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This project purposes a kind of Augmented Reality, AR, application in a form of virtual board

game. With Leap Motion sensors, 3D positions of all fingers and both hands can be detected. Virtual

objects in the AR game are controlled by hand and finger motions of the players. Using Google

Cardboard headset, 3D AR environment of the game is displayed on the screen of android-based

smartphone. The implemented system consists of 3 main parts. Firstly, smartphone application is for

displaying the simulated objects, the user interface, and the AR game environment. Next part is the

streamer that sends 3D coordinates of hand positions from Leap Motion sensor to the server. And the

last part is the game server that responds for all processing and controlling all interactions performed

by the players with the simulated objects. As the experiment, we develop an AR board game named

“The Lost Travelers” using techniques and methods mentioned above.
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3.5 Use case diagram
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Y

1) Client fiaueunsngdoyanie 9 sudimsiaaInavauny 11 frem Inoveyain Server

U U

Y o

uazdstoyadumiaia 19y Server
[V o oA 9 o W Y . A
2) Server ¥z FUdoyad WM1ILBIN Streamer uazdoyadmiisiIveadiaunin Client iive'l1
Uszuranaudrdedoyamsnaaananned1a 11¥ Client
) 1 1 =1 o @ Y 1 e a '
3) Streamer UM Msvelogiau lluladlumdwdrdsldduiunudelu Game Server az

@ o 1 A 9 A Y w A 9 3 = 9
aunsndiudumisvesediaulwnmne ldassnulovesdiauluanuiluesald

Client
Display content Get head position
¢ Server 2
5 5
g =
==extend=>
Update = }--.-aooain.ad Proceed game
Player
Streamer
Adjust hand position Get hand data

= .
3‘1]1'1 3.23 Use case Diagram
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Server

Compute World

Fosition

Check
Interaction

{ Update

a
gﬂ‘ﬂ 3.24 Activity Diagram
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Plane

- planeList: Dictionary<int Plane>
- index: int

- level: int

- nearSea: bool

- type: siring

+ GetAround{void): List<Plane>
+ Getindex(void): int

+ Remove(void): void

+ SetPlane(int,string): void

+ GetPlanebistivoid):

i lane>

Item

- itemList: string[i
- name: string

- index: int

- hp: int

-sp:int

-tp: int

- log: boolean

- meat boolean

- vine: boolean

Player

- hp: int
-sp; int
- tplint

- geath: boolean

- starve: boolean
- Inventory: Lisi=liem=>

<>

+ Getindex(void). int

+ ltem(int).void

+ GetHP{void)int
+ GetSP{void):int
+ GetTP(void)int
+ IsLog(void): bool

+ IsMeat{void): bool

+ IsVine(void): bool

+ Additem{itam): void
+ Useltem(int): void

+ IncreaseHP(int): void
+ ncreaseSP(int): void
+ IncreaseTRnt): void
+ decrgaseHP (int). void
+ decreaseSP(int): void
+dncreaseTP(int): void
+ IsStarve(void): bool

+ |sDeath(void). booi

:.Ii‘lj‘ﬁ 3.25 Class Diagram
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4.1 TlsunsudmSuasdioya Leap Motion

M3Mauman 9 ved llsunsudonse1udoya Leap Motion uaaas 1119 Server szunana
usiifload s Wi 911910 Leap Motion 151010 2 B8 ims1znzifuunazis 19z 14 Hand Controller
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[ 4 o = ' L a {
vaa0nd luaaiiolsinglu Unity ndaimsesdunaiiuld Tumaiiesiudl hierarchy i
o H ¥
Usznou lildreden1s 9 awdiaile daguh 4.2 1519219 Position tiads 3 Fodo wazdhile de’lal1¥
4 1 o " < < 4
Server ie1lszuaade hil Tavisvziodumisvasionnlanily String udraudroinsesnune

“ » §241319A1 Float Y84 Position eazaIunazaq

4 4 dasr o ¥ o
Talsunsui 4.1 auntlaveslanvudmsudennusumiisile

strMessage = "hand,";
if (transform.Find("GlowRobotFullLeftHand (Clone)") != null) {
Transform leftHand =
transform.Find("GlowRobotFullLeftHand (Clone)") ;
Transform palm = leftHand.transform.GetChild(2);
Transform thumb = leftHand.transform.GetChild(5)
Transform index = leftHand.transform.GetChild(0)
(1
)
3

Transform middle = leftHand.transform.GetChild (1) ;
Transform ring = leftHand.transform.GetChild (4
Transform pinky = leftHand.transform.GetChild(
Vector3 handPosition = palm.position + offSet;
strMessage += "1," + handPosition.ToString() + "," +

palm.rotation: ToString () + V,";

.
I
)i

Vector3[] bone = new Vector3[1l5];
for YAn¥ . i(ED NI¥Ne 8 -4

bone [0 + 1] thumb.transform.GetChild (i) .position
+ offSet;

bone[3 + i]
+ offSet;

bonel[6 + 1]
+ offSet;

bone[9 + 1]
offSet;

bone[lZ + i] = pinky.transform.GetChild(i).position
+ offSet;
1

for (int 1 = 0; i < 15; i++) {

index.transform.GetChild(i) .position

middle.transform.GetChild (i) .position

ring.transform.GetChild (i) .position +

strMessage += bone[i] .ToString() + ",";
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¥ GlowRobotFullLeftHand

¥ index
» bonel
¥ bone2
» bone3

¥ middle
P bonel
» bonez2
P bone3

» palm

P pinky

¥ ring

# thumb

P forearm

A 4
3UM 4.2 hierarchy vedlunaiio

v w & <3| @ 1 T 11 A
madadeyalilds Serveriuia1nz1d UdpClient Wludaielumsds uareuniniudontag

String 13w Byte[] a9 Method Send a4 1164 gameServer Miludu1)s IPEndPoint 4849 Server

Tusunsun 4.2 Wandu SendData

public void SendData{(string msg) {
if (isConnected) {
byte[] send data = Encoding.UTF8.GetBytes (msqg) ;
terminal.Send(send data,  send data.Length,
gameServer );

}

) o = =1 Y | o w5 T =} A [ o 1 A A
11Ty Ulasuiu ‘VILE]'!UL'H_Ii‘U POS]tloniulLﬂuﬂja | W@QﬂlﬂlW@ﬂﬁUﬁ“Lﬁuﬁﬂ]@ﬂﬂﬂﬂ

El

A 9t T o [ ] =1 1 Z
ﬂmﬂmaauiﬂummuuum Tﬂﬂﬂiiﬂﬂﬂh 1 ﬂ‘iw‘l’ﬂmﬂuﬂ'ﬁlnﬂﬁ‘l_lﬂ'] Offset ‘luuﬂuuu 9
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% DesktopServer

o R

9 AT

311 4.3 #1613 UL ¥4 Streamer

2 o d
4.2 wodwamruuuansnlvy
g Ry A g = ]
ATUAAIHAVY Smartphone HUIESVUDAIVUIDIA Server Iaotiiodoauuidsag 14
UdpClient 191 1aJ@1udoa21u 1 Port 1998 udaneniszinndoa11ud e DataController Script Tag

Ed )
o a @ Jd
‘VNTTIJﬂuu‘ﬂzgﬂ?ﬂﬂﬂ’liﬂ’lﬁiﬂluﬂﬂﬂ‘ﬁu ReceiveData
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void ReceiveData() {

print ("Waiting for connection.™);

while (true) {

textl.text = msg;
1f {meg.BLtartsWith {("ellent"}) A

gameServer = new IPEndPoint

isConnected = true;

statusstext = "Connected to "
ipEndPoint;

Sendbata, ("eclientok");

} else 1f (msg.StartsWith ("hand").) {

handReciever. InputMessage (msg);
}=2lge 101 (M2 . JLasEsh O A ( Yaxspid ') )

navigator.InputMessage (msqg);

IPEndPoint anyIP = new IPEndPoint (IPAddress.Any,

byte[] data = terminal.Receive (ref anyIP);
string msg = Encoding.UTF8.GetString(data) ;

ipEndPoint = anyIP.Address.ToString ();

(IPAddress«Parse (ipEndPoint)w “sendingPort) ;

headSender.InputMessage ("connected");

displayGenerator.InputMessage (msqg);
} else 1f (msg.StartsWith ("navigator"™))

0):
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Tusunsud 4.3 Wan¥u ReceiveData (710)

else if (msg.StartsWith ("playerinfo,pl™)) {
playerl. InputMessage (msqg);

} else if (msg.StartsWith ("playerinfo,p2")) {
player2.InputMessage (msqg);

} else if (msg.StartsWith ("playerinfo,setup"))

playerl.Reset ();
playerZ.Reset ();

} else if (msg.StartsWith ("disconnect™)) {
headSender.lInputMessage ("disconnect") ;
handReciever.InputMessage ("disconnect™) ;
displayGenerator.DestroyAllQObject ();
isConnected = false;
status.text = "Waiting.";

Jonuvzgadelid Script 19 o) it vansAudon N 14T UL 1a8 HeadSender script 9%

= |

o 4 r 8o ] . >, o g} o ]

IANII38INIT AWM UIUPINADY HandReceiver script 9901343 03n13ut/astondnudumiiaile
3 b . s 4 5 1 .

Idiludoyamsnaaana DisplayGenerator script 99013384 TUAAINA Object @19 9| Navigator

seript 9ANTNMTUAAINAUUH IR 1A WA 1ag Player seript IamsmanaaatoyaTnIugy

@y
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4.2.1 DisplayGenerator

]
= o o

9/ < w A 1 T~ . A Y g o
doanuzgner liFanuieu lud1 duilu Object NlogudnvzAndumida “move”,
(13 o LR ol 33 2 EY e Ty i 5 I~ i A w ] 9/ 43
active”, “inactive” A1UUBANUAIUNTT Set Position LIANT Object wuilu Object ‘IﬂEIﬂiJgﬂﬁ‘iN‘lju
1 9
92QAA UM 1Y nitObject noy Tasazio150 11iNeunUuds Instantiate Object 111210 Prefab

130 Asset 114 Resource U849 Unity ldasenld

Talsunsai 4.4 WaPT InitObject

void InitObject (string objName, Vector3 pos, Quaternion
rot, bool active) {
GameObject temp = null;
if (objName.StartsWith("grass™)) {
temp = Instantiate(grassBlock, transform):;
} else 1f (objName.StartsWith ("rock")) {
temp = Instantiate(rockBlock, transform);
} else if (objName.StartsWith ("sand™)) |
temp Instantiate (sandBlock, transform):;
} else if (cbjName.StartsWith ("P1lChar")) {
temp = Instantiate(playerl, transform):;
} else if (cbijName.StartsWith ("P2Char")) {
temp = Instantiate(player?, transform);
} else if (objName.StartsWith ("dice")) {
temp = Instantiate(dice, transform);

Il

}

if (temp != null) {
temp.name = objName;
temp. transformrpositich . Pos;
temp.transform.rotation = rot;
objList.Add (temp.name, temp.transform);
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4.2.2 HandReciever
=1 ?; [ o £l .
ﬂ15HﬁﬂﬂNﬁMﬂuu%%gﬂﬂﬂﬂWﬁiuﬁﬁﬂ%u UdeEHandTﬂﬂ?TN%$Qﬂ Spht@ﬂﬂiﬂﬂ“f

. v oy i ! '
11d1 float.Parse 111)a4 string 1571311 float 1d211] Set Position Rotation d31#14 ¢ v4iln

Tlsunsum 4.5 auniiavesanty UpdateHand

leftHandExists = true;
if (currentLeftHand == null) {

currentlLeftHand = Instantiate(leftHandPrefab,
this.transform) ;
}
currentLeftHand.transform.GetChild(0).localPosition = new
Vector3 (float.Parse(sArray[2]), float.Parse(sArray[3]),
float.Parse (sArrav[4]));
currentLeftHand.transform.GetChild (0).localRotation = new
Quaternion(float.Parse (sArray[5]), float.Parse(sArray[6]),
float.Parse(sArray[7]), float.Parse(sArray(8]));

for (int i = 1; i < currentleftHand.transform.childCount; i++)
{

currentLeftHand.transform.GetChild (i) .localPosition = new
Vector3 (float.Parse(sArray([6 + 3 * 1]), float.Parse (sArrayl[7 +
3 * i]), BlodT.Parse (Shrrayisiagdearanyy -
}
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4.2.3 HeadSender

v
= 1 o ]

e 5 ] L 1 Y o A
Script HILNTHUN AIAUHUIHINT OA WNUIYDI AR Camera 11190 Server 1o
o 1 =Y . @ 3 o & y 1 o
Uszuranadunuense 9 1u World Position Tag183910 Device 183 98 UMTISDUADNY Server
¥
1 a =

?{'; 19 o oo i ...Z‘,’q,
uﬁauilﬂﬁﬁﬂ%ﬂﬂ31nﬂ1uﬁ1NN1u SendDaui%@ﬂ??hﬁ%%ﬁﬂuu%8gﬂyﬂﬂﬂﬂﬂuﬂﬂ?1m1ﬂﬂﬂéﬂ?1ﬂ

% 1 4 1 1 4 =) i 1
assaganned liviela iNoaa1/Suras Traffic ¥o9 data NS

Talsunsui 4.6 WaN¥u SendData

volid SendData () {
while (true) {
if (isConnected) {
msg = "head,";
if (isTracked) |
msqg; += transform.position.ToString() +
UL+ transform.rotation -ToString () ;

msqg = msg.Replace (" (", "")s
msg = msg.Replace(")", "");
s Gb AImE gRifkeh Terae () LAY N
}
else {
msg +=/"nothing";
}
if (msg != prevMsg) {

dataCtrl.SendData (msg);
prevMsg = msg;

4.2.4 Navigator

'.é’ i @ 2 g ; 3
fon N IUAURIY “navigator” 9xgniams i script 1 Tag navigator 121aasdoyaseu

A = [ a @ <3|
an auduveslas nazdoyaninerns lusuziny Tasdoyan 1dndn1n Decode 1¥11u string

3
udriuszgnion luansaeasslumipnduiuny
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4.2.5 Player
Ed '
3 o o 1 o . =
AN IuzdIazas tazmsuaasnamia lomud1e 9 9xgasanis 1y seript 4 1o

Pl 43 v g " Y 9 ES 3 a3 s Q4% T
18ANUNIUANAIY “playerinfo” S198ANUAINAIY “hp”, “sp”, “tp” THLTAL Value vo1iuTnE

o R T ) 1 -~ .
m311 string 11 1d1u text 1das uddmniinsulasunlasmanansmavosmia lomudoyase

1 I~] 1 1 & ~ LT=1 ] = 1 1
Qﬂﬁﬂll'lkﬂuﬂ;jﬂ 7 a1 1ag @vAg 9 WHUDY index ﬂlﬂ&ﬂ’iWﬂulﬂm‘iﬂ‘hll’J UAZ “n” YU8DY ¥DI1199E

I midlu default

i d o o d
Iﬂfll!ﬂﬁuﬁ 4.7 ﬁ\‘]ﬂmun.li‘nﬂﬂ]iﬂ]ﬁllaﬂﬂwﬁﬂ]ﬁﬂ“lalﬂ‘u

for(int i = 0; 1 < sArray.Length-3; i++).{
MeshRenderer card =
itemSlot.GetChild (i) .GetComponent<MeshRenderer> () ;

if (sArrgyf i + 3T =2—n) {
card.material = defaultMat;
} else {
card.material = itemMats [int.Parse (sArray [i +

31)1:
}

4.2.6 Vuforia
1 [ =) = I~
MsiaaInanned1asgagluglunuves AR Taull Object Nozudnanavziilu child ¥oq
o
Image target 1M T UNITIANITUU Anq Import Asset Database U943 Image target 41911 Vuforia

E H 1 v
@enau 1un a1 1UATAn15 e License key tio I er1u130 19914 AR ¥09 Vuforia 18 71

Developer Portal
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s VUfOI’iG’Developer Portal Hello newsear ~ | Log Out

Home Pricing Downloads Library Develop Support

License Manager Target Manager

License Manager

Create a license key for your application.

Get Development Key Buy Deployment Key
Name Type Status v Date Modified
fidget Develop Active Oct 09, 2017 02:09
testTrump Develop Active Oct 20, 2017 21:30

g‘ﬂ‘ﬁ 4.4 Vuforia License Manager

) [

: = .
111915118 License key 8ud2119 1 @314 Image target MAuard s un1suanina 1o

4
=

; 1 ] 1 3 = =1
AG0ITUAN target 11 14 d2118A3 Object MsuaTen 1310 TarTuniis 19iuamuns QR code
(% ° o ' Qs 3 3
IMT12TAN unigue AUAAWINARINIBLTY lddua A nasindu v Tnaa Irldunlu

511111 asset Y09 Unity 1o Import 191111111 Project
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e vuforia~ Developer Portal Hello newsear ~ | Log Out
v °g

Home Pricing Downloads Library Develop Support

License Manager Target Manager
Target Manager > TestDatabase

TestDatabase cu:neme

Type: Device
Targets (D
Add Target Download Database (All)
O Target Name Type Rating Status v Date Modified
i@ :
O % testTrumpTarget Single Image A A T Active Qct 20, 2017 21:32

gﬂ‘ﬁ 4.5 Vuforia Target Manager

N P \ & = 119758 A o v
Object ‘mﬂu child U84 Image target i]ﬁ.",gﬂuﬁmﬁuum DNADNIUN TN 39'53‘“@\11‘]!31[1@] 1

"l‘i'mu database 11 Vuforia ﬁ&gﬂﬁ 4.6

31/ 4.6 Vuforia AR



39

4.3 Server

4.3.1 UDP Service
9

< =) d o I [ g = V) I3
ﬁlzlﬂuﬁﬂ'ﬁﬂﬁﬁ’]ﬁﬁ']Jﬂ’?]‘]Jﬂiiﬂ1ﬁ§‘]Jﬁﬁ‘Uﬂ‘lJﬂ‘l’l\‘l1’T3Jﬂ Tﬂﬂﬁ]gBJ“]J'BQTYNS‘U“U@J‘I,ﬁWNW'Bﬁﬂ
3
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U

vy P A ' & Pl
1999 Llazﬁﬂmauﬂﬂ’NWﬁ]'ﬁﬂ 1998 Iﬂﬂlﬂam 1153800 IP Address ﬂJ’e‘NLLﬂﬁzﬁgﬂﬂ‘imﬁﬂUiﬂﬂ

a
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y d o
Tﬂmmnﬁ 4.8 Wan¥u ButtonPressed

public void ButtonPressed() {
InputField streamerl =
GameObject.Find ("Streamerl1lIP") .GetComponent<InputField> () ;
InputField clientl =
GameObject.Find("ClientlIP") .GetComponent<InputField> () ;
InputField streamer2 =
GameCbject.Find("Streamer2IP") .GetComponent<InputField> () ;
InputField client2 =
GameObject.Find("Client2IP") .GetComponent<InputField> () ;
streamerIP.Clear();
clientIP.Clear () ;
streamerIP.Add (new IPEndPoint (IPAddress.Parse (streamerl.text),
1998));
clientIP.Add (new IPEndPoint (IPAddress.Parse(clientl.text),
1998));
streamerIP.Add (new IPEndPoint (IPAddress.Parse (streamer?.text),
1998));
clientIP.Add (new IPEndPoint (IPAddress.Parse(client2.text),
1998));
BroadcastData("streamer", streamerIP);
BroadcastData ("client", clientlIP) ;

1 & o Y o = o 4 °
1uﬁ3um@ﬂﬁﬂﬂwuIkmeweDmaﬂ%WTﬁﬁHﬂﬂﬂﬁiU%@ﬂ?Wﬂﬂ1$Wﬂﬁﬂ1999M53u11ﬂ
o = ] g [Vt 9 .:5r d' = ] = 9 A
mmumsm"l;ﬂ H'Eiﬂil1ﬂ1:!ﬂ\13i”I’Tiﬂ'ﬂ@]ﬁ?ﬁ)ﬁﬂ‘l_lﬂ'ﬂullilﬂ'liﬁll'ﬂ'lﬂ'luﬂj'ﬂﬂ Server 8NA 18 TﬂﬁlLﬂJﬂ

a1 [ o 2 o
f:]‘L]Jﬂ'iﬂ!GHQ 1 ADUNAV WIS Server ﬂiﬂl!ﬁ?ﬁqgg’;ﬁﬂﬂ—ﬁﬂWQ']H"UT’JQ Server
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void ReceiveData() {

IPEndPoint sender ip = new IPEndPoint (IPAddress.Any, 0);
while (true) {
byte[] receive data = receiver.Receive(ref sender ip);
if (send from streamer 1) {
msg[0] = Encoding.UTF8.GetString(receive data);
}
else if (send from client 1) {
msg[l] = Encoding.UTF8.GetString(receive data);
}
else if (send from streamer 2) {
msg[2] = Encoding.UTF8.GetString(receive data);
}

else if (send from client 2) {
msg[3] = Encoding.UTF8.GetString (receive data);

Tilsunsun 4.10 Teamesudmsmiannun3on

if('allReady) {

if (receive ack from streamer 1) {
streamer 1 ready;

}

if (receive ack from c¢lient 1) {
client 1 ready;

}

1f (receive ack from streamer 2) |
streamexr 2 ready;

}

if (receive ack from client 2) {
client 2 ready;

}

if(all device is ready) /{
allReady = true;
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4.3.2 DisplaySender
=1 = d o ar U % o . &
duaasiladmsudedeyaveainguunszam1ida Client Tagazas1911 GameObject
4 | . 1 = 3| ’ . =
nﬂ%uﬁﬁ Hierarchy Bgﬂ‘lﬂﬁléf GameBoard Lla¥l Tag 1w GameComponent SRIEE) GameObject N

& & o LW . & & o
ﬂiﬂﬁ1mmﬂuqmﬂ%zﬂ?ﬂ?iﬁﬂmﬂﬂﬂﬁJdwphyﬁTNN@ﬂi%WﬂTﬁuﬂ

Tilsunsaf 4.11 Wan¥u ScanChild

void ScanChild () {

Transform[] temp =
GetComponentsInChildren<Transform> (true) ;

for(int 1 = 0; i< temp.Length; i++)

if (temp[i].tag == "GameComponent" && temp[i] !=
transform) {
if (!children.Contains(temp[i] .gameObject)) {
children.Add (temp[i]+-gameCbject) ;

Tsunsan 4.12 InaienveaWan ¥ Update 14 DisplaySender

void Update () {
if (allReady) {
ScenChild)y;
foreach(GameObject child in children) {
if (object has changed) {
1f (object not actiwve) {
sendingMsg = object active
1
else {
sendingMsg = cbject inactiwve

}
else if(object has moved) {
sendingMsg = object move to position
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4.3.3 InteractionBehavior
a o2 a ¥ave . 2 A = W PR Y o i
ﬁﬂﬁﬂﬁm}xgﬂ@lﬂﬁﬂ‘ﬁﬂﬂ GameObJectﬂﬂﬂfﬂﬂﬁ?hﬁﬂﬂ&lﬂﬁmllﬂ $39¢# 89U Collider
- = ?f, T . = n’y © s @ g
1Az Rigidbody ARAIBELL GameObject A0 Tagaa3atiagiinisnsIUMITUVDITAGDU LAz
Al = [ = o 3 d‘i 1 d:l =] o 3 o [}
ﬂi’JilfTE]‘lJNE]Hvl“IIﬂT:I“HEJ‘iJ%]‘]JQWMWﬂ'IHuﬂ"l?l mawmnnuau"lamwmmimﬂmumuwae

1 1 3
GameObject 11Jdsganenasvosudag Object MimMstuingilen13

Tolsunsui 4.13 Tamanveafan¥y OnTriggerEnter

void OnTriggerEnter (Collider other) {
if (other is hand) {
fingerOwner = player who touch
if (no owner) {
owner = fingerOwner;
}
if (owner == fingerOwner) {
add” te, 1ist
if (finger in list more than 2) {
this object is child of hand
isGrabbed = true;

4.3.4 Navigator
= a’y ° { o o & " g; 1 o o o 1 1
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