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Toém tat

Nghién ctru nay tap trung thiét ké va trién khai hé thong diéu khién tw dong nham giam
thiéu rui ro tai nan tai cac giao diém dudng sit — duong bd khong c6 rao chin. Mo
hinh dugc xay dung dua trén phuong phéap diéu khién nhung ba tram phan tan sir dung
vi diéu khién va mang truyén thong khong diy LoRa. Tram 1 sir dung cam bién dia
chan dé xac dinh tau dén. Tram 2 dong vai tro diéu phdi, truyén 1énh canh bao som.
Tram 3 tai giao cit dam nhiém diéu khién co céu barie va tich hop thi gidc may tinh
dé giam sat va phat hién xAm nhap ving nguy hiém. Péng gop méi 1a sy tong hop cua
cam bién vat 1y va hé thong thi giac thong minh. M6 hinh nay tich hop co ché an toan
hai chiéu, cho phép Tram 3 canh bao nguoc vé tau (Tram 2) khi phat hién vat can
khong an toan. Két qua thuc nghiém cho thiy hé thong hoat dong tin cdy véi ty 18
truyén/nhén tin hi€u thanh cong gitra cac tram dat (1,2-1,8) km va muc tiéu thu dién
ning thap 81 Wh/24 gio. Khi két ndi v6i pin du phong 6750 mAh va pin quang dién,
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1 it van dé

An toan trong linh vuc giao thong dudng sit 1 mot vin
dé cép bach mang tinh toan clu, dic biét tai cac diém
giao cit gitra duong sat — duong bg, noi tdn tai rui ro
tal nan tiém an. Cac su cb va cham lién quan dén tau
hoa, bao gdm ca phuong tién dudng bd, ngudi di bd
hay cac vat can khac, khong chi thiét hai vé nguoi va
tai sdn ma con gay ra gian doan hoat dong toan bo hé
thong giao thong. Tinh hinh nay tré nén dic biét quan
trong tai cac giao diém thiéu hé théng canh bao hoac
rao chan bao vé, thuong thay & cac viing néng thon hay
khu vyc it dan cu. Vi vay, viéc nghién ctru va trién khai
cac giai phap kiém soat an toan hiéu qua, tich hop tu
dong hoéa 1a thiét yéu dé giam rii ro va cai thién mirc
do6 an toan trong giao thong duong sit.
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Trong nhitng ndm gan ddy, xu hudng nghién ctru cha
trong vao vi¢c cai thién muc d¢ an toan tai cac giao ct
dudng sit. Mot sé nghién ciru cho théy, tin hiéu giao
thong truyén thong chua mang lai sy hiéu qua an toan
[1]. Vi vdy can thiét phai c6 cac hé thong canh bao va
kiém so4t tién tién hon. O An D9, hé théng an ninh tai
cac giao cit duong st da duoc cai tién, chuyén dbi tur
van hanh thu cong sang hé théng tu dong hoan toan
bang sir dung Arduino UNO va cam bién siéu am.
Nghién ciru nay tich hop hé théng phat hién vat thé dua
trén OpenCV dé canh bao khi c6 nguoi hodc phuong
tién con ket trén duong ray [2]. Cac cong trinh khac
ciing d di sau vao mo hinh héa xé4c suét tai nan, quan
1y an toan thong minh, xac dinh thoi gian tau dén, va
phan tich cac yéu t6 nguy hiém [3-5]. Mot s6 nghién
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clru con tap trung vao viéc ap dung cac cong nghé mai
nhu cam bién rung dia chan dé xac dinh vi tri tau dang
dén [6, 7]. Mic du di c6 nhitng sy tién bo dang ké, van
con ton tai nhitng khé khan trong viéc nghién ctru va
phat trién hé théng toan dién c6 kha ning dap tng
nhanh, chinh xac va do tin ciy cao trong nhiéu diéu
kién khac nhau, dac biét tai cac khu vuc duong sat
khong dugc bao vé.

Dé giai quyét nhitng ton tai trén, nghién ctru nay dé xuat
mot giai phap tu dong hoa toan dién nhim ting cuong
kiém soat an toan tai cac giao cit dudng sit — duong bd
khong ¢ rao chin bao vé. Muc tiéu chinh 1a thiét ké va
phat trién mot hé thong didu khién barie tw dong, c6 kha
nang canh bao sém va phan g kip thoi trudc cac nguy
co tai nan.

2 Phuong phap nghién cuu

2.1 Céc cong nghé va cam bién st dung

- Cam bién rung dia chin (Geophone) dugc lép dat tai
Tram 1 ¢6 chirc nang phat hién tau trong pham vi (50-
100) m. Cam bién chuyén d6i rung dong co hoc (do tau
di chuyén véi van toc (40-60) km/h) thanh tin hiéu dién
ap. Viéc phan tich bién do va tan sb cua tin hiéu nay
cho phép hé théng xac dinh chinh xac su hién dién va
vi tri twong d6i cia ngudn rung.

- Hé théng 4p dung phuong phéap truyén thong khong
day LoRa (Long Range), mot cong nghé diéu ché trai
pho (Spread Spectrum Modulation), dé truyén tin higu
gilra cac tram chuc nang cach xa nhau (1,2-1,8) km.
Dic tinh truyén dan tam xa két hop v6i kha ning tiéu
thu ning luong thap khién LoRa tro thanh giai phap ly
tudng cho cac irng dung tai khu vuc it dan cu hodc nong
thon. LoRa dam bao cac goi tin hidu canh bao va diéu

Khoang cach
phat hién :

0.8- 1,0km :ﬁ_

khién duoc truyén tai on dinh va nhanh chéng giita
Tram 1, Tram 2 va Tram 3.

- Camera va xi Iy anh 1a mot trong nhitng dong gop noi
bat nhét cua hé théng, cho phép Tram 3 lién tuc gidm
sat khu vuc giao cat. Dit liéu hinh anh duoc xir Iy bang
thuat toan nhan dang vat thé tién tién, cu thé la
YOLOvlIn (You Only Look Once, version 11n).
YOLOvVI11n c6 kha nang phat hién va phan loai cac vat
thé la nhu nguoi, phuong tién hodc cac vat can khac
nam trén duong ray v6i do chinh xac cao. Viéc nhan
dién vat can nay kich hoat tin hiéu canh bao nguogc vé
Tram 2, cho phép thong bao khan cap toi lai tau dé xir
1y kip thoi.

- Vi diéu khién ATMega328p duoc lya chon lam don
vi xur ly trung tdm cho cac tram, ndi bat véi kha nang
tiéu thu nang lugng thép va ddm nhiém viéc thu thép
dir lidu tir cam bién, thyc hién xir 1y thuat toan, va diéu
khién cac co cau chip hanh. Pé dam bao van hanh an
toan cua barie, hé théng con trang bi cic cam bién phu
trg nhu hong ngoai hodc siéu 4m. Cac cam bién ndy co
nhiém vu xé&c dinh vi tri chinh x4c cua barie va phat
hién kip thoi cac vat can trong vung hoat dong, tir d6
ngan ngura va cham trong qua trinh nang ha.

- Co cAu chép hanh barie bao gém dong co dién, hé
thdng truyén dong va co cu khoa. Pong co dugc diéu
khién béi tin hiéu tir vi diéu khién dé thuc hién chirc
nang nang/ha barie mdt cach an toan. Song song, hé
thong canh bao (gdm coi bio dong va dén tin hiéu
LED/ché6p) duoc kich hoat ddng b véi qua trinh dong
barie dé canh béo tic thoi nguoi tham gia giao thong.
2.2 Dé xuit hé thong canh bao an toan giao cit duong
sat

1.0- 1.2km

Tram 2

Hinh 1 Thiét ké hé thong canh béo an toan giao cat duong sat

Hé théng hoat dong theo mot quy trinh tuln ty va phdi
hop gitra ba tram chttc ndng nhu sau (Hinh 1):

- Phat hién tau (Tram 1): khi mot doan tau di chuyén
dén gan khu vuc giao cit, cam bién rung dia chan tai
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Tram 1 phat hién rung dong tir duong ray dé xac dinh
sy hién dién cta tau dén. Khi phat hién tau trong pham
vi (50-100) m véi vén tdc tau (40-60) km/gioy, Tram 1
guri tin hiéu canh bao vé Tram 2 thong qua két ndi
LoRa.

- Canh bao sém cho lai tau (Tram 2): Tram 2 1a tram
trung gian, ¢6 nhi¢m vy tiép nhan tin hiéu tir ca Tram 1
va Tram 3. Khi nhan duoc tin hiéu tau dén tir Tram 1,
Tram 2 kich hoat dén canh bao sém cho nguoi 1ai tau.
Diéu nay gitp 14i tau biét dugc rang co tau dén gan giao
cit va can chudn bi cac bién phap an toan.

- Piéu khién Barie va canh bao tai giao ct (Tram 3):
khi Tram 3 nhén duoc tin hiéu tau dén tir Tram 1, coi
va dén canh bao duoc kich hoat tai giao cit. Déng thoi,
barie ha chan dudng bg, ngin khong cho phwong tién
va nguoi di qua. Trong subt qua trinh barie hoat dong,
camera tai Tram 3 lién tuc quét khu vuc giao cat. Néu
thuat toan xtr 1y anh phat hién vat thé xam nhap (nguoi,
phuong tién hodc vat can) nam trén dudng ray, Tram 3
s& truyén tin hiéu canh bao khan cap nguoc vé Tram 2.
Tram 2 tiép nhan va hién thi canh bao dic biét, cung
cip du thoi gian cho 14i tau dé thuc hién cac bién phap
giam tbc d6 hodc dirng khin cip, nhdm tranh va cham.
- Hoan tat an toan: sau khi tau da di qua khoi khu vuc
giao cat (duge xac nhan bang cam bién hodc timer),
Tram 3 diéu khién barie ty dong nang 1én, cho phép
giao thong dudng bo tiép tyc.

Toan bo hé théng duoc thiét ké voi kha nang ty cung
cip nang luong, van hanh doc 1ap nho vao viée sit dung
pin quang dién va hé thdng pin luu trit, qua d6 dam bao
hé théng duy tri trang thai hoat dong trong khi khong
¢6 ngudn tir dién ludi.

2.3 Thiét ké hé thong diéu khién barie tu dong
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Trong tAm ctia nghién ctru ndy 1a thiét ké hé théng didu
khién barie tu dong, véi myc dich kién tao mot giai
phap toan dién va dang tin cdy nham ting cuong kha
ning an toan tai cac giao cat duong sat. Hé thong nay
dugc phat trién dya trén mot kién trac phan tan bao gém
ba tram chirc ning chinh, mdi tram giir vai tro cu thé
trong chudi van hanh an toan (Hinh 2).

Tram 1 Tram 2
Tram canh bao phat hién tau Tin hiéu phit hién Tram canh bao dén tin hiéu cho lai tau
tan
—_———
2 cm Tém Pin ning 2 dén
£ 5 Call Di LoRa
bién rung | lwong va Cell Pin

Téam Pin ning

LoRa xanh - d6 | luong va Cell Pin

Tram 3 - Barie
Tram canh bao an todn giao cat va diéu
khién thanh chin Barie

5 dén Tam Pin ning

LoRa canh - 46 lwong hgéc dién
ludi

Hinh 2 So d6 m6 hinh cac tram chtrc ning

2.3.1 Thiét ké phan cting

- Vi diéu khién ATMega328p thudc kién tric AVR la
don vi xtr Iy trung tam (CPU) thyc hién thu thap di liu
tir cam bién va xir 1y logic theo thuat toan nhing. Tin
liéu tur cac tram duoc truyén/nhén thong qua module
LoRa E32 bang cach sir dung giao thirc UART. Mic
khac, ATMega328p co thé nhan 1énh diéu khién tir xa
qua LoRa. Dya trén dir li€u tir cam bién hodc 1énh diéu
khién nhéan dugc, vi diéu khién kich hoat hodc vo hiéu
hoa Output Relay DC dé thuc hién hanh dong diéu
khién vat ly. Toan b hoat dong dugc duy tri boi nguén
pin 12 V (DC) dugc 6n ap vé 5 V (DC) théng qua
module Regulator LM7805 (Hinh 3). Board mach phan
ctg dugc thiét ké bang phan mém Altium Designer
véi ti€u chi nhd gon, dam bao hiéu suét, do tin cay va
kha nang hoat dong doc lap (Hinh 4).
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Output Relay DC

S Antenna 433KHz

ATMega328p

PC

use Lora E32

I

| Regulator LM7805 |

T

| Pin Lithium-ion 12VDC |

Hinh 3 So d6 khdi cta mach phan ctng

Hinh 4 Board mach xi Iy trung tdm cia hé thong

- Dé danh gia higu suat hoat dong thuc té ctia board
mach, nhom téc gia da tién hanh do dong dién tiéu thy.
Dit liéu nay dugc st dung dé tinh toan va lua chon loai
pin phu hop, dam bao cung cép ning luong tdi uu cho
board mach, giup hé théng hoat dong 6n dinh va hiéu
qua. Khi cip nguon 12 V (DC), board mach & ché do

ché @6 truyén tin hi€u Lora, board mach ti€u thu dong
dién 13 0,25 A (Hinh 6). Tir d6 ta c6 thé tinh toan dugc
muc cong suét tiéu thu ciia mach nhu sau:
+ Khi mach & ché d¢ cho:
P=UxI=12x021=252W
+ Khi mach & ché do truyén tin hiéu Lora:
P=UxI=12x025=3W

cho tiéu thu dong dién 14 0,21 A (Hinh 5). Tuong tu voi

5 .

Hinh 5 Muc ti€u thy dién 4p, dong dién cia board
mach & ché do cho

Hinh 6 Mic tiéu thy dién &p, dong dién cia board
mach & ché d6 truyén tin hi¢u

— Theo nguyén ly: mdi 1 gio sé c6 mot doan tau chay
qua, mach hoat dong trong 5 phut. Trong 5 phut do, mot
bong dén co cong sudt 10 W duoc két ndi voi mach
cling s€ hoat dong. Ta sé tinh toan dugc muc tiéu thu
cuia mach trong 1 gio nhu sau:

+ Ning luong tiéu thyu & ché d¢ cho trong 1 gio:

e (Cong suat mach hoat dong trong ché do cho:
Thoi gian 55 phut = 0,917 gio
e Cong suit:

P=Ux1=12x0,21=2,52 W
o Naing lugng ti€u thy trong 0,917 gio la:
Al =P xt=2,52%x0,917=2,3 Wh
+ Nang lugng tiéu thu & ché do truyén tin hiéu trong 5
phut:
e (Cong suit cia mach: 3 W
e Cong suat cua bong dén: 10 W
e Tong cong suit:
P=3+10=13W
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e Thoi gian mach hoat dong & ché 4o truyén:
Thoi gian 5 phat = 0,083 gio
e Nang luong ti€u thu trong 0,083 gio la:
A2=Pxt=13x0,083=1,079 Wh
+ Nang lugng ti€u thy cia mach hoat dong trong mot
gio la:
A=A1+A2=23+1,079=3,379 Wh
+ Nhu véy, nang lugng mach ti€u thu trong 24 gio la:
Aosn = A x24=3379 x 24 =81 Wh
2.3.2 Thiét ké phan mém
- Khéi Node (Tram 1) c6 vai trd phat hién tau dén véi

nguyén 1y duoc mé ta trong luu do giai thuat (Hinh 7):

Khéi tao hé théng
LoRa Setup
GPIO, ADC, UART,

Doc gia tri tlr 2 cam
bién rung

CB1=CB2=1
Lién tuc trong 5

Truyén tin hiéu _
théng qua LoRa ve
tram 2 canh bao déen

Hinh 7 Luu d6 giai thuat Tram 1
+ Sau khi khoi tao, hé théng budc vao vong lap giam

sat lién tuc. Bat dau béng viéc doc gia tri tir hai cam
bién rung (CB1 va CB2), cam bién duoc diéu chinh do
nhay dé phat hién cudng d6 rung ¢ ngudng (3-5) mmy/s.
Tai ddy, vi diéu khién thuc hién kiém tra diéu kién kich
hoat: CB1 va CB2 phai dong thoi bao trang thai kich
hoat (Gia tri 1) va duy tri trang thai nay lién tyc trong 3
gidy. Néu diéu kién nay khong duge thoéa man (Pidu
kién sai), hé théng s& quay lai budc doc cam bién dé
tiép tuc giam sat. Néu diéu kién duoc dap ung (Piéu
kién diing), hé théng xac nhan da xay ra rung dong dang
ké va chuyén sang budc canh béo. Cudi cliing, hé thong
thuc hién truyén tin hiéu thong qua LoRa vé Tram 2
canh bao dén, sau d6 thuat toan két thac.

- Khéi Node (Tram 2) c6 vai tro canh bao dén tin higu
cho lai tau, Tram 2 hoat ddng vo6i nguyén ly dugc mo
ta trong luu d6 giai thut (Hinh 8):
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Khdi tao hé théng
LoRa Setup
GPIO, UART

Nhan tin hiéu LoRa
tr tram 1

Tin hiéu tram 1
cd tau

Truyén canh bao
cho tram 3 va bat
deén xanh

MNhén tin hiéu LoRa
tlr tram 3

Canh béao den dé
dirng tau

in hiéu tram 3
an toan dén xan

Nhén tin hiéu tram

3 khi tau qua giao

cat va tat cac den
bao

Hinh 8 Luu d giai thuat Tram 2

+ Sau khi khéi tao, hé théng budc vao trang thai cho
nhan tin hiéu LoRa tir Tram 1. Hé thong s& lién tuc
kiém tra diéu kién tin hiéu Tram 1 cé tau dén hay
khong. Néu khong, hé thong tiép tuc chd nhén tin hidu.
Khi phat hién c6 tau (Piéu kién dang), hé théng thuc
hién hanh dong truyén canh bao cho Tram 3 va bét dén
xanh dé canh bao vé sy xuit hién cia tau.

+ Tiép theo, hé théng chuyén sang giai doan phdi hop
an toan, bang cach chd nhan tin hiéu LoRa tir Tram 3.
Hé théng s& kiém tra tin hiéu Tram 3 dat trang thai an
toan hay chua (an toan dén xanh). Néu chwa an toan
(Diéu kién sai), hé théng s& bat canh bao dén do dimg
tau. Néu da nhan duoc tin hiéu an toan (Piéu kién
dung), hé thong chd nhén tin hiéu Tram 3 khi tau di qua
giao cat va tit dén bao dé hoan thanh chu trinh. Cudi
cling, thudt toan két thuc.

- Khéi Master (Tram 3) ¢6 vai tro giam sat bang camera
canh bo an toan tai diém giao cat, diéu khién barie va
Tram 3 hoat dong véi nguyén ly dugc mo ta trong luu
d6 giai thuat (Hinh 9):
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Khdi tao hé thong
LoRa Setup
GPIO, UART,
CAMERA

Nhé&n tin hieu LoRa
tlr tram 2

Tin higu tram 2
co tau

Bat coi canh bao,
Camera x(¥ Iy va ha
Barie chan

e
~ Mang Barie va canh
nhéan dién diem bdo tram 2 bdo dén

giao cat an toa dé

Tiép tuc ha Barie

Camera
nhan dién tau qua
giao cat

Mang Barie
Bao tin hiéu cho
tram 2 tat cac den

Hinh 9 Luu d6 giai thuat Tram 3

+ Sau khi khéi tao, hé thong budc vao vong lap cho
nhan tin hiéu LoRa tir Tram 2 (Tin hiéu tram 2 c6 tau
dén). Néu khong (Piéu kién sai), hé thong tiép tuc chd
nhan tin hiéu.

+ Khi x4c dinh dugc c6 tau dén (Piéu kién ding), hé
thong thyc hién dong thoi cac hanh dong: bat coi canh
bdo, camera xtr ly dé giam sat, va ha barie chan. Tiép
theo, hé thong kiém tra bang thi gidc may tinh thong qua
camera nhan dién diém giao cit an toan. Néu chua an
toan (Piéu kién sai), hé théng thuc hién nang barie va
canh bao Tram 2 bang dén do dé dimg tau va quay lai
kiém tra diéu kién an toan. Néu camera x4c nhdn giao
cit an toan (Piéu kién dang), barie tiép tuc duoc ha.

+ Sau d6, hé thdng tiép tuc sir dung camera dé nhan
dién tau da qua giao cit hay chua. Néu tau chua di qua
(Diéu kién sai), hé thong tiép tuc ha barie va giam sat.
Khi tau da di qua (Piéu kién ding), hé thdng thuc hién
budc cudi cung 12 ning barie va bao tin hiéu cho Tram
2 tat dén béo hi¢u da hoan thanh chu trinh.

- Luu dd thuét toan phat hién vat thé béng camera (Hinh
10):

Ih&n duoc tin hiéu
4 tru tin hié

Bing

Phan loai nhan, 1y
d6 tin cay,

Vatthé
can theo ddi?

Bing

6 in cay,

B6 qua vét thé trong dién
clia vat thé igiam sat nhung khong du
trén 50%? d6 tin cay

Bing /\
v \hén dién duoc tau

Lay toa do vat thé

VE khung bao vt thé
va xuat hinh Ién giao
dién

Diing sai

Khdng
{hén dién duoc tau
rong 5 gidy tiég

Thyc hién tinh todn
toa 6 tam, toa do tx

ty

Bing

G tin hiéu bdo hiéu an
sai—»{toan, B6 qua vat thé nam
ngodi viing nguy hiém

Gri tin hiéu bao dong
dén tru tin hiéu qua Diing
giao tiép UART

/3t thé ndm trong

viing nguy hiem? GUi tin hiéu tau g3 Gi

qua, md barie

Xuét khung hinh Ién giao
dién

Hinh 10 Luu dd thuét toan phat hién vat thé bang
camera

Hé théng hoat dong theo vong lip lién tuc dé xir ly
khung hinh camera va tin hi¢u serial.

+ Bit dau: vong lap bat dau bang viéc kiém tra tin hiéu
serial. Néu nhan duoc tin hiéu dic biét "A3 1" (bao hiéu
co tau dén/dang hoat dong), hé théng s€ kich hoat chirc
nang nhan dién va canh bao. Néu khong phai tin hiéu
nay, hé thong chi xuét khung hinh va két thiic vong lap.
+ Nhan dién vat thé (YOLO): khi dwoc kich hoat,
khung hinh s& duoc dua vao mé hinh YOLO dé nhan
dién. Két qua la mdt mang dir licu vé nhin, do tin cay
va toa d6 khung bao cuia cac vat thé.

+ Loc va xu ly: hé thong tién hanh loc vat thé

e Chi xir Iy cac vat thé co nhan hop 18 (cac loai
phuong tién va nguoi).

e Chixur ly cac vat thé c6 do tin cay trén 50 %.

+ Phat hién tau d3 di qua: néu nhan dién thiy tau hoa,
hé thong kich hoat by dém. Bo dém nay sé& bat dau dém
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5 gidy khi tau khong con xudt hién. Néu dém hét 5 gidy,
hé thong guri tin hiéu "2" (tau di di qua) qua serial.
+ Xac dinh ving nguy hiém: véi cac vat thé con lai
(phwong tién/nguoi) du diéu kién, hé thong tinh toan
toa o tam va 4p dung thuat toan ndi suy tuyén tinh dua
trén hai duong thing an toan dé xac dinh xem vat thé
¢6 nam trong ving nguy hiém (théa mén dong thoi hai
diéu kién tx > ty va tx < ty) hay khong.
+ Gui tin hiéu canh bao:
e Néu co it nhat mot vat thé nam trong ving nguy
hiém, hé thong guri tin hiéu canh bao "1".
o Néu tat ca vat thé déu an toan, hé thong giri tin hiéu
"0".
e Tin hiéu guri di bi gidi han boi bo dém tdc do (tdi
da 4 tin hi€u/giay).
+ Két thuc vong lap: Cubi cting, hinh anh da xir Iy duoc
hién thi 1én giao dién va vong lip mai bét dau.
2.3.3 Quan ly nang luong
- Mbi tram déu tich hop thuit toan quan 1y ning lugng
nham t6i wu van d& st dung ning luong tir pin quang
dién va pin du phong. Diéu nay bao gdm viéc giam sat
murc pin, diéu chinh ché d6 hoat dong (ché d6 chd/van
hanh), va quan 1y qué trinh sac/xa pin dé kéo dai tudi
tho hé thong. Tir két qua tinh toan cong sut tiéu thu
trong 24 gid cua board mach hé thdng, dung lugng pin
ma hé théng can dé hoat dong hiéu qua:
C=(E x 1000)/V

Trong do:

C 1a dung lugng pin (mAh)

E 14 nang luong ti€u thu (Wh)

V la dién ap (V)
- Ap dung cong thic tinh:

C=(E x 1000)/V = (81 x 1000)/12 = 6750 mAh
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— Nhu vay, dé tram hoat dong 6n dinh trong 24 gio,
can st dung bo pin c6 dung luong tbi thiéu 6750 mAh.
Bo6 pin c6 thé duoc chon véi dung luong 16n hon dé
dam bao hoat dong 6n dinh trong diéu kién thoi tiét xau
hodc khi tAm pin mat troi khéng cung cdp du ning
lugng.

3 Két qua va thao luan

Dé danh gia toan dién hé thong, cac thir nghiém trong
nhiéu diéu kién khac nhau dugc tién hanh trén ca md
hinh thuc té va tai cac dia diém ngoai troi dai dién cho
moi trudng hoat dong cua dudng sit.

—  Thiét bj thir nghiém: hé thong dugc xay dung véi
cac phan cimg da thiét ké, bao gdm cic board mach
diéu khién ATMega328p, module LoRa, cam bién dia
chin, camera, co cdu barie nhd, coi va dén canh bao.
Toan bd hé thdng duge cip ngudn bang pin quang dién
va pin dy phong.

—  Thtr nghiém sy 6n dinh ciia bd truyén nhin LoRa,
nhom tac gia di tién hanh do khoang cach truyén/nhan
ctia module LoRa tai nhiéu khu vuc khac nhau. Bé dam
bao cac thong sb gidbng nhau ¢ cic méi trudong thir
nghiém, phuong phép chon cac thong sb trung binh
trong cai dat dé dam bao khach quan trong thir nghiém,
cac thong s6 gom:

Tan s6 hoat dong: 413 MHz

Cong suat: 12 dBm

Kénh truyén thong: 3

Téc d6 truyén: 9600

Do dai goi tin: 16 byte

Thoi gian cho: 250 ms

An-ten: 433 MHz, 3 DB, dai 52 mm, tr¢ khang 50
Ohm.

o+ o+ + + o+ o+
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Hinh 11 Do khoang cach truyén/nhén tai khu vuc
bo song Sai Gon

Hinh 12 Do khoang cach truyén/nhan tai duong
ngang khu vuc Binh Duong

— Két qua vé hiéu suat truyén thong LoRa: cac thir
nghiém cho thay module LoRa truyén/nhn tin hiéu
thanh cong gitra cac tram voi khoang cach dat (1,2-1,8)
km, ngay ca trong diéu kién c6 mot sb vat can. Diéu
nay dap tmg yéu cau vé khoang cach van hanh ctia hé
thdng tai cac giao cat dudng sat (Hinh 11, Hinh 12).

— Kbha nang phat hién tau ctia Tram 1: cdm bién dia
chin tai Tram 1 da phat hién tau mot cach dang tin cay
trong pham vi (50-100) m. Cam bién dia chin dugc
hiéu chinh d6 nhay dé phat hién rung dong & ngudng
(3-5) mm/s. Khi cudng d6 rung dia chan do tau hoa giy
ra dat ngudng kich hoat, cam bién sé& xuét tin hiéu logic
5 V (DC). Gia tri tin hiéu nay dugc hé théng xu ly lién
tuc voi tan sb léy mau 1a 100ms. Sy hién dién cua tau
dugc xac dinh dua trén hai diéu kién: tin hiéu dong thoi
tir hai cam bién (dwoc ldp dit cach nhau 10 m) phai
cung dat muc 5 V (DC) va trang thai nay phai duy tri
lién tuc trong khoang thoi gian 3 gidy. Pong thoi, Tram
2 phat tin hiéu canh bao sém khi ¢6 tin hi€u tir Tram 1
phat hién tau di chuyén dén.

— Hoat dong cta barie va canh bao: hé théng diéu
khién tai Tram 3 d3 van hanh barie an toan. Thoi gian
tir khi nhan tin hiéu tau dén cho dén khi barie dong hoan
toan va canh béo kich hoat duoc t6i vu dé dam bao an
toan trudc khi tau dén. Coi va dén canh bao hoat dong
hiéu qua, gay su chii y dén nguoi tham gia giao thong.
— Hé théng camera déng vai trd quan trong, chiu
trach nhiém phat hién va canh bao nguy hiém. Camera
duoc lz'ip dat ¢ dinh tai vi tri 6 tAm nhin toan canh khu
vuc dudng ray va barie, dam bao ghi nhan day da moi

hoat dong xay ra trong ving can giam sat (Hinh 13).
Thuat toan YOLOv11n da chiing té kha nang phat hién
vat can trén duong ray voi dd chinh xac cao trong thoi
gian thyc. HE théng da thanh cong trong viéc nhan dién
nguoi va phuong tién, cho phép Tram 3 guri tin hi¢u
canh bao khan cap vé Tram 2.

Nguyén Tt Thanh University
Project: AUTOMATIC BARRIER @
Authors: Pham Minh Tri, Lé Cao Higu L ", J
Hb Alil, Bdi Vi Minh, Nguyén Hiru Luin =
| # £ 4
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Hinh 13 Giao dién phan mém diéu khién chinh

— Hiéu qua nang lugng:

+ Pin dy phong véi dung luong 6750 mAh két hop
véi pin quang dié€n, cac tram hoat dong doc 1ap va lién
tuc ma khong cin ngudn dién ludi.

+ Board mach hé théng c6 murc tiéu thu dién ning
thap vao khoang 81 Wh/24 gio, thoi gian hoat dong ciia
hé thong duoc kéo dai, giam phat nhiét va tiét kiém chi
phi van hanh.

Tom lai, két qua thir nghiém khang dinh rang h¢ thong
diéu khién barie tu dong dé xuét hoat dong chinh xac,
6n dinh va dang tin cay, gop phan ning cao dang ké sy
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an toan tai cac giao cit dudng sit khong duoc bao vé.
Mac du hé théng da dat duoc cac muc tiéu dit ra, viéc
t6i wu hoa hon nita thuat toan xt 1y anh trong cac diéu
kién khac nhau va tich hop thém cac cam bién du phong
1a dinh huéng nghién ctru trién vong trong tuong lai.

4 Két luan va dé xuat

Bai bao nay da trinh bay mo hinh ty dong hda toan dién
nham nang cao kiém soat an toan tai cac giao cit dudng
sat-duong bo, thong qua viéc nghién ciru va phat trién
hé thong diéu khién barie ty dong. Hé thong véi kién
truc ba tram chirc nang (phat hién tau, canh bao lai tau,
diéu khién chinh tai giao cit két hgp phat hién vat can)
tich hop cam bién dia chan, LoRa va xtr Iy anh
YOLOvV1 In. Két qua thir nghiém trong diéu kién thuc
té da chirng minh m6 hinh hé théng hoat dong 6n dinh,
chinh xac va dang tin cay: kha nang phat hién tau va
vat can dugc thuc hién kip thoi, ddm bao an toan cho
qua trinh d6ng/ma barie va canh bao khan cap toi lai
tau. V& hiéu suit truyén thong: hé thong hoat dong véi

Tai liéu tham khao
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ty 1€ truyén/nhén tin hiéu thanh cong gitta cac tram dat
(1,2-1,8) km, dap ung yéu clu vé pham vi hoat dong
thuc té. V& hiéu qua nang lugng: muc ti€u thu dién
nang thap 81 Wh/24 gio. Khi két ndi v6i pin du phong
6750 mAh va pin quang dién, cac tram c6 kha nang van
hanh ddc 1ap va lién tuc ma khong can nguén dién ludi.
Trong tuong lai, nghién ciru c¢6 thé tap trung vao viéc
cai thién hiéu suat ciia hé thong trong diéu kién moi
truong khic nghiét, tich hop cac k¥ thuat hoc may va
tri tué nhan tao dé nang cao kha ning du doan va thich
tg. Ddng thoi, viéc phat trién cac tinh ning giam sat
va diéu khién tir xa, ciing voi cc co ché chiu 16i va toi
wu chi phi, s& 1 nhitng hudng di quan trong dé hoan
thién va nhan rong hé thong.
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Automation Solution for Railway Crossing Safety Control: A Study on Automatic Barrier
Control System
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Abstract  This study focuses on the design and implementation of an automated control system aimed at
optimizing safety and mitigating accident risks at unprotected railway-road intersections. The model was
constructed based on a three-station distributed embedded control architecture, utilizing microcontrollers and a
LoRa wireless communication network. Station 1 employed geophone sensors for seismic data acquisition to
determine the presence of an approaching train. Station 2 served as the coordinator, transmitting early warning
commands. Station 3, situated at the crossing, was responsible for barrier mechanism control and integrates
computer vision for monitoring and detecting intrusion into the danger zone. The novel contribution is the synthesis
of physical sensors and an intelligent vision system. This model incorporated a bidirectional safety mechanism,
enabling Station 3 to reverse-alert the train (via Station 2) upon detecting unsafe obstacles. Experimental results
demonstrated the system’s reliable operation, with a successful signal transmission/reception rate between stations
reaching (1.2—1.8) km. Furthermore, the system exhibited low power consumption, quantified at approximately 81
Wh/24 hours. When connected with a 6750 mAh backup battery and photovoltaic cells, the stations were capable
of continuous and autonomous operation without reliance on the power grid.

Keywords automatic barrier, railway safety, warning system, automation, image processing, lora
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