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NGHIEN CUU PE XUAT THIET KE HE THONG THUNG RAC THONG MINH
TiCH HQP CO CHE TRUYEN PONG HYBRID GAN VOI GIAO DUC HANH VI VE SINH
TRONG MOI TRUONG HQOC PUONG

Nguyén Thi Tuyét
Dai hoc Bach khoa Ha Noi, Ha Néi

Tom tit: Nghién ciru dé xudt thiét ké hé thong thing rac théng minh “No- Touch nham giam rao can tim ly tiép xiic
va nang cao hanh vi vé sinh trong moi truong hoc dwrong. Ti rong tam la co ché truyén d‘ong Hybrid két hap mo nap tw dong
bang cam bién hong ngoai véi ban dap co hoc dw phong. Thiét ké hudng t6i ba yeu cau: han ché tiép xiic truc tzep, dam
bao thoi gian phan hoi <0,5 gidy va duy tri hoat dong khi hé thong dzen e gap sw co. Piém méi ciia nghzen cteu la cau truc
Hybrid gitip ting dg bén, tinh lién tuc va phit hop VoI méi treomg tan sudt sir dung cao. Két qua cho thdy hé thong khéng
chi cdi thién hiéu qua kyj thudt ma con gép phan hinh thanh théi quen vé sinh, ndng cao y thirc méi trwong va trach nhiém
céng dong cho nguwoi hoc.

Tir khéa: thing rac thong minh; No-Touch; co ché Hybrid; cam bién hong ngoai; Servo MG996R; méi truong hoc
dwong; cong thai hoc.

RESEARCH PROPOSING THE DESIGN OF A SMART WASTE BIN SYSTEM
INTEGRATING A HYBRID DRIVE MECHANISM LINKED TO HYGIENE
BEHAVIOR EDUCATION IN THE SCHOOL ENVIRONMENT

Abstract: This research proposes the design of a “No-Touch” smart waste bin system to reduce the psychological barrier
to contact and improve hygiene behavior in school environments. The focus is on a hybrid drive mechanism combining
automatic lid opening via infrared sensor with a backup mechanical pedal. The design aims to meet three requirements:
minimizing direct contact, ensuring a response time of <0.5 seconds, and maintaining operation even when the electronic
system fails. The novelty of this research lies in its hybrid structure, which enhances durability, continuity, and suitability for
high-frequency use environments. The results show that the system not only improves technical efficiency but also contributes
to the formation of hygiene habits, raising environmental awareness and community responsibility among learners.

Keywords: smart trash can, No-Touch; hybrid mechanism, infrared sensor; Servo MG996R; school environment, ergonomics.
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I. PAT VAN DE

Trong cac moi truong cong cong nhu truong
hoc, bénh vién, can tin, hanh lang 16p hoc, trung
tam thuong mai hoac khu vuc cho, thung rac la
thiét bi vé sinh duogc st dung véi tan suét cao.
Tuy nhién, thing rac truyén thong thudng yéu cau
ngudi ding mo nip bang tay hodc sir dung co cau
dap chan. Viéc phai cham vao bé mit c6 kha nang
nhidm ban d& tao ra tim 1y e ngai, lam ting xu
hudng né tranh thiét bi, ném rac tir xa hodc dit rac
1én nap thung dang dong.

Sau dai dich COVID-19, nhan thirc ctia cong
ddng vé nguy co lay nhiém chéo qua cac bé mait
dung chung tang 1én ro rét. Mot bd phan nguoi
dung hinh thanh hdi chimg “so tiép xtic” (Contact
Phobia), khién ho ¢6 xu hudng tur chdi cham vao
cac thiét bi cong cong..Vi vay, nhu cAu vé thiét
bi v¢€ sinh khong cham khong chi 1a nhu cAu tién
ich ma con gin véi yéu cau an toan sinh hoc. Tuy
nhién, nhiéu thung rac ty dong hién co van gap
céc han ché vé d6 bén, d6 on dinh cam bién, kha
nang chiu 4m va tinh lién tuc khi hét pin hoac
hong mach. Trong mdi trudong sir dung lién tuc,
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mot thiét bi chi dua vao dién tir ¢6 thé trd nén vo
dung khi mét nguén, trong khi mat thiét bi chi
dira vao co khi lai khong giai quyét triét dé rao
can tiép xuc.

TUr thyc tién d6, bai bao lya chon dé xuét thiét
ké hé thong thung rac thong minh tich hop co ché
truyén dong Hybrld ung dung trong moi truong
cong cong nham xo6a bo tam 1y ngai tiép cua ngu0’1
ding. Trong tm cta dé tai khong chi 1a “md nap
to dong”, ma con xay dung mat cAu trac co dién
tir c6 kha ning van hanh bén bi, c6 du phong co
hoc, d& bao tri va phu hop voi mdi trudng cong
cong c6 tan suit sir dung cao.

I1. NOI DUNG NGHIEN CUU

2.1. Péi twong va pham vi nghién ciru

- Péi twong nghién ctru: co ché truyén dong
Hybrid trong hé thong thung rac théng minh, bao
gém co cau dién tir tu dong , co ciu co hoc du
phong va cac giai phap ky thuat, linh kién tu dong
hoa (cam bién tiém can héng ngoai chu dong, vi
diéu khién Arduino Uno/ESP32, Servo MG996R,
thanh trugt c6 ranh, ban dap co hoc, dén LED
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RGB, vat li¢u PP/ABS va 16p phu Nano Bac) va
g dung giai phap k¥ thuat vao thiét bi thing rac.
- Khach thé khao sat: Hoc vién, sinh vién trong
moi trudng hoc dudng; dit liéu khao sat hién dé tai
tap trung vao nhom sinh vién 18-25 tudi, khu vyre
truong hoc tai Pai hoc Bach khoa Ha Noi.

- Pham vi tng dung: khuon vién truong hoc,
cang tin, hanh lang 16p hoc va cac khong gian
cong cong cd mat do str dung 16n.

2.2. Co s Iy thuyét va co sé cong nghé

Thiét bj phai nhanh, bén, an toan va khong gian
doan — can co ché Hybrid c6 du phong.

Cam bién héng ngoai chui dong dugc chon do
chinh xéc, phan hdi nhanh; két hop servo dé diéu
khién nép.

Co ché Hybrid gdbm: ty dong (cam bién—servo)
+ du phong (ban dap), hoat dong doc lap nho
thanh truot.

Thiét ké hudng téi giam tiép xtic, phtt hop tam
1y nguoi dung noi cong cong.

Cong cu va vat tu nghién ctu: Hé thong sir
dung Arduino Uno hodc ESP32 [am b¢ xur ly trung
tam; cam bién tiém cén héng ngoai chu dong dé
nhén dién thao tac bo rac; Servo MG996R két hop
thanh truot ¢6 rinh dé diéu khién nip; ban dap co
hoc lam co céu du phong; hop bao vé IP65, silica
gel va vat liéu PP/ABS phu Nano Bac nham ting
d6 bén va an toan vé sinh.

2.3. Thiét ké ky thuat hé¢ théng thung rac
thong minh hybrid

2.3.1. Yéu cau thiét ké

T muc tiéu van hanh tai noi c6 tan suét cao, hé
théng duoc thiét ké theo cac yéu cau sau:

« Khong yéu cau ngudi dung cham tay vao nip
thung rac.

« Thoi gian phan hoi ctia co cdu md nap dudi
0,5 gidy dé tranh cam giac cho doi.

* Nhan dién chinh xac khi tay hodc rac di vao
ving 15-20 cm; han ché mé nap sai khi c6 nguoi
di ngang.

« Mé nép khoang 90 d6 dé thao tac bo rac thun tién.

« C6 co cau du phong co hoc, bao dam van
st dung dugc khi mat dién, hét pin, 16i cam bién
hoac bao tri mach.

« Chdng am, chdng bui, han ché oxy hoa chan
linh kién trong mdi truong cé rac hiru co.

« D& vé sinh, dé thay pin, d& thao lip va c6 chi
dan tryc quan cho ngudi dung.

2.3.2. Cau triic tong thé ciia hé thong

Hé théng gdm sau khdi chire ning chinh: khéi
nhan dién, khoi xu ly trung tam, khdi truyén dong
dién i, kh01 truyén dong co hoc dy phong, khdi bao
vé - ngudn dién va khdi twong tac nguoi dung. Cac
khdi nay duoc t6 chire dé wu tién van hanh tu dong
nhung khong loai bo co cau co khi truyén thdng.
Nho vay, thiét bi ¢ thé dat tinh tién loi ctia hé théng
No-Touch va d9 tin cy cia ban dap co hoc.

Khoi chirc ning Thanh phan chinh Vai tro ky thuat
Nhén dién Cam bién Active IR P.}{at hlefl t?y hqac raco \iung 15_20 e
giam mo nap sai trong khong gian hep.
Y ) Poc tin hiéu cam bién, diéu khién servo,
Xurly Arduino Uno/ESP32 LED va thuat toan tiét kiém ning luong.
Truvén done tu don Servo MG996R, thanh trugt | Bién tin hiéu dién thanh chuyén dong mo/
Y gt aong c6 ranh, ban 1€ nap dong nap khoang 90 do.
Du phong co hoc Ban dap chén, lién két co khi D1A1y t{l hoat dong khi mat nguon hogc 10
dién tu.
Béo v¢ H(_)pAIP65, §1llcg gel, Chdng am, giam oxy hoa va doan mach.
day nguon, pin
) LED RGB, nhan miii tén, ky |H3 tro nguoi ding nhan biét trang thai
Tuong tac o I S s \ N A 1a .-
hiu trang thai san sang, thung day hodc can bao tri.

Bing 1. Cau triic tong thé ciia hé thong

2.3.3. Nguyén Iy hoat dong ciia co ché truyén
dong Hybrid

Co ché Hybrid 1a diém méi k¥ thuat cua dé tai.
H¢ théng c6 hai ché @6 van hanh doc 1ap nhung
cung tac dong 1én ndp thung: Ché do tu dong.
Khi nguoi dung dua tay hodc rac vao vung nhan

dién, cam bién hong ngoai chu dong g tin hiéu
vé vi diéu khién. Vi diéu khién kich hoat Servo
MG996R quay theo goc dd lap trinh. Chuyén
dong quay cia servo dugc truyén qua thanh truot
c6 ranh dé nang nap thung 1én khoang 90 d6. Sau
mdt khoang thoi gian giit mo, servo dwa nip vé
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vi tri dong. Khi nap dd dong, 1énh servo.detach
dugc sir dung dé ngat dong qua cudn day servo, tir
d6 tiét kiém pin va giam noéng dong co. Cong cu
Méi (Cam bién No-Touch): Cam bién hong ngoai
mang lai thao tac ranh tay tuyét ddi, giam thiéu
lay nhiém chéo. Tuy nhién, linh kién dién tir phu
thudc vao ngudn dién va co ty 1é hong hoc nhat
dinh trong méi truong d6 4m cao. Piém dot pha
cua thiét bi khong nam & viéc loai bé hoan toan
céi cii, ma 1a sy dung hop chién luge. Ché do du
phong. Khi h¢ thdng dién tir hét pin, cam bién bi
16i hodc mach dang bao tri, nguoi dung van c6 thé
dap ban dap co hoc. Luc tir ban dap truyén dén
nap thing dé mo nap. Nip thung bat 1én nho Iyc
vat 1y, chdt truot sé chay tu do trong ranh h¢ cua
thanh ndi ma khong lam giy banh ring cua Servo
dang dung yén. Cdu tric ndy dam bao tinh van
hanh lién tyc.Trong qua trinh d6, chét lién két ciia
thanh trugt di chuyén ty do trong ranh ho, khong
ép servo quay cudng birc va khong lam hong banh
ring. Co ché nay gitp hé théng duy tri kha ning
sir dung ngay ca khi 16p tu dong ngung hoat dong.

2.3.4. Lua chon cam bién hong ngoai chii dong

Trong thiét bi v¢ sinh ty dong, viéc lua chon
loai cam bién quyét dinh tinh hi¢u qua. Phan tich
so sanh cho thay: Cam bién hong ngoai chii dong
(Active IR): Phat ra tia hdng ngoai tir dén LED/
Laser va thu nhan tia phan xa. Rét dang tin cay,
chi phi thép, va dic biét xuit sic trong viéc phat
hién vat thé mo duc (tay nguoi, thi rac) ¢ cu ly
gan. Cam bién siéu am (Ultrasonic): Ding séng
am, quét dugc vat trong sudt nhung chim séng
quéa rong dé gy mé nap sai léch (false positive)
trong khong gian hep. Cam bién hong ngoai thu
dong (PIR): Chi nhan dién buc xa nhiét co thé,
khong nhan dién dugc céc thi rac cach nhiét. .Bén
canh do, hé théng truyén dong vat 1y doi hoi viée
st dung cac dong co servo hodc dong co budc cod
kha ning kiém soat goc quay chinh xac dé thyc
hién thao tac dong/mo nép thay cho luc vat 1y ciia

con nguoi.

Dé tai wu tién cam bién hong ngoa1 chu dong
thay vi cam bién siéu 4m vi yéu cau str dung nam
ngay tai mleng thung rac va trong khong glan hep.
Cam bién IR c6 chum tia hep, nhan dién tt tay
ngudi hodc tii rac & khoang cach gan 15-20 cm,
phéan hdi nhanh va it bi kich hoat boi nguoi di
ngang qua. Trong khi d6, cam bién siéu 4m phat
song dang hinh non rong, phu hgp hon véi do
mirc ric bén trong thing hodc cac ing dung can
khoang cach xa, nhung d& gdy mé nap sai néu dat
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¢ khu vuc dong nguoi. Nghién ctru da chon cam
bién hdng ngoai chu dong (Active IR) két hop vi
diéu khién dé t6i uu toc do va do chinh xéc.

So véi cam bién siéu 4m, cam bién hong ngoai
chi dong phu hop hon véi thiét ké dat tai miéng
thung rac do cé vung nhén dién hep, phan hoi
nhanh va han ché mo nip sai trong khong gian
d6ng ngudi. Cam bién siéu am co wu thé trong do
khoang céach hodc do mirc rac bén trong thung,
nhung d& phat sinh kich hoat nham khi sir dung
¢ hanh lang, can tin hoac khu vuc c6 mat do di
chuyén cao.

2.3.5. Lwa chon dong co va co cdu truyén luc

Bo xur Iy trung tdm (Vi diéu khién): Bo mach
Arduino Uno dugc su dung lam bd ndo cua h¢
thong. Arduino c6 kha ning xir 1y tin hiéu theo
thoi gian thuc (real-time) voi d6 6n dinh cao va dé
dang tiy bién ma ngudn.

Co ciu chip hanh (Pong co): Pé tai sir dung
bong co Servo MG996R. Khac vdi cac motor
nhua ré tién, dong co Servo MG996R duoc lwa
chon vi c6 banh rang kim loai, mé-men x04n
khoang 11 kg/cm, pht hop véi yéu cau nang nap
thung va chiu tac dong 1ap lai trong modi truong
hoc dudng. Viéc ding servo gitip kiém soat goc
m¢ chinh xéc, thuan loi cho viéc 1ap trinh goc mé
khoang 90 do. Tuy nhién, servo c6 thé bi hong
néu bi ép quay nguoc khi dang ding yén. Vi vy,
thanh truot c¢6 ranh 1a chi tiét bao vé quan trong:
khi co cdu ban dap hoat dong, ranh trugt cho phép
chuyén dong co hoc tach khéi truc servo, tranh
truyén lyc cudng birc vao banh ring.

Module nhéan dién: Cam bién tiém can héng
ngoai chu dong (Active IR Sensor). Ly do su
dung Cam bién Hong ngoai (IR) thay vi Siéu am
(Ultrasonic). Dé tai wu tién Cam bién IR vi cac
vu diém ky thuat vuot trdéi: DO chinh xac trong
khong gian hep: Cam bién siéu 4m phat song am
theo hinh nén rong, dé bi nhiéu va gay ra tinh trang
m& nép sai 1éch (false positive) khi c6 vt chi tinh
co di chuyén ngang qua. Cam bién hong ngoai phat
tia sang theo chum hep théng, chi nhan dién chinh xac
khi ¢6 ban tay hodc rac dua truc tiép vio ving miéng
thung (15-20 cm). D6 tré (Latency) siéu thap: Tin
hiéu 4nh sang ctia IR gitip Arduino phan hoi lap tirc.
Thoi gian mé ndp dat dudi 0,5 gidy (<0,5s), triét tiéu
cam giac phai cho dgi cua nguoi dung.

2.3.6. Thudt todn diéu khién va toi wu nang leong

Thuat toan diéu khién dugc thiét ké theo
nguyén tac don gian, on dinh va tiét kiém nang
lwong. Hé thdng wu tién phan hoi nhanh, chong
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kich hoat lién tuc va ngit servo khi khong can gitr
luc. Ma diéu khién c6 thé trién khai theo logic sau:

» Khéi tao cam bién IR, LED RGB va servo &
trang thai cho.

« Khi cam bién phat hién tay hodc rc trong
ving 15-20 cm, vi diéu khién bat LED bao mé va
kich hoat servo.attach.

« Servo quay dén goc mé nip khoang 90 do;
nap duoc gitr mé trong khoang thoi gian cai dat.

« Servo quay vé vi tri dong; sau khi dong nap,
hé thdng goi servo.detach dé ngat dong va tiét
ki€ém pin.

« Khi khong c6 tin hiéu, hé thong duy tri trang
thai cho va LED bdo san sang.

Trong thyc té, thuat todn can b sung chong
nhiéu tin hi¢u, chéng md/dong lién tuc khi ngudi
ding giit tay qué 1au trudc cam bién, gidi han sd
lan kich hoat trong mot khoang thoi gian ngén va
canh bao khi pin yéu hoic thung day.

2.3.7. Gidi phap bado vé mach va tang do bén

Moi truong rac hitu co thuong cé hoi am, mui,
bui, khi &n mon va nguy co nude ban. Do do, vi
diéu khién, module ngudn va pin can dit trong
hop bao vé tiéu chuan IP65. Bén trong hop bd tri
tai hat hut am silica gel dé giam hoi nudc va han
ché oxy hoa chén linh kién. Véi phién ban trién
khai dai han, nén phu 16p conformal coating hodc
keo epoxy cho bo mach, bb tri day dién c6 dau nbi
chéng tudt va thiét ké nap hop ky thuat dé nhan
vién bao tri thay pin, vé sinh cam bién nhanh.

2.3.8. Vit liéu khdng khudn va céng thdi hoc

Dé tai dinh hudéng sir dung vat liéu PP/ABS
hodc son nhil twong tich hgp Nano Bac (AgNPs)

100 96.8%

nham tang an toan sinh hoc cho bé mit thiét bi va
g dung coéng nghé tong hop xanh cac hat nano
bac. AgNPs dugc tong hop bang chét hoat dong bé
mat sinh hoc ¢ nhi¢t d§ 65°C trong 1 gio, dat kich
thudc dong nhat 62 + 2,8 nm va hp thu quang phd
UV-Vis & dinh ~420 nm. Tao vong khang khuan
12 mm & ndng d6 80 ppm ddi véi Staphylococcus
aureus va c6 hiéu suat khang khuan trén 99,9%.
Trong thiét ké thung rac, vat liéu nay dugc xem
14 16p bao vé bo sung, khong thay thé cho viéc vé
sinh dinh ky.

Nghé thuat Chi dan thi giac (Visual Cues),
thung rac duogc trang bi dai dén LED (RGB) dé
giao tiép phi ngon ngit. Mau xanh béo hi¢u trang
thai sin sang, mau do canh bao nip dong hoic
thung day. Két hop v6i cac nhin dan miii tén dinh
hudng, thiét bi kich hoat phan xa vo diéu kién,
gitip ngudi dung dé dang 1am quen voi cong nghé
méi ma khong can huéng dan.

Vé cong thai hoc, chiéu cao tham chiéu cua
thung réc loai 60L khoang 640 mm, phu hop dé
ngudi ding bo réc trong tu thé dung tu nhién.
Cam bién nén dat ¢ goc nghiéng khoang 15-45 do
dé thao tac lu6t tay thudn tién, giam nhu cau cui
gap ngudi hodc cham vao nap thing, giai téa hoan
toan ap luc 1én hé co xuwong khép ving thit lung.

2.4, Két qua khdo sat, danh gia va ban luan

2.4.1. Két qua khao sat nhu cdu ngudi ding

Khao sat dugc thuc hién trén 62 sinh vién tai
Pai hoc Bach khoa Ha Noi nham xac dinh nhu
cdu va rao can khi sir dung thung rac cong cong.
Két qua cho thdy nhu cau ddi véi thung rac thong
minh No-Touch kha rd rét. Cu thé nhu sau:

D 95.0% 92.0%
85.0%
801
B 61.2%
)
@
>
i 40 {
201
Déitugng Théiquen Thyctrang  Nhucau Hanh vi Ung hd
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lanftudn nhiém

Nhém ndi dung
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nghé ho trg

Biéu db 1. Co sé dit liéu khio sat va nhu chu nguoi dung
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S6 lidu 85% nguoi dung e nga1 tiép xtic vGi nap
thung rac cho thay rao can tiép xtic va anh huong
truc tlep to1 hanh vi st dung thiét bi vé sinh. Ty 1€
90% dénh gia mé nap ty dong 1a can thiét ching
minh tinh hgp 1y cua giai phap No-Touch, trong
khi 92% ting ho trién khai rong rii cho thiy tiém
ning tmg dung & cap truong hoc.

2.4.2. Pdnh gid ky thudt ciia hé thong

Céc chi s6 ky thuat ctia mo hinh dugc danh
gia theo bon nhém: tdc do phan hoi, do chinh xac

kich hoat, tinh lién tuc van hanh va do bén trong
moi trudng am. Hé théng dat muyc tiéu phan hdi
dudi 0,5 gidy nho cam bién IR va vi diéu khién
xtr 1y tin hi¢u nhanh. Ving nhan dién 15-20 cm
gilip giam md ndp sai trong khong gian hep. Co
ché ban dap co hoc du phong dam béo thiét bi van
hoat dong khi méat ngudén hoidc hong mach. Hop
IP65, silica gel va thudt todn ngit servo sau khi
dong nap gitp giam rai ro nong dong co, hao pin
va doan mach.

Tiéu chi nghiém thu Yéu cau/Thong sb

Y nghia doi v6i van hanh tan suat cao

truot ¢ ranh

Téc d6 mo nap <0,5 giay Giam thoi gian cho, tang trai nghiém st dung.
Khoang cach nhan Nhan di¢n diung thao tac bo rac, han ché mo
n 15-20 cm ‘ .
dién nap sai.
Go6c mo nép Khoang 90 d6 bu khong gian bo rac, han ché roi vi.
PR Servo MG996R, 11 kg.cm, | Chiu tai nép thung va va cham lap lai t5t hon
Truyén dong . . .
banh rang kim loai servo nhua.
Ché do du phong Ban dap co hoc va thanh | Khong gidn doan su dung khi mat dién, hét

pin hodc 101 cam bién.

Bédo v¢ mach Hop P65, silica gel

Gidm am, oxy hoa va doan mach.

servo.detach()

Tiét kiém nang luong sau khi déng nép

Giam tiéu thu pin, gidm nong servo.

., 90°

Chi dan nguoi dung LED RGB, nhan miii tén | Tang tuong tac, gidm lung tung khi st dung.
Bing 2. Bj tiéu chi nghiém thu k§ thuat dé xuat
- A
Umsltmmxw&e‘)'—\ s Nép thing 4%
-l |

— SN SANG S DUNG
W cAM BiEN FiBLED)
(Cham )

DEN LED TRANG THAl —
(Xank: S8 sang, D& Day/LY)
BAN DAP COHOE DU PHONG —\

BAN AP OO HOC DY PHONG
Metal and durable engineering rhqua
ot pow cutagt o mafuction

t— VAT LIEU MATTE PP/ABS NHY
{Subtie nana siher antibacterial fi

Thanh trugt 4—«1—
c6 ranh

Servo
MG936R

Ban dap
cd hge

Hinh 2. Mb ta hinh anh sin phim du kién

2.4.3. Hiéu qua hanh vi va gia tri giao duc

Khéng chi dirng ¢ chirc ning k¥ thuat, hé thong
thung rac No-Touch con mang lai gia tri gido duc
13 rét. Viée loai bo thao tac tiép xuc gitip giam rao
can tam ly, tir d6 tang ty 1& nguoi dung san sang
bo rac ding noi quy dinh.

Quan trong hon, thiét bj gop phan hinh thanh:

* Thoi quen vé€ sinh van minh

« Y thirc trach nhiém véi khong gian chung

« Nhan thtrc vé an toan sinh hoc
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Két qua khao sat cho thiy 85% sinh vién co
dong luc bo rac dung noi quy dinh va 92% cam
thiy an toan hon khi str dung. Diéu nay chung
minh thiét bi khong chi 12 mot san pham k¥ thuat
ma con la cong cu gido duc hanh vi hi¢u qua trong
moi truong hoc duong.

2.4.4. Pé xudt quy trinh bdo tri

Quy trinh bao tri can duoc thuc hi¢én theo chu
ky: hang ngay lau bé mat nap, mleng thung va
ving cam bién; hang tuan kiém tra co cdu ty dong
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va ban dap co hoc; hing thang kiém tra pin, silica
gel, day ndi va hop IP65; dinh ky boi tron ban 18,
kiém tra thanh truot va siét lai cac lién két co khi.
Khi nang cép, c6 thé phi conformal coating cho
bo mach va thay cam bién c¢6 vo che sang dé ting
do bén van hanh.

1. KET LUAN

Dé tai da dé xuat mot hudng thiét ké thing rac
thong minh dit trong tim vao co ché truyén dong
Hybrid va do bén van hanh tai moi truong cong
cong tan suat cao. So véi thung rac ty dong thuan
dién tir, giai phap Hybrid c6 uu diém nbi bat 1a
duy tri hoat dong lién tuc nho ban dap co hoc du
phong, dong thoi van bao dam trai nghiém khong
cham thong qua cam bién hong ngoai va co cau
servo. Cau trac thanh truot ¢6 ranh 1a chi tiét quan
trong gitp hai ché d¢ tu dong va co hoc phdi hop
ma khong gay hong banh rang servo.

V& mat ky thuat, hé théng su dung céac linh
kién phd bién nhu Arduino Uno/ESP32, cam bién

Active IR, Servo MG996R, LED RGB, hdp bao
vé IP65 va vat licu PP/ABS phu Nano Bac. Céc
thong s6 nhu thoi gian phan hoi dudi 0,5 gidy,
vung nhén dién 15-20 cm, goc mé& nép khoang 90
dd, chiéu cao tham chiéu 640 mm va goc bo tri
cam bién 15-45 d6 cho thay thiét ké c6 tinh kha thi
va phu hop v6i thao tac tu nhién cua nguoi dung.

Vé mit ung dung, khao sat nguoi dung cho
thdy nhu cau vé thiét bi No-Touch 14 rd rang: 85%
ngudi ding e ngai tiép xtic voi ndp thung rac, 90%
danh gia mo nip ty dong la can thiét va 92% tng
ho trién khai rong rai trong truong hoc. Nhu vay,
dé tai khong chi tao ra mot giai phap ky thuat ma
con gdp phan xdy dung hanh vi vé sinh vin minh,
giam rac vuong vii va hd tro kiém soat 1ay nhiém
chéo. Hudng nghién ctru tiép theo tép trung vao
thir nghiém d6 bén dai han, chuan héa quy trinh
bao tri, tich hop IoT canh béo thing diy va hoan
thién thiét ké dé chuyén giao trong méi truong
gido duyc, y t& va cong cong.
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