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Abstract

The rapid development of Virtual Reality (VR) technology and the Internet of Things (IoT) is enabling
innovative user experiences across various fields. In particular, the integration of Head-Mounted Display
(HMD) based controllers with LED (Light Emitting Diode) lighting systems serves as a prime example of
such technological innovation, elevating the interaction between virtual spaces and the real environment to a
new dimension. Based on this technological backdrop, this study develops a system that allows multiple
users to control LED lighting within a virtual reality environment simultaneously, thereby proposing a new
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model of interaction where virtual reality objects and real-world LED control are interconnected. This
Keyword : LED, HMD, Controller, interaction, Multi-user

system supports an interface that enables multi-user interaction within the VR environment, while also
ensuring that the state of virtual objects and the user's control within the virtual environment directly reflect

on the real-world lighting settings. By blurring the boundaries between virtual and real, it allows users to
experiences through multi-user interaction and the linkage between virtual and real explores the potential

manipulate the physical environment through actions taken in the virtual space. The provision of new
expansiveness of VR technology, which is expected to elevate the user experience to a higher level.

A Study on the Integration of VR-LED Control Using HMD-Based Controllers
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namespace UnityEngine. XR.Content.Interaction

{

/I <summary>

/I This class is responsible for creating the perler sockets grid and turning on/off the machine.

/Il </[summary>

: MonoBehaviour

public class PerlerMachineController

EMISSION";

_n

static readonly string k EmissionKeyword

[SerializeField]

[Tooltip("The emissive materials that will change state whenever the machine is turned on/off")]

m_EmissiveMaterials;

Material[]

void Awake()

{

bool m MachineActive;
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DisableEmissiveMaterials();

}

#f UNITY_EDITOR

#endif

void OnDestroy()

{
EnableEmissiveMaterials();
}
void DisableEmissiveMaterials()
{
foreach (var material in m EmissiveMaterials)
material. DisableKeyword(k_EmissionKeyword);
}
void EnableEmissiveMaterials()
{
foreach (var material in m EmissiveMaterials)
material.EnableKeyword(k_EmissionKeyword);
}

/I <summary>

/// Call this method to activate or deactivate the machine. This will also turn on/off its lights.
/Il Used by the BatterySlot GameObject socket.

/Il </[summary>

/Il <param name="active">Value of <see langword="true"/> to activate the machine; <see

langword="false"/> otherwise.</param>

public void SetMachineActive(bool active)

{
/[ 1t's the same state?
if (active == m_MachineActive)
return,
/I Change the machine light state
m_MachineActive = active;
if (m_MachineActive) {
EnableEmissiveMaterials();
// LED on 8%
UnityWebRequest request = UnityWebRequest.Get("http://192.168.45.23/H|1|2|1255|255/0");
request.SendWebRequest();
}
else  {
DisableEmissiveMaterials();
// LED Off 873
UnityWebRequest request = UnityWebRequest.Get("http://192.168.45.23/H|0[2/0]0]0");
request.SendWebRequest();
}
}

[128 1] CHS AH8AL 7|8t VR-LED HMOf JL{E| Z24 AA
[Fig. 1] Multi-user Based VR-LED Control Unity Program Source
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#include <ArduinoJson.h>

#include "WiFiEsph" //WiFi Z& E}0|2R{2|E S2{SLICt

#include <SoftwareSerial.h> I ARIY St 2fo|eeElE E2F Lk
#include <Adafruit NeoPixelh> // W|QEM 2to|E2{2|E E{FLICt
/AR S AUEY H Mo

#define rxPin 3

#define txPin 2

SoftwareSerial esp01(txPin, rxPin); // SoftwareSerial NAME(TX, RX);
const char ssid[] = "WIFI NAME";  // WiFi O|&

const char pass[] = "WIFL PASS";  // WiFi IjAHE

int status = WL _IDLE_STATUS; // WiFi &fEf 2ol B
/B e gl g ZE A

WiFiEspServer server(80);

#define PIN 6 /o HEE =3 § Hs

#define NUM_OF ROW 5 JHeEd A+ 4

#define NUM_OF COLUMN 5  // YA 84 MY

/LM strip B

Adafruit NeoPixel strip = Adafruit NeoPixeNUM_OF ROW * NUM_OF COLUMN, PIN, NEO GRB +
NEO_KHZ800);

/22 MM (0 : off, 1 : on)

int OnOff = 0

RN

int pos = 0

int colorR = 255;

int colorG = 255;

int colorB = 255;
/| MERE
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int colorRsfNUM_OF COLUMN][NUM _OF ROW]J;
int colorGsfNUM_OF COLUMN]INUM _OF ROW];
int colorBsyNUM_OF COLUMN]NUM_OF ROWJ;
/Hemd ge
int valuess]NUM_OF COLUMN][NUM OF ROW];
/I BEo HE
const char HOME TAG = 'H';  // HOME
char command = HOME TAG;
/I 7|3}
void setup() {
Serial begin(9600);  / Al2|¥ 4l £& MY
esp01.begin(9600);  /2AO|L}0| SAl £ 7
WiFiinit(&esp0l); // esp & 7|3}
while ( status '= WL CONNECTED) { / & 10=&0t wifi @2 A=
Serial.print(F("Attempting to connect to WPA SSID: "));
Serial.printIn(ssid);
status = WiFi.begin(ssid, pass);  / WIFI ¢1Z& Al
[PAddress ip = WiFi.locallP(); /1P =0l
Serial.print("IP Address: ");
Serial.printIn(ip);
/I HIQEE 27|35
strip.begin();
for(int i=0; i< NUM_OF_COLUMN; i++){
for(int j=0; j<NUM_OF ROW; j++){
values[i][j] = 0;

colorRs[i][j] = colorR;
colorGs[i][j] = colorG;
colorBs([i][j] = colorB;
}
}

}

I EMY 7t

server.begin();

tvoid loop() {
WiFiEspClient client = server.available();

if (client) { MY s ofe ol
while (client.connected()) { /| SEI0|¢E A =0l
if (client.available()) { ) 2210|QE EAl 7Hs of2 <ol
// EﬁE1o-|
| Y OﬂOn/OfﬂR\G\B)

Strmg income AP = client.readStringUntil("\n');

int first = income AP.indexOf("|"); // & £/ | IX]

int second = income_ AP.indexOf("|" first+1); // & HK | K|
int third = income AP.indexOf("|",second+1); / Al WY | SIX|
int fourth = income AP.indexOf("|" third+1); // Ul BRY | SIX|
int fifth = income AP.indexOf("|" fourth+1); // CHI =HRY | /K|
int length = income AP.length(); / &AtE ZO|

String strl = income AP.substring(0, first);

String str2 = income AP.substring(first+1, second);
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}

}

String str3 = income AP.substring(second+1, third);
String str4 = income AP.substring(third+1, fourth);
String str5 = income AP.substring(fourth+1 fifth);
String str6 = income AP.substring(fifth+1,length);
I BE M
command = strl.charAt(0);
if (command == HOME TAG) {

/ on & off %t

OnOff = str2.tolnt();

IR EE

pos = str3.tolnt();

/M e
colorR = str4.tolnt();
colorG = strS.tolnt();
colorR = str6.tolnt();
/HEE ol
showPixel();
client.flush();
client.println(F("HTTP/1.1 200 OK")); // HTTP ZE2EZ
client.println(F("Content-type:text/html"));
client.println(F("Connection: close"));
} else {
client.flush();

client.println(F("HTTP/1.1 200 OK")); // HTTP Z2EZ |

client.println(F("Content-type:text/json"));
client.println(F("Connection: close"));
client.println();
StaticJsonBuffer<200> jsonBuffer;
JsonObject& root = jsonBuffer.createObject();
JsonArray& data = root.createNestedArray("items");
for(int i=0; i< NUM_OF COLUMN; i++){
for(int j=0; j<NUM_OF ROW; j++){
JsonObject& item = data.createNestedObject();
item["value"] = values[i][j]

item["colorR"] = colorRs([i][j]

item["colorG"] = colorGsl[i][j]

item["colorB"] = colorBs[i][j]
}

}

String parsedJsonToString;
// jsons StringQ = Bzt
serializeJson(json, parsedJsonToString);
client.println(parsedJsonToString);

}

delay(1);

break;
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client.stop();
Serial.printIn(F("Client disconnected"));

}
v/ T x|of
void showPixel() {
I 2R & M ME
for(int i=0; i< NUM_OF COLUMN; i++){
for(int j=0; j<NUM_OF ROW; j++){
int idx = i * NUM_OF ROW + j;
if idx = pos {
values[i][j] = OnOff;
colorRs[i][j] = colorR;
colorGs[i][j] = colorG;
colorBs[i][j] = colorB;
}
}

}
/ HLEH On & Off
for(int i=0; i< NUM_OF COLUMN; it++) {
for(int j=0; j<NUM_OF ROW; j++) {
int idx =i * NUM_OF ROW + j;
if(values[i][j] = 0){
strip.setPixelColor(idx, 0, 0, 0);
} else {
strip.setPixelColor(idx, colorRs[i][j], colorGs([i][j], colorBs[i][j]);
!
!

}
delay(50);

strip.show();

}

[12 2] CES AF2XA} 7|8k VR-LED MO OFFO0| Z273H AA
[Fig. 2] Fig. Multi-user Based VR-LED Control Arduino Program Source
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