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A 2H=l . . . . Desktop
— Mixed Reality Toolkit Foundation v2.8.0 .
(HoloLens 2 7H4F @to]Ba]a)) computer
- Ubuntu 18.04 (FAA)
- Node.js 14 (¥ AH) .
Al AH ~ WebSocket (2ao] AH] A slo]maia]) Workstation
- Maria-DB 14 (d]o]gjH]o|~)
AR 2 - Window 10 (FAIAD Desktop
INES=! - Node.js 14 (o] AH 7hdk gojH 22]) computer
LA, @A ZAAE AA"-S] e Windows 10 &JAA7F Ax]H 14
s Hlaag HAFeolA APt o] 7oA = Unity 2020.3.255 ©l&
stol = Qo] a4 FAHRA AR ABdlMe] AL sAshelch
Unity= 1 598 /0 @743 ZFEst Algdold 4 7]so= Qo A=
gt Ty

23S Visual Studio 201994 Z3=] 9t} Visual
]_

Studio= 1 SHEAQ 7N &% &5 ZE= e Alago= Qlsf 474

L

_11_



otk E3h 2 dHolAe SEHR2 AA 9 V)5S AT &85t
Mixed Reality Toolkit Foundation v2.8.0 gte]Ee2ig|E ARgstitt. S=23
Z29] 7l& ArF2 [F 3]0 #AI5] 71&E o] Sl

(& 3] =2 7l A

taZd ol NAR E2IW DE (B
ST 2000 3:2 F A7
g2 uE »2500 WA (heleig W)

3D &= Al Wt A= BA

= E=fF] AlA 478 7HA1EA 7t
ofo] Egfz] AlA 270 IR 7}t
Zo] AlA 1-MP ToF (Time-of-Flight) Z1o] Al A
MU Y&ELA [ Ao|RAFE ) A7) AA
7h| 2k 8mp AF / 1080p30 H|H] 2
ato] =2 ofgo] 570 A
Eablibe 3 2F W
P EF ol et et 2 mdd /A 2
ofo] Ezi A EF
=74 94 Hufol Ao tigh WEg @ Ao / AHU AF

Windows Hello S Q1AE F3t <l
6DoF E7] A AA RO 9% E=fA
=7t 13 AN 2 w4

SoC Qualcomm Snapdragon 850 HAFH ZH=
HPU AN ALY E2I9 Z2AA {4
=R 4GB LPDDR4x A]AHl DRAM
AEF XA 64GB UFS 2.1
Wi-Fi Wi-Fi 5 (802.11ac 2x2)
Bluetooth 5
USB USB-C &<
2h-g 7Hser 271 @A Aol =
=g 566¢
HiE 2] 4= 2~3 A7t o]§

_12_




A P Z4e Ubuntu 18.047 AA8 QA ~eo]dolq S8 gt of
SR T oPgAT A oR e olgutel Al x| ol o]},
A AE FRE Nodejs 145 AH85}9] o]ZojAL}, ol H%7] /O Azl
73 Nodejs7t AXZH Ao Mol wRolch, Eah, WebSocket API

= o83t Fdlo] AHE JNEsil e, olg Fdll At SToldE 2H
FHFL F4Alol 7FssHl =l o] RE= HolE= Maria-DB 14 d|o]ElH]0]
LoflA € I dH4S EASE d EaHoln.

aro g ARRA TERF AAHS] A2 Windows 100] AAH H|A~=
o HTEAA A=A, o] AR E Nodejs 145 ARESI] o]

AHE st ol @ Jlure] EAE SYHA AL HsA o, of

A 22 A" A

(1) 8% A9 A2D, ) 54 AH, T3 3) AR B AxE g
ok (29 3-11e A2de] A4 722 Helzyt
@4 A A2He nlolARATENA ARG Hololens2® 7]¥Ho &
FAET B4 B Aske A AURHE o]F vlelo] 2gsin
A4 AFL Solthn BIM 247 E¢EAR emdold s olguE
2 4 gfUth B A9A ALE AR ARLelN MUARE

M)

1—

Q47 $3% Mixed Reality Capture(MRC)S 53]

o ARA pelz Axgos Agdu

ANE e 5 dEUL. 8% BAR A2Ee @F 7E otemE] 4
M



1 1R A

Z o
N I

A

%l

[1% 3-1] & A2H

I HUR A A

AR B2\t A AT

)

EECE

ZAEYOEZF

&

[

—  —
Web Server
Relay Server

Member Authentication

re)

2(MR}

K
Tl

MRC
(Mixed Reality Captu

=8

Database(DBR)2} WebSocket 7]

S
—

S AH oA

o)

9l

DB2} WebSocket 7]&&

Apsh A 7ke] BE
FHE A AWML T AFoIA AEH

FEo}el A

e

L
11—

Az

Al
=

QApot g2 7H

ZF
A}

o

olE &

AR Pl A 2E

L=
g

ohat, 2 Agold 7EH BA AW

o

=

HH
A

el palAt 7ke] 5

Lo M=

I A8

5]

AH| 2o HEd 5 glen,

A

=
=

b, g7t

A 5

Ly
[€)

Azd 2L 7}

H O
| = S T

npAuho g ARA A A4

25 ALg Ao}

_14_



].

u}
29}

Q

IDEA 7R

—

1

St

WebSocket 7]&S At

7Z|Hro 2

gloleHjo| et Sgx=H AW, T3

1

1

=

=

I Unity

[¢)

<}
=

Halo Ao Az AFRA Tz} A]

1 9l
A

delo] MMz AR Adsy. 2ol MY

A A%

—

1

=

1=

Ll
9

]

-

[e)
s
ol

B

_1:_
1—

P AhgE %

o

P A4 A AF ARRARA] 24 HEe WE
B AR A2

o

AP el
s

o oS 58

w5} AR g A
8

ol AAZreZ dolH

A 34

>

[}

o

~:|/O

Wl
Ul

[

il

o

oM
Hd
o
ze]
__ﬂ
oy

o~

¢}

<+
ol

~I
N

|

1

Z+
2l

]

7

+

o)

o

—._L_l'

o

=

=

AH

T

1

o

e

1
=

AA7E @Al A

83te] 2

A

)
~

el

foji
Hr

0

<k

ol
—~

)

_15_



ST Y} A AY S4IAH

[ Member Authentication ]‘7

DataBase

BIM Data
Hololens2
i ) [ex ]
Camera Hand Tracking Holographic Jf. =
I E—
Web Server
“«—

EEpde=i-li el
elay
Server
MRC

(Mixed Reality Capture) AR AFIEA| A

Web Browsers

[Z27 3-3]3 Zol, o] AlxHefAE EOJ*éO] =7 %*Ziﬂ‘iiiﬂi oI5

otz siEl io/pw BI0]E| ~—

=
ol
a2
4

_16_



gz, NS B wSe] durel WUy A e Wolsts
A2 Fuck SHA-2562 4 doleg n3d 2719 493 HE £
gz Wssts 4 g5yt

r = rows|@];

a1t = member.salt;

pw_salt = pwd + salt;
var enc_salt = crypto.createHash('sha256').update{pw salt).dig

if

var status =
“status":
“message”

n sql = "SELECT COUNT(*) AS
sql += “FROM sessions "
sql += "WHERE DATA LIKE 2"
var params = ["%"+ id + "
dbconn.query(sql, params, function (

if (err

console.loglerr);

} else |
if (rows[@8].cnt == '1°
status.status
res.end( IS0N. Fy(status));
else

req.session.u id
Fy(status));
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[ 3-11] ofZ=Ae1d AW A oA

doit@doit-HP-7880-Workstation:~/WebServer/MRRemoteCollabo INU$ npm start

> pc@e.8.8 start /fhome/doit/WebServer/MRRemoteCollabo THU
> nodemon ./app.js

[nodemon] 2.8.28

[nodemon] to restart at any time, enter “rs”
[nodemon] watching path(s): *

[modemon] watching extensions: js,mjs,json
[nodemon] starting “node ./app.js’

connect

Server is running ( localhost:3443 )

2072 ZA AWE AAZE 9 EA19] A @42 WebSocket2 2Hg
sto] LA AFUTE WebSocket= AAIZE Hlole AE-E ls] 7dE Web
APIS] stu=, nFAL] AXE A2EY HolE AEFS 7}%3}711 gy
WebSocket= =2 T #o|EQ} &
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NEA ol F2ell Qlo] wi¢ Fajt QAdYrh

(29 3-12]¢F Zo] JA AHe WebSocket 7]&S 83U
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[T 3-12] SA AH oA WebSocket AH& ofJA]

= reguire("ws");

‘undefined’;

undefined’ ;
= { ws, networkType,

if (!clients.has(wsid}) {
ws.id = wsid;
clients.set(wsid, metadata);

}

ws.on("close’, function closei

3

ws.on( 'message’, function
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[19Y 3-17] MariaDB +%

llog Y _| member v "] object v "] team v TJeode ¥
\og._id INT(13) m_id ¥ ARCHAR(50} obj.id VARCHAR{10) team _id INT{11) code YARCHAR(S) |
m_id VARCHAR({S0) m_pw VARCHAR{54) team_id VARCHAR(10) team_name VARCHAR(100) info VARCHAR(S0) ‘
og_type ¥ ARCHAR(50) salt VARCHAR({10} path VARCHAR(200) team _location VARCHAR{100) | > !
log_content VARCHAR (2000} m_name VARCHAR(S0) maker VARCHAR(20) team_master VARCHAR{100)
‘log_date DATETIME phone_num VARCHAR(11) size DOUBLE ¢ date DATETIME
P co_name VARCHAR{100) c_date DATETIME - Ld | field ¥
dept_cade VARCHAR(6) > field_id VARCHAR(10)
| qreode \ co_position ¥ ARCHAR({E) m_id VARCHAR(10)
id VARCHAR( 10) grade VARCHAR(E) ¢ date DATETIME
* ickname VARGHAR(100) datasharing_niy VARCHAR(1) _ relationship ¥ ] sessions | >
size INT{11) profile_image Y ARCHAR{2000) team_jd INT{11) session_id VARCHAR(128)
c_date DATETIME hololens2_id VARCHAR(500) m_id VARCHAR{S0) expires INT(11)
u_date DATETIME c_date DATETIME _date DATETIME data MED IUMTEXT
> > > >
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1 Tables 15 CREATE DEFTNERs"root §'X’ PROCEDURE " getfangerlistInfocs’ (
B code IN “semberIls” VARCHAR(S80)
B field )
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1 log
member
object
qrcode
relationship
sessions
team

lews ELSE

tored Procedures SET faeaberiDs = (UWIAT(fmesberIDs, s BmesberID, )
getManagerinfo b
| getMangerListinRoom

| getMatching
getMatchingManager

| getMatchingMemberListinfo
| getMemberGrade
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v

IF (meaberIDs <» "") THEN
IF (@mesberIDs = =) THEN
SET finember1s = COCKT("'", mesberIDs; ***);
ELSE

SET fmemberIDs = CONCAT(fmember I0s, » memberIDs, " )p
getMemberlInfo B0 1F;

getQRCode
getQRCodelnfo

\| getStreamPagelnfo
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modifyMatching
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modifyTeamInfo
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-

e t-testpy >
import numpy as np
from scipy import stats

groupl = np.array(

group2 = np.array([[4

weights = np.array{[1
groupl_scores = groupl @ weights
group?_scores = group? [@ weights

t_statistic, p_wvalue = stats.ttest ind(groupl scores, group2 scores)

"# Result™)
“# T statistic: *, t_statistic)
"§ P value: ", p_value)

=]
e WF 7 Aol BAHCE RuT Folrk GA] BAHSH Folg]
CT-A3e A 5YH9 B 2 z

g H

T statistic: 30.203212454194205
P value: 3.705666156794315e—-11
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C:\Users\USER\Desktop\ny\test @
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# Result

# T statistic:
# P value:
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ABSTRACT

A Study on the Usability of Remote Collaboration
System Using Mixed Reality and 3D Object

Kim, Nam—-Young

Major in Smart Convergence Technology

Consulting

Dept. of Smart Convergence Consulting
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Hansung University

Remote collaboration for construction site management is challenging.
Building Information Modeling (BIM) provides the potential for remote
collaboration based on its powerful data compatibility. Also, the recently evolving
Mixed Reality technology improves visual perception by superimposing 3D virtual
BIM objects on real-world artifacts. This study proposes a remote collaboration
system based on BIM in Mixed Reality. This system consists of three unit
systems: 1) Field Operator System (FOS), 2) Communication Server, and 3)
Office Manager System (OMS). FOS was developed based on Zd&dA smart
glasses for a field operator. The field operator can manipulate virtual BIM
objects with finger—pointing cues and share the view with an office manager.
FOS creates Mixed Reality CaptureMMRC) video, the combined image of

real-world images of existing artifacts in the construction site with virtual BIM
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elements superimposed on them, and sends it through the Communication Server
to OMS. So, the office manager can see the field operator's view through OMS
based on a desktop or tablet PC. The office manager can give instructions to a
field operator by voice through OMS. A user test was conducted to evaluate the
applicability of the developed prototype system. As a result of the test, it was
found that most of the testers had a positive evaluation of the developed system.
This paper discusses the development of the BIM and MR-based remote

collaboration and the test results.

[(Key words] Remote collaboration, Mixed reality, Building Information

Modeling, Head—mounted display
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