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ABSTRACT

This project proposes an implementation of the Remote Control via Eye
Movement Detection. The Remote Control via Eye Movement Detection using the
Raspberry Pi for face and eye movement detection program which receives data from
the Camera Module. Then we use the Relay Module to send data to the connected
device and operate it with the Remote Control via Eye Movement Detection, then

bring the data to display in the screen to show detection and various actions
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2.1 OpenCV

OpenCV (Open source Computer Vision) 1Uulaus1ifladduntsdsulusunsy
(Library of Programming Functions) lagdaulvgjazalatluiimsuanssasioneniunes
wuusealng (Real-Time Computer Vision) Wasfiiaigniiaiuilag Intel uin1evdalasuns
afuayulng Willow Garage muunde Itseez (Fssionagnidrdalag Intel) Opencv 1w
TausFuuuduunanasy (Cross-Platform) wagldnuldnsnielidvavsves BSD wuulewmu
%9¥d (Open-Source BSD License) OpenCV geatiuauiinsuiisnnisiieusidedn (Deep

Learning Frameworks) g TensorFlow, Torch/PyTorch uag Caffe ﬁﬂLLﬁﬂﬂugﬂ‘ﬁl 2.1

CO

OpenCV

U7 2.1 OpenCV



https://opencv.org/
https://en.m.wikipedia.org/wiki/Library_(computing)
https://en.m.wikipedia.org/wiki/Computer_vision
https://www.intel.com/content/www/us/en/homepage.html
https://www.willowgarage.com/
https://en.m.wikipedia.org/wiki/Cross-platform
https://en.m.wikipedia.org/wiki/Open-source_software
https://en.m.wikipedia.org/wiki/BSD_license
https://en.m.wikipedia.org/wiki/Deep_learning
https://en.m.wikipedia.org/wiki/Deep_learning
https://www.tensorflow.org/
http://torch.ch/
https://pytorch.org/
http://caffe.berkeleyvision.org/

2.2 Facial Landmark Detection

Facial Landmark Detection tJunisnsaadulumii faduilsidudiegly library
¥84 Dlib T¥dmiunsnsdunazseydumafiddnsineg vulumi wu aaan A 3yn U1n
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Fane3fudulngdmiunmsamaiugadunauulumiausasuunldian
LUUI1a99 (Model-based) n3aniunisannse (Regression-based) waldasn15vuenin
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Ynavesanesiuuuusiasdiieddos 2 wuu T Active Shape Model (ASM) wag Active
Appearance Model (AAM)

2.2.1.1 Active Shape Models (ASMs)

Tul) 1995 Cootes et al. e ASMs Jadudanesiufiimuade SrimAefy
Mumiwosadainausazisi szl imTeudanyamsiineusuuas daAulilu
Point Distribution Model (PDM) AeufiaziFudnwgunuusiieg fhetviaunlusiinag da
mnlasnisvyudsvruiatazuUatiieliaauanesszninanguiiog1sanas wuiAnfens
Falsdgadunniomalufiegrsianunegludumadoafulagdssanand eliamise
Uszanauguuuuvesguaiiuriassldlnglsifiosidninaninguuuuueaiame POM iusums
Tnoiadvvsusazgndannuaslnunvdneanisiua sunlassaniennuduius vesgusae
m31fines POM Aumitugiuresnifiwosguinslaefinafimefyussliduiudiuili
ﬁ’mﬁﬂLﬂﬁIEJUWWiWﬁLG]EJi‘LLG]‘aWT’JLLaz&TQﬁQﬂ%szﬂil’]ﬂﬁlgﬂﬁaQl@gf vinlalagly Principal
Component Analysis (PCA) ileiFeuiudnuuitassanmnsaltiiioasnagusislminlainediv

wnsulunsineusulagnisiddsumsilinessuswnldineidesiu

2.2.1.2 Active Appearance Models (AAMs)
VOUANANNAIAYVDI AAMSs way ASMs Aan1siudsullasuasiuiiageu ) 9
dune Falaarnnisiasieniuuuuvessusiadiudu log AAM annsaldiiiodaasigiam
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2.2.2 Myszysiunienneg viluntineed Facial Landmark Detection

laglunissgusunianieg vuluniives Facial Landmark Detection daas
funoudte

1. msmvualuntiluguam

2. PseTIavs g Eesneg uulunih

Tnensnsraduluntaglfauddysiunisivuafidavedunitluninidie
a¥undesteutanvadlumin arntuhnsssysundeiiddgeineg vdluwi Tuusiom dn
A7 Aade 11971 A1de ayn ns1w 39 Taeda detect w849 Facial landmark 9g¥i147u
$2ufu Dlib 68 (xy) -coordinates 90 landmark 14 68 JAWENELFTUNT training d1m§unIs
yunedae iBUG 300-W dataset. Innamduumisiannsadiuiidas 68 qauulumtiain
s landmark Tuntii 68 Aausavanansadiidldesnsiefe index

- @nsarddsmunsesunlame points [48, 67

_ gansadndsunlwesiunléee points [17, 21]

~ gansadndsuniesmidnelasie points [22, 26]

- @SSRS ARIY points [36, 41]
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2.3 Eye Gaze detection
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2.4 Eye Blinking detection
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LH, = |P42 — P45| (2.1)
LH, = |P36 — P39| (2.2)



LV, = [mid(Py3-44) — mid(Pye—47)I (2:3)
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o - __ LH;y _ LHy (2.5)
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2.5 Binary Image
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2.6 Grayscale Image
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2.7 PyQt 5

PyQt 5 1l Qt Uszinnnis Fuduedesiielunsadiaueundiadu uaz GUI 8
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3.1.2 N1598NBUUSLUUS IUNABUINTARIUNITATIIUNISARDUNVBIAIIAT
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#1399 vuluniineay Facial Landmark Detection waat@onlflaniz@uiiiveiniemi wagvi
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nradumaiedeuiivesaasmuuusne Tagld Eye Gaze detection Tunsnsradunisiadoud
y0992991 wazld Eye Blinking detection Tun1sasiadunisnendum dlelusunsumuiniinng
A oufivesnimlusunsuasld Eyve Gaze detection lunsnsaaduiiAnisnisiadoudives
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ngnFumiiteldanuyadds Ingslumaoulnsarmnsnsedunisiadouiiveanian Syads
Tunsldanusionun 4 f1d Jszneude 1. Switch 1 ON Aemsdadelfgunsaiudl 1 vhau
2. Switch 1 OFF Aenisdadelwgunsniduil 1 ngaviaiu 3. Switch 2 ON Aan1sdadals
guUnsalfudl 2 vha1u 4. Switch 2 OFF AensdsdaldaUnsnidul 2 ngaviien a1ty
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3.2 asasdantglun1snnasy

Tulpssaull fgunsaluasinseationtdlunisneaes Asil
3.2.1 Raspberry Pi 4

3

a a vy . & ¢ a ¢ &
ﬂ@mW'ﬁLﬁ@ﬁWLa@ﬂI%ﬂ@ Raspberry Pi 4 1 JUUDIAABUNILADIVUIALANNEINITA

Weousderiuveueilned Aduata wazwnd Ngniaundulay Raspberry Pi Foundation #1310
° & o % a & A ¢ ~ & g =

Un1Uszgnaldlunisvilasanunisniudiannseting nsidsulusunsy n3aiduin3es
ADNNILADT A lAzautatan laa19gidun19v™Manu Spreadsheet Word Processing v194
dumesiin dediua Snnedaanunsadulndifleniiuazidengs (Higsh-Definition) ladn
A8 UBsA Raspberry Pi 5895UszuuUuRn158und (Linux Operating System) lanangssuy

1 Raspbian (Debian) Pidora (Fedora) uaw Arch Linux 1usu Inefnseun SD Card vosn
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Raspberry Pi figneenuuuailyil CPU GPU waz RAM aganeluduidieniiu fiqaudensio GPIO

Tilganunsailuldsindugunsaiddnnselindaus ladndedwwandugui 3.3

— TR [GT0) S, | Respberry Pi 4 Model.B
©Raspberry Pi 2018

China M 1904
RAdus

‘?,'.J
£
os
g
=

oA

E'U‘ﬁ 3.3 Raspberry Pi 4

Jauan1unAlinvuae Raspberry Pi 4
U

- Broadcom BCM2711, Quad core Cortex-A72 (ARM v8) 64-bit SoC
@ 1.5GHz

- 4GB RAM LPDDR4-3200 SDRAM

- 2.4 GHz and 5.0 GHz |IEEE 802.11ac wireless, Bluetooth 5.0, BLE
- Gigabit Ethernet

- 40-pin Extended GPIO

- 2 USB 3.0 ports; 2 USB 2.0 ports.

- 2 x micro-HDM!I ports (up to 4kp60 supported)

- f-pole stereo audio and composite video port

- H.265 (4kp60 decode), H264 (1080p60 decode, 1080p30

encode)
- OpenGL ES 3.0 graphics

- Micro-SD card slot for loading operating system and data

storage
- 5V DC via USB-C connector (minimum 3A¥)

- 5V DC via GPIO header (minimum 3A*)
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- Power over Ethernet (PoE) enabled (requires separate PoE HAT)

- Operating temperature: 0 — 50 degrees C ambient

3.2.2 gUnsal Camera Module

Camera Module 71 +& 9nl7 A o Raspberry Pi Camera Module Wi 93310
Raspberry Pi 1fundasidneavuisdnaiunsaileusotiuuase Raspberry Pi lddedeudeu
Camera Module fi51019n flvuinmuaztden 5 41u pixel a1unsaaeiflosesu HD fiannu
azldun 1080p, 720p waz 640x480 pednIIkanINa 30 (1080p), 60 (720p ay 640x480)

waz 90 (640x480) LWsmia%u’]ﬁéTmamﬂugﬂﬁ 3.4

gﬂﬁ 3.4 Camera Module

%’agamamaﬁﬂ%aa Camera Module

Raspberry Pi Camera, compatible with the original one.

5 megapixel OV5647 sensor in a fixed-focus module

2592 x 1944 still picture resolution

Support 1080p30, 720p60 and 640x480p60/90 video record

Dimension: 25mm x 24mm x 9mm

3.2.3 Eg‘dﬂ'ﬁﬂj Relay Module
Relay Module #ivdanld@e Relay Module 2 %as muANdn/Un Sadla 2 Yo

Tlidn 5 1aad dadygiainiuaukuy Active Low a1aeen1stusiagAndedeygyan 0 61
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'g‘d‘ﬁ 3.5 Relay Module

Uayanamaliavas Relay Module
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Al 5 Toad

s 5 Tafa1nueda arduino A1 5 Taadilel
T¥muaslniiuseaaldi DC30V 10A , AC250V 10A
flvluenaniugnisvhauvasadyne

Fowstodeinang iliRastldiouazasan
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msasdayaramunusiadiunuu Active low
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3.3.2 MINAFAUNITAINIUAIYNITATIVIUAIINN
Tngvinsnagaun1snsiaduaiaitudnuazaig wethunduyaids

3.3.3 NMSNAFAUNTAINU Relay Module
1AgyINN1TNAFRUNITH191UAN9 VadlUsinTuiiemuAunN1siUa/Unves

Relay Module
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4.1 MFINANDATIEIUVBINITNTNIUAT
Taan15lg9u library Tudauves OpenCV fwLfJuﬁqﬁsﬁbuﬁlﬁl%uam%’agaﬁm
TUsunsuluuy real time uazazlds2udy library Db defiflardulunisandigamieeg

aeen tasavtn ayn SuRUn vilunidsgun 4.1

18 o9 420 o3 021 25
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ol ® o'lgl0e i BT
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o S ol°
30
.2 ) ® .14
35
03.32 °®
® 34
° 49 5015] 52 53 *
8 o % e ® ¢ 54
% 61.62.23 e
® @66® 12
o RO o >
59 @ e
58 & 06 ™
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g‘d‘ﬁ 4.1 GT’]Lmﬂmmﬁiﬁ library Dlib 2a&1

Facial landmark indexes w09lunin 61 detect ¥84 Facial landmark ¥i191u
$2ufu Dlib 68 (xy) -coordinates 90 landmark 14 68 JAWENELATUNS training d1u§unIs
¥iunedae iBUG 300-W dataset. 910 nsnuuLs@snsauiuiiinme 68 gauuluntnn
3 ae landmark Tuniiit 68 Aausavannsadiidldognsefe index

- @nsadfsinuusesunlame points [48, 68]

- asnsandainuieeinuinlase points [17, 22]

- asnsandeinuisesindngldae points [22, 27]

- @NNTONDIAN USRIV LARIY points [36, 42]

- anunsanieiuntsesmgnelace points [42, 48]
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- N I0NEIUTLYeRYNLARIY points [27, 35]
- @nsalfsiLlsUInIwlanIY points [0, 17]
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[

lomsunnan wiiveaeuazlduiuegisgun 4.2
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Felunslusinsugnasauanaus eanbivaeyein lneagldyei 36 - 47 wld
TUMIAWINNIINENTUAIEDIT Fan1U19v31a¥ldndl 36 ~ 41 wazdrsteazldqan 42
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JUN 4.3 9auumvisaeddng
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LH; = |P42 — P45]| (4.1)
LH, = |P36 — P39| (4.2)
LV, = [mid(Pyz_44) — mid(Pye_47) (4.3)
LV, = |mid(P37_35) — mid(Pyo-41)| (4.4)
_ . LH; . LH,

ININAIUNITNZNIUAT = —— %30 (4.5)

Lv; LVy
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