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SUMMARY

A common i ssuef twanh ccho nosctcrugcssi diro wp rt @j edcett er n
di screpanci-bewsi Ibtetowe esmxiassti ng constructions a
measur ement smaooafl | yr dbbrlienngs such abki d@bgr mea
consumphdomeaseurrreante na& c ¢ u musloantei 0@ a sagnscc ul roanceyr.
Therefore, more advanced technologies such a
i n sgpeadna @pi ng and surveying havmudimer acdcdptadd
and accurate measunemeht a.ndHdJdwewerrc,i at edhs su

wi despreadofae-bhoaitmemg B®ORalr asdr aalti al | aser
such as high equi ppreenpt a ricantsioarv,ecnoineprhodex sgpfa e i | ¢
' imitation. sThobos i papedua@aé man innovative | as

construct iTdhmn s mangt ireggh. aM@&@ES posapp owmamlyg a mor e
convembeadatme anadi hgee€di men {i2dnaasler scanner t ¢

i ndmobi3lDe mapgperagst rmoateiloncr evwi icedhn can be i nt ¢
Building Information Modelling (Bl M) design
gual ity clwitlrtol c@ordstarsucti on or i nnddddarhomghppi
copnrared with traditional arBre]lliaaskeirinicsteyarnehd aahy ,
high |l evegl experemsht &lli cate f easanbdi lpatyentrie
capability of this indolotr imstbhhabte etdhavssd rém estchaond

furtihmepmroved to substitute theastatwi amar yl i3r
construction spatial mapping in the near fut
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. I NTRODUCTI ON

Various 3D imaging techniques have obredenr deve
meet the increasing requiremdntS. oGe nienrdauls tJe
Admini st eA0Phbase techniques are able to meas
a natur al or built envir dnmmaegrets, faonrd ntohdeenl | g rne
generated 3D models are widely wused for ur |
anal ysis, environmental management (Besaeahu®ati
201Ayal uapplei cati omy daorc3nd tiema quirm | engi neer.|i

(AEChdustr-pui $ttheabdsty contr dAkifmdimalc.ons20 @
As a-kwelWwlh modern i maging(aésbnikgwéin Hesercts
ranging)isLidbeAVRel oped for geos(llacdta)alma,f pRiOnlgl )¢

benefits iti neriemgeds mcltuasacy, reduced error
i mproved qualualizanht ool an@8Dspasti dlorandleysii v
and built environmental applications, partic
control .

However, conventional | aser scanning technol
aeri al | aseral & haompgihovci adqned L\S¢@ ry hi gh measur eme
measur ement ranges, t heir applications are
' i mitations, c o nhpol negx diErr egpsakroavt sikadn, K e a2 dé& 6 s k i
al .,. 201drhefsorpa,petr awinl@\Bea sienddoasoeb i | e | aser sc
met hod for d¢ gmiatalpuTehtgisonmet hod | rRGPeYglrmae retsi aaln

Measur e meGlto blanli tPos i tpiosnits ggnvwmipthe m) por-t abl e
cost 2D | aser scannerf oo aeatxizet Reitbhdaidlodi n
2016M)€EN the mapping reasbtdeairehcimmealb eidl dvi n ¢
which is created bynuMowdeg!| Bunihdi( By M) nf d himat i
stakehol ders to find out comstdiuscei eparmnide sd e
Furtheramgioe gsi mmafppt snrg&BD me i lidndhogor conditi ons
tisaving -saan ch gc aptpl i cati ons.



2. LI TERATURE REVI EW

Mobile | adgelbBscannirmgti ng more and more con
mobility comphaoeedawiatl ReTll2®% A3t concepts about
sysdwem e announced in the¢Balraaeer ,al9.8,0 s2&at0tBD | e ayr |
|l aser samomumdrdwabi cles to rapidly capture in
built enviNowachays pogitzadd el easnade wegtadpgpedr s nape
bring users more conwépni eaceoawnsdsnochbBbematedss
and rFaoogfsk oWwska)Aletth oau g h, t2h0el 5alcocwerra ctyh aonf tMLaSt
the benefits of cost a&ard Itli ma ksaGiuitrnrge cotspesrd g H ti

scanning is not mamlpy ngs each df srur es>etye miggr but a
applicBhomanon, gt Salche 26Ek2) for indbooil gual
constsComboned with the technical assistanc
building interior and exthenoniugh sdhenaataanmnnhe
| aser scanmeigkhegd ztieecrhsnkoi).,oget al ., 2014

Current AEC nfdayrs ttidyepoiob t afciheem dlsas esusatadayniang U

for mawap pl i cati ons: -mwialti tyor®htuwuoti @ds aand |
buil Ail oggatr ial. , TRO1®Ggi nt cl ouds whic-bucaptur
or existing buildings and built envthroamgmt s
intermediary tool s. aTlee carekltexdp gBndMdfds anr eno d e
suchuasos®Reskt. BIM is an emerging techihn®l ogy
not only a 3D modelling tool vibwtaladlmad tam iam

di mensiionudlati on fofri headcyg@dliaghipamj stage to o
mai ntenafEastmhasaeé. C@ddned with traditional
Design) , BI'M bri ngasnsltortusc toifo nb epnreofjietcst sf,ors uc h
clash det-écsciopl iomat yoopol t ame( BAansdt mars,t eta va In.
| tisnt egwat hon aser scfainmd ngpguttani fed gpuainicti e s
constructions and c ofrAleosnmpaornid i regtr dadl & ir, gno2r 0elp6d) é. |
information captured heotm i apéocpoanmmaeeiing
scene restoration of exi s (Biamsgeitleua,ll.B,a ax@1l a)nd
the real captured dateah oandde rBl M anD maockdee lal irnegp,

for existing buildings, particularly for tho
However, thercéahbitwhnigcehs | clonssotnmeai n the applica
|l aser scanning. F rhoem-pto ed  tft eeer hr rigilBcisad ir aassmeehcnti, n gt
as target assignment is tedious andadtdstgoal

users need to register and prockeysusiherg clod nh e
sof tanfatreer scanni ngondhbmiénrmet equacail 9 ttyi md 3D poi



i mpacted by manual operation err@Hongti faubser
201AN)t hough Simultaneous Location Bndr &aeptr
years to overcome the defects mentioned abo
nonl i nea@rciotry exnd association be{({wbdemsabsetva
201lB)ometcmenamipebe, capi ¢ fal hpgoprfera$ & el aser scan
and bundl ed sofptewapde iwhocosnttlemwd to use this
budget controli neivlilt abdrysi der this

. METHODOL OGY

To maintain tMeESadmdntdgens nafte t he lbaasreri er s
scanning mentioned above, a novel i ndoor mo
met hod combines a 2D -GRSeposicinoeo nge alhp mea
indoor mappi ng. Di fferentr dgiom e remda paenddn tf r o b
captured 3D raw datassetcaéamaglkeiss wmeéhhodeli mbeégo
t heaser scanner i n ofrodrere xtios tcirnega teen v3iDr oi nnmaegnit ns

I n this SrleCsKe a2rlx hl,a saerarmsd atnme rt yipse uisedan LMS5
t hat uses 905nm i n(fsrhaorendgi@gniSel tICHiKe AIGIOALIEY) mpauw e de
with 3D |l aser scanners, it has muled pleanfglet er
this 2D liass eal cslic achhneearpddi t i on, it ha8€0an ope
with high resolution°(Minalw @ani =gt ef RIBBY Cl NG e, O
2017 .t he viewing window of the 2D Fiageresca
2, the scanningé&if gedows .l | di spl ay
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Figure 3fidanninndié6fromnSaCKvVvAGWw
As our research aim Bwi #lot i ajteqgtrar e -&BD§ wsicraed

positioning system for 3D mapping, the viewi
verticall fi ga.febdwhora, 2D scan i magesYaawrdp
Zaxasad the motion trajectory of the | aser sc¢

Viewing
window

Figurcean . sieshtvemgti cal orientation

To determine the motion tM&BPScposytomasheg bka
proposed f o(tepdotesnagledbad&fiPt) oni ng syst-em con
downMU and a GPRPemedyl &PS i s not availabl e f
the signals wil/l be obstructed BDhebeifoddenglH
was adompttehdi s reseafFicablte moteidorcttraj ectory
vacanGpPS mfailg o0 Khgen, eTympilcal 2I0MWtsh faecdnasli st
acceleromakenb, gyhpbpeeopesThaen da cntaeglneert comeett eerr ss

measure the accelerations of the object i n
measure the angular rate (the rateSoéphemnn)e
al ., By00&t.egr at i negaxtihael aaccqgcueilreerda ttihornese, it i s

of the object which thegl MWwei sy emoown tteyd aagra i ann,
of the obj eMatg niest ocnael tceurlsataerdee. used to prevent
the magnetic nldeltlhmassah. reb6ddhce



For this remeaprrhgpriiMlttes sd mwvt pnsdaéel tsesiized a
consumi ng c(hkalreicn,eredte waele.e,r ,20x1)c.an only give
in a short term and t heTlheartr ommesa nwsi Itlh ea cnteuansuul r ae

[

cannot be guamanmtme eadp dilhnea a&tf oo re ., the positio
cali brated by wusing filters during the data
Il n addition, it is also crucial-GtPG mgaltieane atn
the | aser scampmoeail .t i Bmocta dosngd helaacjhd cdt dbrey mapped
corresponding 2D scabyi nageatwbicledndsEmgreniemat
synchrsomdamreand positioning experiment, al | t
t hrough Bab avAeTd. Aal gor i t hm.

. EXPERI MENT

Durithge exper i mermntoyagas ecdo mapsu ttehreFisg wWree (Bhlkeo wm sie
scanmerl MBAJh wer e mount ed Foing ug,et o | dcriiyvveansah o wn

approxiimataeg motion fr om nolrhtehn tboo tsho ultals earn ds ce
st fdopinMy s ho Wwn giuywer 2 connect edviwietdhh ea ||aappttoopp

used to observe the scan profile andwadfie | Ml
al so connected with the | aptop in order to s
(shownmngiumeA8 | MU has its own measurement tin
|l aptop time, it is necessatymeowsyhchraseserzsc

by using the AdtmmomgBGRSK pteir menenmdtbahle , sGPtSe twanse !
mai ntained continuously when we moved the mo

=S

Fi guEep®ri ment al sFtgureof. Laser scanner an



Figure -dowistiIrey Fi gur eGRBS modul e

First the scan was i mplemented from blge nor
tryingthe tkremlpd pyr b on@mat emoti on, then this w:
side to t hMe avewhielren, stildle .r el ati ve positions
were maintained in order to eliminate the er
reali zed by fixing the centers of bothh devi

di fference between the videwimtsd awmisruddw aviodi | tdh
show t hiempgedidkove this elevation.

. RESULT ANALYSI S

The 2D swamer edsslpt ayed and saved by wusing th
a buwundlugpport softwareTHerm&ilMCKpdrasmet esrc annaledu
axi al coordinates and intensity wereaextrac
MATLABased aFgoritthlemmoti on t raajde a tedbsntyi, maat i sotne
based on PeReck omMfB)peoad t hm was applied in
rel ati vedoysiatcicaunrsat oefe alcahs etri nsec & nnit eerr tvéathe pion the r
1 seddKmddd, al .RuizQlZhemaplmhsiwaosnmatched wit
corresponding scan .Eatea t,utadatithhiee seaxaterasecstmed p 0 i

werc® mbiwmeédpeo si ttiromji ngt ory measurements, 3D p
showRi gnaeRHi9gdODter equadlei ty of produced 3D poi
the combination | evel of 2D scan data with

positioni ng(Rmeda0llg)ment s
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The nexti nspehpé issc atnho poi nt .c | Tohued so bijnetcot iBvieM otfo
reatheeintegration of desl gaifmededddiori onmap pw
di screpapelgn itomi s research, Cyclone and Aut o
t hhempoftpoint cl| oRevT&mgyto aA uF,ogelelOEgl § a e

respectively display the procEisgeibsehpdwsntt hel
initiadi @Bl Mnadckel of the computer room, whi ch
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FigurBl M3design model of the room

Af ter t hei ti nctaeng rbdeti igaenedr a4 ot mendntdoohe gboued

O. 7ameael mo st repxoedptcet hetrhckorsneeams )profil es of
including windows, waltlhdiaredisaeointsenB| Mrdaghy
However, there are stildl some discrepanci es

di screpancies may result from the errors whi
processing, or atcheomsat t ec @dfo otnisd amed n.e




FigureSté4an results desmgdalted with BIM

. OUTLOOK

For this research, althought hiédMGRX pey stmemt a
applicabl e for indoor positioning, ot her a
experimented as t heyysmaw oniud gilagicy ianmeoar sowreei e nzt e
error s, even if UhéewialestBawidl I[( USVMB3 0 siyiss e m

appropriate option due to it qBehliaéhb ipaelr.f,o r2nfaln
Furt helrimmoirteed by equi pment wasmglotsipa&nacroanndii d,i C
means thle dipemouaai tcso mpl et e s c an hb fg tah3eD t epnotiinrte
cloud cempawesomnexi sting abei lachitwecs vwialtlk dge s d
i mprove the scan met hod tiondocearl i zemdiy tpieaontos tal
whegllat form and handhebede expea@@i mgn traadd. hm d2s0 1w

addition, as sever al software currently are
the data processing is complex and s$oale be
indoor scanMeampvhiideaet,i canscommon i nterface wil
bet ween scan point c¢clouds and BI M moarré s i n

concernegar anboaltt arheg quailbiutiy tc eamtnrsdIr uacft | @ .

. CONCLUSI ON

Al t hough stohmer eweaarkemesses existing in this n
experi mensttaill Ir eisnudlitcsat e a good feasibility a
di gma@mp.i nCpompasedt wonhary 3D | asehiscamenihog ¢
mobility, fl exibiilnclyudinmdg od chhstsharddy ait madg essa ¥ i

3D point c¢clouds acquired from this method de
wi pbsi ttiroajiemgt ory and measurement-GRB8csyatgm
may i mpact the final experiment al results in



