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Tom tat

Bai béo trinh bay nguyén 1y va giai phap thiét ké thiét
bi cam tmg dién dung da diém dang tuyén tinh (mg
dung 1am cong tic diéu khién tuyén tinh cac dai luong
trong nha théng minh nhu: thiét bi chiéu sang, quat,
d0 mo rém cua.... Thiét bi nay dugc ché tao trén co
s¢ ung dung bo vi diéu khién ARM Cortex M3 cua
hing ST Microelectronic trén nén tang hé diéu hanh
thoi gian thuec RTX. Bo vi diéu khién diéu khién qua
trinh phéng nap tu va thu nhan thong tin vé vi tri
cham ctia ngon tay trén thiét bi cam tng. Sau d6 thyc
hién viéc diéu khién thiét bi dién mot cach truc tiép
hoac théng qua Wi-Fi tir ban phim cam ung.

Tw khoa: Cam tUng dién dung, phéong nap tu, nha
thdng minh

Abstract: Linear capacitive multi touch sensors can
be used to produce linear control relays for some
parameters that are controlled by devices in a smart
home such as light devices, fans and autonomous
window blind cords. In this paper, the authors present
the fundamental principles of these sensors and
proposed a solution to design them. According to this
proposed approach, ARM M3 micro controllers of
STmicroelectronics with RTX real-time operating
system are used as the central module. The authors
use the micro-controller to monitor and calculate the
charge transfer process of the capacitor. Eventually,
the system performs light intensity control via wi-fi
from keypads.

Keywords: capacitive touch sensor, charge transfer
capacitor, smart home
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tTRANSFER S Chu ky xung phéng nap tu

tSAMPLING Thoi gian léy m’flu

tBURST Thoi gian nap tu Cx

VRes V Dién &p ngudng trén

Virip Dién 4p ngudng

Vout Pién épra

Vin bién &p vao

C F Ty dién

Cx Tu dién tich dién

Cs Tu dién co so ( mau)

Chir viet tat

AT Attention Command

FSM Finite State Machine

10T Internet of Things

RTOS Real Time Operating System

LCD Liquid Crystal Display

UART Universal Synchronous
Receiver/Transmitter

PWM Pulse-Width Modulation

1. Phin mé dau
Ngay nay, voi chat lugng doi séng ngdy cang cao thi
nhu cau c6 mot ngdi nha théng minh véi day du cac
tién nghi voi xu hudng “internet of thing” 1a diéu tat
yéu. O Viét Nam, nha thong minh da xuét hién va
phét trién manh trong vai nam trg lai day. Véi yéu cau
thay thé cac cong tic co khi trudc ddy bang cac thiét
bi cam mg ¢6 sy thong minh, bén bi, tién dung va co
tinh thim my cao. Hién tai & Viét Nam cac loai ban
phim kiéu cam tng nay c6 gia thanh cao va khong
tich hop cac ung dung truyén thong thong minh. Vi
¥ tuéng lam chu cong nghé, ndi dia hoa san pham nay
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va dua vao Ung dung trong nha thoéng minh. Trong
bao c4o nay, ching tdi s& trinh bay nhitng van dé lién
quan t&i viée nghién ciru, thiét ké ban phim cam ung
da diém dang tuyén tinh diéu khién cuong do sang
clia dén, dong thoi truyén thong dir liéu vi tri cham
ctia ngoén tay thong qua mang Wi-Fi.

2. Noi dung chinh

2.1 Ciac Nguyén Iy co ban vé cim tng dién dung
[21[3][4] ,
2.1.1 Nguyén ly co bdn ciia cdm bién dién dung
Dién dung cam tng sé& thay doi khi ngén tay dén gan
vung nhay cam véi dién truong dugc thé hién nhu
trong hinh H.1. So di xay ra diéu nay vi c¢6 sy xuit
hién cua:

- Tu sinh ra giita tay nguoi va thiét bi

- Tu sinh ra gitra co thé ngudi va board ddng

qua lop khong khi
- Ty giira chan ngudi va mat dat

I'nedmy didén 1

Trurdmyg dsgn tir
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Dién cuc Bang di¢n mds
Pwgn cyre

H.1  Minh hoa ban phim cam ung

Khu vye cim img (A)

G

Ciim bién phia sau panel

Panel niim phia trén

H.2  Minh hoa qua trinh cham vao ban phim

Trong H.2 khi ngon tay duoc dua dén gan ban mach
thi s& c6 mdt tu dién dugc sinh ra do hién tugng cam
ung dién tu. Gia tri cua tu la:

C =X X A 1)

T

Trong do:
& Va &, lan luot 1a hing s6 dién moi trong moi
truong khong khi va chit liéu cach ly.
A: dién tich cham; T : d¢ day cua chét liéu cach ly.
RG rang trong cong thirc (1), khi tién gin dén ban
phim, thi ¢6 su xudt hién ctia khong gian A va n6 thay
ddi trong qua trinh cham. Piéu nay dan dén su bién
d6i ciia gia tri dién dung C, day chinh 1 nguyén 1y co
ban dung dé nhan dang vi tri diém cham thong qua gia
tri dién dung C.
2.1.2 Nguyén ly do thoi gian phong nap cia tu
Nhu ta da trinh bay trong muc 2.1.1 khi ¢6 ngdn tay
lai gan va cham vao mat kinh thi s& c6 su thay doi cua
dién dung, cu thé 1a gia tri di€n dung s€ cao hon khi
chua cham vao kinh nhu trong hinh H.3.
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Khi dura tay dén gin

Dung khéng thip ~ Dung khing cao
H.3  Minh hoa su thay doi cia dién dung khi cham

C6 hai phuwong phap dé do sy thay do6i dién dung khi
cham:
- Phuong phdp do thoi gian phong nap ding
mach RC [2]
- Phuong phap do thoi gian phong nap tu co sé
Cs [3]
I

R
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H.4  Phuong phap do dung mach RC
Khi khdng chym

Vi ditu khidn
C X

Bién trir nap (Ry)

ARM Cortex M3

= Cy (-20pF)
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H.6 Phu’(fng_pha'p do thoi gian ph(;ng nap[3]

Vi phuong phap do RC (H.4, H.5) khi tao mét xung
vudng dau vao Vy thi dya vao thoi gian qua do cua
Vour s€ suy ra dugc gia tri cia tu C, tr d6 xac dinh
dugc kha nang cham hay khong cham cta ngon tay,
phuong phap nay thudng dung dé xac dinh khan ning
cham hay khong cta nit bim cam tng do thoi gian
phong nap khong do dugc chinh xéc. Mgt phuong
phéap do khac cho do chinh xac cao hon goi 1a phuong
phap 1a do thoi gian phong nap tu (H.6), cu thé & day
1a do thoi gian nap day tu co sé Cs v6i gia tri cho
trude, nguyén 1y cia qua trinh nay nhu sau:
- B1: Céch ly C, va C,, xa hét ca hai tu.



- B2: Nap day tu Cy sau thoi gian tgugst , Sau do
lam tré mot khoang thoi gian va nap vao tu co
so Cs.

- B3: Lap lai bude 2 cho dén khi dién ap trén tu
CS béng VTR|p.

- B4: Két thuc qud trinh doc gia tri trong thoi
gian ttrANSEER NhU trong hinh H.7.
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H.7  Qud trinh do thoi gian phong nap [3]

Phuong phap nay cho d§ chinh xac cao dac biét la
trong bai toan thiét ké kiéu cam tng dién dung da
diém dang tuyén tinh.

Trong bai bdo nay ching t6i tdp trung vao thyuc hién
phuong phap do thdi gian phong nap tu co sé duoc
trinh bay ¢ trén.

2.2 Thiét ké phan cimg
Vi thtr nghiém thiét ké dugc xay dung nhu trong H.8

Cam bién — AT esps2ee (MR
S UART
Vi didu Khién
STM32L152
T2 Man hinh LCD
1 Guosi7211
LED

H.8  So dé khoi tong quan ciia hé théng

Hé thdng thir nghiém nhu trong H.8 gdm co:

- Vi diéu khién trung tam [1]

- Ban phim cam tng dién dung tuyén tinh

- Module Wi-Fi ESP8266 giao tiép véi vi diéu

khién qua tap lénh AT [7]

- Man hinh LCD hién thi mot s thong tin
H.9 chi ra cdc dang ban phim cam tng [4]:
- Button: cam tng kiéu cong tic bam
- Slider: cam tng kiéu truot tuyén tinh
- Touchscreen/Touchpad: cam tng kiéu truot 2D
- Wheel: cam tng kiéu tron xoay tuyén tinh

Bim . = Truot

Truot ngang/'doc 2D 2
Xony
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Cac dang ban phlm cam vung
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Trong bai bédo nay chung t6i thr nghiém ban phim
kiéu slider tuyén tinh dang thing trugt (H.9) . Trong
H.10 1a hinh anh bo dong duoc thiét ké véi kich thudc
dudi, d6 dai tam khoang 60mm dugc bao quan boi dat
dé chéng nhiéu ESD tot hon.
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H. 10 Bdn phim Slider tuyén tinh [4]

Cha y rang: khi ngén tay di chuyén truot tir tréi sang
phai thi gia tri dién dung s& tuyén tinh vdi timg ving
cua bo mach.

V6i nguyén 1y do thoi gian nap tu co s& Cs , thi trong
bao c4o nay ching t6i st dung 3 Groups nhu H.11 va
két ndi t6i vi diéu khién nhu trong H.14.
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H.12 So db nguyén Iy ghép néi LCD -GH081721T
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H. 13 Module Wi-Fi ESP8266 [7]

H.13 l1a module truyén nhan Wi-Fi s dung chip
ESP8266 SoC (System on Chip), duoc sir dung lam
nhiém vu truyén nhan thong tin diéu khién tir bo diéu
khién trung tim. ESP8266 véi 161 vi xir Iy 32 bit hoat

00Ty

'}—;T—"

i ¥ 1}*’{.

dong v6i tan s6 80MHz, 64KB RAM va 512KB
Flash. Két ndi mang khong day, gidng nhu mot may
chu hodc mét cau noi trung gian.
Chtic nang:
- HO trg chuan 802.11 b/g/n Wi-Fi 2.4 GHz, hd
tro WPA/WPA2.
- Chuén dién 4p hoat dong: 3.3V
- Chuin giao tiép ndi tiép UART véi téc do
Baud 1én dén 115200
- C6 3 ché @6 hoat dong: Client, Access Point,
Both Client and Access Point
- HJ trg cac chuin bao mat nhu: OPEN, WEP,
WPA_PSK, WPA2_PSK,WPA_WPA2_PSK.

MODULE
WIFI

A BT 1 g~
T

P SLIDER 3 Positions

H. 14 So dé nguyén Iy cdc khéi co ban ciia mach

2.3 Cac thuit toan va gidi thuit trong chuong
trinh
Trong hé thong nay chung toi viét 2 module chuong
trinh:

- Chuong trinh nhing cho vi diéu khién

- Chuong trinh giao tiép TCP/IP dung phéan

mém Labview

V6i chuong trinh nhiing thuc hién rat nhiéu cong viéc
cung mdt ltc nhu: tao xung, do $6 xXung cluia cam bién,
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diéu khién module Wi-Fi, LCD,...chiing ti sir dung
hé diéu hanh thoi gian thuc [5] RTX.

2.3.1 H¢ diéu hanh thoi gian thuwe RTX [5][6]

Co ché thue hién da nhiém duogc thue hién trén co so
hé diéu hanh thoi gian thyc RTX. Khac v6i nhan
trong cac hé diéu hanh nhu i0S, Android,... thi nhan
cia RTX RTOS co kién trac nhé gon hon va thich
hop trong cac ng dyng diéu khién ty dong hoa trén
nhiéu nén tang vi diéu khién c6 cac klen trac phan
ctng khac nhau. Trong RTX RTOS cung cép cac mirc



xtr Iy wu tién va ngat. Cac cong viéc uu tién cao hon
s€ dugc thuc hién trude. Ngoai cac chiic ndng cua hé
diéu hanh nhu trén, hé diéu hanh thoi gian thyc ¢ thé
hd trg thém cac chiic ning sau:

= Lap lich phan chia thoi gian st dung tai

nguyén, dat muc vu tién cac tac vu.

= Truyén thong va ddng bo giira cac tic vu hoic

gitra tAc vu va ngit.

= Phan phdi bo nhé dong.

= Quan ly c4c thiét bi vao ra.

H¢ diéu hanh thoi gian thyc s& phan chia cac khe
thot gian dwa vao systick timer (H.16) , cac tick thoi
gian nay s¢ lam nhiém vy luan chuyén cac tac vu lién
quan, sy giao tiép gilta cac tac vu nay theo co ché
Semaphore (H.17), nhim dam bao viéc thuc hién cac
tac vu khong bi xung dot 1dn nhau.

Trong H.15 véi:

- Running: bd xur 1y dang thuc hién tac vu. V6i mot
bd xtr 1y thi chung ta chi chay mot tac vu tai mot thoi
diém nhét dinh.

- Ready: mot s6 tac vu khéc sin sang chay néu bod
Xt 1y 16i.

- Inactive: tac vu khong sin sang chay ké ca khi bo
xu ly trong rang thai nghi- Idle. Tac vu & trong trang
thai nay vi ching doi mot sy kién bén ngoai tac dong
dé kich hoat n6 tré lai trang thai sdn sang.

- Waiting: doi tac vu tiép

Active Threads

event occurs

H.15 Co ché thuc hién chuyén cdc trang thai[4]

0OS chay QS ahivl dbng I
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H. 16 Co ché phan chia khe thoi gian[4]
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Titi nguyén chung
H. 17 Co ché tranh xung dét sir dung Semaphore[4]

2.3.2 Chwong trinh nhiing cho vi diéu khiénf[1]

Vi diéu khién ARM Cortex M3 STM32L152 s& ¢6

nhiém vu lam bo diéu khién trung tdm cho hé thdng

client, vi diéu khién sé& thyc hién dong thoi cac nhiém
vu sau:
- Do va tinh toan gia tri cia cam bién dién dung
- Diéu khién PWM dén LED
- Hién thi gia tri 1én LCD
- Diéu khién module Wi-Fi

H.17 1a thuat toan nhung cho vi diéu khién, chuong

trinh s& bit dau bang viéc khoi tao hé thng gdm cb

c4c cdu hinh GPIO, Timer, UART, PWM...sau d6 1a

cdu hinh hé diéu hanh RTX RTOS va khéi tao 4

thread:

- Thread 1: Touch sensor la luéng lam viéc v6i cam
bién dién dung, nhiém vu la phat xung va doc
thoi gian nap day ty Cs.

- Thread 2: LCD lu6ng nay lam nhiém vy diéu
khién LCD

- Thread 3: Wi-Fi nhiém vu 1a diéu khién module
Wi-Fi bang 1énh AT qua UART.

- Thread 4: PWM lam nhiém vu diéu khién d6 sang
cua LED

- Main(): nhiém vu trung tdm

Start

Khai tao:

- Chire nang phan clmg sir
dung: GPIO, Timer
PWM,UART..

- Hé diéu hanh RTX
RTOS: init thread

I
i v v v L]

Thread1 | Thread 2 Thread 3 Thread 4
Touch sensor Lcb WIFI PWM

Main()

Wait/Releasq Wait/Release

Semaphore

Wait/Release Wait/Release

END

H. 18 Thudt todn nhing ciia hé théng
Sau ddy ching t6i s& di sau chi tiét vao cac thread:
- Thread 1: ludng lam viéc voi cam bién dién dung
v6i luu d6 thuat toan nhu dudi dugc viét theo
kiéu may trang thai FSM:
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H. 19 Thudqt todn‘nhting ciia hé thong
Mo ta may trang thai gom 20 trang thai nhu H.20
duoc viét trong code.

H.20 M6 td trang thdi FSM ciia hé thong

- Thread 2: Diéu khién LCD 24 doan, 4 dong so dd
nhu H.12 , hién thi cac ky tu, cac chit s6 1én LCD

- Thread 3: Piéu khién qua trinh truyén nhén dit liéu
qua 1énh AT véi module Wi-Fi qua giao thic
TCP/IP chuyén dir lidu qua socket. Thuat toan
nhu H.21:

Start Thread 3

Ngit RX

Kiém tra két ni

6 di liéu nhan?
C6 dit ligu nhgn' iy

Nhin dir ligu

J

Truyén sang Thread
khac

D ligu Thread 1 -
Truyén dit ligu qua
giao thic TCP

Truyén dugc?

\ v
H.21 Thudt toan thread Wi-Fi
VCCA-2015

- Thread 4: PWM 1a thread tao ra phuc vu cho viéc
bam xung, dé diéu khién d6 sang LED thir
nghiém. st dung timer 4 lam nhiém vu tao ngét
dé bam xung.

Hinh H.22 do cac bién trong chuong trinh véi phan

mém STM studio,Cac gia tri vi tri 8 bit ( chi co

CalcPosition 32 bit) dugc luu trong bién:
= MylinRots_Data[0].RawPosition
= MyLinRots_Data[0].Position
= MyLinRots_Methods.CalcPosition
= MyLinRots_Data[0].Stateld

Két qua hinh H. 22 thé hién sy bién dong khi cham

clia cic bién va gia tri MyLinRots_Data[0].Stateld

luén bang 10.

- Vet

H. 22 Do gid tri cdac bién gid tri va vi tri cila touch sensor
voi phan mém STM Studio

Trén H.23 13 chuong trinh chung t6i thir nghiém dé
doc gia tri touch sensor va vi tri cham ctia ngén
tay.V&i cac chirc nang: hién thi gia tri cam bién touch
sensor qua giao thirc TCP dung socket, diéu khién do
sang Led trén phan mém.
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H. 23 Phan mém do heong diéu khién trén mdy tinh

3.Keét ludn
Két qua cua nghién ctru 1a da tao ra dugc mot thiét bi
ban phim théng minh theo xu himg IOT. Budc diu da
thir nghiém thanh cong dung céng nghé ban phim cam
(g da diém dang tuyén tinh. Bai bao trinh bay mét s6
kién thirc vé cam tng dién dung va cong nghé do dién
dung trén co so do thoi gian nap cho tu co s& va ing
dung trong ché tao ban phim cam tng. Trén co s& do
da trinh bay mot thiét ké hoan chinh cho ban thuong



mai. Cac thuat toan diéu khién, giam sat da dugc mod
ta & muc 2.3. Cong trinh nghién clru c6 y nghia khoa
hoc tbt va tmg dung cao, phii hop véi chu truong cia
dang va nha nudc vé chinh sach phat trién KHCN.
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