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GET ... HTTP/1.1 

Connection: Upgrade 

Upgrade: websocket 

Sec-Websocket-Key: 

dGhlIHNhbXBsZSBub25jZQ== 

HTTP/1.1 101 Switching 

Protocols 

Connection: Upgrade 

Upgrade: websocket 

Sec-Websocket-Accept: 

s3pPLMBiTxaQ9kYGzzhZRbK+xOo= 



„dGhlIHNhbXBsZSBub25jZQ==”

 Sec-Websocket-Accept

 "258EAFA5-E914-47DA-95CA-

C5AB0DC85B11"

"s3pPLMBiTxaQ9kYGzzhZRbK+xOo=" 101 

Switching Protocols

var connection = new WebSocket(’ws://127.0.0.1:12345’); 

connection.onopen = function(){ 
 connection.send(’Die Verbindung steht!’); 

}; 
connection.onerror = function(error){ 
 connection.log(’WebSocket Error: ’ + error); 

}; 
connection.onmessage = function(e){ 
 connection.send(’Server: ’ + e.data); 
}; 



upgrade onopen

Die Verbindung steht

onerror

onmessage e

send

BLOB

BLOB



 







 

 

 

C/C++ Seite Java  Seite 
 

JNI 
Funktionen 

Bibliotheken 

Exceptions 

Klassen 

VM 



  



 

Memory 





gl<Root Command>[arg count][arg type][v] 

gl

root command arg 

count arg type

v

GPU (Server) 

OpenGL Impl./ 
Treiber 

Verarbeitung der 
OpenGL Befehle und 

Ausführung der 
Graphics-Pipeline 

CPU (Client) 

OpenGL 
Applikation 

Absetzen der 
OpenGL Befehle 

Core Core 

RAM RAM 

Co
re 

Co
re 

Co
re 

Core Core Core 

Co
re 

Co
re 

Co
re 

Core Core Core 

System 



glUniform3f(int uLightPosition, float x, float y, float z); 

glUniform3f

uLightPosition

float

GL_DEPTH_TEST GL_CULL_FACE GL_PRIMITIVE RESTART

glEnable(…) glDisable(…)



 

in- out- uniform

main

float sin(float radians) Trigonometrische Funktionen 

float pow(float x, float y) Berechnet x^y 

float sqrt(float x) Berechnet die Wurzel aus x 

float length(vec4 x) Betrag eines Vektors 

float dot(vec4 a, vec4 b) Skalarprodukt aus a und b 

vec4 normalize(vec4 x) Liefert normalisierten Vektor 

vec3 cross(vec3 a, vec3 b) Kreuzprodukt a x b (nur für vec3) 

mat4 inverse(mat4 a) Inverse Matrix, ab GLSL 1.50 / GL 3.2 

#version 330 core 
uniform <varType><varName>;  // Uniform Variablen 
in    <varType><varName>;  // In Variablen 
out    <varType><varName>;  // Out Variablen 
 
void main(){ 
   ...      // Main Funktion des Shaders 
} 



 

 

 

 





viewProj mat4 

modelMatrix mat4 

vs_in_pos vec3 

vs_in_normal vec3 

world 

viewDirection 

vec4 

vec3 

normalWC 

normalDirection 

vec3 

vec3 

 
uniform mat4 viewProj;  // View-Projection Matrix Kamera 
uniform mat4 modelMatrix;  // Matrix der Modelling-Transformations 
 
in vec3 vs_in_pos;   // Geometrie-Vertices 
in vec3 vs_in_normal;  // Geometrie-Normalen 
 
out vec3 viewDirection;  // für EV-Mapping: Blickrichtung 
out vec3 normalDirection;  // für EV-Mapping: Normalenrichtung 
 
 
void main() 
{ 
   // Transfer der Modell-Koordinaten in Welt-Koordinaten 
   vec4 world = modelMatrix * vec4(vs_in_pos, 1.0); 
   viewDirection = world.xyz; 
 
   // Berechnung der Normalen im Welt-Koordinatensystem 
   vec3 normalWC = (modelMatrix * vec4(vs_in_normal, 0.0)).xyz; 
   normalDirection = normalWC; 
  
   // Ausgabe 
   gl_Position = viewProj * world; 
 
} 



cubeMap samplerCube 

viewDirection vec3 

normalDirection vec3 

reflectedDirection vec3 

 
in vec3 viewDirection;  // Blickrichtung 
in vec3 normalDirection;  // Normalenrichtung 
uniform samplerCube cubeMap; // Uniform der Cube-Map-Texturen 
 
out vec4 finalcolor;  // Ausgabe Farbwert des Fragments 
 
void main() 
{ 
   // Reflektionsvektor der Blickrichtung an der Normalen in einem Punkt 
   vec3 reflectedDirection = reflect(viewDirection, normalize(normalDirection)); 
 
   // Farbausgabe, durch Berechnung der Texturkoordinate mit Reflektionsvektor 
   finalcolor = textureCube(cubeMap, vec3(reflectedDirection.x,  
                                         -reflectedDirection.y, 
                                          reflectedDirection.z)); 
 
 }



 

Server 

RR CarConfigurator 

RE API 

Listener Encoder 

Client sendet 
Nutzereingaben (Maus und 
Tastatur) 

Server sendet zu 
dekodierende „Bilder“ an 
den Nutzer 

 

Client 

Website 

Player - Skripte 

Decoder WebGL 
Canvas 

Player 

Stream MP4 

Message - Skripte 

Message Message 
Handler 

HTML 

Server 

RR CarConfigurator 

RE API 

Listener Encoder 

RE JNI 
Bridge 



 

 

RE API initialisieren 

Encoder 

Listener 

Initialisierung der 
Shaderprogramme 

Initialisierung der 
Lichtquellen 

PollEvents(Listener) 

Render in Framebuffer 

drawScene(         ) 

drawSky(      ) 

drawCar(      ) 

RenderCore() 

LList <Buildings> 

LList <Cars> 

LList <Skydome> 

Offscreen-Rendering initialisieren 

Laden der Geometrien 

 Szene 

 Himmel 
 Fahrzeuge 

Render() 



 

 

RE API 

eDefault : int 

eH264 : int 

eH265 : int 

eHighPerformance:  int 

eLowLatency : int 

eYUV420 : int 

eYUV444 : int 

+ AddEventListener(RE_EventListener arg0, long arg1): void 
+ CreateRemoteEncoder(EncoderDesc arg0): long 
+ DeleteEventListener(RE_EventListener arg0, long arg1): void 
+ EncodeAndSend(long arg0, byte[] arg1): int 
+ Init(): void 
+ MapGraphicsResource(long arg0): long 
+ RegisterResourceGLTexture(int arg0, int arg1): long 
+ UnmapGraphicsResources(long arg0, long arg1): void 
+ UnRegisterResource(long arg0): void 
class: EncoderDesc 
class: RE_EventListener 



RE_EventListener 

+ onKeyDown(char arg0) : void 

+ onKeyPressed(char arg0) : void 

+ onKeyReleased(char arg0) : void 

+ onMouseDown(int arg0, int arg1, int arg2) : void 

+ onMouseDragged(int arg0, int arg1, int arg2, int arg3) : void 

+ onMouseMoved(int arg0, int arg1) : void 

+ onMouseUp(int arg0, int arg1, int arg2) : void 

+ onMouseWheel(int arg0, int arg1, int arg2) : void 



 

 

AddEventListener(RE_EventListener arg0, long arg1): void 

AddEventlisener RE_API

RE_EventListeners

RemoteEncoder long

CreateRemoteEncoder(EncoderDesc arg0): long 

RemoteEncoders

EncoderDesc

DeleteEventListener(RE_EventListener arg0, long arg1): void 

EventListener Encoder

EncodeAndSendSurface(long arg0, byte[] arg1): int 

long

Init(): void 

MapGraphicsResource(long arg0): long 

long



RegisterResourceGLTexture(int arg0, int arg1): long 

GL_TEXTURE_2D

UnmapGraphicsResources(long arg0, long arg1): void 

UnRegisterResource(long arg0): void 

class: EncoderDesc 

class: RE_EventListener 

onKeyDown(char arg0) : void 

onKeyPressed(char arg0) : void 

onKeyReleased(char arg0) : void 

onMouseDown(int arg0, int arg1, int arg2) : void 

onMouseDragged(int arg0, int arg1, int arg2, int arg3) : void 

onMouseMoved(int arg0, int arg1) : void 

onMouseUp(int arg0, int arg1, int arg2) : void 

onMouseWheel(int arg0, int arg1, int arg2) : void 



 

RE_API.Init();    // Initialisierung der RE-API 
         
boolean IHaveNVIDIA = true;  // Server: Nvidia GPU? 
         
// Setzen der Encoder-Parameter 
RE_API.EncoderDesc desc = new RE_API.EncoderDesc(); 
 
desc.w = init.width;    // Höhe Ausgabefenster in Pixel 
desc.h = init.height;    // Breite Ausgabefenster in Pixel 
desc.fps = 30;     // Angestrebte FPS Zahl 
desc.useNVENC = IHaveNVIDIA;   // Nvidia GPU? 
desc.useOpenCL = false;    // OpenCL nötig in der Anwendung? 
desc.varBitrate = false;    // false wenn keine Bitrate-Limi t 
desc.useWebSocket = true;    // Websockets? 
desc.codec = RE_API.eH264;   // Codec zur Enkodierung 
desc.format = RE_API.eYUV420;   // Farbformat des Streams 
desc.port = 12345;     // Port 
desc.profile = RE_API.eHighPerformance; // H264 Performance Modus 
desc.sendBufferSize = -1;    // Limitierung der Buffersize 
desc.maxBitrate = 5000000;   // Maximale Bitrate 

encoder = RE_API.CreateRemoteEncoder(desc); 

 



color_tex

RE_EventListener listener = new RE_EventListener() { 
    
 public void onMouseWheel(int arg0, int arg1, int arg2) { 
 } 
 
 public void onMouseUp(int arg0, int arg1, int arg2) { 
 } 
 
 public void onMouseMoved(int arg0, int arg1) {    
 } 
    
 public void onMouseDragged(int arg0, int arg1, int arg2, int arg3, int arg4) {         
 } 
 
 public void onMouseDown(int arg0, int arg1, int arg2) {    
 } 
    
 public void onKeyReleased(char arg0) { 
 } 
 
 public void onKeyPressed(char arg0) { 
 }     
   
 public void onKeyDown(char arg0) {  
 } 
 
}; 

RE_API.AddEventListener(listener, encoder); 

color_tex = glGenTextures(); 
glBindTexture(GL_TEXTURE_2D, color_tex); 
glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_WRAP_S, GL_REPEAT); 
glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_WRAP_T, GL_REPEAT); 
glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MIN_FILTER, GL_NEAREST); 
glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MAG_FILTER, GL_NEAREST); 
glTexImage2D(GL_TEXTURE_2D, 0, GL_RGBA8, w, h, 0, GL_RGBA, GL_UNSIGNED_BYTE,  

  (ByteBuffer)null); 
 



width ∙ height

    
fb = glGenFramebuffers(); 
glBindFramebuffer(GL_FRAMEBUFFER, fb); 
glFramebufferTexture2D(GL_FRAMEBUFFER, GL_COLOR_ATTACHMENT0, GL_TEXTURE_2D,  

      color_tex, 0); 
 
depth_buffer = glGenRenderbuffers(); 
glBindRenderbuffer(GL_RENDERBUFFER, depth_buffer); 
glRenderbufferStorage(GL_RENDERBUFFER, GL_DEPTH_COMPONENT24, w, h); 
 
glFramebufferRenderbuffer(GL_FRAMEBUFFER, GL_DEPTH_ATTACHMENT,  

  GL_RENDERBUFFER, depth_buffer); 
               
resource = RE_API.RegisterResourceGLTexture(color_tex, GL_TEXTURE_2D) 



 

Building 

Car 

Car 

Car 



Building 

Car 

Car 

Car 





 

Part 

alias : String 

vertices : float[ ]  

normals : float[ ] 

indices : int[ ] 

Ni : double 

Ka : float[ ] 

d : double 

Kd : float[ ] 

illum : long 

Ks : float[ ] 

Ns : double 

vb, ib, nb, tb : int 



 

loadCars(String fahrzeug)

aston_martin

loadCars("aston_martin"); 
 

Car 

partsCars : ArrayList<Car> 

vaoId, vboId, iboId, naoId, nboId : int 

uKa, uKd, uKs : Vector3f 

ud, uNs : float 

modelName : String 

ud, uNs : float 

modelName : String 

car_id : int 

shaderProgram : ShaderProgram 

anzahl : int 

+ load(String modelName, int anzahl)  
+ extractParts(String filename,   ArrayList<Part> modelList)  
+ initBuffers(Part m, ArrayList<Part> modelList) : void 
+updateColor(String farb_id) : void 
+ drawCar() : void 
+delete() : void 
 



Cars

modelname

anzahl_parts 

Car 

draw

carList

aston_martin_db9 = new Cars(modelname, carShaderProg); 
carList.add(aston_martin_db9); 
aston_martin_db9.load(modelname, anzahl_parts); 

glUseProgram(carShaderProg.getId()); 
updateTransformation(carShaderProg); 
for (Cars c : carList) { 
 c.drawCar(); 
} 
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public class render{ 

// Rendering... 

// 1. Messpunkt 
re_last = System.nanoTime(); 

// Enkodierungs-Resource an Encoder binden    
long mappedPtr = RE_API.MapGraphicsResource(resource); 
// Enkodierung und senden 
RE_API.EncodeAndSendSurface(encoder, mappedPtr); 
RE_API.UnmapGraphicsResources(resource, mappedPtr); 

 
// 2. Messpunkt 
re_now = System.nanoTime(); 
   
 nanos =re_now - re_last; 
 re_last = re_now; 

 

// frames - Ausgabe pro Sekunde 
// nanos  - Ausgabe pro 100 Frames 

} 





 

 

 

 



 

RE_API

RE_EventListeners

import com.av.RE_API; 
import com.av.RE_API.RE_EventListener; 
         



 

 



 

 



 

 



 







 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 



 

 


