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Robot do kim loai la mot robot dugc diéu khién tir xa ding dién thoai théng minh
vé6i hé diéu hanh Android dé phat hién kim loai, dic biét Ia thiét bi sat thwong
nhu bom, min & mét khu vic nhit dinh. Viét Nam 1a nuéc trai qua nhidu cudc
chién tranh nén hién nay, mot s khu vuc, dia diém van c6 kha ning phat hién ra
bom min. Phuong phap do tim phat hién min trudc day bang cach dua cac dac
cbng tham gia quét truc tlep 4 rat rui ro, c6 thé gy thuong vong ngoai y mudn.
Trong bai b4o nay, hé théng robot duoc trang bi mot may do kim loai hitu ich dé
phat hién sy hién dién cua kim loai dua trén cam wng cuon day khi nd dén gan
kim loai. Qué trinh chuyén dong cua robot dugc lap trinh bang Arduino UNO dé
diéu khién dong co 1am viéc linh hoat. Khi robot phat hién sy hién dién cua kim
loai, am thanh coi s& duogc kich hoat hién thi tn sé kim loai dwoc phat hién. Két
qua thir nghiém cho thdy mot chiéc dién thoai thong minh chay hé diéu hanh
Android cé thé diéu khién robot trong ban kinh 1én téi 10 mét va dau do c6 thé
phéat hién kim loai c&ch robot khoang cach 20cm.
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Metal Detector Robot is an instrument controlled by an Android-based
smartphone that detects the presence of metal, especially landmines, bombs, on
a designated location.. Vietnam is a country that has experienced many wars, SO
at present, some areas and locations are still capable of detecting landmines. The
old method of detecting landmines suc h as direct sweeping is very risky for
stepping the landmine unintentionally. In this paper, the robot system is
equipped with a metal detector useful to detect the metal presence based on coil
induction when it's approaching the metal. The movement of the robot is
programmed by Arduino UNO to control the motor to work flexibly. When the
robot detects the presence of metal, a buzzer sound will be triggered showing the
detected metal frequency. The testing result shows that an Android-based
smartphone can control the robot up to 10 meters radius. The detection radius is
effective up to 200 millimeters from the detector head.

dat duoi bé mat cua mat dat, néu bi tac dong manh

1. PAT VAN BPE

Trong thé giéi cong ngh¢, robot dong mot vai
tro quan trong. Cac robot dugc thiét ké cho cac muc
dich nham giam b6t cong viéc chan tay cho con
ngudi trong quéa trinh san xuat. C6 rat nhiéu ng
dung cua robot trong cong nghiép, bao gom lip rap,
dong goi & dan nhan, kiém tra san pham, v.v.
Tuong tu, c6 rat nhiéu ung dung cua robot duoc
thiét ké trong céac linh vuc khac nhau cho cac muc
dich khac nhau.

Trong cudc séng hang ngay, vat ligu kim loai
thuong duoc sir dung dé din dién, dung cu nau
nuéng, do trang sac, tham chi cho muyc dich quan
su, mot trong s d6 1a vat lidu cho céc thiét bi quéc
phong nhu min. Nhu ta di biét, min thuong dugc

boi mot vat nao do6 thi cic qua min nay s& phét nd
hang loat [1]. Viéc phét hién sy ton tai cua nhiing
qua minh nay khi dugc chon dudi long dat rat kho
khan khi khéng c6 cong cu hd tro. Mot trong nhiing
cdng cu dugc st dung dé phét hién min 1a may do
kim loai [2]. May do kim loai chira mot cuon day
duoc goi la cuon day may phat. Khi dong dién chay
qua cuon day, moét tir truong tao ra xung quanh
cudn day. Khi may do kim loai dugc di chuyén trén
mat dat, tir truong ciing s& chuyén dong. Khi cam
gan mot vat kim loai, tir truong s& tac dong dén céc
nguyén tir bén trong kim loai, tham chi 1am thay doi
cach di chuyén cua cac electron. Nhuoc diém cua
may do kim loai nay 1a ngudi sir dung phai truc tiép
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st dung tai nhitng noi nghi ¢ min chdn nén dé xay
ra tai nan.

Pé khic phuc nhuoc diém trén trong thoi dai
cong nghé hién nay, mot giai phap dap tung thay thé
su Xuét hién ciia con ngudoi trong hoan canh nay la
sir dung cong nghé robot [3]. Robot phat hién kim
loai 1a thiét bi dung dé phat hién kim loai hoic vat
liéu c6 chira kim loai, robot nay sé& théng bao su
hién dién cua kim loai xung quanh robot bang cach
sir dung anh sang hoac am thanh [4], [5]. Di¢n thoai
théng minh giao tiép vai robot bang mang vé tuyén
(khdng day) véi giao thirc Bluetooth. Dir liéu dugc
guri bang dién thoai di dong qua Bluetooth va duoc
robot nhan qua bd diéu hop Bluetooth. May do kim
loai hoat dong dwa trén sy cam tng cua cac vat thé
kim loai qua cudén day cam ung tir. Cam ng dién tir
cudn day gay ra s& thay doi gitra su c6 mit cua kim
loai va khong c6 kim loai. Dya trén nhitng thay doi
nay, c6 thé phat hién ra sy c6 hay khdng cua kim
loai [6].

Trong noi dung cua bai bao, tac gia sir dung
lap trinh Arduino diéu khién robot do tim kim loai
bang dién thoai thdng minh két ndi Bluetooth, véi
do tin cay c6 thé phat hién ca kim loai trén mat dat
va dudi long dat.

2. PHUONG PHAP NGHIEN CUU

2.1. Cac phwong phap do kim loai

2.1.1. Phwong phip BFO (Beat-frequency
oscillator)

Phuong phap BFO [7] st dung 2 b6 dao dong,
trong d6 bo dao dong dau tién c6 cudn day lam dau
do duoc dat trong dau tim kiém. Bo dao dong thu
hai 1am bo dao dong chuan. Hai bo dao dong nay
duoc dit cach xa nhau dé tranh anh huong 1an nhau.
Va dic biét phai dat tan sé cua 2 bo dao dong bang
nhau. Pau ra 2 by dao dong duoc dwa téi mot bo
tron, sau d6 qua bo loc va dugc khuéch dai 1én dwa
ra loa. Khi khéng c6 kim loai thi tin hiéu qua bo
tron sé bang 0 nén loa khdng kéu.

BO TAO DAO
PONG

E HOP PIEU KHIEN

RAU TIM KIEM

Hinh 1. Phuwong phdp BFO
Néu cudn day dat trong dau tim kiém (search
head) di qua mot vat kim loai thi vat kim loai d6 sé
anh huong dén tan s6 dao dong cua bd dao dong

chtra cudn day do nay. Su thay ddi tin sb nay dugc
so sanh vai tan s6 chuan ¢ bd dao dong chuan dat
trong hop diéu khién. Sy sai khac tan s6 ¢ dau ra
hai bo dao dong di bo tron sé duoc khuéch dai dé
bao c6 kim loai.

2.1.2. Phwong phdp VLF (Very Low Frequency)

Very low frequency (VLF) [8] la cbng nghé
méy do kha phé bién dugc dung ngay nay. Trong
may do VLF, c6 2 cudn day riéng biét:

- Cudn phat la cuon day vong ngoai. N6 don
gian chi la 1 cuén day dan. Dong dién dugc dua doc
theo soi day, ban dau theo 1 huéng va sau do theo
huéng nguoc lai, 13p di 1ap lai hang ngan lan moi
giay. S6 Ian ma dong dién d6i chiéu mdi giay tao
nén tan s6 cua thiét bi.

- Cudn thu la cuon day vong trong. Cuon day
nay dong vai trd nhu mot dng-ten dé thu nhan va
khuéch dai cac tan sd nhan dugc dén tir kim loai
trong 1ong dét.

CUON PHAT YW
o?ci.t c--o
x X N » X
e
CUON THU )
VAT THE

Hinh 2. Phuong phap VLF

Vit kim loai dong vai tro phat tin hiéu cho
cudn thu. May do kim loai c6 thé xac dinh xap xi do
siu cua vat thé dudi long dat dya trén cuong do cua
tir truong duoc tao ra. Vat thé cang gan mat dat thi
tir trrong nhan dugc cang manh, va dong dién sinh
ra cang lon. Nguoc lai, vat thé cang xa mat dat thi
tir trudng cang yéu. Dudi mot do sdu nhét dinh nao
do, truong cua vat thé qué yéu thi thiét bj s& khong
thé nhan biét dugc.

2.1.3. Phwong phap PI (Pulse Induction)

Mot dang may do it phd bién hon dua trén cam
g xung (pulse induction - P1). Khéng giéng nhu
VLF, hé théng PI c6 thé sir dung cuing 1 cudn day
cho chtrc nang bo phéat va b thu, hoac nguoi ta co
thé sir dung 2 hay tham chi 3 cudn day dong thoi.
Ki thuat nay tao ra mot xung dién manh, ngin cuaa
dong dién qua cudn day. MJdi xung tao ra mot tur
truorng ngan. Khi xung két thic, tir truong dao cuc
tinh va suy giam tac thi, két qua 1a tao mot xung
dién nhon. Xung nhon nay ton tai trong vai micro
gidy va tao nén mot dong dién khac chay trong
cudon day. Dong nay duoc goi la “xung phan xa”
(reflect pulse) va vb cling ngan, chi ton tai khoang
30 micro gidy. Mot xung khac sau dé s& tiép tuc
duoc tao ra bai may do va qua trinh Iap lai.

Néu méy do dugc dé trén mot vat kim loai,
xung di¢n tao ra 1 tr truong doi nguoc trong vat the.
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Khi tir trrong ctia xung suy giam, tao ra xung phan
Xa, tir truong cua vat thé kim loai l1am cho xung
phan xa ton tai 1au hon. Ky thuat Pl khéng hitu ich
trén phuong dién phan biét ddi twong bai vi sy khac
nhau vé do dai xung phan xa gitra cac kim loai kho
tach bach. Tuy nhién, n6 lai rat hitu ich trong nhiéu
truong hop ma ki thuat VLF giap kho khin, ching
han nhu & cac khu vuc ¢ tinh dan dién cao, vi du
nhu truong hgp thadm do trong moi truong nudc
mudi. Thém vao d6, k¥ thuat Pl con c6 kha ning
phét hién kim loai ¢ khoang cach sau hon nhiéu so
véi céc ki thuat khéc.

2.2. Md hinh robot do tim kim loai

bé diéu khiép dugc robot do tim kim loai, tac
gia xay dung so dd khéi hé théng (hinh 3):

KHOI BAO [ KHOINGUON |
w1 [l ]!

- . . . KHOI CONG
KHOI CAM BIEN : KHOI BIEU KHIEN :> SUAT BIEU

PHAT HIEN KIM TRUNG TAM KHIEN
LOAI DONG CO

{ i : K.HQI THU DBIEN THOAI
PHAT WIFI <j:> ANDROID

Hinh 3. So do khai hé thong
Chure nang cac khéi:
- Khdi ngudn: cung cap ngudn on dinh cho toan
mach hoat dong;
- Khoi cam bién phét hign kim loai: c6 nhiém vu
phé; hién kim loai sau d6 phan hoi cho khoi diéu
khién trung tam.
- Khoi diéu khién trung tam: thu thap cAc tin higu tir
khoi cam bién phat hién kim loai va khoi thu phéat

Wifi sau d6 xir 1i diéu khién khdi cong suat dong co.

X

-
"

Bluetooth Modul
e

Hinh 4. So dé phan dién cua robot do kim logi
- Khéi thu phat wifi: D¢ giao tiép giira khoi dicu
khién trung tim va dién thoai, la cau noi trung gian

dé nhan dit ligu tir dién thoai sau d6 gui t6i khdi
trung tAm dé xu |i cac hoat dong diéu khién va nhan
dir lidu nguoc lai tir khdi trung tim dé hién thi 1&n
trén dién thoai.

- Khdi cong suat diéu khién dong co: nhan tin hiéu
tir khdi diéu khién trung tam dé diéu khién dong co.
- Khéi bao dong: ¢6 chirc nang phat ra 4m thanh khi
xe robot phat hién thay c6 kim loai.

- Pién thoai Android: truyén, nhan di liéu qua lai
vé6i khéi thu phat wifi.

2.2.1. Péng co mét chiéu (DC)

Pong co dugc chon trong mo6 hinh 1a déng co
giam toc DC dé diéu khién xe chay tién, Iui, xoay
tréi, xoay phai, diéu chinh tbc d6 nhanh cham theo
y mudn. Pong co giam téc DC véi toe do hoat dong
t6i da 44 mét/ phit ¢ dién ap 6V dén 8V.

Hinh 5. Bgng co DC

2.2.2. Module L298N

Module L298N la mot mach diéu khién dong co
mot chiéu DC cuing Itc. L298N 14 IC diéu khién cau
kép toan ky c6 dai dién ap hoat déng rong, xir ly
dong tai c6 muc toi da 3A. Bao gdm dién ap bdo
hoa thip va bao vé qua nhiét. C6 cau tao tir hai
mach cau H transistor.

[+12v Power;

}éo;ver GNI§ J

+sv power | €

| AEnable |
|_input |

\75 Enable J

Hinh 6. Module diéu khién dong co L29SN
2.2.3. Cdm bién kim logi

Mach cam bién do kim loai khong tiép
xuc dugc sir dung nhu mot may do kim loai. Khi
cam bién dén gan bat ky kim loai ndo, né s& phat ra
am thanh. Pay 1a mot module dugc thiét ké dac biét
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dé phét hién kim loai, hoat dong bang céach tao ra
dong dién trong cac vat kim loai va phan héi khi n6
xay ra. Trén mach c6 mot buzzer dé bao hiéu khi né
phét hién ra thir gi d6 va mot bién tre didu chinh do
nhay.

T~ce
100UF

Hinh 7. So' @6 mach nguyén Iy khai cam bién phat
hi¢n kim logi

2.2.4. Khéi diéu khién Arduino UNO

Arduino [9] mot nén tang ma ngudn mod phan
cting va phan mém. Phan ciing Arduino (céc board
mach vi xir Iy) nham xay dung cac ung dung tuong
tdc vai nhau hoac véi moéi truong dugc thuan loi
hon. Phin cang bao gdm mét bo mach ngudn mé
duoc thiét ké trén nén tang vi xtr Iy AVR Atmel
8bit, hoac ARM Atmel 32-bit. Nhirng phién ban
hién tai duoc trang bi gdm 1 cdng giao tiép USB, 6
chan dau vao analog, 14 chan 1/0 k§ thuét sb tuong
thich voi nhiéu bo mach mé rong khac nhau nhu
hinh 8.

:- \
axsm ARDUINO

hn

Hinh 8. Bo mach Arduino
2.2.5. Module ESP8266 NodeMCU

Chue nang cua Module ESP8266 NodeMCU
trong md hinh nay la dé giao tlep gitra khdi didu
khién trung tam va dién thoai, 1 cau néi trung gian
dé nhan dix liéu tir dién thoai sau do gui t6i khoi
trung tdm dé xu I cac hoat dong diéu khién va nhan
dir lidu nguoc lai tir khéi trung tim dé hién thi 1&n
trén dién thoai.

Module ESP8266 NodeMCU dugc dung cho
cac ung dung can két ndi, thu thap dir lidu va didu
khién qua song Wifi, dic biét 1a cac ung dung lién
quan dén loT.

Hinh 9. Module ESP8266 NodeMCU
2.2.6. Coi bdo dong
Buzzer & mot loai thiét bi phat am co thé
chuyén doi tin hiéu dm thanh thanh tin hiéu am
thanh.

-

Hinh 10. Coi bdo ddng
2.2.7. Pin nguén mé hinh
Khdi nguon c¢o chirc niang tao dong va ap on
dinh cung cap cho mach. Sau day la bang danh sach
cac linh kién tiéu thu dién chinh trong mach.

TT | Ténlinh |Pién |Dongtiéu| S6 [Tong

kin [ap (V) |thu(mA)| "¢ |(mA)

1 Arduino 5-9 3 1 3

UNO R3 0 0

0 0

2 ESP 8266 5 3 1 3

Node 0 0

MCU 0 0

3 Dong co 6-8 2 4 1

gidm toc 5 0

0

4 L298N 5- 3 2 72
12 6

5 IC555 2- 1 1 15
18 5

6 PIC16F69 2— 3 1 3
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TT | Ténlinh |Pién [Dongtiéu| SO [Téng Trong md hinh robot (hinh 14) la robot cé kha
kign [ap (V) |thu(mA)| " |(mA) nang do phat hién kim loai, phét ra tip hiéu coi canh
bao cling nhu hién thi théng tin vé dién thoai di
0 5.5 0 0 o
dong.
0 0
0
8 Led don 2 1 5 50
0
Bang 1. Danh sach gia tri dong dién va dién ap cua ——
céc linh ki¢n chinh cé trong mach Control
Dya vao thong s6 dién ap va dong dién hoat

dong cua cac linh kién dugc dung trong mach dugc
trinh bay nhu bang 1. Chon dién ap cung cap cho
toan mach 1a tir 6 - 8V. Tong dong cung cip cho
mach hoat dong ti da Itong = 2067(mA). Do dé
chon ngudn nudi 1a 02 pin Cell 18650 véi tong dién
ap 1a 7.2V, dung lugng 4400 mAh.

Metal
Detection

Yes
Buzzer (On)

Hinh 13. So do thudt toan cua robot do kim logi

\ Y\Sﬁ

el W

Hinh 11. Nguon dang pin Cell 18650

3. KET QUA

Véi cac thiét bi chinh dugc mo ta ¢ phan trén
cling véi cac hé théng dau day cap ngudn, cap diéu
khién, céc cong tic va khung co khi, tac gia di tao
ra mot robot do kim loai twng dung lap trinh
Arduino diéu khién qua dién thoai véi so do thiét ké
trén phan mém:

7 Hinh 14. M hinh robot hoan thanh
e 4. KET LUAN

Téc gia da thiét ké thanh cong mé hinh
robot do kim loai. Théng qua tng dung lap
trinh trén bo mach Arduino gilp xe c6 thé chay
Arduino (hinh 12) véi so dé thuat toan lap trinh  tien, chay lUi, ré tréi, ré phai, thay doi duoc toc
(hinh 13). d6 di chuyén; mo hinh xe cé thé tim kiém, phat

Hinh 12. So' d6 mach dién mod phong trén Proteus
Sau khi tat ca cac lién két duoc thuc hién dau
noi vaoi bo mach Arduino, tac gia tién hanh 1ap trinh
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hién kim loai, khi phat hién ra kim loai xe sé phét ra
am thanh canh bao va hién thj théng tin phat hién
c6 kim loai 1én ng dung trén dién thoai, bat loa
dién thoai kéu thong biao cho ngudi ding biét.
Ngoai ra, giao dién wng dung diéu khién trén dién
thoai than thién va dé sir dung.

Trong qua trinh nghién ciu van cd nhiing
nhugc diém nhu thiét bj da tim kiém phat hién duoc
kim loai, tuy nhién khoang cach phat hi¢n dugc cac
vat thé kim loai 1a tuong dbi gan; van con xay ra
cham tré trong viéc diéu khién tir dién thoai tgi mo
hinh xe, va cap nhat trang thai do kim loai tr md
hinh téi ung dung dién thoai; khi xe chay véi toc do
gué nhanh thi sé khéng phéat hién dwoc kim loai; vat
thé kim loai qua nho md hinh s& khong thé phat
hién dugc va thoi gian st dung con ngan do xe st
dung ngudn nudi 1a Pin. Khoang cach két néi dién
thoai voi xe con thap (ban kinh diéu khién nho hon
10 mét).

Qua nhitng nhugc diém trén, gitp cho tac gia co
hudng nghién ciu sdu hon giup robot cai thién
dugc tinh nang ctia minh nhu:

- Sir dung thém cac cam bién khac nhu: cam
bién nhiét do, ¢ am, anh sang, khi doc hai... nham
muc dich ngoai phat hién kim loai ra thi xe c6 thé
su dung dé tham do méi truong;

- Thiét ké thém hé théng dinh vi GPS & danh
dau vj tri vat kim loai khi xe phét hién duoc;

- Thiét ké md hinh c6 thé hoat dong ¢ hai ché do:
thu cong (dleu khién bang tay) hoic ty dong (xe tu
dong di chuyen theo 16 trinh yéu Cau)

- Thiét ké khung xe cting cép, chic chin, dong co
cong suat lon hon, hé théng diéu khién on dinh,
chinh xac hon dé xe c6 thé hoat dong tét ¢ nhiéu
loai dia hinh;

- Lap thém camera dé giam sat, diéu khién tir xa dé
dang hon;

- Sir dung nguon pin niang lugng mat troi;

- Nang cao khoang cach phét hién kim loai bang cac
phuong phap do tim tién tién hién nay nhu phuong
phép VLF, phuong phép PI...
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