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TOM TAT

Trong bai bao nay, ¢ tric cam bién khi CO, dra trén nguyén tac hap thu hdng ngoai theo
¢ hinh khong tan séc (NDIR) duoc thiét ké va ché tao. 0 do, c&u hinh cAm bién gdm mét nguon
phat hong ngoai sir dung dén sgi d6t va dau thu hong ngoai dang pin nhiét dién véi hai kénh co
tich hop kinh loc buéc séng hong ngoai tai 4,279pm va 3 91um. Dién &p diéu khién (Up )
dén phat hong ngoai la dang xung vuéng voi mikc thap 0V va mikc cao la 5V tai tan s6 0,1Hz. Tin
hiéu dién ap tir hai kénh thu hdng ngoai dugc khuéch dai 10.000 Ian cho gid tri trong tng U cla
kénh nhay khi va U, a clia kénh so sanh. Cac b s liéu vé U, va U, duoc ghi nhén va hién ddi
Fourier nhanh (FFT) bang phan mém d€ loc la duoc tin hiéu IGi ra phi hop tan s6 clia dén phét
va loai bd duoc nhiéu tap. Cac gid tri dién &p U, va U, clia cm bién ndy duoc khao sét trong dai
ndng do khi CO, 0 - 80% thé tich. Dac trung chudn héa tin hiéu In(U,/U,) cho thdy phu thudc
tuyén tinh vao nng do khi CO,.

Tl kha: Bién d6i Fourier nhanh (FFT), c&m bién khi CO,, c&m bién khi c&u hinh khong tén sic
(NDIR).

ABSTRACT

In this paper, non-dispersive infrared gas sensor (NDIR) for analyzing CO, concentration was
designed and fabricated. The gas sensor structure includes an infrared heat lamp (IR-lamp) and
infrared thermopile device with two detectors integrated optical band-pass filters at 4.279um
and 3.91pum. Square-pulse voltage source with two levels of 5V and 0V at 0.1Hz was applied for
operating the IR-lamp. Output voltages of the IR thermopile detectors were amplified by 10000
times to obtained the sensing voltage (U;) and the reference voltage (U,). The obtained voltage
values (U, and U,) were analyzed by fast Fourier transform (FFT) to eliminate the noise and get
the signal in correspondence with the frequency of IR-lamp. The voltage values (U; and U,) were
investigated for the CO, concentration range of 0-80%vol. The linear dependence of gas-sensing
characteristic In(U,/U,) on the CO, concentration was found.

Keywords: Fast Fourier transform (FFT), CO, gas sensor, non-dispersive infrared gas sensor
(NDIR).
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1. GIOI THIEU

O nhiém méi tredng khéng khi ngay cang
tré 1en tram trong do c6 nhiéu ngudn khi phat
thai, vi du nhu cac phuong tién xe co gidi, nha
may san xudt cdng nghiép st dung nhién liéu
dot chay va ca cac nguon khi ty nhién. Trong
dé, khi CO, la loai khi rat phé bién duoc phat
thai tlr nhiéu ngudn khac nhau. Khi CO, la mot
khi khdng mau, cé thé gay hai dén siic khde
con nguoi khi hit thé phai & ndng do cao v6i
cac triéu chiing ngat thé, tao ra vi chua trong
miéng va cam giac nhéi & mi va c6 hong [1].
Khi CO, gay hiéu tng tiéu cwc dén bién doi khi
hau, hiéu &ng nha kinh gay tinh trang am [én
toan cau. Tuy vay, khi CO, cling duwgc (*ng
dung trong rat nhiéu nganh cong nghiép khac
nhau, vi du céng nghé lam lanh, céng nghé
thuc phdm, cdng nghiép hoa hoc,.. Do vay,
viéc do dac, phan tich hay kiém soat dwoc
noéng dod khi CO, déng vai tro quan trong cho
canh béo, quan trdc va cac (’ng dung diéu
khién trong cong nghiép. Céc linh kién cam
bién cho kha nang phat hién nhanh va chinh
xac néng do khi CO, dugc biét dén dién hinh
gdm cam bién dién hoa (theo nguyén tic hoa
hoc) [2] va cdm bién hap thu hdng ngoai (theo
nguyén tic vat ly) [3]. Cam bién dva trén
nguyén téc vat ly thuong cé tudi tho cao va 6n
dinh so vai cdm bién dya trén nguyén tac hoa
hoc, do vay cam bién khi hap thu héng ngoai
nhan dugc nhiéu quan tam.

C& s& cuia cdm bién khi dva trén nguyén ly
hap thu héng ngoai la dva trén tinh hap thu
chon loc vang budc séng dién tir trong vang
héng ngoai ctia mdi loai phan tir khi, d6i vai
khi CO, la lan can 4,279um. Cdm bién hap thu
hoéng ngoai phu hop tét cho mot s6 loai khi
nhw CO,, CO, NO va CH, [3, 4]. Cam bién hap
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thu hdng ngoai cho phat hién khi CO, ¢é nhitng wu di€ém
nhw d6 chon loc cao, ¢6 thé dling cho ca dai ndéng do thap
(ppm) va dai ndng do cao (% thé tich), thoi gian héi dap
nhanh va khéng can khi O, dé hoat déng. Tuy vay, cam
bién nay loai nay c6 nhitng nhugc diém nhuw: khé khan
trong ghép cac bd phan quang hoc va xt ly tin hiéu dién
dau ra rat phtc tap. Cau hinh cdm bién khi hap thu héng
ngoai dién hinh la theo kiéu khdng tan sac (NDIR, viét tét tir
cia cum tir Non-Dispersive Infrared sensor) [5]. O d6, cau
hinh cdm bién gdbm mot nguén phat héng ngoai va dau
thu hong ngoai hai kénh tich hop kinh loc dai buéc séng.
Trong d6, mot kénh thu cwong dd hdng ngoai déng vai tro
so sanh (cwong do tin hiéu 16i ra khéng bi suy gidm khi
twong tac voi khi) va kénh con lai déng vai tro nhay khi
(cuwtrng do tin hiéu 16i ra suy gidm theo néng doé khi). Tuy
nhién, tin hiéu dién cta dau thu héng ngoai (thuong st
dung céac linh kién héa dién, nhiét dién hoac photo-diot) la
rat nhé va chira nhiéu tap nhiéu. C6 hai hudng dé xi Iy cho
tin hiéu clia dau thu héng ngoai cho phan tich khi la theo
phan cling va phan mém. Thir nhat, bang phan ciing la &
dé thiét ké bo mach dién t&r kem theo véi chirc nang loc dai
tan (bandpass filter) dé ldy duoc tin hiéu ra twvong (ng voi
tan sO clia dau phat hdng ngoai tr dé loai bé dwgc tap
nhiéu [3]. Trong thiét k& bo mach nay can doi héi linh kién
dién t& cao cdp véi dd chinh xac cao va can c6 thiét ké
chuyén nghiép. Thi hai, st dung phan mém dé phan tich
cling la mét giai phap dé xi ly tin hiéu hdng ngoai ctia dau
thu mot cach hiéu qua. O day, ching ta c6 thé st dung
phrong phap bién ddi Fourier nhanh (FFT) dé loai bd nhiéu
va thu duoc tin hiéu pht hop cho xac dinh ndng do6 khi.
Phuong phap bién doi Fourier nhanh (FFT) sé thuwc hién
phéan tich tin hiéu dau vao thanh nhiéu tin hiéu sin dau ra
voi cac tan so khac nhau [6], khi dé chiing ta cé thé chon
lva dwoc cac tin hiéu 16i ra sau khi bién Fourier nhanh (FFT)
phu hop tan so clia den phat.

Trong bai bdo nay, nhém téc gia da thiét ké, ché tao
cam bién khi theo cau hinh NDIR str dung mét dén sgi dot
cho phéat hong ngoai va dau thu héng ngoai hai kénh cé
kinh loc quang phu hop cho phan tich khi CO,. Tin hiéu
dién trén hai kénh thu héng ngoai duoc khuéch dai 10.000
lan dé thuc hién bién d6i Fourier nhanh (FFT) bang phan
mém dé lay duoc tin hiéu lién quan dén hap thu héng
ngoai clia khi, tir d6 cé thé phan tich néng khi CO,. Nghién
cru nhdm muc dich c6 thé ché tao dwoc mot cdu hinh cam
bién don gian cho xac dinh néng dd khi CO, va xay dung
dugc hé thi nghiém cho phén tich khi dya trén phuong
phap vat ly.

2. THUC NGHIEM

Cam bién khi trong nghién cru nay duoc thiét ké va ché
tao voi cdu hinh khong tan sac (NDIR) [7]. Bén soi dét (IR
lamp) cho nguén phat hong ngoai dwgc st dung la OIR-715
va dau thu hdng ngoai hai kénh kiéu pin nhiét dién
(thermopile) 0GS-237, mbi kénh d4 tich hop kinh loc quang
twong (’ng budc sdng 4,279um va 3,91um, céc linh kién nay
cla hang Oriental System Technology, Bai Loan. Budng
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cam bién c6 dang 6ng tron hinh tru véi dwdng kinh 25mm
va chiéu dai 80mm lam tlr nhdm kim loai. Bén phat va dau
thu hong ngoai dat doi dién nhau & hai dau cta buéng
hinh tru.

Peén hdng ngoai (OIR-715) dwoc digu khién bang ngudn
thé (Ui Lamp) dang xung hinh vuéng trong khoang 0 - 5V &
tan s6 0,1Hz) thong qua mdt ngudn thé lap trinh duoc
(UDP-150I, Han Quéc). Tin hiéu dién ap ra cla hai kénh thu
hong ngoai dugc khuéch dai 1én 10.000 lan khi st dung bd
khuéch dai thuat toan (OP-07). Cac tin hiéu sau khi duoc
khuéch dai (Urnermopiie) A’ ghi nhén lién tuc béi thiét bi do
dién thé (Keithley 2700, My) dé thanh céac bd sb liéu cho
bién d6i Fourier nhanh (FFT) qua phan mém Origin dé lap
duong chuén héa ndng dd khi CO, clia cam bién.

V('()Z

o Khuéch dai
Bubng Khi thodt ra \

) trin { |
Diéu khién N

luru lugng — 3
Den phat R Dau thu IR oP7

Thu nhan s0 ligu

~
o)
>
v
£
<
;:
v

Chai khi N,

UDP-1501

In(I/L,)
—

Nguon thé I3p trinh dugc

Hinh 1. So d6 thiét ké cho phan tich nong d6 khi chuén CO, bang c4u hinh
cam bién hap thu hdng ngoai NDIR si dung bién ddi FFT

Nong dd khi CO, dwoc tao ra bang phuong phap cach
trén thé tich cac khi CO, va N, [8]. BE c6 cac nbng do khi
CO, mong muén cho nghién ctru, cac lvu lvgng khi CO, va
N, dwoc khong ché qua hai bd diéu khién luvu lwgng
(GFC17- Aalbord, My) dén mot binh trén va sau dé dong khi
hén hop dan dén budng do ctia cdm bién. Ndng do khi CO,
dugc xac dinh qua céng thic:

Veo,

=—2100 (1)
VCoz + VN2

Neo,

Trong do, neo, la ndng dd khi CO, mong mudn can tao
ra, Voo, va Vi, lan luot la lvu lwvgng clia khi CO, va N, duoc

khong ché vao budng tron. Hinh 1 minh hoa so do thiét ké
cla hé thiét bi cho nghién ctru phan tich néng do khi CO,
vGi cdu hinh cdm bién hap thu héng ngoai NDIR st dung
bién déi FFT. Buong chuén hda tin hiéu ra phu thuéc vao
noéng do khi CO, duoc danh gia qua su suy giam tin hiéu
dién ap ra cla hai kénh thu theo cac ndng do khi chuan.
Bién d6i Fourier nhanh (FFT) déng vai tro nhw ky thuat loc
tap nhiéu.
3. KET QUA VA THAO LUAN

Khi cdm bién hoat dong, den day toc (IR lamp) dwgc cap
nguoén thé dang xung vuéng v&i méc cao 5V va mic thap
0V véi tan s6 co thé thay d6i duogc tir 0,01 dén 0,25Hz.
Trong nghién cru nay tan s6 duoc lva chon la 0,1Hz. Bién
thé thu duoc trén hai kénh duoc khao sat trong cac néng
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dé khi CO, trong dai 0 - 80 % thé tich. Hinh 2 thé hién mét
két qua dién hinh vé duong dién ap cla hai kénh thu trong
moi trvdng 2% khi CO, (a - kénh so sanh, b - kénh nhay khi)
bién thién theo thoi gian twong ng véi cac chu ky dién ap
nguoén cap cho déen phat hong ngoai (véi xung vudng 0 - 5V
tan s6 0,1Hz). K&t qua nay cho thay dién ap (Uremopie) CU
hai kénh dap (ng kha rd rang va tuan hoan v6i chu ky dién
ap cdp cho den hong ngoai. Tuy vay, nhan thdy tin hiéu
(Urnermopite) €O Nhiéu tap nhiéu thé hién qua sy dao dong
ngau nhién ctia dudng dap ¢ng. Vi tap nhiéu nay sé kho
dé xac dinh duoc crong do dién ap dé chuan hoa cam bién.
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Hinh 2. Céc dudng dién &p Usermapie Cla kénh so sénh (a) va kénh nhay khi
(b) theo thoi gian trong (ng vai chu ky dién ap cp cho dén hong ngoai Ug.y,m,

Pé chuén hda tin hiéu ra theo néng dé khi CO,, cac bo
sO liéu vé dién ap (Urpemopie) CUIA cam bién duoc ghi nhan
trong cac moi truong ndng khi CO, khac nhau sau dé thuc
hién bién d6i Fourier nhanh (FFT). Hinh 3 minh hoa mét vi
du vé bién ddi Fourier nhanh (FFT) cho b0 s6 liéu Urnermopite
cla kénh nhay khi (dutng b trén hinh 2). Két qua trén hinh
cho thay, sau khi bién d6i FFT cho ta duoc rat nhiéu céc hai
tin hiéu khac nhau. S6 lvgng cac hai nay phu thudc vao
thanh phan tap nhiéu. Tuy vay, ba hai voi cac bién do (A,, A,
va A; nhu chi trén hinh 3) la dac trung cla tin hiéu héng
ngoai thu dugc phu hop véi ngudn phat. Cac hai nay duoc
Iwa chon cho phan tich va 1ap duong chuédn héa theo nbng
dd khi CO,. Do su léch pha clia ba hai tin hiéu lva chon nay
la nho (nhw thé hién trén hinh 3), chiing ta sé lay gan ding
gia tri dién ap ra cho mdi kénh thu hdng ngoai qua phép
bién déi Fourier nhanh (FFT) sé la:

UThermopiIe = Al + AZ + A3 (2)

Vé mat ly thuyét, chudn hoa tin hiéu theo néng do khi
CO, c6 thé tinh theo cong thic tlr dinh luat Lambert-Beer
[3]. Bién ap cuia kénh nhay khi (U,) va kénh so sanh (U,) phu
thudc vao néng doé khi theo cong thirc,

U, = kyl,exp(-KC) (3)

U, = Kyl (4)

Trong do, k, va k, 1a hdng s6 lién quan tinh chat hdp
thu hdng ngoai & hai kénh trong (ng, K la hang s6 lién

quan tinh chat hap thu hong ngoai cla toan bd ciu hinh
cam bién, C la ndng dd khi va |, lién quan dén cwong do
chiéu sang tir ngudn. Trong thuc té khé xac dinh dugc
thong so lién quan dén cudng do chiéu sang |, va dé loai
bd &nh huéng cla cdu hinh cdm bién ching ta thuc hién
phép tinh;

U /U, = ky/k,exp(-KC) (5)
Khi dé, ndng do khi CO, sé theo cdng thirc:
C=-QIn(U/U,) (6)

Trong dé, C la ndng dd khi CO,, Q nhw la hé s6 pham
chét lién quan tinh hap thu hong ngoai ctia khi CO, trong
mot cau hinh cAm bién. Vi vay, tir cac b0 s6 liéu thu nhan tlr
hai kénh chang ta sé tinh toan dwoc cac gia tri In(U,/U,) tai
cac ndéng do khi CO,. K&t qua tinh toan nay duoc thé hién
trén hinh 4. N6 cho thdy duwong dac treng In(U,/U,) phu
thudc tuyén tinh véi ndng do khi CO, theo hé s6 0,0105 véi
hé s6 hdi quy R? = 0,9986.
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Hinh 3. Két qua minh hoa bién ddi Fourier nhanh (FFT) clia mot b s liéu
dlén ap UThermopiIe
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Hinh 4. Budng chuan héa tin hiéu clia hai kénh thu In(U,/U,) phu thudc vao
nang do khi CO,.
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Nhu vay, viéc xac dinh dwgc cac dién 4p & dau thu hong
ngoai hai kénh sé tinh todn dwgc nong dé khi CO, theo
duong chudn héa. Viéc sir dung bién doi FFT sé gilip loai bo
duoc thanh phan tap nhiéu va ting dugc do chinh xac clia
hé cdm bién. CAm bién cé kha nang xac dinh néng d6 CO,
trong thoi gian ngén hon, va dai dién ap lam viéc tvong
dwong v6i cac cam bién hién co trén thi truong (bang 1).

Bang 1. So sanh tinh chat cdm hién NDIR-FFT v6i cac cdm hién trén thi
truong

[6]. NTi. "How an FFT works", www.nti-audio.com. Audio.

[7]. Guangjun Zhang and Xiaoli Wu, 2004. A novel CO, gas analyzer based on
IR absorption. Optics and Lasers in Engineering 42, 219-231.

[8]. Hanns Erik Endres, Hildegard D. Jander and Wolfgang Gottler, 1995. A
test system for gas sensors. Sensors and Actuators B 23, 163-172

[9]. Zhengzhou Winsen Electronics Co Ltd, Intelligent Infrared CO2 Module
MH 219 model: user manual.

[10]. https://senseair.com/products/size-counts/senseair-s8-commercial/,

Cam bién biénap Dainong | Thoigian Ghichu
lam viéc a6 (vol) dap tng
NDIRMH-719 | 3,6-55V 0-05% <60s [9]
NDIR SenseAir | 4,5- 525V | 0,04- 02% <90s [10]
$8.0053 (dén 1%)
NDIR-FFT 0-5v 0-80% <2s Nghién ctu
nay
4. KET LUAN

Phan tich néng do khi CO, (trong dai 0 - 80%) duoc xac
dinh qua cdu hinh cdm bién hap thu héng ngoai khdng tan
sac NDIR. Viéc st dung bién ddi Fourier nhanh (FFT) cho cac
b6 s liéu dién ap ghi nhan trén hai kénh thu héng ngoai
da loai bd duoc cac tap nhiéu va xay deng Ién duong chuén
héa In(U,/U,) phu thudc tuyén tinh vao néng dd khi CO,
theo hé s6 0,0105 va dd hoi quy R? = 0,9986. Vi viéc st
dung phan mém tinh toan cho bién déi FFT va cdu hinh
cam bién NDIR don gian chiing ta cé thé xay dwng hé thi
nghiém cho xac dinh néng doé khi CO,.
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