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TOM TAT

Muc tiéu ctia nghién cttu nay la thiét k& va ché tao mot bo mach mé rong (shield) da
chtec nang danh cho nén tang Arduino Uno nham hd tro giang day va nghién ctru
trong linh viec robot gido duc. Shield la cac mo-dun dugc g:fm truc tiép lén Arduino,
gitup mo rong kha nang két ndi va xtt ly phan cing. Bo mach duoc dé xuat tich hop
ba nhém chitc ndng chinh gom: diéu khién dong co, bd chuyén d6i ha 4p (buck
converter), va hé thdng chan két ndi mo rong dwgc bd tri sdn d€ thuan tién két ndi
nhanh véi cac cam bién pho bién. Qua trinh thuc hién bao gom thiét k€ mach nguyén
ly, thiét ké mach in (PCB), ché tao, lap rap va kiém thtr thiee nghiém. K&t qua cho
thdy bo mach hoat dong 6n dinh, c6 kha nang tng dung hiéu qua trong giang day

STEM va phat trién cac du an nhung st dung Arduino.

Tt khoa: Arduino Uno, Arduino Shields, STEM, mach diéu khién dong co.

1. MO PAU

Trong xu hudng gido duc STEM, robot gido duc dugc xem la cong cu hiéu qua
giup hoc sinh, sinh vién tiép can cong nghé, phat trién tw duy sang tao va ky nang giai
quyét van dé. Cac nén tang vi diéu khién mo, dac biét la Arduino Uno [1][2], da dwoc st
dung rdng rai trong cac duw an hoc tap va nghién cttu nho ddc tinh dé tiép cén, chi phi
thdp va cong dong ho trg 16n. Tuy nhién, nén tang nay van ton tai nhitng han ché& nhu
s0 lwgng chan I/O it, kha nang cap nguon han ché'va kho khan khi tich hop nhiéu module
cung lig, lam giam tinh linh hoat va hiéu qua trién khai thiét ké hé théng. Do d¢, viéc
phat trién mot giai phdp mo rong linh hoat dé hd tro hiéu qua cho cong tac giang day va
nghién cttu trong linh vyce robot gido duc 1a thuc sy can thiét.
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Nghién cttu nay dé xuat mot shield mo rong da chire nang cho Arduino Uno, tich
hop cac khoi diéu khién ddng co, bo ha ap ngudn va hé thdng chan két ndi ngoai vi. Giai
phap nham cung cdp nén tang phan cting gon nhe, dn dinh va dé st dung, hd tro hiéu
qua cho giang day, nghién cttu va phat trién cac tng dung robot trong moi truong giao
duc.

2. PHUONG PHAP NGHIEN CUU
2.1. Thiét k&€ mach nguyén ly

Hé thong shield mo rong da chitc nang cho Arduino dwgc xay dung dwa trén ba
khoi chinh: khoi nguon, khoi diéu khién dong co va khdi mo rong chan két ndi. So do
khoi tong thé ctia hé thong duoc trinh bay ¢ Hinh 1.

ﬁvlach Arduino Uno

Hinh 1. So d6 khoi cta shield mo rong da chitc nang cho Arduino.

Cam bién va
thiét bi ngoai vi

Bo mach mo
rong da nang

O
.
v

2.1.1. Khéi nguon

Khéi nguon c6 nhiém vu chuyén déi va cung cap dién ap on dinh cho toan bo hé thdng.
Dién 4p dau vao tir 5-24 V dwogc ha ap xudng 5 V thong qua IC XL4005, mot buck
converter hiéu sudt cao voi dong tai tdi da 5 A [4]. So d6 ting dung dién hinh caa XL4005
duoc trinh bay ¢ Hinh 2.

CFF 33n
R1 RO
2K
10. 5K
FB L 33uh/5A
2
VIN S VOUT 5V/5A
5 XL4005 3 --
4 1
GND

COUT LOAD
+24v DI IN5824 | 470uf/50V
470uf/50V 105
~ 5V/5A <l7

Hinh 2. Mach ting dung dién hinh cua XL4005 24V~5V/5A.
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Dién ap dau ra ctia XL4005 duoc xac dinh theo cong thic:

Vi =iy (14 ) 1)

Trong d6, Vi=1.25V la dién ap tham chiéu ndi, R1 va Re la b chia dién tré hoi
tiép. Trong thiét k€, mot bién trd 10 kQ duoc st dung tai vi tri R1 d€ tinh chinh chinh xac
mttc dién ap mong mudn.

Ngoai c&u hinh co ban, mach dugc bd sung diode D1 chdng nguoc cuc, cong tac
co d&bat/tat ngudn dau vao va LED béo ngudn hd tro gidm sat trang thai hoat dongnhue
trén Hinh 3. Dong thoi, cic hang chan 5 V, 3.3 V va GND duoc bd tri nham cung cip
ngudn phu cho cdc cam bién hodc mo-dun ngoai vi.
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Hinh 3. Khéi ngudn 5 V (POWER) cta shield.

Thiét k€ nay vira dam bao kha nang cung cap ngudn 6n dinh, vira ting tinh an
toan, linh hoat va thuén tién trong cac ting dung thuc té.
2.1.2. Khéi diéu khién dong co

Hinh 4 trinh bay khoéi diéu khién dong co st dung IC cau H L298P [3], khéi nay
cho phép diéu khién dong thoi hai dong co DC doc lap hodc médt ddng co bude. Day la
giai phap thong dung trong cac ting dung robot gido duc nho kha nang cung cap dong
tai cao va ho tro diéu khién hai chiéu.
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Hinh 4. Mach diéu khién déng co sit dung IC L298P.

bé giam s0 lwong chan diéu khién chiém dung tit Arduino, hai chan ENA va
ENB cua IC duoc néi tryc tiép véi ngudn dwong, ludn kich hoat san hai kénh diéu khién.
Nho d96, chi can stt dung bon chan tin hiéu (IN1-IN4) d€ vira diéu khién chiéu quay, vira
diéu chinh t6c do dong co thong qua xung PWM.

Ngoai ra, mach dugc bd sung cac diode hoi tiép (flyback diodes) nham bao vé IC
khoi xung dién ap ngugc sinh ra khi dong co dirng dot ngodt hodc dao chiéu. Thiét ké
nay giup nang cao do bén va d¢ tin cay cua toan bo hé thong.

2.1.3. Kh6i mo rong chan két ndi dwoc thiét 1ap san

Khdi mé rong chan két ndi duoc thiét ké nham hd trg nguroi ding dé dang tich
hop cac thiét bi ngoai vi pho bién trong cac dw an Arduino. Cac chan giao tiép dwgc bd
tri theo chuan SPI, UART va I2C, cho phép st dung linh hoat cac md-dun nhu bd diéu
khién PS2, Bluetooth HC-05, hodc cac thiét bi ngoai vi twong thich khac [9].

Ngoai ra, shield con tich hop san cac jumper cho ba servo, ba cam bién siéu am
HC-SR04 va mt cam bién do line héng ngoai dang thanh 5 LED. Tai cac chan nguén
ctia jumper déu duoc bs sung tu loc, gitip 6n dinh dién 4p va giam nhiéu trong qua trinh
hoat dong.

Bén canh cac chan két néi ¢8 dinh, mot s header cim tw do cting duoc bo sung,
tao diéu kién cho nguoi dung linh hoat mo rong va tich hop thém mo-dun tuy theo nhu
cau thuc t&. Thiét k& nay gitp gidm thoi gian lap rap, han ché sai s6t trong ddu ndi va
tang tinh tién loi trong hoc tap, nghién ctru.
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Bang 1. Cac giao tié€p va cong mo réng tich hop trén shield

Loai két noi SO lwong Ung dung dién hinh

Mbiloai K&t ndi mé-dun PS2, Bluetooth HC-05, man hinh
SPI, UART, I2C

1 cong LCD dung I2C
Servo 3 biéu khién co cdu truyén dong nho
Cam bién siéu am 3 Do khoang cach, tranh vat can
Cam bién do line IR 1 Robot do line trong gido duc STEM
Theo cau
Header nhan ban I/O  trtc cha ,
. a r‘An étn an / T . an Két ndi linh hoat mo-dun bo sung
va Nguon tit Arduino cua
Arduino

Viéc tich hop sdn cac jumper cho servo, cam bién siéu 4m va cam bién do line
khong chi gitip tiét kiém thoi gian 14p rap ma con giam thiéu sai sét trong qua trinh dau
ndi, van dé nay von la tro ngai pho bién ddi voi nguoi méi tiép can véi bo mach Arduino.
biéu nay dac biét quan trong trong moi treong giao duc STEM, noi muc tiéu chinh la
giup hoc sinh, sinh vién nhanh chéng trién khai y twdng va tap trung vao tw duy thuat
toan, thay vi gap kho khan ¢ khau phan cing.

Ngoai ra, viéc chuan hoa cac giao tiép nhw SPI, UART va I2C trén shield cho phép
hoc vién dé dang mé rong sang nhiéu du 4n khac nhau, tir robot tranh vat can, robot do
line dén cac hé thong IoT. Cach ti€p can nay khuyén khich kha nang sang tao, tang tinh
linh hoat va tao nén tang viing chac cho viéc nghién cttu, phét trién cdc mo6 hinh robot
phttc tap hon trong tuong lai.

2.1.4. So d6 nguyén ly

Tt cac khoi chire ndng da trinh bay 6 trén, ching toi da xay dung so d6 nguyén
ly tong thé ctia shield mé rong bang phan mém Altium Designer nhu thé hién & Hinh 5.
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Hinh 5. So &6 nguyén ly tong thé ctia shield mo rong da chikc ndng duoc thiét k& bang Altium

Designer.

Trong so d6 nay, cac khoi chitc nang duoc bd tri tach biét, lién két truc ti€p voi
bo mach Arduino Uno thong qua cac chan header tiéu chuan. Khéi nguén dam bao cung
cap dién &p 6n dinh cho toan hé théng; khai diéu khién dong co két néi voi cac cong I/O

s6 ctia Arduino; kh6i mé rong giao tiép ngoai vi duge bd tri song song, ho tro ca giao

tiép ndi tiép (UART), song song (SPI) va bus I2C.

Thiét k& so d6 nguyén ly theo cdu tric mo-dun gitp nguodi ding dé dang hiéu
chinh, thay thé hoac nang cap ting khdi chitc nang ma khong anh huong dén toan bd
hé thong. Day la co s& quan trong dé€ trién khai thiét k€ mach in (PCB) ¢ cac budc tiép

theo.
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2.2.Thiét ké mach thuc té

Trén co sd so d6 nguyén ly tong thé néu trén, ching t6i da tién hanh thiét ké
mach in (PCB) bang phan mém Altium Designer dé trién khai trén thuc t&, so d6 mach
in dugc thé hién nhu ¢ Hinh 6. Bo mach dwgc thiét k€ dang hai 16p, v6i bd cuc 1o rang
va hop ly, phan tach thanh ba khéi chinh: khéi nguon, khéi diéu khién dong co va khoi
mo rong chan két ndi.
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(a) Mit trén (b) Mt dudi

Hinh 6. Mat trén va mat dwdi ctia shield.

Cac linh kién va cong két noi duoc bd tri khoa hoc, dam bao thuéan tién cho viéc
lép rap va st dung. Cac ky hiéu va tén goi duoc in tryc tiép trén bé mat PCB, hd tro
nguoi dung dé dang nhan biét va thao tac. Thiét ké nay dac biét httu ich cho nguwoi méi
bat dau hoc tap va thuec hanh 1ap trinh phan ctéing véi bo mach Arduino, dong thoi cling
phu hgp cho viéc nghién ctru va phat trién cac ing dung nang cao.

Bdng 2. Thong s6 ky thuat chinh ctia PCB

Thong s6 Gia tri
S6 16p 2

Kich thuedc mach 100 mm x 100 mm

Do day bo mach 1.6 mm
Do day 16p dong 1 oz/ft? (= 35 um)

Khoang cach tdi thiéu duong mach 6 mil
Duong kinh 16 khoan t6i thiéu 0.3 mm
Ky thuédt in Lop phu chong oxi héa (HASL)
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2.3. Gia cong va lap rap mach thuc t&

Sau khi hoan tét thiét ké PCB, file Gerber duoc gui dén don vi gia cong JLCPCB
[5] d€ san xuat. Cac bo mach sau khi gia cong duwoc kiém tra chat luong va chuyén giao
cho nhém nghién ctru dé tién hanh l:flp rap. Qua trinh han linh kién duwoc thuc hién thu
cong véi do chinh xac cao nham dam bao tinh thAm my va d tin cay ctia mach. Sau khi
hoan thién 1ap rép, bo mach dwoc kiém tra két ndi, tién hanh cap ngudn thit nghiém va
nap chuwong trinh diéu khién dé danh gia.
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Hinh 7. Bo mach shield mé rong sau khi lép réap hoan chinh.

Két qua kiém thtr ban dau cho thady mach hoat dong on dinh, cac khoi chiic nang
(ngudn, diéu khién dong co, mo rong chan két ndi) déu van hanh dang thiét ké. Diéu
nay chiing minh tinh kha thi ctia phwrong 4n ché tao va s&n sang cho c4c thir nghiém tng
dung trong robot gido duc.

3. KET QUA

Sau khi lép rap va kiém tra, bo mach shield moé rong hoat dong on dinh, dap ting
dung cac chitc nang da thiét ké. Qua trinh kiém thtr dugc tién hanh theo bon budc: kiém
tra cap nguon, th tai gia, kiém tra khoi diéu khién dong co va kiém tra khéi mé rong
chan két n6i. Két qua cho thay toan b hé thong hoat ddong dung thiét k&, on dinh va dap
tng cac tiéu chi an toan, tin cdy cling nhw kha ndng mo rong trong ting dung robot gido
duc.

Khéi ngudn: cung cdp dién ap 6n dinh 5V va 3.3 V cho toan bo hé thong. Két qua
do dién ap thé hién ¢ Hinh 8a va Hinh 8b cho thay gia tri dau ra duy tri on dinh, dao
dong nho hon +2%, dap tng yéu cau cap nguodn cho Arduino va thi€t bi ngoai vi.
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(a) Pién ap 5V do dugc trén shield (b) Bién ap 3.3V do duogc trén shield
Hinh 8. Dién 4p ngu6n 5 V va 3.3 V do dugc trén shield.

Khéi diéu khién dong co: diéu khién duoc hai dong co DC doc lap thong qua tin
hiéu PWM ttr Arduino Uno, phan hoi t6t khi thay doi tdc d6 va chiéu quay. Hinh 9 minh
hoa xung PWM 6 mot kénh diéu khién dong co voi gia tri PWM =200 (thang 0-255), tan
s0 977 Hz va d6 rong xung ~78%. Tin hiéu PWM c6 bién d¢ 6n dinh, khong xudt hién
nhiéu bat thuong, ching to6 mach diéu khién ddp tng nhanh va chinh x4c.

AC 11X DC 1% . move Auto
2.5v/div 5¢/div 500uS-div slow ¥

H Vmax: +2.590 Vmin : -9.16y VPP :11.70 Freq: 977z [f Cycle: 1.0zns

Hinh 9. Xung tin hiéu PWM tai ngo ra diéu khién dong co.

Khoi mo rong chan két ndi: hoat dong ding chirc nang, cho phép két ndi 6n dinh
véi cac mo-dun va cam bién pho bién nhu servo, cam bién siéu am HC-SR04, cam bién
do line hong ngoai dang thanh 5 LED, b$ diéu khién PS2, va module Bluetooth HC-05.
Cac th nghiém cho thay tin hiéu truyén/nhan 6n dinh, khong co hién tuwong nhiéu hoidc
mat dir liéu.
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Bo mach hoat dong on dinh, dap ting ding chitc nang va pht hop trién khai cac
tng dung giao duc STEM. Két qua tuwong dong voi nhitng nghién ctru gan day vé nén
tang Arduino mo rong phuc vu dao tao robot.

4. KET LUAN

Chuang t6i da thiét ké va ché tao thanh cong mdt bo mach mé rong (shield) da
chttc nang cho Arduino Uno tich hop ba khdi chinh: kh6i nguon, khoi diéu khién dong
co va khoi mo rong chan két ndi. Két qua kiém thi cho thay bo mach hoat dong 6n dinh,
twong thich t6t véi nén tang Arduino Uno va ho tro két néi hiéu qua nhiéu thiét bi ngoai
vi, dap tng yéu cau ung dung trong giang day va nghién cttu vé robot gido duc.

Trong twong lai, nhém nghién ctru dy kién t6i wu kich thude va bé cuc mach,
dong thoi tich hop thém cac giao tiép khéng day (Bluetooth, Wi-Fi) d€ tang tinh linh
hoat va kha nang ting dung trong nhiéu mo hinh robot hién dai.

LOI CAM ON

Nghién cttu nay duoc thue hién trong khuén kho dé tai nghién cttu khoa hoc
sinh vién cap cd sé ma s6 PHKH2025B-15.
Nguyén DPuic Nhat Quang duoc tai tro boi Chuong trinh hoc bong dao tao thac

si, tién si trong nuwdc cua Quy DOi moi sang tao Vingroup (VINIF), ma s6
VINIF.2024.T5.072.
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ABSTRACT

This study presents the design and implementation of a multifunctional expansion
shield for the Arduino Uno platform, aiming to support teaching and research in
educational robotics. Arduino shields are add-on modules that directly attach to
Arduino boards, providing extended hardware connectivity and functionality. The
proposed shield integrates three main functional blocks: a motor control unit, a step-
down buck converter for a stable power supply, and a set of pre-arranged 1/O
headers for quick connection with standard sensors and modules. The development
process involved schematic design, PCB layout using Altium Designer, fabrication
through professional PCB manufacturing, component assembly, and experimental
validation. Test results confirm that the shield operates reliably, delivering stable 5
V and 3.3 V power outputs, accurate motor control via PWM signals, and seamless
interfacing with peripherals such as ultrasonic sensors, servos, and Bluetooth
modules. With its modularity and ease of use, the shield is well-suited for STEM

education and the development of embedded system projects based on Arduino.

Keywords: Arduino Uno, Arduino Shields, STEM, motor control circuit.
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