f i r s t  

s tep ,  a  normal  vector  fo r  the  mask beco mes  

para l le l  to  the  Z-axis  (F igure  2 ) .  In  the  next  

s tep ,  th e  Stand ard  Deviat ion  (S .D. )  i s  

co mputed  fo r  th e  in te res t  po in t .  The th resho ld  

va lue should  be  consid ered  whi l e  c l as s i fyin g 

the  in te res t  po in ts  in to  f la t  (ground  sur face ,  

s t ruc ture  wal l s ,  e tc . , )  and  non-fl a t  a reas  

( t rees ,  bushes ,  sky,  e t c . ) .  Th e th resho ld  value  

i s  det ermined  on  the  b as is  o f  th e  measured  

data .  

 

 

 

 

 

 

 

 

F ig.2  Coord in at e  Trans fo rmat ion  

Ho wever,  the  ends  o f the  b ig s lopes  are  

c lass i f i ed  as  non- fla t  po in ts .  F igure  3  sho ws  

example  o f f l a t  and  non-f la t  po in ts  in  the  b ig  

s lopes .  In  o rder  to  r eso lve th e  second  i s sue,  

the  fo l lo wing pro cedures  were  creat ed ,  and  the  

au thors  t ermed  th is  p rocess  as  "S .D.  Savin g".  

Th e S .D.  Savin g P rocess :  

+  I f  an  in teres t  po in t  i s  det ec ted  as  

topographic  dat a ,  the  Z  valu es  o f  a l l  the  

po in ts  in  the  mask are  co mp ared  wi th  the  

S .D.  valu es .  

 

+  I f  the  Z  va lues  o f  each  po in t  are  smal le r  

than  the  S .D.  valu es  o f  the  in teres t  po in t ,  

then  these  po in t s  ar e  r eco rded  as  topo graphic  

data .  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

F ig.  3  Examples  o f  F l a t  and  Non-Flat  Po in ts  

3 .3  Derivat ion of  the Break-Lines  

Th e break- l ines  (e .g . ,  ob ject  ed ges ,  r idge-

l ines )  p rov ide impor t an t  morpholo gical  

in format ion .  Al though  th ese  are  ind i spensab le  

features  fo r  DTM gen erat ion ,  c i t y  and  ob ject  

model in g,  p rob lems wi th  au to mat ic  de tect ion  

of th e  b reak- l ines  s t i l l  per s i s t .  A t echniqu e fo r  

au to mat i c  det ect ion  o f t he  b reak- l in es  u s in g 

the  f l a tn ess  valu es  was  developed 5 ) .  Th e 

a lgor i th m i s  c lo se ly re l a t ed  to  ed ge-  

p reservin g smooth in g; ,  ho wever,  on ly the  f l a t  

ar ea  i s  smoothen ed ,  and  po in ts  wi th  a  l arge r  

S .D.  wi th in  the  non- fl a t  ar ea  are  emph asi zed .  

A smal l  mask was  used  fo r  smoothen in g.  A 

mask s i ze  o f 30 *30  cm was suff i c ien t ,  and  an  

in teres t  po in t  was  smo othened  us in g the  

fo l lo win g equ at ion :  

�
� ∆⋅

=
i

jii
j p

gp
g ,          (1 )  

wh ere ,   

g j :  S .D.  fo r  an  in te res t  po in t ,  

X  X 

Nor Vec 

Y 

Z Z

Y 

X 

X 

Z 

�Fla t -Points 
�Non-Flat  Points 

Treat ed  
as  F l a t  
Po in t  

Normal 
Vector  

Y 
 



jig ,∆ : :Di fference in  S .D.  between  an  in t eres t  

po in t  and  i t s  n eighbor ing  po in ts ; ,   

de fined  as  g∆ i , j = g i - g j ,    

p i :  Weigh t  o f  th e  i  po in t ;  where  the  weigh t  i s  

de fined  as  the  square  o f  the  va lues  between  

the  in t eres t  po in t  and  each  neighbor ing po in t .  

In  o rder  to  de tect  th e  b reak- l in es ,  smoothen in g 

of on ly th e  f l a t  ar eas  i s  repeat ed .  Repeat in g 

th is  th ree  t imes  was  su ffi c ien t ,  and  th e  po in ts  

wi th  a  l arge r  s t andard  dev iat ion  wi th in  the  

non-fl a t  ar eas  were  emph asized .  

As a  resu l t ,  th e  b reak- l in es  were  de r ived ,  and  

these  a re  sho wn in  F igu re  4 ,  and  f i gure  5  

p resen ts  b reak- l in e  det ect ion  fo r  h i s to r i ca l  

s t ruc ture .  

 

(a)  De tect ed  break- l in es  by manu al ly  

 

(b )  Break- l ines  de tect ion  b y the  d eve loped  

method  

Fig.4  Detec t ion  of  The Break- l ine  fo r  

e ff i c ien cy cer t i f i cat ion  

 

 

(a)Measurement  Resu l t  ( In tensi t y Data )  

 
(b )  Detect ed  Break- l in es  b y th e  developed  

method  

Fig.5  Detect ion  o f The Break-Lines   

                        fo r  Hi s to r ical  St ru cture  

 

3 .4  Recog nit ion of  Standard Deviat ion  for 

Class i f i cat ion of  the Flat  Area 

Th e th resho ld  o f f la tness  was  c l as s i f i ed  on  th e  

bas i s  o f  th e  measurement  resu l t s .  F igure  6  

sho ws the  measu remen t  target s  fo r  re fe ren ce,  

and  f i gure  7  p resen t s  th e  S .D.  values  fo r  so me  

mask s i zes .  

In  th is  paper,  th e  th resho ld  was  se t  a t  S .D.  =  

0 .020  m ( in clus ive  o f ro ugh  unpaved  road s) ,  

wh ich  consid ered  the  s t a t e  o f  the  roo f sur faces  

(co mp ris in g o f s t r aw) .  

Th e gray p ar t  in  f i gure  8  ind icat es  the  f l a t  

ar ea  that  i s  a  r esu l t  o f  the  c l as s i f icat ion  u s ing  

the  r esu l t s  ind i ca ted  in  f i gure  5 (a) .  The whi t e  

par t  ind i cat ed  th e  f l a t  ar ea  b y "S .D.  Savin g".  

 

  
(a)  Paved  Ro ad      (b )  Rough  Unpaved  

Road  

 

 



(c)  Road side Barr i er          (d )  Shrubbery 

    :   Reference Area 

F ig.6  The Measurement  Targe ts  fo r  Reference.  
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F ig.7  The S .D.  Values  fo r  So me Mask S izes  

 
F ig.8  C lass i f i cat ion  Resu l t  o f  th e  F l a t  Par t  

Th e o mi t t ed  par t s  were  co nfi rmed  to  be  uneven  

par t s  (e . g . ,  the  upper  par t  o f  th e  roo f) ,  

there fore ,  the  second  fl a tness  and  add i t ional  

c lass i f i ca t ion  of th e  uneven  par t s  were  

per formed.  In  th is  p aper,  the  second  th resho ld  

was  se t  a t  S .D.  = 0 .030  m ( inclu s ive  o f the  

road  s id e  b arr i er ) ,  and  f i gure  9  sho ws  the  

resu l t  o f  the  c lass i f icat i on  us ing  the  second  

th resho ld .  

With  th i s  work,  c l ass i f icat ion  o f wha t  

const i tu t es  a  cu l tu ral  he r i t age i s  co mple te ,  and  

f i gure  10  presen t  th e  a l l  re su l t  o f  

c lass i f i ca t ion  as  f l a t  ar ea .  

 

F ig.9  The Resu l t  o f  Class i f i cat ion  fo r  the  

Second  Thresho ld  

 

F ig.10  The Resu l t  o f  Class i f icat ion  as  F l a t  

Area (Color :  In ten si t y  DATA)  

3 .5  Ex tract ion of  the Curved Point  

After  th e  c l as s i f i cat ion  o f  the  f la t  and  non- f la t  

ar eas ,  the  sh ape o f each  area  i s  ob ta ined  b y 

t racin g the  c i r cu mference.  

Wh en  al l  po in ts  on  the  c i r cu mference are  u sed ,  

a  large nu mber  o f dat a  valu es  (nu mber  o f 

po in ts  fo r  mode l ing)  ar e  ob ta ined .  Th ere fore ,  

the  po in ts  th at  would  be  used  to  d es ign  the  

model  mu st  sa t i s fy the  fo l lo wing  condi t ion s .  

Th ey were  ext r ac ted  f ro m the po in t  cro wd  dat a  

to  const i tu t e  th e  area .  

Th e condi t ion s  fo r  po in t  ext r act ion :  

a .  Curved  po in t  o f  th e  c i rcu mferen ce   

b .  Po in t  on the  Ci rcu mference ( rando mly 

ex t r act ed)  

c .  Po in t  ins ide  o f the  area  ( r ando mly  

ex t r act ed)  

b .  and  c .  ar e  ext r ac ted  b y smooth  shap e 

corresponden ce,  and  the  method  used  fo r  th e  

"curved  po in t  o f  the  c i rcu mference" i s  

p resen t ed  la t er.  

 

 

 

 

 

 

 

 

F ig.11  Con cept ion  of  Inner  P roduct  
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 In teres t  Po in t  



of re feren ce po in t  and  In te res t  po in t ) ,  

t   =  An gle  
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),,( ZiYiXi =Posi t ion  dat a  o f  in t eres t  po in t ,  

),,( ZaYaXa =Posi t ion  dat a  o f  r e ference po in t ,  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a)  Angle  Calcu l a ted  fo r  One S ide 

 

 

 

 

 

 

 

 

 

 

(b )  An gle  Ca lcu l a t ed  fo r  So me Sid e 

F ig.12  The Calcu l a ted  Resu l t  o f  The Angle  a t  

Th e Ci rcu mference 

"  Curved  po in t  o f  the  c i r cu mferen ce  "  i s  

ex t r act ed  us in g th e  p r in cip le  o f  the  inner  

p roduct  used  in  a  vecto r.  F igure  11  and  the  

equat ion  2  p resen t  th e  inn er  p roduct .  

F i rs t ,  th e  an gle  between  the  vecto rs  in  3D 

space,  wh ich  i s  used  in  t he  inner  p roduct ,  i s  

ca l cu l a ted  u s ing the  3D data  o f  th e  in t eres t  

po in t  and  the  two re fe ren ce po in ts .  Di s t ance o f 

the  in t eres t  po in t  and  th e  re ference po in t  i s  se t  

wi th  15cm,  and  th i s  d i s tance i s  c lass i f i ed  on  

the  bas is  o f  th e  mask s i ze .  The d i fferen t i a l  

ca l cu lus  valu e i s  calcu l a ted  jus t  b e fore  th e  

angle  value.  

F igure  12  presen ts  th e  r esu l t s  o f  th e  

cal cu l a t ion  o f th e  an gle  a t  the  c i r cu mference.  

Wh en  the  cro ss in g o f th e  d i fference share  

va lue b eco mes 0 ,  th e  cu rved  po in ts  can  b e 

found  a t  the  0  cro ss in g po in t .  There fore ,  in  

th is  p rocess ,  th e  curved  po in t  o f  the  

c i r cu mferen ce i s  au to mat i cal l y  ext r act ed .  

F igure  13  sho ws th e  r esu l t  when  th e  method  

was  app l i ed  b y r eal  dat a .   

 

 

(a)  Target  Area ( In ten si t y  Image)  

 
              :  Curved  Poin t  

(b )  Class i f i ed  Resu l t  a s  F l a t  Par t  
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(c)  Calcu l a t ed  Resu l t  about  Angle  in  F l a t  Par t  

F ig.13  Calcu la t ion  Resu l t  o f  The An gle  in  Real  

Data  

Fro m th i s  f i gure ,  fr equent  an gle  ch an ge  b y 

er ror  o f  measurement  r esu l t s  i s  con fi rmed ,  and  

a  lo t  o f  po in t s  a re  ext r acted  b y 0  c ross ing.  

Thus  the  mean  o f ang le  dat a  wi th  a t ten t ion  

po in t  and  po in t  o f  sur roundings  (each  two  

po in ts  o f  fron t  and  back)  was  cal cu la ted ,  and  

d i fferen t i a l  valu e  was  d emanded .  F igure  14 

presen t  calcu l a t ion  resu l t  o f  th e  angle  u s in g 

the  r esu l t  o f  calcu l a t ed  mean ,  and  0  cross in gs  

a t  curve po in t  ar e  con f i rmed .  Unnecessa ry 

po in ts  to  make  3D model  ar e  r educed  b y th is  

wo rk .  
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 F i g . 1 4  C a l c u l a t i o n  R e s u l t  o f  T h e  A n g l e  i n  

conside ra t ion  o f the  mean  

 

3 .6  The Model ing  Method 

Th e curved  po in ts  and  the  c i r cu mferen ce 

po in ts  ar e  a t  the  c i r cu mference o f the  f l a t  

ar ea ,  ho wever,  they may no t  be  a t  the  ed ge o f 

the  ob ject  be ing measured .  Thus ,  th e  po in ts  on  

the  c i r cu mferen ce are  conf i rmed  b y th e  

ex is t ence o f the  b reak - l ine  a t  the  

c i r cu mferen ce.  Fur ther,  when  there  i s  a  b reak -

l ine ,  th e  po in t  i s  mo ved  on  the  b reak- l ine .  

F igure  15  presen t  the  movement  o f  the  

c i r cu mstance po in ts .  

 

 

              :Break- l ine       :  Ext ract ed  Po in ts  

                             :  Moved  Poin ts  

F ig.15  Mo vemen t  o f  Ci rcu mstance Po in ts  

 

Af t er  th ese  p ro cesses ,  t he  TIN mode l  was  

const ru ct ed  mad e us in g the  curved  po in t  o f  the  

c i r cu mferen ce,  th e  c i r cumference ( r ando mly  

ex t r act ed) ,  and  th e  po in ts  ins id e  th e  a rea  

( rando mly ext r act ed) .  

4 .  UNIFICATION OF COORDINATE 

SYSTEM BY MEASUREMENT RESULTS 

 

In  general ,  man y l ack o f d ata  which  are  cau sed  

b y b l ind  p ar t s  are  es t ima ted  fro m a  

measu remen t  r esu l t .  Th en ,  measu remen ts  a t  

mul t ip l e  p l aces  beco me need ed .  Du e to  the  

lack  o f d ata ,  the  au thors  have b een  

concen t ra t in g on  deve lop ing vi sual  t raver se  

sys t em in  topo graphic  su rvey ( 6 .  In  the  vi sual  

t raverse  sys tem,  coord inate  sys t ems for  

mul t ip l e  measu remen ts  were  un i fi ed  

au to mat i ca l l y.   

Au thors  used  the  sys t em to  un i fy coord inat e  

sys t ems in  th i s  pap er.  

5 .  3D MMODELING USING MULTIPLE 

MEASUREMENT RESULTS 

3D Model ing fo r  the  "Megro  res iden ce" was  

invest i gat ed  in  th is  paper  a s  one o f 

app l icat ions  u s in g break- l in e .  Th e Megro  

res iden ce was  const ru ct ed  in  1797 (about  200 

year s  ago) .  The house was  the  r es iden ce o f 

“war imotosho ya” (head man of the  v i l l ages  in  

th is  a rea) ,  and  the  main  characte r i s t ic  i s  th e  

“ch idor ih a fu ” s tyl e  in  f ron t  roo f windo w 

wh ich  was  u sed  as  a  ch imn ey and  add ed  

magni f icence to  the  house.  Th e house was  

des igna ted  as  nat ion al  impor tan t  cu l tu ral  

as set s  in  1971 .  F igure  16  presen t s  3D mode l  
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obtained  b y mu l t ip l e  measurement  resu l t s .  

Fo l lo wings  are  the  major  con ten t s  fo r  th e  

measu remen t  a rea .   

 

 

(a)  Wi re - fl ame Mode l  

 

(b )  Textured  Model  

F ig.16  3D model  Obtained  b y Mul t ip l e  

Measurement  Resu l t s  

 

 

+  Target :  Meguro  Residen ce 

+ Measuremen t  Area:  40 m*4 0 m 

+ Traverse  Po in t :  8  po in ts  

+ Len gth  fo r  Leg  o f Traverse :200 m 

+ Accuracy o f Traverse:  1 /8 ,300  

6 .  CONCLUSION 

Th e mos t  remarkab le  po in ts  as  resu l t s  o f  th i s  

approach  a re  i t s  ab i l i t y  to  3D mode l ing image  

oft en  give impor t an t  in format ion  fo r  h is to r ical  

inves t i gat ion .   

As  fo r  fu r the r  add i t ion al  r esu l t s  o f  th is  

inves t i gat ion ,  ab i l i t y  improvement  o f  the  

curve po in t  d et ect ion  us ing break l ine  and  

u t i l i t y o f  b reak- l in e  to  an o ther  target s  can  be 

arch ived .  There fo re ,  we ' l l  con t inue  

examina t ion  about  au to mat i c  un i f icat ion  

method  o f  coord in at e  sys tems  and  e ffect ive  

model in g method .  
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