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Abstract. The social communication behavior has been changed due to the Covid-19
pandemic. In order to avoid the spread of the disease, some social principles are issued such
as wearing masks, physical distancing, and reducing personal contact or public surfaces
touching. In this paper, we present a design and a fabrication of non-contact buttons using
organic fabric electrodes. The button has a size of 7 x 7 cm including fabric electrode layers
and silicone rubber insulation. The capacitance of the button decreases from 77.73 pF to 77.31
pF when the user's hand is brought close to the button. The integrated microcontroller circuit
converts this change in capacitance into logic signals to control the operation of a LED. The
system works well with a contact distance of less than 10 cm. Based on the flexibility of the
fabric electrode, the non-contact button can be mounted on a variety of surfaces, showing
good application potential.

Keywords: flexible sensor, contactless sensor, contactless buttons.

© 2022 University of Transport and Communications

814



Transport and Communications Science Journal, Vol 73, Issue 8 (10/2022), 814-822

Tap chi Khoa hgc Giao thong van tai

THIET KE, CHE TAO PHiM BAM KHONG TIEP XUC
NHAM HAN CHE SU' LAY LAN DICH COVID-19

Vii Ngoc Quy, Mai Xuén Kién, Tran Manh Cuong’
Truong Pai hoc Giao thong van tai, Sb 3 Cau Giéy, Ha Noi, Viét Nam

THONG TIN BAI BAO

CHUYEN MUC: Cong trinh khoa hoc
Ngay nhan bai: 12/09/2022

Ngay nhén bai sua: 26/09/2022

Ngay chip nhan dang: 14/10/2022
Ngay xuét ban Online: 15/10/2022
https://doi.org/10.47869/tcsj.73.8.6

* Tdc gia lién hé

Email: cuong.tran@utc.edu.vn

Tém tit. Pai dich Covid-19 dién ra di 1am thay ddi thoi quen giao tiép cua ca xi hoi. Dé han
ché sy lay lan ctia bénh dich, cac nguyén tic duoc dat ra nhu deo khau trang, giit khoang
cach, va dic biét 1a giam tiép xtic ca nhan hodc cac bé mit noi cong cong. Trong bai bao nay,
chung t6i trinh bay thiét ké, ché tao phim bam khéng tiép xtic bang cach st dung dién cuc vai
hiru co. Phim bim c6 kich thude 70 x 70 mm gdm céac 16p dién cyc vai va 16p cach dién bang
cao su silicon. Dién dung cta phim bam giam tir 77,73 pF xudng con 77,31 pF khi tay nguoi
sir dung dugc dua lai gan phim bAm. Mach vi diéu khién tich hop s& chuyén sy thay d6i dién
dung nay thanh céc tin hiéu logic dé diéu khién hoat dong ctia mot dén LED. Hé thong hoat
dong tbt voi khoang cach tiép xuc nho hon 10 cm. B01 tinh chat linh hoat va mém déo cua
dlen cuc vai, phim bam khong tiép xtic c6 thé dugc gan trén nhidu bé mat khac nhau, cho thiy
tiém nang ung dung t6t.

Tir khéa: cam bién linh hoat, cam bién khong tiép xuc, phim bam khéng tiép xuc

© 2022 Truong Pai hoc Giao thong van tai

1. PAT VAN PE

Tir cubi ndm 2019 dén nay, dai dich Covid-19 dién ra trén toan thé gidi da c6 tac dong rat
16n dén moi mat trong doi song con ngudi. Bén canh nhiing thay d6i vé kinh té, xa hoi, dai
dich con lam thay d6i hanh vi cta cac thuc thé x3 hoi. Viée ung dung khoa hoc cong nghé dé
tmg phé voi dai dich 1a mét xu hudng thu hat sy quan tdm cua cac nha khoa hoc [1-6]. Cac
nghién ctru lién quan téi Covid-19 chi yéu 1a v& van dé stc khoe nhu nhiét do va kiém soat
nhiét d clia nguoi bénh [3-5], kiém soat trang thai ctia ngudi bénh [6] hoac ro-bdt hd tro
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cong tac diéu tri bénh nhan [7]. Cac nghién ctru tmg dung nham han ché sy lay lan covid-19
danh cho ngudi chura nhiém bénh van con bo ngo.

Pé han ché sy 13y lan cua bénh dich covid-19, cac ca nhan can thyc hién theo cac nguyén
tic giao tiép xa hoi da duge dat ra: deo khiu trang, giit khoang cach, giam tiép Xuc gilta cac
c4 nhén, han ché t1ep xUc v&i cac bé mit noi cong cong,... Tuy nhién, viéc han ché tlep xuc voi
cac bé mat nhu cac phim bam trong thang may hodc cac phim bam trong céc thiét bi san xuét,
thiét bi dién tr 1a didu khong thé thuc hién dugc. Viéc khir khuan thudng xuyén ciing chi
mang lai hi¢u qua nhit dinh. Chiing t6i hudng t6i mot bai toan kha don gian nhung lai duoc
g dung phd bién, d6 1a nghién ctru ché tao phim bam khéng tiép xic.

Phim bam 1a linh kién phé bién dugc st dung dé nguoi dung tac dong vao cac thiét bi
dién tir, cung cdp cac trang thai logic “0” (khong tac dong) hodc “1” (c6 tac dong). Dé lam
duoc diéu nay, cac phim bam phai tao ra su thay d6i mot dai lugng dién du lon dé cac mach
xtr 1y c6 thé nhan biét duoc sy thay doi trang thai trong ng vdi cac tac dong dau vao. Mot s6
nghién ctru vé& phim bam khong tiép xtc ciing di dugc cong bd [8-12]. Mot trong cac hudng
tiép can do 1a st dung cac loai cam bién quang hoc [8] két hop véi mang no ron nhan tao [9].
Trong hudng tiép can nay, khi tay ngudi ding di chuyén ban tay qua ving tich cuc ctia cam
bién, mot may tinh s& xur 1y cac dit liéu dién thu nhan dugc dé phan biét hudng di chuyen cua
tay nguoi dung, tir d6 phan biét duge cac muc logic “0” va “1”. Trong mot cach tiép can khac,
cam bién hdng ngoai dugc sir dung nhim nhan biét su thay dbi trang thai cua phim bam khi
6 tac dong tur ngon tay nguoi dung [10,11]. Mot cach tiép can kha doc dao ntra la thiét ké
mot thiét bj c6 cac phim bam ding riéng cho timg nguoi [12]. Theo do, modi ca nhan sir dung
s& c6 mot thiét bi cAm tay riéng duogc lién két v6i hé théng phim bam vat 1y. Tin hiéu do cac
tac dong 1én cac phim bam vat Iy dugc thuc hién thong qua cac thiét bi ca nhan nay. Tuy
nhién, viéc trién khai cho sé luong nguoi ding 16n 14 khong thich hop. Cac hudng tiép can
trén c6 mot nhuoc diém 1a phai st dung cong cu tinh toan va xt ly du manh dé phan biét duoc
céc trang thai logic. Do d6, viéc 4p dung rong rii con c6 nhiéu can tré. Hudng tiép can don
gian hon duoc dé xuit 1a cac cam bién dua trén nguyén 1y thay doi dién dung.

Nguyén Iy thay doi dién dung duoc Gng dung rong rai trong cac tng dung tir chuan doan
cong trinh [13] cho dén do dién tim [14,15]. Vi tmg dung phim bam khéng tiép xtic, so do
nguyén 1y duoc trinh bay trong hinh 1. So d6 twong duong ta ¢c6 C; ndi tiép Ca nén dién dung
tuong duong cuia hé thng s& 1a:

1 1 1

¢ c'e M

Dong thoi, ngon tay nguoi dung duge coi 1a mét dién cuc n6i dat. Khi tay nguoi dung di
chuyén lai gan phim bam, dién dung h¢ théng C s& khong d6i do khong c6 sy thay doi vé mat
dién tich. Tuy nhién, su di chuyen ctia ngoén tay lai gdn cam bién c¢6 hiéu tmg lam tang dién
dung cam tmg cua “ty C;”. Piéu nay s& lam anh hudng t6i dién dung C, ciia cam bién, dugc
do boi dung cu do, co gia tri twong Gng voi
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Hinh 1. Nguyén Iy hoat dong ciia cam phim bim khong cham.

Xét dao ham riéng ctia C> khi C; thay dbi, ta co:
oc,  -C°
oc, (¢ -cY

3)

Gi4 tri nay ludn 4m c6 nghia 1a khi ngon tay nguoi dung tién lai phia cam bién, dién dung
tu C; tang 1én thi gia tri cua tu Ca do duogc s& giam. Su thay d6i nay s& cang rd rang néu nhu
gi4 tri dién dung ciia cam bién (tu Cz) co gia tri nho.

V6i cac phan tich trén day, trong bai bio ndy, chiing t6i dé xuit ché tao phim bam khéng
tiép xtc c6 cau tao 1a mot tu dién gdm 5 16p (twong duong 5 tu dién méc ndi tiép) co kich
thudc 70 x 70 mm. Gia tri dién dung ctia phim bam giam tir 77,73 pF khi khong tiép xuc,
xudng con 77,31 pF khi khoang cach giita phim bim va ngon tay nguoi sir dung 1a dudi 2 cm.
Su thay ddi nay dugc ghi nhan boi b vi didu khién cho phép diéu khién trang thai ctia mot
led don. Ngoai ra, phim bam duge ché tao tir dién cuc vai hiru co nén c6 kha nang mém déo,
tinh linh hoat cao va cho phép sir dung trong nhiéu bé mit khac nhau.

2. THi NGHIEM

2.1. Ché tao phim biAm khéng tiép xiic

Phim bim khong tiép xtic theo nguyén 1y dién dung c6 cdu tao nhu hinh 2a, gdm 4 ty
dién voi cac dién cuce cai rang luoc, dugc ghép ndi tiép v6i nhau. Dién cuc st dung 1a loai vai
hiru co dan dién duge dét tir vat liéu polyester két hop véi nikel va dong. L6p dién cuc co do
day 0,08 mm va dién trd bé mit nhé hon 0,05 Q. Lép dién mdi dugc st dung 13 loai cao su
silicon dang 1ong (LSR) c6 hang sé dién moi tir thay doi trong dai kha rong tir 3 dén 5 tuy
diéu kién st dung [16].

Pé ché tao phim bam, lan luot 16p dién cuc vai hitu co dugc trai trén bé mit phéng. Tiép
d6, dung dich cao su silicon (ti 1& pha tron voi dung méi 3:1, khudy déu trong 30 phut) dugc
dd 1én trén. Tiép do6 1a cac 1op dién cuc va dung dich cao su silicon tiép tuc duoc d6 1an luot
tao thanh cAu trac 5 16p dién cuc xen k& 4 16p dung mdi. Sau cung, mot tAm kinh duoc dat 1én
trén cung. Trong luc cta tAm kinh s& ép xubng cdu trac tu dién mot cach tir tir dén khi do day
ctia phim bam dat 3 mm thi dugc bo ra. Phim bam tiép tuc dugc dé kho trong vong 24h. TAm
cam bién nay duogc cat thanh hinh vudng c6 kich thudc 70 x 70 mm dé hinh thanh nén phim
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bam. Céc dién cuc duoc gin vao 10p trén cung va dudi cung cia phim bim bang bang dinh
dan dién. (hinh 2b)

Ldp dién moi cao su silicon ﬁ

Hinh 2. C4u tric cia phim bAm khong tiép xtic (a) va phim bam sau khi ché tao (b).

Pé do cac dic tinh cta phim bim, may do RLC chuyén dung (QuadTech 1920) duoc sir
dung. Qua trinh ché tao va do dic tinh duoc thuc hién trong phong thi nghiém & diéu kién
phong.

2.2. Mach xir ly tin hiéu

Dé st dung dugc phim bam khong tiép xtic, mot mach dién tir st dung vi diéu khién
duoc ché tao (hinh 3), gff)m ph?m mach do va mach st dung vi diéu khién Adruino Uno R3.
Mach do c6 chirc ning phat hién sy thay d6i dién dung cua cam bién va bién d6i sy thay doi
nay sang sy thay doi dién ap.

Viias Adruino

(t Vs / Ve Uno R3
Vi

p J4 N Ko« as}A
Nut bam Khoi1 vi diéu
khong cham Mach do khién

Hinh 3. So dd nguyén Iy ciia mach xir Iy tin hiéu két ndi v6i phim bam.
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Nguyén 1y hoat dong ctia mach do dya trén nguyén 1y xac dinh luong dién tich thay d6i
trong qua trinh phong va nap cia phim bam (tu). Dién 4p phin cuc Viias duge gitr & muc
khéng ddi trong mach do nay dé dam bao luong dién tich nap vao trong phim bim Q 13 khong
thay d6i. Khi d6, néu dién dung cua phim bdm Cs thay d6i mot luong ACs do mét tac dong
vat Iy, dién 4p trén phim bim Vs s& thay d6i tuong tmg mot lugng AVs. Nguyén 1y do sy thay
db6i dién dung nay dugc trinh bay trong [16]. Theo do:

AQ=0
AQ = AC,V, +Cy AV,

Tuc la
AV =-AV
AC
AV, =—3V,
IN CS bias
A
AV = Cs

—'V;Ji’dﬂ
Cyo +AC, 7
Trong d6 Cso 14 dién dung ctia phim bam khi chwa c6 tac dong tir bén ngoai. Do viy

~AC,

AV —‘I/[zias
Cyy +AC

SIG 4)

Mach vi diéu khién Adruino Uno R3 duoc st dung c6 nhiém vu doc sy thay doi dién ap
tuong tu Vsig, chuyén sang dang tin hiéu sd. Ngudng logic dugc dit ra dé phan biét cac trang
thai khi tay nguoi ding khong tiép xtc véi phim bam va tay nguoi ding dwa vao ving hoat
dong ciia phim bim. Ngudng logic ndy dugc xac lap trong qua trinh thuc nghiém va phu
thudc vao timg phim bam duoc tao ra. Trong pham vi thir nghiém cta bai bao, chung t6i thir
nghiém xéac dinh trang thai clia tay ngudi dung tiép can phim bam bang cach sir dung tin hiéu
logic nay ra dé didu khién trang thai sang/tdi cia mot LED don

3. KET QUA THU NGHIEM

Dién dung cta phim bim do bai thiét bi do RLC c6 gia tri 77,73 pF, twong ung v6i dién
dung cua 4 tu méc ndi tiép. Gia sir chiéu day cua cac ty la déu nhau thi gia tri dién dung cua 1
tu s& 12 310,92 pF. Véi chiéu day phim bam xdp xi 3 mm va do day cua 16p dién cuc vai 1a
0,08 mm, 16p dién moi cia ty tuong ng xap xi 0,65 mm. Vi kich thudc ciia phim bam 1a 7
x7 cm, hing s dién méi ciia tu dién duoc xac dinh 1a 4,66. Piéu nay hoan toan phi hop véi
gia tri héng s6 dién moéi cua cao su silicon dd duoc cong bé trude do6 [17].

Pé xac dinh kha nang hoat dong ctia phim bam, tay ctia nguoi tht nghiém dugc dua lai
gan phim bam trong khi may do RLC véan hoat dong. Hinh 4 mé ta sy thay d6i dién dung ciia
phim bim v&i khoang cach tay nguoi dung. Khi khoang cach giira tay nguoi va phim bam
giam, dién dung cua phim bdm ciing giam theo. Didu nay hoan toan tuong mg v&i nhiing
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phan tich tai muyc 1, ching to phim bim dé hoat dong tot. Ngoai ra, trén dd thi, ta ciing nhan
thdy rang voi khoang cach cua tay ngudi ding téi phim bam nhé hon 10 cm, su thay ddi cia
dién dung 1a rd rang. Nguoc lai, khi khoang cach nay 16n hon 10 cm, sy thay dbi nay 1a khong
dang ké va ciing khong qua khéc biét voi gia tri dién dung ciia phim bam khi khong c6 ngudi
tac dong (77,73 pF). Chung tdi cling nhan thiy khoang cach 10 cm 14 twong dong véi cac két
quéa nghién ciru khac da dugc cong bd [11-12].

77.8 ———————F——1——1——1——

77.7-3 /
77.63 .//

77.53 /

77.43

bien dung cua nut bam (pF)

77.33

0 ' 5 ) 10 15 20 25 30
Khoang cach toi tay nguoi d (cm)

Hinh 4. Sy thay d6i dién dung ctia phim bam véi khoang cach tay nguoi dung.

Hinh 5. Su thay d6i dién dung ctia phim bAm dugc phat hién bai mach xir 1y tin hiéu khi khong co tac
dong (trai) va cé tac dong bdi ngudi dung (phai).

Hinh 5 thé hién két qua hoat dong ciia hé théng gdm phim bim khong cham va mach
dién tir dung vi diéu khién Adruino Uno R3. Khi khong c6 ngudi tic dong (hinh trai), mach
dién tir khong phat hién su thay d6i dién dung ctia phim bim nén dén LED khong sang. Khi
tay nguoi dung tién lai gin phim bdm, dién dung cta phim bam thay d01 dugc ghi nhén boi
mach dién tr va lam dén LED bt sang. Diéu nay thé hién hoat dong tét cua phim bim khong
cham.
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4. KET LUAN

Trong bai bio nay, chiing toi trinh bay qua trinh thiét ké, ché tao phim bam khong tiép
xuc béng cach st dung dién cuc vai. Phim bam c6 cu trac gém 5 16p dién cuc vai tir vat liéu
polyester két hop voi nikel va ddng xen 1an véi vat liéu cach dién 1a cao su silicon. Kich
thudc phim bam 70 x 70 x 3 mm. Thir nghiém cho thay, dién dung cua phim bam thay dbi tir
77,73 pF Xuong 77,31 pF khi tay nguoi str dung tién lai gan phim bam & khoang cach 2 cm.
Su thay d6i nay duoc ghi nhan va chuyén thanh tin hiéu logic boi vi diéu khién Adruino Uno
R3, thé hién sy hoat dong tt ctia hé théng.
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