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NGHIEN CU'U, THIET KE HE THONG TU DONG TAT MAY LANH
TRONG TRUONG HOP KHONG CO NGU'O'l TRONG KHONG GIAN
PIEU HOA

RESEARCH AND DESIGN OF A SYSTEM TO AUTOMATICALLY TURN OFF THE
AIR CONDITIONER IN CASE THERE IS NO ONE IN THE CONDITIONED SPACE

Phan Pinh Kiét, Nguyén Thé Bao
Truong Pai hoc Bach Khoa, Pai hoc Quéc gia Thanh phé HO Chi Minh

TOM TAT

He¢ théng ty dong tit may lanh dwa trén cam bién CO, va cam bién chuyén dong nham
phat trien mot giai phap tiét kiéem nang lwong cho khong gian diéu hoa. Hé thong nay sw dung cam
bién CO, va cam bién chuyén déng dé xdc dinh su hién dién ciia ngwoi trong phong. Néu khéng cé
chuyén dong trong mot thoi gian dai va chi sé CO, dudi nguong cho phép, hé thong sé tw dong ngat
may lanh, tranh lang phi dién khi phong trong. Giai phap nay khong chi giup giam chi phi nang
lieong ma con gop phan bdo vé méi trieong.

T khoa: Hé thong tu ngdt may lanh; Gidi phdp gidm thiéu nang leong cho diéu hoa; Cam
bién CO, MH-Z19C; Cam bién chuyén dong PIR HC-SR501.

ABSTRACT

Automated Air Conditioner Shut-Off System Based on CO, and Motion Sensors aims to
develop an energy-saving solution for air-conditioned spaces. This system uses a CO,sensor and a
motion sensor to detect the presence of people in the room. If no motion is detected for an extended
period and the CO, level falls below a set threshold, the system automatically turns off the air
conditioner, preventing unnecessary energy use when the room is empty. This solution not only
helps reduce energy costs but also contributes to environmental protection.

Keywords: Automatic air conditioner shut-off system,; An energy-saving solution for air
conditioning; CO, sensor MH-Z19C; PIR motion sensor HC-SR501.

1. PAT VAN PE van phong, va khong gian cong cong. May lanh

(diéu hoa khong khi) 12 mét thiét b tiéu thy

Trong bdi canh cong nghé phat trién nhiéu dién ning nhat trong mot toa nha [1].

manh mé&, nhu cau vé cac giai phap tiét kiém  Tuy nhién, viéc quén tit may lanh khi khong c6

nang luong va gidm chi phi sinh hoat ngay cang ngudi trong phong 13 tinh trang phd bién, gay
tré nén quan trong, dac biét trong cac gia dinh, ra sy lang phi dién nang nghiém trong.
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Hé thdng “tit may lanh tu dong khi
khong c6 nguoi trong khong gian diéu hoa”
dugc xay dung dya trén viéc ung dung cam
bién chuyen dong va cam bién nong do CO,
cho phép thiét bi ty dong nhan biét thuc té dang
c¢6 hodc khong c6 ngudi trong khong gian diéu
hoa va ty dong tat may lanh.

2. PHUONG PHAP NGHIEN CUU
2.1. Ly thuyét

Hé théng tu dong tit may lanh khi
khong c6 ngudi duge thiét ké dé t6i wu hoa
viéc sir dung may lanh trong phong, bao gdm
cac thanh phan chinh 1a cam bién chuyén dong
(PIR), cam blen CO,, vi didu khién va relay de
diéu khién ngudn may lanh. Myc tiéu la tiét
kiém ning luong bang cach tit may lanh khi
khong c6 ngudi va dam bao may lanh van hoat
dong khi c6 nguoi trong phong, ngay ca khi ho
khong di chuyén, vi du nhu trong trudng hop
khi dang ngu.

Cam bién PIR sé& phat hién chuyén dong
trong phong. Khi c6 chuyén dong, cam bién gui
tin hiéu dén Arduino dé x4c nhan c6 ngudi va
duy tri trang thai bat cho may lanh. Néu khong
phat hién chuyén dong trong mot khoang thoi
gian nhét dinh (vi dy, 10 phut), hé thong s¢ kiém
tra néng do CO,. Cam bién CO, s& do nong do
khi CO, trong khong khi. Néu nong do CO, vuot
mot ngudng nhit dinh (thuong tir 400- 1000 ppm
khi c6 nguoi, dua trén gid tri thuc té do duoc),
hé théng x4c dinh van c6 nguoi trong phong va
gilt may lanh hoat dong. Néu ca hai cam bién
khong phat hién c6 nguoi trong phong (khong
c¢6 chuyén dong va nong d6 CO, du6i ngudng),
Arduino sé& giri 1énh tit may lanh

May lanh - Ro-le - Arduino

| MH — Z19C

Hinh 1. So' d6 nguyén 1y co ban

Arduino s& dong vai trd diéu khién,
nhan tin hiéu tir ca hai cam bién va xu ly diéu
kién dé diéu khién Relay (hodc thiét bji diéu
khién khac) két ndi véi may lanh, thuc hién
viéc bat hodc tit may lanh dua trén dau vao tir
céc cam bién.

2.2. Thuc nghiém
2.2.1. Lwa chon thiét bi

Dé thiét ké cho hé thong nay, ngoai viéc
chon vi xtr Iy thi viéc phai st dung cam bién dé
phat hién sy hién di¢n ctia con ngudi trong khu
vuc diéu hoa 1a tat yéu. Pé lam duoc diéu nay,
ta chon cam bién chuyén dong HC-SR501 véi
cac tiéu chi nhu dé dang tim kiém, hoat dong
don gian, gia ca phu hop véi hé thong chi can
bao cdo co trang thai chuyén dong va tuong
thich véi vi diéu khién dugc lya chon.

Hinh 2. Cam bién HC-SR501

Tuy nhién, cam bién chuyén dong nay
¢6 nhugc diém chi phat hién dugc chuyén dong
ma khong tryc tiép phat hién sy hién dién cua
con nguoi, do do trong truong hgp cd nguoi
nhung khong c6 chuyén dong trong mot thoi
gian (nhu lac ngl vao budi tdi) thi cam bién
nay s€ khong con hiru dung.

bé khic phuc nhuoc diém nay, ta chon
thém cho h¢ thong cam bién do néng do CO,
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MH-Z19C. Con ngu(‘ri thai ra khoang 900g
(hoac 0. 9kg) CO moi ngay thong qua qua trinh
thd. Cu thé, mdi lan thd ra, khong khi thai chira
khoang 4.6-5.9% CO, so véi khoang 0.038%
trong khong khi ma chung ta hit vao. Pay la
udc tinh trung binh cho mgt nguoi trudng thanh

khong hoat dong manh [2].

Hinh 3. Cam bién MH-Z19C

Bdng 1. Théng s6 cam bién nong do

CO, MH-Z19C [3].
Model MH-Z19C
Khi phat hién CO,
bié¢n ap hoat dong 50+0.1VDC
Dong dién trung < 40mA (@ ngudn cap
binh 5V)
Dong dién cuc dai 125mA (S@Vl;guon cap

Muic giao dién

3.3V (tuong thich véi 5V)

400 ~ 5000 ppm

Pham vi phat hién (tity chon)
Tin hiéu diu ra S?:;?CP;?IFEJ?{IE;F)
PWM Co
Thoi gian khoi dong 1 phut
Thoi gian phan hdi T90 < 120 gidy
Nhiét do 1am viéc -10~50°C
Do 4m lam viée 0~95% RH

‘ ‘ (khoéng ngung ty)
Trong luong 5¢g
Tubi tho > 5 nam
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Chon vi xu 1y 1a Arduino Uno R3 va
Relay JQC- 3FF- S -Z kém di¢n tr¢ 10k va diode
IN4007. Ngoai ra, h¢ théng con co led bao hiéu
khi ¢6 ngudi trong khong gian diéu hoa.

Hinh 5. Relay JOC- 3FF- S -Z

2.2.2. Thiét ké so dé lip dat

Dua trén catalogue cua ting thiét bi [3],
[4], [5], ta thiét ké duoc so do lap dat cho céac
thiét bi d4 Iua chon.

K&t noi cam bién CO, MH - Z19C: chan
PWM két n6i voi chan s6 7 trén Arduino (st
dung chan nay dé truyén tin hiéu). Chan Vin va
chan GND két nbi v6i chan 5V va GND trén

Arduino.
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Hinh 6. So dé két n6i cam bién co,

Két nbi cam bién chuyén dong HC-
SR501: Chan VCC va chan GND két ndi chan
5V va chan GND trén Arduino. Két ndi chan tin
hiéu véi chan s6 9 cua vi xur 1y.
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Hinh 7. So' do két néi cam bién chuyén dong
HC-SR501

Két ndi Relay, diode va dién tré 10k
vao vi xur Iy Arduino: Chan DC+ va DC- cua
Relay dugc ndi voi chan 5V va GND cua
Arduino, dong thoi hai chan nay ciing két nbi
v6i 1 diode IN4007. Chan In cia Relay s& két
ndi voi mot dién tré 10K va két ndi t6i chan
s6 10 cua Arduino. Chan COM cua ro-le ndi
vGi mot trong hai ddy cap nguon cho may lanh
(thuong la day nong hoac day Ira). Chan NO
nbi voi dau con lai cua diy din dén may lanh.

MAY LANH
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Hinh 8. So dé két néi Relay

Led 5mm duoc két ndi dién tré 220R va
két no1 véi chan 13 cua Arduino.

2.2.3. Hi¢u chinh cim bién CO, va viét code
cho vi xw ly

Cam bién Co, dé bi anh hudng bai cac
yéu to cia moi trudong. Hi€u chinh cho phép no
do chinh xac ndéng do CO, trong moi truong
thuc t€ ma no6 s€ dugc su dung. Sau khi két noi
cam bién, dé cam bién hoat dong trong 20 phut
dé cam bién do néng dd 6n dinh. Bé kiém tra
lya chon thong ) né)ng do CO, tdi thiéu khi co
nguoi, ta cho cam bién chay trong cac truong
hop c6 nguoi va khong cé nguoi trong khong
gian diéu hoa.

Hinh 9. Hinh anh kiém tra nong dg CO,
0 ngodi troi
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Két qua cho thiy nong do CO, ¢ muc
khong cé nguoi, khong gian thoang dao dong
duéi mic 400ppm. Mtrc nay la phu hop véi
cac nghién ctru khi chi ra mic ppm trong moi
truong ngoai nha 1a tir 350 dén 450ppm [7].

B oom

Hinh 10. Nong d¢ CO, trong phong kin khi c6
2 nguoi

Két qua kiém tra cho thay néng do CO,
trong phong kin 12m? khi ¢6 1 nguoi dao dong
tir 600-650 ppm. Két qua kiém tra nay 1a phu
hop véi khong gian sinh hoat binh thuong cta
con nguodi [6], do d6 chiing minh dugc cam
bién dang hoat dong on dinh.

Bdng 2. Bang gid tri thong s6 cam bién CO, trich
tir nha san xuat [3]

Vi du lay CO,

trong khoang 400~2000ppm
Dai dau ra CO, 400~2000ppm
Chu ky 1004ms £5%
Xung cao & dau chuky | 2ms (gi tri 1y thuyét)
Gitra chu ky 1000ms £5%
Xung thap & cudi chu ky | 2ms (gia tri Iy thuyét)

Cong thuec:
H—2ms
C__., =2000 X T ) [3]
FP (TH+ TL— 4ms)
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: (CO, concentration could be

calculated by PWM output)

Nong do CO, dugc tinh béng dau ra
PWM.

TH: (High level output time during
cycle) Thoi gian mirc cao trong chu ky.

TL: (Low level output time during
cycle) Thoi gian mirc thap trong chu ky.

“Viét code cho hé thong:

Dé chinh x4c nhét cho thoi gian chd tir
lic cam bién chuyén dong phat hién co chuyén
dong 1an cudi toi luc tit Relay 1a 10 phut, & day
ta kiém tra nhanh bang cach d6i thoi gian cho
thanh 10 gi?ty. Duya trén phan tich nong c”Ié CQ2
O trén, ta lay gia tri 600ppm la muc thap nhat
phat hién c6 nguoi.

Néu cam bién chuyén dong phat hién
trong 10 gidy khong co chuyén dong, Arduino
s& kiém tra cam bién nong do CO, trong khong
gian diéu hoa. Néu gia tri ppm doc duogc dudi
600ppm thi tit may lanh va dén led tit.

Tt nhitng ¥ tudng do, ta viét duge code
cho h¢ thong.

3. KET QUA VA THAO LUAN

Hinh 11. Két noi cam bién va Arduino
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St dung BreakBoard dé ting s luong
chan cim 5V va GND cua Arduino. Két ndi
cam bién vao vi xur 1y theo md hinh 1y thuyét &
trén.

Két qua thyc nghiém cho thay khi ¢
chuyén d()ng mac dinh 1a may lanh s& dugc mé
ma khong can dén két qua tir cam bién Co,.
Trén man hinh s& xuat hién cac thong bao “Co
chuyén dong” va hé thong s& giir cho Relay
md, may lanh van duy tri trang thai hoat dong.

Khi c6 ngudi trong khong gian diéu hoa
(cin phong dang lay vi du véi dién tich khoang
12m? va c¢6 2 nguoi trong khong gian diéu
hoa). Nong do CO, s€ phu thuoc vao khong
gian va mat d§ nguoi trong phong Khi khong
co chuyen dong nhung chi s6 ppm tur cam bién
CO, van ¢ muc cao > 600 thi Relay van duoc
mo. Sau mot khoang thoi gian khong c6 chuyén
dong va chi sé ppm < 600 thi Relay tit. Relay
s€ tu dong dugc bat lai sau khi c6 ngudi nhung
may lanh van giit trang thai tat.

Serial Monitor x  Output

Hinh 12. Hinh anh ket qua khz coO nguoi trong
khéng gian diéu hoa

4. KET LUAN

Dy 4an hé thong tit may lanh tu dong da
cung cap mot giai phap hiéu qua dé tiét kiém
nang hrong trong khéng gian diéu hoa. Bang
cach két h0’p cam bién CO, MH-Z19C va cam
bién chuyén dong PIR HC- SR501 hé thong c6
thé xac dinh chinh xac sy hién dién cta con
ngudi trong phong. Khi khong c6 chuyén dong

hodc nong do Q02 dudi ngudng quy dinh, may
lanh s€ dugc tat tuw dong, giam lang phi dién
ning. Hé thong khong chi giup tiét kiém chi
phi ma con gop phan bao vé méi trudng bang
cach gidm luong khi thai carbon. Day la mot
giai phap thong minh va thuc té dé ap dung vao
cac hg gia dinh va doanh nghiép hién nay, dac
biét 1a cac khong gian van phong hodc phong
hop noi ma rat dé quén tit may lanh. %
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