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mRootNode

mMeshes[]

mMaterialsf]

Contains index to a material
in Scene.mMaterials{]

Contains Index
to a mesh in

Scene.mMeszhes[]

o Scenezk: EEIFMPFTEEIEE S ?B'Z{%T_T_ F1X7]
o Node3k: pBININEEEERILSBE—INTR, X1
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mcChildren(]
mMeshes[]

mChildren{]
mMeshes[]

FENE—TNXEEMBRIFEEERIEN:

AssimpZ5ts

mVertices[]
mMNormals[]
mTextureCoords[]

mFaces[]

miaterialindex
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mindices[]

GetTexture{type)
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{RAILAIEAssimpRUE T Wi X TEEIERIMRA, &FMIRAE4.0.1, EEIXARARE3 3.1, RIERE, MEEE3 3FFAIAIOpenGLEIME
TLHOMRA—HF, BFRAME, M[ie. B, MRIRKHEFQ, BBABALATHEE HERINEPH3 3 RARE (BEGES: Tau7) .
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EFEZHIRIGF, BAVESHISEFHRR, ERNE—IRHE, MREETEETNE. Ak, SOBMIRSER. BEBASImplEE, HiE
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HERFREAZ T, nodesl? Brfgk, MIEBEAETFTIR, XFEHEAFE. mesh3X? IHERXE, (BREEAIfaceBEASLI? faceX? EEH
HAAERINRERS |, BRERS B2, BiREdER?

HEHE, BRBmeshKE LXRINR, &EE, MET. ETface, JUUERESEXREH, WIRSARIEE, BE—TEE, meshdhBER
BEMRAE. i, s0B%n, BEEMR (MESEE) , BERRS|. F1MEIBXERE—RIRHEMeshEH, SeRMBIIENRYSR,

BARIRE, BEEFEEENUE. i, SGBMNMER, B — M SO NASER, ERIHRIFESE. EXWT:

struct Vertex {
glm::vec3 Position;
glm::vec3 Normal;
glm::vec2 TexCoords;

s

PRILLZ S8, BATEFTE—NLGREH, Bas0RRBNSERED, BiXiF:

struct Texture {
unsigned int id;
std::string type;
std::string path;
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BT XLEEMIVEEZE, HMOMATLLREXMIZRT ., EMIFTELE EREEERIVGME, RISGMH—MAEIRE, BREXRE
XA MIEIIR,

class Mesh {
public:
Mesh(const std::vector<Vertex>& vertices, const std::vector<unsigned int>& indices, std::vector<Texture>& textures);

void Draw(Shader shader);



public:
std::vector<Vertex> vertices;
std::vector<unsigned int> indices;
std::vector<Texture> texture;

private:
unsigned int VAO, VBO, EBO; [ TEGEIREE

void setupMesh();
s

PERAARER, BEENXEET—ER(IFENFRANE. WERHEEINN. R3IFMSGREIERH TR, ERMREENRRIRIERMEE
EJZ!Z?‘ PEERISEME, BRABRFEENETML, MERERARERXRE,
ERHIREDDrawEERERSREN T IREECRTHIMREGE, HRNIRBNIZEZIFEEMN, S2IEEY,

MERET, BNECHANSHEEHSFEMREE, AFEMsetupMeshERERAIIIRE:

Mesh: :Mesh(const std::vector<Vertex>& vertices, const std::vector<unsigned int>& indices, std::vector<Texture>& textures) {
(this->vertices).insert((this->vertices).end(), vertices.begin(), vertices.end());
(this->indices).insert((this->indices).end(), indices.begin(), indices.end());
(this->textures).insert((this->textures).end(), textures.begin(), textures.end());

setupMesh();
}
stk
BTMISHIEIEZ S, FIIMBECIEERIME T, BIEVAO, VBO, EBOHE., BIEMSRIGER(ICERAET, KAFHRZSTVAO, VBO, EBORY

ID, RRPERE, ARHERIOpenGLRYAGEH, AREEEELUE, Aa5s. RIBEXNEBEE, F(RELNE:



void Mesh::setupMesh() {
glGenVertexArrays(1, &VAO);
glGenBuffers(1, &VBO);
glGenBuffers(1l, &EBO);

glBindVertexArray (VAO);

glBindBuffer(GL_ARRAY BUFFER, VBO);
glBufferData(GL_ARRAY_BUFFER, vertices.size() * sizeof(Vertex), &vertices[@], GL_STATIC_DRAW);

glBindBuffer (GL_ELEMENT_ARRAY_BUFFER, EBO);
glBufferData(GL_ELEMENT_ARRAY_BUFFER, indices.size() * sizeof(unsigned int),
&indices[@], GL_STATIC_DRAW);

//TE AL E,
glEnableVertexAttribArray(0);
glVertexAttribPointer (@, 3, GL_FLOAT, GL_FALSE, sizeof(Vertex), (void*)e);

/1 TS
glEnableVertexAttribArray(1);
glVertexAttribPointer(1, 3, GL_FLOAT, GL_FALSE, sizeof(Vertex), (void*)offsetof(Vertex, Normal));

/[ BCEA R
glEnableVertexAttribArray(2);
glVertexAttribPointer(2, 2, GL_FLOAT, GL_FALSE, sizeof(Vertex), (void*)offsetof(Vertex, TexCoords));

/1R ERINRIVAOFR B
glBindVertexArray(9);
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BFEREVBORERINSEE T, FAHEH(IREIsizeof (H) , MEXRATHERKE HRRXNILI, REknUEBM TSR
HE, XLERIERER R, vectorRABEPIITTRBRKILEREFN, AMAETH.



RERRETRIETRIIHR, SREVEIVERBERA T offsetol/n, IXNARASGREE N ARRRRH, WEETEHRBES LXAIREEX
TARmEZD,

ERXEEMNREANNAT LAIKAIEE A, MERELHAEY RIIBEAIRHR (HINETRREAFIN M AEE) FEBSEMAIE, KR
BE, HOESHHAAE, AMERNISHARE, XREBiiZzEE5chH.
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FITH—MNREGERDrawikE Y. FEEEHITERISE (JAFgIDrawElementsiiEl) B, HAIEEICELNSEESIEREGES (XEEAMALE

B 1TEEREANERR) .

AT RRRIEEN, FEmesh, AR Amesh, HENEPFZAVRA, TR, SGEFRE. meshAIEGEMR, meshBIRREIRR, ASSEINRREIRK
R, —MREMHIERZEAMEECRPESOEEFENE, BB ANEERK[PIEELTENRFER. T2, BiIREME—LR
%, RIREESFTEINERFLEEIRMEESICSEE, MIN2FE8I FaIE:

uniform sampler2D texture_diffusel;
uniform sampler2D texture_diffuse2;
uniform sampler2D texture_diffuse3;
uniform sampler2D texture_specularl;

uniform sampler2D texture_specular2;

< »
EXERRIRE, BIEEREEPHATLEIESIER, ARIREBNAISEET ., DrawilZem 7 iXMEF:

void Mesh::Draw(Shader shader) {
unsigned int diffuseNr = 1;
unsigned int specularNr = 1;
for (unsigned int i = @; i < textures.size(); ++i) {
glActiveTexture(GL_TEXTURE® + 1i);



std::string number;
std::string name = textures[i].type;
if (name == "texture_diffuse")
number = std::to_string(diffuseNr++);
else if (name == "texture_specular")
number = std::to_string(specularNr++);

shader.setFloat(("material." + name + number).c_str(), i);
glBindTexture(GL_TEXTURE_2D, textures[i].id);

}

//iE G

glBindVertexArray (VAO);

glDrawElements (GL_TRIANGLES, indices.size(), GL_UNSIGNED_INT, 9);
glBindVertexArray(90);

glActiveTexture(GL_TEXTUREQ);

RIBER— B ENEN. ERESGENIR, BAIERAT -5, MEBESCENRS MEIESEERHITIRE. X, HRINEEIENRE
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BTFEIX—FT, WE, BNFE—NREKICEMEEGSHEFA—IEIR, XRERNECIZIMREE, —MEEBESMMIgENR,
BECEENAYCIEREL, TR, ROTRAbIE. INEREL. INEGOR. ERE. (ERERRFERLMNN, REERFRIthSTEREREE.

R ABRE, REBERAIFMREES:



class Model{

public:
Model(char* path) {
loadModel(path);
¥

void Draw(Shader shader);

private:
std: :vector<Mesh> meshes;
std::string directory;

void loadModel(std::string path);
void processNode(aiNode* node, const aiScene* scene);
Mesh processMesh(aiMesh* mesh, const aiScene* scene);

std::vector<Texture> loadMaterialtextures(aiMaterial* mat, aiTextureType type, std::string typeName);

¥
<
AREN. B RRERAERRE Draw, XRHYAFTZREHMRZEmeshes, FAE M meshfIDrawREH LAY .
//TEG
void Model::Draw(Shader shader) {
for (int i = @; i < meshes.size(); ++i)
meshes[i].Draw(shader);
}
<
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AT ESNEEIF LR B E X ISR, FAIFEBEE S AssimpAI—E3L 34, 8 assimp-3.3.\include" A TN AYassimpIZ {4 T8 I EIFKA(]
FH—RISUFERT, AREaEK:



#include <assimp/Importer.hpp>
#include <assimp/scene.h>
#include <assimp/postprocess.h>

BIIE—MERNREV EREIERE, MEXZEERN, @ERloadModelREl, EXRET, HIISICEEBHAssimpilE#E, REHE—
sceneXtR., IXBAssimpHI— MRS, REUNNEMsceneXRZfE, FATHAT LN BEIEBEUEH THEIR5GE.

DREAERIRIARSIN R AT

/1SN lisceneXf 4
Assimp::Importer importer;
const aiScene* scene = importer.ReadFile(path, aiProcess_Triangulate | aiProcess_FlipUVs);

BAEEN—"mportersig, AfelAFHEReadFilefR%, ZEREFHE— &R post-processingiBIFASEL. BRT EERIMSU4IEENEL
2, AssimpiR TR HEE— SR TEIMNILLIE, aiProcess_Triangulate S 17 BRI P EABE R IR =B,
aiProcess_FlipUVsS#ERTREA IR EENR SRy 4T (MNRBYERNE) |, BCERNNMBLEEFETHRURIELS? F1MNEsdEzfE, ®ERT
stbi_set_flip_vertically_on_load FREIRZEey iR, XBIAIRFEHRMISE— MEMEHE, LEFNBABREFES T, BTHESANER, B
BEAsSImpFRISHE X NMUEE, XEMAZBIRT.

IRE— M REpkSceneXI R+ EHE, HEIFAIHEINTEEIREREIBE MRS, TEHIoadModel &N R :

/ A
void Model::loadModel(std::string path) {
//'F N\Hscenedf &
Assimp::Importer importer;
const aiScene* scene = importer.ReadFile(path, aiProcess_Triangulate | aiProcess_FlipUVs);

/ /R A R



if (!scene || scene->mFlags & AI_SCENE_FLAGS_INCOMPLETE || !scene->mRootNode) {

std::cout << "AssimplI#EERI AN, HiRE: " << importer.GetErrorString() << std::endl;
return;

}
directory = path.substr(@, path.find_last of('/"));

processNode(scene->mRootNode, scene);

NEFRESS, BB TIIERscenelIHEEENM, 1E 7 sceneXIRPAIFIERRTE, IFEE T sceneIRFHIRTREEEN. NRXLEF
nE'z?:x“SZ{E BRFBBEA INNER LM T, I TIEL Z4 40T, IREBEIREEIRE.

ARNMEETN, BIIMERFINBERUSER. A5, BAAprocessNodesRAMNET REHE, B— "1 REAUEEEFHIR, FMLUX M RESE
HpE T I3E .

AssimpiI T REFEE—LEMIEREER, RFNMEE MERERIBREEMIIEESE, processNodeFREIN A FA7:

/ /A ERET
void Model: :processNode(aiNode* node, const aiScene* scene) {
/7 AEIRAT ST MRS R
for (int i = @; i < node->mNumMeshes; ++i) {
aiMesh* mesh = scene->mMeshes[node->mMeshes[i]];
meshes.push_back(processMesh(mesh, scene));

/1R R RO R A B
for (int 1 = @; i < node->mNumChildren; ++i) {
processNode (node->mChildren[i], scene);

}
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B— 1 aiMeshII SR IBmeshITSHAME, FAIFEMIIFEIRE aiMesh P NIZHIRTE B, AEIEEEFEEImesh3d5 ., processMesh
BREA ARSI AT Bl FRYEE T

/ /AL ER A

Mesh Model: :processMesh(aiMesh* mesh, const aiScene* scene) {
std::vector<Vertex> vertices;
std::vector<unsigned int> indices;
std::vector<Texture> textures;

for (int 1 = @; i < mesh->mNumVertices; ++i) {
Vertex vertex;

J/ACFRT S, L RIS PR AL R

vertices.push_back(vertex);

}
/1R

/ /AL B
if (mesh->mMaterialIndex >= @) {

}

return Mesh(vertices, indices, textures);

BEE— M MSER LE= M PREM: MRMENIREE. RRATEINMEERS|. REREXIMREIE. BSMIETRIEIERERI N EES,
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RREEEaiMeshIIRPHIRFER=AABIED, DBHRFAEMVertices (/&) , mNormals (;££%) , mTextureCoords (LUFRMHR) . wHIX
=R, BEERTTRIRBE SEIE— M vectorddgR T, RIEEREFEEIVertexXdSH, BHAINESHTK T :

/AEERTGU, VRS ARER
glm: :vec3 vector;
vector.x = mesh->mVertices[i].x;

vector.y = mesh->mVertices[i].y;
vector.z = mesh->mVertices[i].z;

vertex.Position = vector;

vector.x = mesh->mNormals[i].x;
vector.y = mesh->mNormals[i].y;
vector.z = mesh->mNormals[i].z;
vertex.Normal = vector;

if (mesh->mTextureCoords[@]) { //EFEHERLGHLHEGER
glm::vec2 vec;
vec.x = mesh->mTextureCoords[@][1i].x;
vec.y = mesh->mTextureCoords[@][i].y;
vertex.TexCoords = vec;

}

else
vertex.TexCoords = glm::vec2(0.0f, 0.0f);

B5—IRAIR, AssimpiFE NN TIRERESN SRR, BERIINVESHER, BITMEAFS— I HT. SR, BIERETEEFE
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/ /AR S
for (int i = @; i < mesh->mNumFaces; ++i) {
aiFace face = mesh->mFaces[i];
for (int j = @; j < face.mNumIndices; ++j)
indices.push_back(face.mIndices[j]);

SR fa, BAIHALAEE glDrawElementsERECRIEHINIE T, (B, AT ERIBEREY, HIEFERFIIMNEIMRERT1T.
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/ /AL FEHA 5
if (mesh->mMateriallndex >= 0) {
aiMaterial* material = scene->mMaterials[mesh->mMaterialIndex];
std::vector<Texture> diffuseMaps = loadMaterialtextures(material,
aiTextureType_DIFFUSE, "texture_diffuse");
textures.insert(textures.end(), diffuseMaps.begin(), diffuseMaps.end());
std::vector<Texture> specularMaps = loadMaterialtextures(material,
aiTextureType_SPECULAR, "texture_specular");
textures.insert(textures.end(), specularMaps.begin(), specularMaps.end());

A= M scenelImMaterialsgZBIREN 1 aiMaterialXdgR, G, BAABEXAloadMaterialtexturesEREINE I EHERSIFIEE S CSE, 1%
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loadMaterialtexturesEREURAIEESIRLEIITE SEBAI A IR R, SARINEFERSEE, (RFE|TextureSiah, HERNAUTFFR:



std::vector<Texture> Model::loadMaterialtextures(aiMaterial* mat, aiTextureType type, std::string typeName) {
std: :vector<Texture> textures;
for (int i = 0; i < mat->GetTextureCount(type); ++i) {
aiString str;
mat->GetTexture(type, i, &str);
Texture texture;
texture.id = TextureFromFile(str.C_Str(), directory);
texture.type = typeName;
texture.path = str.C_Str();
textures.push_back(texture);

}

return textures;
< »
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MEReRaR! BERRRYIRATREERIER], SEERARHUUER? %38, SCERYLUUSHR. Frll, ETEHANIE, HEinisdEntEREEnE
RUSGE, FNERIRMNEIIHINE, MEd T EERE.
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std::vector<Texture> textures_loaded;

XtloadMaterialtexturesEREH— ™MEX, BIREBRMRPRISEREE R, #BMtextures_loadeddix—iE, WIRKET, MEEEN, ZKEINE

P NNZEGsERN :

std: :vector<Texture> Model::loadMaterialtextures(aiMaterial* mat, aiTextureType type, std::string typeName) {

std::vector<Texture> textures;

for (int i = 0; i < mat->GetTextureCount(type); ++i) {

aiString str;

mat->GetTexture(type, i, &str);

bool skip = false;
for (int j = @; j < textures_loaded.size(); ++j) {
if (std::strcmp(textures_loaded[j].path.c_str(), str.C_Str()) == 0) {
textures.push_back(textures_loaded[j]);

skip = true;

break;
}
}
if (Iskip) {
Texture texture;
texture.id = TextureFromFile(str.C_Str(), directory);
texture.type = typeName;
texture.path = str.C_Str();
textures.push_back(texture);
textures_loaded.push_back(texture);
}

return textures;
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