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ABSTRACT

This research focuses on the development of software for detecting facial
direction and eye status of users. The software development is divided into two parts.
The first part involves the creation of a program that can accurately detect the
direction of the face, including tumning left, turning right, and raising or lowering the
face. The second part focuses on detecting the status of the user's eyes, such as
whether they are open or closed, as well as determining the direction of the gaze,
whether it is towards the left or right. The developed program of this research utilizes
the Mediapipe library, which offers 468 key points on the face, as the foundation for
its working principle. In this research, a specific subset of five key points is employed,
consisting of the corners of the left and right eyes, as well as the tip of the nose. These
key points are crucial for calculating the direction vector from the center between the
two eyes to the tip of the nose, enabling determination of the facial direction. By
converting the perspective angles of the coordinate system, the program categorizes
the rotation angle of the face into five distinct categories: straight face, turned left,

turned right, raised face, and lowered face.

In the case of eye detection, the program utilizes the coordinates of the top

and bottom edges of each eye to determine their status (open or closed). Additionally,



by comparing the coordinates of the center of the iris with the coordinates of the left

and right eye corners, the program is able to determine the direction of gaze.

The accuracy of the developed program was evaluated during the testing
phase, involving a total of 61 volunteer participants, consisting of 47 males and 14
females. The participants' faces were recorded in video format under two conditions:
without wearing a face mask and while wearing a face mask. Throughout the recording
process, participants were instructed to perform specific facial movements, including
turning their faces to the left, right, and raising or lowering their faces. The evaluation
results indicated that the program achieved an impressive average accuracy of 95.08%
in detecting facial direction. These findings highlight the program's potential for diverse
applications, such as the utilization of facial direction and eye movements for

controlling electric wheelchairs.
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FIGURE 2.15 An example of digital image acquisition. (a) Illumination (energy) source. (b) A scene. (c) Imaging
system. (d) Projection of the scene onto the image plane. (e) Digitized image.
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an1inenssuiiugiufiaavesiassdreUssamifioude Perceptron sUsznaudisyaves
Input Layer %uﬁﬁudaufuaami%’u%’ayja, Output Layer FuiJudiunevdivszanana
panu1 9 eludqu hidden layer v09 perceptron Buazilud layer tioadudrulidmsu
fuanEadnsann input waaslulil output Wi efiaeyily Neural Network anunsa@nwag
Uszananatudeuldindonateauyud duilifiu Hidden Layer Ssdpainansqdu Tiduds
foyauszananaenfuly vlsituannsadaueslsiidudeuldioesiu

INPUT NODES INPUT LAYER
X! X!

HIDDEN LAYER
OUTPUT NODE

X7 == X2 OUTPUT LAYER

X3 X3
X3 X34
(a) Perceptron (b) Multilayer

3UNM 9 Single and multilayer neural networks

yeBElas (Euler’s Angle)

yueegLaasi(Euler angles) Aayuauydly Nvuan1sUasuaINLNUE1BIlA R uwNY

'
¥ a o v a

$1999 navigation frame lUiluunus1984 body frame UseiaudrAaieaiu Euler angles

£

Aounus13ds body frame azilunaansvosnsnyuluainusaatieus yaw 1 pitch TU roll

A1 UYRINIVYULNUE ANNAIRYAIVUAL yaw MHUTOURNU Up - Z axis, pitch 3UTBY

kAU east — x axis kA roll ¥ UIBULNY north — y axis



10

Yaw §19

Pitch

FUam 10 yueosaasuulumil

inSesilouazvanduasitlden

Python

awlnseu (Python) Ae anwilusunsunsuiamesseiugs dsgnesnuuuunldy
mwiarsUAieuie Tnedannududeuvedasiadisuarbonsalvesniwoanly Tu
druveanisulasyad e ieuliiduniviiad eslnsou (Python) fn13vinauuuy
Interpreter Ao iunsulagafdfiazussiniieteudngumissyssaanalinonfimes
¥umufigesnis uenandnwilnsey (Python) Ssanansathluldlunsdeulusunsuls
nanuaIeUTEan Imaiajlé’fé’ﬁﬂagjﬁmuLawwmﬂmmwﬁa (General-purpose language)
Jevilddnnsirluldduuns vanelunansesAnsinaseaulan 11U Google, YouTube,
Instagram, Dropbox wag NASA 10w u qquﬂﬁ’ﬁuuw{umimlﬂ%ﬁmﬁu RIEERREY
fo arm1sasuntvlnseu T8 suussuy Unix, Linux , WindowsNT, Windows 2000,
Windows XP w3ausiusiszuu FreeBSD lasnwilwseu (Python) 511w Open Source 14n
vodlwsou  gra¥iatuwnanawmd vilfaunsodiosth Python ssanlusunsulélaslsl
podualdginy [3]

Open CV

OpenCV Ao library fivTuaiteutdamidiu computer vision @37197 a6 ausd

1999 lag Intel @unsavinuuussuuUUanIslavaInvaie i Windows, Linux lay
MacOS Wagaaivayuinsaisnnisifousidadn (Deep Leaming Frameworks) L

TensorFlow, Torch/PyTorch iag Caffe
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Dlib
Dlib AaLA3 aeiiadmnsun1w C++ Lidmsuvundeymidudou diasesiiad1msu
machine learning Wag image processing @u13algd91usuiunI® python 1o wagdule
TiAltauns [4]
MediaPipe
3 < = a A o 9] v s a A A
Junieadlensngniimuilag Google anansaldaulavatsunanesy dinTedle

nareviiafld machine learning Tun1suddeymi 1ai19wi8u Face Detection, Face Mesh,

Hand Tracking, Human Pose Detection and Tracking a@snsavihaulasiasals]

Face

2 Face Mesh Iris Hands Pose Holistic
Detection

Instant
Box Tracking Motion Objectron KNIFT
Tracking

Hair Object

FUNIM 11 ML solutions in MediaPipe
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muATeiieafes

Rapid Object Detection using a Boosted Cascade of Simple Features [6]

\Ju Object Detection Algorithm 1glun1snsiaduinguuu real-time wannnsva1u
99 Haar Cascades 33msfoutsiufivosnindieguuuudiianieg luusazsuuuufiazda

YNMWALAN UNNUNVDIAVIILALEAIUIMIANUFNINUULNAANS lUAsuAUAn threshold

diefmvuadnduguninvedunimvseiduniniiunds dndeyaiildluruduneu Adaptive

' ¥
a A

Boost ag¥nlyn1suenusyinndiused@nsaniiadu wazdrluid1nssuiunis Cascaded
Classifier udrthaniAvdeyaliluguvesid xml iJuauideiisadunns detection usnad
danlgdmsunisasiadulunin

FBnsuunldaudie, Suuvesdeyatisenauisavitaulas uslu 309AuLaIus

Tutlagiutiondanuuiudiesniniensduneauals

gz/mw 12 2 features a3y training face

Partial Face Detection for Continuous Authentication [7]
nydulunihignuataunedu weldiundemiuuaansaliy lnenisuudiuves
Tumiheeniluvateqaiunesudigiuneu Machine Learning lng SVM wafildmiangdunis
Mauvuannsalny Asanuisavinanulasiesy ansatlulddussuuanulasasauuiiane
16 WuszuU authentication
v P ¥ & ° v o ¥ | av v
WUNINAL1INNA BIAUNS NN WY TR LN EAUNT I UUUALITOINY Wi AN LA

druunniunmiindeseganimiiunuynain
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True Detections

allaac
2 T

3UJ777/V 13 KaY99n1351% FACIAL SEGMENT BASED FACE DETECTOR

False Detections

Face Recognition from Partial Face Data [8]
'v‘hmﬁf\i’fﬂwﬁﬂmaﬁﬁ?ﬁﬁﬂnﬂmﬂwﬂﬂzj’mzL{Ju WA, WINAULAR USeUNINTU
Tngfitanunsataluniunsdauld udseivihnsasadulumineu udwhnsuddiuaes
Tunilu 4 dau Ao Top half, Bottom half, right half, left half ﬁwlﬂvﬂ’wqjsﬁgumaumsiﬁw
Tunileeld VGGF Model nafilduusmnudinvaslunth fie Full Face 98%, Top half 90%,
Bottom half 83%, Right half 77%, Left half 78%
Juwmadaitielidudou udfayldianzdiuiindsnmesnunmiindy esenuus

@ 1 o < ‘é’ v
A dunaneaiunisynunazeasdunuluale

Face Detection

Input image using MTCNN Top half -

Bottom half - VGGF model
— f—— anduse ﬂ‘.
p Softmax layer
o . as Classifier
Right half

left half l

gz/mw 14 HINTRINITNNILYSS Face Recognition from Partial Face Data

Face Alignment Across Large Poses: A 3D Solution [9]
msdnsunidlumiilinedfuguniuasnsmdundsunlunin Wuideddglu
computer vision danesfinalngagldfiulunihiivudiondntes (Teunin 45 0smn) wae
arlalanunsathunldiulundfiwududsnnald Tueul “aﬁ/dmmﬁﬂmsagj 3 9819A
9619U3n model face landmark Mhldagldfulumiisumis landmark iWuasuynium
agfiaadlunthiifanuvaievatsreanisiumt dusnisfuminssduauiennsiududig
wonAuly og137l 3 fie nislidesumisues landmark Tunndivudnudraeesludugiv

[

= a el' [ a X a ¢ v v o '
NYUN PUBDIINISLNAYR landmark WN@QI@JL‘VIULﬂ@ﬂJ‘N IUQWU’J‘\]EJL!Q\‘II@Lﬁuaﬂ’]i‘ﬂ(ﬂ@%mu\‘i
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vilunihlmllaglddei 3D Dense Face Alignment (3DDFA) Tagld 3D face model w1
convolutional neutral network (CNN). uena1niiasinig train Yoyatuslvsiiieldlunns

1Y A a v
LLﬂ‘ﬂﬂQJ}‘VI'TE]EJ'NV] 3 9NAIY

[ S ~ 'k! 5
FUNM 15 NAANEYSI 3DDFA

How far are we from solving the 2D & 3D Face Alignment problem? (and a

dataset of 230,000 3D facial landmarks) [10]

(%
v A

NATeilnItaymives 2D & 3D Face Alignment tuBninawalnudisasuitamilag
f9gndusiy 9uITedlY dataset I1UNIN UagyiNTas1e model Tnsllagldaedn LS3D-W
@ 911 neural network 1114 @nw1 face alignment 8 W LATNANTUIT ANANTENUAU

UseaAnsnmes face alignment thluiinasly network lvmaidn# Fevilisiuinuseansan

]
=

Aladuutugrtuegraunng uadlgimalulagdagduiduns train Tegadiuiuunldiu
Anuddwusnivgalinedmsudeyamani
v cav v ! v aa v ¥ ! Y
wadnslaeglusedunanin uazld model 3D aanuIAY UANITUTEIIANAL U

BEUINNTIEMILAITBLATILIULIN

= = === X

= —— —— ——

} %

FUNI 16 NAaNE1LATINNI5IY 2D & 3D Face Alignment
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GlassGesture: Exploring Head Gesture Interface of Smart Glasses [11]

v
av A

$ATBIdMTU smart glasses Fendneduniumameguuluntildgunsaifide
Google Class sjaitiu 2 ag19pRAIRT VIR UILEETUYILaE SEUUATIRdRUR Ldulaely
Bsgannsindeuiivesdauria Tideyaain sensor gyroscope 13 feature Yoya
Tunvadu 3 sedumueniie noutiy AeWAY wasnauls dIuVimIaYy left3 right3 shake
wafildfeszuvandvimsldmnuwiugii 96% sruunsaaeugliculagliitnsgain

NSLARDUNVBIEIUTLS 92%

1% '
¥ a A dsLy

THauwasnsrasurlulaanuudugNuin wifdesnunlraunsalivudnlingani

9

LIUR

JUNIM 17 google glass

Nod to Auth: Fluent AR/VR Authentication with User Head-Neck Modeling [12]

WM 09U DA NS VR ﬁuﬁi’wLﬂuﬂzﬁaqaauiaiﬁ'agJ'Uuﬁ’;LLasmaumﬂﬁmmiaﬂiﬂaﬂ

3 v

Y99 VR v udvi i ldanunsaneaiudsuendy @3uifn19nsivasuy 199y
(Authentication) d18sldszuunaisnegtodnduglassamsiznisiinsiuy VR duein
av & vy A oA a Y] Y 2 A A =2 oa .
nudeilingldinTesiieagfinuniu VR aguiiunfeiiofetall acceleration wag gyroscope
aguan Jenunsnideyansellinldouls dideyailaum feature 3ntuLLdg machine
learning wanilgRoAIMLlug1087 97.1%
Iwuweinilaguailu VR 1y acceleration uag gyroscope viliiladayaiiuaiug

<

1Y o @ P s
LLW?J@Q'Wﬂ@ﬂ@%V]ﬁ@JWiWIWU



Low-pass filter

Trajectory

reconstruction

o Visual indicator Raw IMU data

User Group

AR

~

Segmentation

Featurization

4 o Perform Nodding
4

16

Machine Learning

o

(]
o
o®

o©

User Identification

U 18 JUNIMAI5Y11971”84 Nod to Auth user identifcation
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Ui 3
A5andun1sIY

&

NuITeiiiunilunisuszyndldmalulagnisiiuasdreliaunsainlldaulsd

12 | (%
= = av A

vanvatedu denuidelannsonseduuarseyiianuazanuzveduniiuazaianniign
Uouseulfedrausiugr luduneuusniensiiudeyaiudulidimloluvivnedngg wdmn
funszuaunsmauldinaluladddludagtuutisdy msasadulumiwaznism
wddyuilun esndaeddyredluniudadunouselufensmiiansvadlund
LAZNINFN U VDINNAGD LY
3.1 ammsvhaulassauvasvesTUsunsuiwaundy

msvheuestUsunsunusuami 19 aunsaulseandeneendu 5 funeu fail

3.1.1 input Sunmifluniaudim

3.1.2 hmsnsadulumiiemdumisiifeglusy

3.1.3 pumaaddguulunt

3.1.4 ¥imsUseaiang

- iniiamavasluniniiulumslm

- AUZAAN

3.1.5 output sAusHaesnuTunNadnsvelUsLnTY

Output

’ Head pose - whess

estimation - mdhe Tauds

—

AU71 FUNILAZUDINT

input Face detection Find landmark

Eye status

3“7./4‘7774/ 19 BAUNINUARNN TN
3.2 Bsnudaya
1993 dataset Nloguauay data MAUNLTULNILAY
aa ¥ & a Y v ¥ o o £
Inleteyaminuiiuiazagldilunmaaeundnldenatadasiiuiu 61 au e 47

AL WY 14 AU 99901 24-47 T 1ade 25 U asuwiun 19 au dwlvgidunulng wasd



18

A19w1f 1 auainggu udulidiflennuasiden 720x1280 pixel winluniindaauuay
NaeWANINtuNIeg19lee 0.5-1 e TWARloANITAUNTIAIUTIANISAISE U Fuge Hu

Y AUV LYWL

3.3 NITUIUNITNINIY
3.3.1 t@an3sn13n3293ulunt

n1snsa3ulumindnswauiuiegmetiles dnsldimallafieg ey Haar
Cascades, Histogram of Oriented Gradients, Deep Learning Based 1n4aelilanaansnis
fdulumilanau degredanesfiulunisnsiadulumin

Haar Cascades (2001)

1auelay Paul Viola way Michael Jones Tud 2001 1Wuwmaiiaves face detection

Ay Yo | | Y] Y oA o U = ! Ay o a2 &
wsngAltiuegaunsnane nan1sesiadulunindieTudugiluseautls whazddedoiiuiiu
v & Y =% & 9 A 19 [y A & ax

waatulunthdanilsigezdielinsldnuiudeyanduisle

DLib HOG (2005)

ldinAda Histogram of Oriented Gradients Tun1511 feature Saunuld linear
classifier naawsnlaiSanIuazudugininld Haar Cascades dsiitymuluntiulansay
nsavsulunidildiae wanarusaiuuszd@nsanlaeld cnn (Convolutional Neural

Network) 1u17e Wa9a1ndu neural network A3g¥iN1SUSENIANAUIUTU

Deep Learning Based

14
1 [ V@2

Hr9mra9¥ 2011 udunndaulunaidunisld deep learning wadws e fad usin

Il ada

JupgfuiBns train data uag model Al freg1eilldiiy face detection 1tu SSD (Single
Shot Multibox Detector) U 2015, MTCNN (Multi-Task Cascaded Convolutional Neural
Network) U 2016, RetinaFace U 2019 eannifu deep learning based 2¥¥1197UAU gpu
Taaanld cou wdegradiuladn

MediaPipe (2019)

Qﬂﬁwm%ﬂ% goosle panwuuliuuLiieds 19 model #ide MobileNet ¥l
nsUstananakity windaiidednindnevateauluguifien anunsavineulavate platform
ﬁ’jﬂugﬂLLUUﬁdw‘i android, ios, kazUuADNNILADS

YuNet (2021)

\Ju library fifnuIRY OpenCV tJu Convolutional Neural Network (CNN)-based

~ PR ~ = YRR a a Ao
T model Mvanun Insuseunanan hwazdalaussansainag
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danesfudenuilinaaeuiziealinuaudinsialuil
1. @W150VUUUAIET python 19
2. @1311509M9UULEANNSNIY android takaraiunsannby code LiavinA1sNAEDU

yugusinule

[

3. annsabikansgadrdguulumtle

o

v A

daneifiuiiaenuniley 2 dade dlib Al¥inaia HOG uaz mediapipe (facemesh)

[ fignitmuniianunsaldauduiiefiolds Msaesdanesiufidunidnuazdeuldiuun

U

lnglaniy mediapipe Tiezuilol 2019 annsnadeulauulunthiAnuianaineg
Uszanad 4% aunsauszynelduuinannosuduslauy vudu nievuausnlnulaia
Android waz 10S Tudiunisuseuianaldnsneinsiesdiaudinazey lunuinves deep

e Y =)

learning base finu windfideidenseiiwenangluntlugunimiies mediapipe agviaule

1
o Y o w

136 Felumidelidivedninlilusuiliveaeuiuaninig g

3.3.2 naadAsyuulumii

3.3.2.1 myndAgyaae Dlib

dlevhnsesiamluntisae Db ssldnadnsaenundu x, v, w, h iusuniuas
yurnvesluntifinsraee wdhlumaadrdgyuulumirdededduves dib ide

shape predictor wagld model 7o shape_predictor 68 face landmarks.dat %18 4910

Uszananalasaudiagldanuulunivievan 68 aagslusunin 20
9 9 u

UM 20 9AF AR UL IUMNTIEIY model 984 dlib

o

3.2.2.2 ¥3RdAayiY mediapipe
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Mediapipe azldisniswmiloududu  Dlib  AsnwdundsussluninnauudiAem

[
v ¥ o

edfggvadtuntn  vamsesaduluniuesnigeddnasld  model  AiUszudaNaNIY

! v g
o w Q“/LSJ IS 0 ! £

TensorFlow Lite ianun IadAgynlaaziivianda 468 90 wazusazgailadl x, y wag z W

o

Aoldnaanslugukuuves 3D My wanwradnsaslugunini 21

JUaMW 21 y@ﬁ’m@uﬂwﬁﬁw% mediapipe facemesh
3.3.3 fiannen1sviguvaslunti
- nMsndiamevasluniinlaedsnisudasain 2D Ju 3D
HuBnsleglivannisann “msianuenndindumuausaduliindofiamayes
Tunin113] Fadunisdrasslumaanufidvesluntdusudadudeusugauuluni
v
niildgaddny (andmark) vuluniinan udaggeildagiien x, y muliegluguuuy
2D Mnturimsudadioglusuuuunes 30 fhegnsluguammdl 22 Tasazsiosl model ves
Tunthlidmsueuiieu
model fla¥atunl4figadsdl
1. Yangayn : (0.0, 0.0, -5.0)
2. A9 : (0.0, -330.0, -65.0)
3. yudegavenge : (-225.0, 170.0, -135.0)
4. 4UUNFAYRIRNN: ( 225.0, 170.0, -135.0)
5. yugrggavesin : (-150.0, -150.0, -125.0)
6. suE@AvelIn : (150.0, -150.0, -125.0)
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3D

FUMIM 22 amkanegauu 2D kas 3D
ilo3iuvia landmark v83 model wag lunthainguua seluinlunthiinisvyu

Dudsls Tu gunand 23 9afieg world coordinates Siumisaguaanszidusiuniass uaz

63 rotation W@ translation A¥aNNIOAIUIUMNAVY camera coordinates 61

U,V,W :World coordinates
4

XY, : Camera coordinates
X,y : Image coordinates w
oc : Focal Length ( f)

World Coordinates

Image Plane

Camera Coordinates
LearnOpenCV.com

3Umw 23 Aéﬁﬁ)ﬁﬁf’)éé%ﬂdﬁ?"]x‘i‘]l/ﬂ World Coordinates iae¢ Camera Coordinates
fnauyAIFImMLsves (U, V, W) 3D 910 world coordinates Uagin3 rotation R
(3x3 matrix) wag translation t (3x1 matrix) az@1W5aMMAUS (X, Y, Z) 999 camera

coordinates lagsanssialuil
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X U
Y| =R|V|+t
z W )
. U
U X roo ror 702 ta ~
X v Y| =|rw rn rm2 t !
= |Y| =Rt } y W
7 W Z rog T2 Toa t 1

WasugUlidu

Direct Linear Transform

Ave3 3D model (U, V, W) usigdlais (X, Y, 2) furiidu 2D (x, y) Tunsdlitlsid

radial distortion f1uuauas (x, y) 310 image coordinates agidunsil

a3

9

x fe 0 e [X
yl =510 fy o |V
1 0o 0 1 VA

Wi £ uae f, 10u focal length waz ¢, ¢, Wusumimsanas uaz s 1u scale
factor Wueilianansoilamsesunnsdliannsovenanudnunle

Y 9

anvneazlaansaall

b'l'

X roo ror oz ta| |y

s1Y| =|rwo ru ria ty W
A ro T2 ] |

14 opencv aglunismuaaiainiladdiu slovePnP iftewn rotation vector flaridu
slovePnP @11150AEMY rotation wag translation lé’ﬂsﬁqma’mﬁé’f’muuﬁﬂénm Hariu
slovePnP 31 syntax el

cv2.solvePnP(objectPoints, imagePoints, cameraMatrix, distCoeffs[, rvec|, tvec],
useExtrinsicGuess|, flags]]l) — retval, rvec, tvec

input 71 slovePnP §faamsfio objectPoints uwiieugauu model 3D fiadatumn
way imagePoints tugauu3UnIM @i cameraMatrix fiu distCoeffs agldandmiuifinugy
Flglunou

nadnsTlede rotation vector uaz translation vector mifiaziluldwede rotation
vector yhmsuvadltegluguuuuvesessians yuessiaesidumiuansdensmuauiifuay

anuyukeniuiisenaunimyy nadwsvasnsvyuludisudstiane yaw U pitch U roll
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Wiefasrnnisuyuvedluniims 3 mawsavirafiliuulanludunaualubisadulnise

1o Taumsvyuaes yaw asuvasdunsvyunisdiesd, pitch wlandunisiuniuasise

<

Wi waaInMssyunvzinuesnuny wude fumn dun went waening

3

o

- Maiiensvaslunilagiiiagadify (landmark) agluzuiuu 3D
nsmyeaAyuulunihunfuaiusaiiue x, v wilunsdives facemesh mediapipe
o v Ay o = | Y aa a o °

dAglaved x, y, z Beegluguuuu 3D agudd Fonsmienisedluniiagiivun vector
Lintlai uagyinisvyuunuenge wiviyueenun 35n1siauasiduniinal

o v = ' & v = N

MNsEINWEsNTAARTINaTERIITaRsinsluiaeaynuarasUioy
YULDDIN T ULYLLO I WAL UNBIA U199z UM 9 S A aS 19T ULy Uy
YUNBIA1Y) MnyuNsIuuudiuntlunsdenneesiaztlunsndmtinseanees
AAITEVIY 90 AUy ANYuNaNUWIIANINTasasunTiuEevle uae
NYULIUTITaAunLAZEnNNMeFIYYIyuNdUTLS AU ITERN s ALY

Tunsiuwels uwansnwluntinisiudaguaing 24

@ &.
Q‘" °s, oo ®
eo... ...lo-"’.ﬂ -~ u
° e
.o'o\'.. ‘: 0% " o.: "
¢ . :"'is 2 3-"3’:'."' - =]
°.o ®. e ¢ ® '&O',' L]
go. .‘ M O...Q e® o o
£ v g0 090 % e’y ‘%’ —

2000, e i | e
\a:.: ' ..:..(?J 5 .o -
U:..::..'...oe Q‘o"..

Al *83:358 C g T

JUNIM 24 vector TN IMUATUIIAZUARI LN

A. 411 UVTUNG B. 1U38931nAUUN C. U189 INaUIa

ABNTANUIUNIYULET DUBIIINATUVY VIIN15UUaITEUUTNA (Coordinate System)
TaunsaAuInaInyuNesIud e udeguami 25 wasainssuuiine c wndulu

SULUUTTUUANA O
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Xo
@ \/ O\/

Z

v A B

UM 25 Lanimastuiiig c uaz Win 0

A. STUUTRA ¢ Auganteain mediapipe  B. syuuiifin 0

0 . I | S aw
%A1 Rc (rotation matrix) WBNINISLUAIRINTLUUNNALUY C IULﬁuSSUUWﬂﬂ

WUU 0 1NANT 3 2ziiulainwnu X willoudy wnu Y 3953970 azuny Z Insenuiu

[

A1 rotation Az le9adl

1 0 0
R.=[%%. °r, °zZ]=10 -1 o0
0 0 -1

[y

| <0, A a v vo &
PIAINLFEDT ~V YUBDINNTSUUNNA O ﬁ]ﬂ@@du

|

WLNYRINNES V Msiunthdisrndadunsmyuseusnu Y Inevyuiiiriuunu

0

o = R,V Tne OV=[0
0

NN SN RN

Y ! ! A va I3 ) Y v v Y] d'
z wanen B4 senun A1 01 Aldneziluyuvesnisiunmingie, wiess, Fu anun1ni

26
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X2

A 4

Xo

0

Zo Z>

FUNM 26 UAANIUYDUINADT V LTEUAUUNY Z,

0
%4

0, = atan( 7 x)
V

ABNITAUIUMILNTBNDIINAIUYI ANISUINTTUUTR 2 FIVYUTBULAY v,

Jugu 0 vinlsiunu Z, 939U vector V rotation matrix lun1suvasainfida 2 ufida 0

MUFUNINA 27

Y2
Yo 2
Xo Z;

A AO B Xz

JUATN 27 A. SEUUIAA 0 Y8NINNBT V. B. STUUTIARA 2 YakInmas v

A. 32UUNNA 0 2a90NAas VB, s5UUNNA 2 2adaninas V
rotation matrix Tun1swuasainfing 21U 0 #Ae
cos0 0 sin@]

R, =%, °%, OZZ]=! 0 -1 0
—sin@ 0 cos@

rotation matrix Tun1swlasanndine 0 1J 2 e

Ro= %R, = | 0 -1 0

r [0059 0 —Siné?]
sin@ 0 cosf



911 vector V llauasmeing 2 agledn

V= %R,V

wyuenutsvasluntieienieiuweves vector V 1aan

0, = atanZ( 2y, 2]/3,)

JUNI 28 iAniA 2 1NgUnUYuNeIn I

26

A DNBARINNTENIN Y, U AV agliyn B, B amuansnnwesanyuuesluntifudn

- NSANI9YBS LU

msunidenseruntiv Wevsswumesluniianduue nnsidnygusening

6 v o o 9/ 1% I a a A o Y @ %/ Y v Y a
INABIAULNU Z ﬁ?ﬁi‘UVUWfﬂi\mﬂMLﬂUWTUWWHNWﬂWMUGWl}ﬂML‘U‘L!WLJ’]G]N OMNUGIYINUHN

Anmualiuansuaansiiuiudneg driuvnduyuiimuuanliuansmadwsiduiued wang

FININT 29

Vv
NUIRT

FUNM 29 svgEn siumhinmualisening Wiyl vinge uaz ey
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