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Agenda

BBeaoeHue
Html n cobbiTuga
Canvas
Game Loop

Collision Detection D



MaT. Moaenu B Game
Design

1.QuadTree and Collision detection
2.Space Invaders / Tetris
3.CTnpuHrn

4.rpoBon banaHc

5.lpouenypHasa reHepauuna ypoBHS
6.NFT
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Press ESC to return







[TogzeMenssl HABOMHUIINA KEJI€—MYTAaHTHI,
oOBsIBIICHA Harpaja 3a HUX ucTpebneHwue !
CpasuTech 4 BBl C CONEPHUKOM 34 3BaHHE
CaMoOro YycCHelHOro OXOTHHMKA Ha Xele?

Havate wurpy




HénTana 30Ha - 30Ha 006BbLIX AGKH(
Jenexas 30Ha - aKTMBHAA 30Ha A
KpacHas 30Ha - Ballla CTATUCTHKA

WASD - nepemeLuenne
NpUuenuBanne Mbl
CrpennDa - nesan KHONKa
Knasuiua C - BKMOUMTL/BbIKNIOY




HTML w/ Canvas

index.html > ...
<!DOCTYPE html>
<html>
<head>
<title>Canvas demo</title>
<style>
* { margin:0@; padding:0; }
html, body { width:100%; height:100%;}
canvas { background: Mblack; }
</style>
</head>

<body>
<canvas 1id='cnvs'></canvas>
<script src="./index.js"></script>
</body>
</html>




DOM

ObbekTHaa Mogenb [lokymeHTa (DOM) — 3TO
nporpaMmmHbein nHTEpdenc (API) ana HTML
OOKYMEHTOB.

DOM npenocrtaBnaeT CTPYKTYpUpoBaHHOE
npencraBneHne JOKyMeHTa U onpenensaer To,
KaK 9Ta CTPYKTypa MOXET ObITb AOCTYMHA U3
nporpamMmm, KOTopbie MOTryT M3MEHATb
coaepXunmoe, CTUIb U CTPYKTYPY AOKYMEHTA.



document 5

- Kaxaobin HTML-Ter
oot element CTPaHULbI SBRSeTCS
<html> P H

Element: OOBEKTOM.

<head>
Bce 311 0bbekThbl

Element:

<title> OOCTYIMHbI N3

Text: JavaScript, X MOXHO

Element:

Document Object Model

oo "My title"
=il ncnosib3oBaTb 4114
Element:
. N3MEHEHUSI CTPaHWULbI.

Text:
"A heading"

Element: Attribute:
<a> href

Text:
"Link text"




document

Bce onepaunm ¢ DOM HaumHatoTes C

obbekTa document. 3TO rmaBHaga «TOYKa BXo4a»
B DOM.

M © | top v @@ @ Filter Default levels v

document

» #document

document.body

» <body class=>..</body

> document.getElementById

f getElementById Document
getElementsByClassName
getElementsByName
getElementsByTagName
getElementsByTagNameNS
>getElementById
>getElementsByTagName('html') [@]
>getElementsByClassName( 'news__item-content..
>getElementsByClassName( 'news__item-content..
>getElementsByClassName( 'news__item-content..
>getElementsByClassName( 'news__item-content..
>getElementsByClassName( 'news__item-content..



getElementByld

CambIt NpocTon cnocod NonyyYnTb AOCTYM K ANTIEMEHTY
HTML — aT1o ucnonb3oBatb aTpubyT Id aniemeHTa.

HTML:

<p id="myld">My first web page</p>
JavaScript:

const el = document.getElementByld('myld')



bpay3epHble cobbiTUA

CobbITne — 3TO curHan ot 6paysepa 0 TOM, YTO YTO-TO
npounsowno. Bce DOM-y3nbl npegoctasnsaoT
BO3MOXXHOCTb MOANMMcaTbCA Ha X CObbITUS.

— click — nponcxoanT No KNKKy Ha 9NeMeHT.

— mouseover/mouseout — Korga KypCOpP MbILUN NonagaeT
UITN NMOKUOa€ET 3JIEMEHT.

— mousedown/mouseup — Korga Haxanu / oTxanwu
KHOMKY MbILLUX Ha 3fIEMEHTE.

— mousemove — npum aBn>xxeHnn Kypcopa MbliLLMN.

— contextmenu — NpoucxoguT Mo KKKy NpaBon KHOMKOW
MbILLIN.



O6paboTunkmn cobbITUN

CoObITUIO MOXHO Ha3HAYUTbL 0O6PaAbOTUMK, TO ECTb

doyHKUMIO, KOTOpaa cpaboTaeT, Kak TONMbKO COObITME
NPOM3OLLJSIO.

MImeHHO bnarogapsi obpabotymnkam JavaScript-koa
MOXET pearmpoBaTb HA OEUCTBUS MONb30BaTENS.

EcTb HECKONBbKO Cnocob0oB HAa3HaA4YNTb COObITUIO
obpaboTumk. Mbl byaem ucnosnb3oBaTtb addEventListener



addEventListener

const el = document.getElementByld('myld’)
el.addEventListener("click", onClick)

function onClick() {
console.log("Hello World!")
el.removeEventListener("click", onClick)

}



O61beKT cobbiTus

YT10ob6bl 06paboTaTb COOLITME, MOTYT NOHAA00UTHLCS
aeTanu Toro, Yto npomnsoLuno. Hanpumep, koopgmHaThbl
Kypcopa MbILLN.

Korga npoucxoauTt cobbiTue, bpaysep co3aaeTt 0obekT
coObITNA, 3anNnUCbLIBAET B HErr0 Aor. MHdopMaLuno U
nepegaeT ero B Ka4ecTBe aprymeHTa doyHKUUN-
0bpaboTumKy.

const body = document.body
body.addEventListener('mousemove’, onMouseMove)

function onMouseMove(event) {
console.log('x', event.pageX, 'y', event.pageyY)

}



MDN Dom

< C @ developer.mozilla.org/en-US/docs/Web/API/Document_Object_Model w B ¥ H

Locating DOM elements using selectors DOM interfaces

How to create a DOM tree

® © ® & Document Object Model (DO X +

Events and the DOM Attr DOMStringlList ParentNode
How whitespace is handled by HTML, CDATASection DOMTokenList ProcessingInstruction
CSS, and in the DOM
CharacterData Element Selection &
Examples of web and XML development
using the DOM ChildNode & Event Range
Comment EventTarget Text
v Interfaces .
CustomEvent HTMLCollection TextDecoder &
AbortController Document MutationObserver TextEncoder &
AbortSignal DocumentFragment MutationRecord TimeRanges
AbstractRange DocumentType NamedNodeMap TreeWalker
Att
" DOMError ug Node URL
ByteStrin
Y & DOMException NodeFilter Window
CDATASection .
DOMImplementation NodeIterator Worker
CharacterData . .
DOMString NodelList XMLDocument &
ChildNode
DOMTimeStamp NonDocumentTypeChildNode
CSSPrimitiveValue
CSSvalue
_ Obsolete DOM interfaces
CSSValuelist
Comment The Document Object Model has been highly simplified. To achieve this, the following
CustomEvent interfaces present in the different DOM level 3 or earlier specifications have been removed. It is

uncertain whether some may be reintroduced in the future or not, but for the time being they
https://developer.mozilla.org/en-US/docs/Web/API/ParentNode ) .







Canvas

<canvas id="cnvs" width="100%" height="100%"></canvas>

KaHBac — 3TO cneuunanbHOe nosne ans
pucoBaHua B bpaysepe Ha JavaScript. XoncTt
M3Ha4YanbHO NYCTOM N NPO3PaYHbIN.



Canvas

<canvas id="cnvs" width="100%" height="100%"></canvas>



Canvas

id noMmoraeT yao6bHo nony4nTtb AOCTYynN

<canvas id="cnvs" width="100%" height="100%"></canvas>

KaHBac — 3TO cneuunanbHOe nosne ans
pucoBaHua B bpaysepe Ha JavaScript. XoncTt
M3Ha4YanbHO NYCTOM N NPO3PaYHbIN.



Canvas

const canvas = document.getElementByld(‘cnvs’)
const ctx = canvas.getContext('2d")

getContext('2d') Bo3BpallaeT KOHTEKCT Yepes
KOTOPbIN OCyLleCcTBNAeTCcA pucosaHue 2D
rpadpukn.



KoopauHaThl

0,0),

X
-

Y «(80, 50}



Path

beginPath ()
closePath ()
moveTo ()

lineTo ()
bezierCurveTo ()
quadraticCurveTo ()
arc ()

arcTo ()

ellipse ()

rect ()



Path 101

context.beginPath()
context.strokeStyle = 'blue’
context.moveTo(0, ©)
context.lineTo(200, 200)
context.stroke()



context.
context.
.moveTo(0, 0)
context.
context.
context.
.closePath()

context

context

Path 101

beginPath()
strokeStyle = 'blue’

lineTo (200, 200)
lineTo(200, 300)
stroke()




context.
context.
.moveTo(0, 0)
context.
context.
context.
.stroke()

context

context

Path 101

beginPath()
strokeStyle = 'blue’

lineTo (200, 200)
lineTo(200, 300)
closePath()




[MpAMOYrosibHMK

const canvas = document.getElementByld(‘cnvs’);
const context = canvas.getContext('2d");

context.fillStyle = "rgba(0, 0, 200, 0.5)";
context.fillRect (30, 30, 55, 50);



[MpAMOYrosibHMK

const canvas = document.getElementByld('‘cnvs');
const context = canvas.getContext('2d");

context.fillStyle = "rgba(0, 0, 200, 0.5)";
context.fillRect (30, 30, 55, 50);




Kpyr

const canvas = document.getElementByld(‘cnvs’);
const context = canvas.getContext('2d’);

/] clear canvas
context.clearRect(0, O, canvas.width, canvas.height);

// drow circle

context.beginPath();

context.arc(x, y, radius, 0, 2 * Math.Pl);
context.fillStyle = "#F04047";
context.fill();

context.closePath();




Kpyr

const canvas = document.getElementByld(‘cnvs’);
const context = canvas.getContext('2d’);

/] clear canvas
context.clearRect(0, O, canvas.width, canvas.height);

// drow circle

context.beginPath();

context.arc(x, y, radius, 0, 2 * Math.Pl);
context.fillStyle = "#F04047";

context.fill();

context.closePath(); .




2D context API

2D context API BkritovaeT B cebs1 MHOXECTBO (PYHKLNN:

— [eomeTpuyeckne NpMMNTMBDI - NUHUS,
MPAMOYrOfbHUK, OKPY>KHOCTb

— KpuBble besbe

— KoHTYpbI

— BcTtaBka nsobpaxeHun (drawlmage)
— JlocTyn K nukcenam

— TekcT

— TeHu n [ pagneHThbl



Pucyem Kpusble be3be

ctx.bezierCurveTo(cplx, cply, cp2x, cp2y, X, V)

ctx.quadraticCurveTo(cpx, cpy, X, V);

const points = [[100, 100], [200,130],

[300, 200], [400, 50]];

context.fillStyle = "#OOOOFF";

points.forEach(function (item) {
context.beginPath();
context.arc(item[0], item[1l], 5, O, 2*Math.PI);
context.fill();

})s



ctx.bezierCurveTo(cplx, cply, cp2x, cp2y, X, Y)

[ ]
(x, y)=cp4

cpO
cpl

cp2



context.
const [c
const [c
const [c
const [c

NOX,
01X,
N2X,

n3X,

peginPath

C
@
@
C

DAY |
D1y
D2y

93yf

();

noints
noints

contexf.moveTo(cp@x, cpoy);
context.bezierCurveTo(cplx,
context.stroke();

noints]|

W N
-

points|

cply, cp2x, cpy, cp3x, cp3y);



[ loHMMaeM KpuBble be3be
B(t)=) Rb,,(t), 0<t<1
k=0

B(t) = (1-t)°P, +3t(1-t)°P +3t*(1-t)P, +t°P,



3 KBaapaTU4YHOU B
Kybn4yecKkyto KpuBYIO

(o5y0), (T1591), (22;92)

2 (x1 — ) -2 (y1 — %)
2 y Yo )

(zos), (o

Lo — I Y2 — Y1
(331 | 3 Y1 3 ):(372;3/2)




CBOWCTBaA KpuBbIX be3be

* Kb HenpepblBHa

« Kb neXuTt BHyTpU 060/104KU, HATAHYTOWN Ha
KOHTPOJIbHbIE TOYKU

* Kb nHBapnaHTHa OTHOCUTE/IbHO N3MEHEHUS
HanpaBneHNa TpaeKTopun

« Kb a®pMHHO-MHBapMaHTHa

* Kb He MOXXeT onnucaTb OKPY>XKHOCTb



anvas tutorial

@ @ 4 Canvas tutorial - Web APIs | M X +
- C @ developer.mozilla.org/en-US/docs/Web/API/Canvas_API/Tutorial Y &
MDN web docs Technologies ¥ References & Guides v Feedback ¥ (O\

Canvas tutorial

Web technology for developers » Web APIls » Canvas APl » Canvas tutorial

Related Topics

Canvas API

v Canvas tutorial

Basic usage

Drawing shapes

Applying styles and colors
Drawing text

Using images
Transformations
Compositing and clipping
Basic animations
Advanced animations

Pixel manipulation

<canvas> is an HTML element which can be used to draw graphics via scripting (usually

JavaScript). This can, for instance, be used to draw graphs, combine photos, or create simple
(and not so simple) animations. The images on this page show examples of <canvas>

implementations which will be created in this tutorial.

This tutorial describes how to use the <canvas> element to draw 2D graphics, starting with the

basics. The examples provided should give you some clear ideas about what you can do with
canvas, and will provide code snippets that may get you started in building your own content.

First introduced in WebKit by Apple for the OS X Dashboard, <canvas> has since been
implemented in browsers. Today, all major browsers support it.

English v

Before you start




[Ipeobpa3oBaHms

» [lepeHocC translate(x,y)
» MacwtabupoBaHue scale(x,y)
rotate(phi)

* [loBOpPOT



[1peobpa3oBaHns Npon3BOAATCH B
[CK

context.fillStyle = "#333333";
context.fillRect(0, 0, 100, 100);
context.translate(100, 100)
context.fillStyle = "#FF0000";
context.fillRect(@, O, 50, 50);
context.fillStyle = "#OOFF00";
context.fillRect (50, 0, 50, 50);




context
context
context
context
context
context

context.
.fillRect(50, ©, 50, 50);

context

.fillStyle = "#333333";
.fillRect(0, 0, 100, 100);
.translate(100, 100)
.fillStyle = "#FF0000";
.fillRect(@, ©, 50, 50);
.fillStyle = "#OOFF00";




Moanduumpyem oTAeNbHbBIN
SM1EMEHT

context.fillStyle = "#333333";
context.fillRect(o, @, 100, 100);
context.translate(100, 100)
context.fillStyle = "#FF0000";
context.fillRect(®, @, 50, 50);
context.save(); //!111]
context.translate(75,25);
context.rotate(45*Math.P1/180);
context.fillStyle = "#OOFF00";
context.fillRect(-25, -25, 50, 50);
context.restore(); //!!!1]




AMUHHbIE Npeobpa3oBaHms

[IpeobpaszoBaHme NNOCKOCTU Ha3bIBAETCH adDUHHbBIM, €Cnu

1. OHO B3aMMHO OAHO3HA4YHO;
2. 0bpa3om nobon NpaMon aBASETCS nNpsiMas.

[MpeobpazoBaHMe Ha3bIBAETCH B3aVMHO OJIHO3HAYHbIM, €C/N

1. Pa3Hble TOYKU NepexoadT B pa3Hbie;
2. B Ka)XAYIO TOUKY NMepexoauT Kakasa-To TO4Ka.



COBOKYMHOCTb Npeobpa3oBaHUM

PacTa>keHune-ckaTtue [1ToBOpOT
a, 0 0O " cos(p)  sin(p) 0
0 a, O =sin(p) cos(p) O
0 0 1 0 0 1

[MapannenbHbI NEPEHOC

1 0 0
0 1 0
tot, 1




OaHOpOAHblE KOOPAMHATHI

OaHOpoAHbIE KOOPAMHATLI — KOOpAMHATHLI, 06naaatoLlmne Tem
CBOMCTBOM, UYTO OnpeAensieMblii UMM OOBEKT HE MEHSIETCS NPU
YMHOXEHUN BCEX KOOPAMHAT Ha OAHO N TO XE YMCIIO.

OAHOpOAHbIMU KOOpAWMHATaMU BekTopa (X, Y) SABNSETCS TPOMUKa

ymucen (x, vy, h), rae x = x' / h, y = y'/h, a h — HeKkoTopoe
BellecTBeHHoe Yncno, otnmyHoe ot 0

(1,1, 1) n (2,2,2) — oaHa 1 Ta Xe To4YKa



[1Ipon3BOIbHOE npe06|?a3OBaHme

Rl,l R1,2 O
[x Y 1]- R,, R,, O
t t 1

X y




[Ipecbpa3zoBaHms B Canvas

context.transform(a, b, c, d, e, f);
d C ¢€
b d f
0 0 1

context.transform(1, 0, 0, 1, 0, 0);



context.fillStyle = "#333333";
context.fillRect(@, 0, 100, 100);
context.translate(100, 100);
context.fillStyle = "#FF0000";
context.fillRect(@, @, 50, 50);
context.save();

const d = 1/Math.sqgrt(2);
context.transform(d, d, -d, d,75, 25);
context.fillStyle = "#OOFF00";
context.fillRect(-25, -25, 50, 50);
context.restore();




HoBoe npeobpa3soBaHue

context.setTransform(a, b, c, d, e, f);

context.resetTransform();



N3006paxkeHns

<body>
<canvas width="100%"
height="100%"
id="cnvs’>
</canvas>
<img id="pacman" src="img/pacman.png" />
<script src="./src/index.js"></script>
</body>

const pacman = document.getElementById("pacman™);

context.drawImage(pacman, 10, 10);



B3anMoaencTems C
Nnosib3oBaTesnieM

while (true) {
const command = readCommand();
handleCommand (command) ;

» @ stream tumbling







gif-findaricom

[lokaapoBasds AHMMaLUA

(Flip Book)



[1BYXeHue

00000

— Ouunwaem canvas
— Pwucyem wapuk Ha HOBOM MecCTe



User Input

— CuuTbiBaem BBOA
— [lepecyuTtbiBaEM COCTOAHUE UTPDI



Game Loop

| PROCESS LPDATE REMDER. g
| INPOT GANE |

1 tick = 1000ms / 60fps = 16.6ms



[laTTepH npoekTnpoBaHna Game Loop

UrpoBow LUK paboTaeT Ha NPOTSKEHUN BCEN UTPBI.

Ha Ka)xaom CBOEM LIMKINe UrpoBOU LUKIT

obpabaTbiBaeT nonb3oBaTesibCKMu BBoO, 6€3 BrOKMPOBKN,

OOHOBNAET COCTOAHUE UTPbI N PEHAEPUT UTPY,

yrnpaBnsieT CKOpOCTbI0 UFPOBOIro npotecca.

https://martalex.qitbooks.io/gameprogrammingpatterns/content/chapter-3/3.2-game-loop.html



https://martalex.gitbooks.io/gameprogrammingpatterns/content/chapter-3/3.2-game-loop.html

[lepBas MbICJ/1b

function gameLoop() {
update()
draw()

}

setinterval(gamelLoop, 1000 / 60)



[lepBas MbICJ/1b

function gameLoop() {
update()
draw()

} (///////////////,—nnoxo!

setinterval(gamelLoop, 1000 / 60)



requestAnimationkFrame

function fn(msFromStart) {
console.log(msFromStart)

}

/[ npocum 3anyctutb pyHKuuto fn B "dnmxkaniuee spema”
let requestld = requestAnimationFrame(fn)

// oTMeHa 3annaHnpoBaHHOro 3anycka fn
cancelAnimationFrame(requestid)



BTopou noaxon

function gameLoop(msFromStart) {
update(msFromStart)

draw()
requestAnimationFrame(gamelLoop)

}

requestAnimationFrame(gamelLoop)



BTopou noaxon

4yTO OyaeT ecnu
. KOoA Hé BbINOJIHUTCA 3a
function gameLoop(msk art) { 16f‘ns,_,

update(msFromStart)
draw()
requestAnimationFrame(gamelLoop)

}

requestAnimationFrame(gamelLoop)



Kak 3aCTaBuTb PYHKLMUIO
BbIMO/HATLCSA B UMKNe?

setInterval (function, delay)
setTimeout(function, delay)

requestAnimationFrame(callback)



HopMaibHaga Bepcus

function run() {
window.requestAnimationFrame( run );
update();
draw() ;

}

function draw() {..}
function update() {..}



Bepcnga nonyyile-1

(function() {

function run() {
gameState.stopCycle = window.requestAnimationFrame( run );

update();
draw() ;

}

run();

1 QO)s

function draw() {}
function update() {}



Bepcua nony4iue-2

const canvas = document.getElementById("cnvs");
const gameState = {..};

canvas .addEventListener("click", onMouseClick, false);

function onMouseClick(e) {
window.cancelAnimationFrame( gameState.stopCycle );

¥



Kak n3amepstb spemMa/FPS?

const tNow = window.performance.now();



D DEKTUBHbBIU U YrPaBASEMbIV
Game Loop-1

function run(tFrame) {

gameState.stopCycle = window.requestAnimationFrame( run );
const nextTick = gameState.lastTick + gameState.tickLength;
let numTicks = 0;
if (tFrame > nextTick) {

const timeSinceTick = tFrame - gameState.lastTick;

numTicks = Math.floor(timeSinceTick / gameState.tickLength);
}
queueUpdates( numTicks );
draw( tFrame );
gameState.lastRender = tFrame;



D DEKTUBHbBIU U YrPaBASEMbIV
Game Loop-1

function queueUpdates( numTicks ) {
for(let i=0; 1 < numTicks; i++) {
gameState.lastTick =
gameState.lastTick + gameState.tickLength;
update( gameState.lastTick );

¥
¥



CocTossHMe 0bbeKToB

gameState.ball = {
X: canvas.width / 2,
y: 0,
radius: 25,
VX: 9,
Vy: 5
}

gameState.ball.y += gameState.ball.vy;
gameState.ball.x += gameState.ball.vx;

context.beginPath();

context.arc(ball.x, ball.y, ball.radius, 0, 2*Math.PI);
context.fillStyle = "#00O0OFF";

context.fill();



Collision detection

® OOBEKT M rpaHnLa 3KpaHa
®* [MpyMnUTMB N NPUMUTUB
® CNOXXHbIN OOBEKT U CNOXHbI OO BEKT

®* byneBckne npoBepkn Unn oLeHKa
CTONNIKHOBEHUNA?



[IPOU3BOMBbHbLIN 0OBEKT

context.
.StrokeStyle = "#O0000OFF";
context.
context.
.closePath();
context.

context

context

beginPath();

bezierCurveTo(100, 100, 200, 300, 400, 50);
bezierCurveTo(400, 50, 200, 100, 200, 50);

stroke();



AABB




Kpyru

{radius: 20, x: 5, y: 5};
{radius: 12, x: 10, y: 5};

var circlel
var circle2

var dx = circlel.x - circle2.x;
var dy = circlel.y - circle2.y;
var distance = Math.sqrt(dx * dx + dy * dy);

if (distance < circlel.radius + circle2.radius) {
// collision detected!

}




KpuBble XUT-60KChbl!




YnydlwaeM nonoXXeHume

* 1. Hangem napbl kKaHOMOATOB HA CTONKHOBEHME (rpybas
drasa)

* 2. [poBepum napsl (To4HaA dpasa)



TeopeMa pa3aensitoLmnx ocen
(SAT)
Teopema 06 onopHOW rMNepnIOCKOCTY

Ecnu 3agaHbl 3aMKHYTOe orpaHuMyeHHoe Bbinyknoe mHoxectso C € R™
nTouka 2 = (27,25, ...,2m) € R™, He npuHaanexallas MHOXeCTBY

C, To cylLLlecTBYIOT Takve Yucna ai, as, . . . , Gy, 0, YTO
a1z} + azzy+. .. +amzy; = b
a1z1 +asza+...+apmzm > b,Vz e C

re()MGTpMLIeCI{H JTO O3Ha4aeT, HTO Yepea TOYHKY 2" MOXHO NnPEOBECTH
r’MnepriyioCkoOCTb 1akK, 4HTO MHOXXECTBO C 6y,ueT NnexaTb «BbllLUEe» 3TOW
r’MNepriyioCkoOCTHN.



[eoMeTpUYECKnUmM CMbIC/T




[ lonpoLue

Ecnu gBa BbINYKNbIX O0ObEKTA HE UMEIOT
OOLLMX TOYEK, TO CYLLLECTBYET OCb, Ha
KOTOPOW NPOEKLUUN ITUX OOBEKTOB HE
nepecekarTCH



ANropnTm

1. 3HaTb BEPLUNHBbI OOBHEKTOB
2. [locTponTtb pebpa 06bEKTOB

3. NocTponTtb HOopManu K pebpam - ocu

4. MpoBepuTb BCe OCK Ans BCeX Nap 06bEKTOB, MOCTPOUB
NpoeKLUum



Anroput™m ¢ MTV

1. 3HaTb BEPLUNHbI OOBEKTOB
2. [locTponTb pebpa oObLEKTOB

3. lNocTponTb HOpMarbHbLIE HOpManmu K pedbpam - ocu

4. NpoBepunTb BCE OCU AS1s1 BCEX NMap 0ObEKTOB, MOCTPOUB
NPOoeKL NN

5. MnHnmanbHaga npoekuus - MTV



[ 17110Cbl, MUHYCBI,
NoABOAHbIE KAMHWU

® Kak npoBepATb Kpyrmn?
¢ XopoLlo, Koraa mano CTOSIKHOBEHUN, @ OOBEKTOB MHOIO

®* MoxHo nonyyatb MTV



HO KaK npoBepsATb Kpyrmu??

PN
<




[Tpobnema «Kkpyr-
MHOTIOYrOJIbHUK>

* [pobBnema «Kpyr-oTpe3ok»

®* [lpobnema «To4YKa-MHOIMOYrosbHUK»



[Ipobnema «Kpyr-oTpe3ok»

1.CTp0|/||V| NPoOeKUMIO LLeHTpa Kpyra Ha npsamMyto

2. [TpoBepsaem, NpUHaANEXUT NN NoNyvYeHHasi TouKa
OTpe3Ky (CyMmma paCcCTOAHUN OT TOYKU OO0 KOHLOB
OTpe3Ka paBHa ANnnHe OTpe3Ka)



Ray Casting



MaTtepuanbl

— AHaTtomusa Bungeourpsbl hitps://developer.mozilla.org/en-
US/docs/Games/Anatomy

— Canvas Tutorial https://developer.mozilla.org/en-
US/docs/Web/API/Canvas API/Tutorial



https://developer.mozilla.org/en-US/docs/Games/Anatomy
https://developer.mozilla.org/en-US/docs/Games/Anatomy
https://developer.mozilla.org/en-US/docs/Web/API/Canvas_API/Tutorial
https://developer.mozilla.org/en-US/docs/Web/API/Canvas_API/Tutorial
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