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Abstract. During train arrival at a metro station, the passengers tend to randomly move
beyond the safety line and are likely to fall down the tracks, leading to an accident or a
sudden-train-stop. This work presents an experimental study on fabrication and field-test of an
electronic mat that automatically gives an alert message to the passengers being beyond the
safety line. Based on a soft pressure sensor, the device is very thin to be easily integrated into
a module of electronic mat which can be laid on the floor without affecting the avaiable
construction structure of the station platform. During the time of waiting for the train arrival,
if the passenger moves beyond the safety line and then steps on the mat changing the
electrical signal level, the device will immediately generate a warning signal via the speaker
and LED strip. Addtional results obtained from the field-test at Cat Linh Station on the 2A
Cat Linh-Ha Dong route are presented in detail in the article.
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Tom tat. Tai nha ga metro, khi doi tau dén hanh khach c6 xu huéng di chuyén qué vach an
toan va c6 kha ning roi xubng duodng ray, rit din dén tai nan hay lam gian doan hoat dong
chay tau. Bai bao trinh bay nghién ctru ché tao va thir nghiém tham dién tir ty dong canh béo
hanh khach vuot qua vach an toan. Ché tao tir cam bién ap luc mém, thiét bi canh béo c6 kich
thugc rat mong va tich hop thanh “module tham dién tir” c6 thé dat trén nén ma khong anh
hudng dén két cau xay dung hién tai ciia nén nha ga. Trong thoi gian chd tau, néu hanh khach
di chuyén qua vach an toan va dam Ién tam tham Iam tin hiéu dién thay d6i, thiét bi s& phat ra
canh bao qua loa va dén LED dai. Céc két qua thir nghiém khac tai ga Cat Linh trén tuyén
metro 2A Cét Linh-Ha Pong duoc trinh bay chi tiét trong bai béo.

Tir khéa: Ga Cét Linh, Canh bao qua vach, tham dién tir, an toan trén tuyén Metro Ha Noi

© 2020 Truong Dai hoc Giao thong vdn tai

1. PAT VAN PE

Tai nha ga metro, thoi gian doi tau nhat 1a gid cao diém hanh khach thuong c6 thoi quen
lam viéc riéng nhu xem phim, nhan tin, nghe nhac, n6i chuyén riéng theo nhém, .... Cac hanh
dong nay thuong dan dén sy mat tap trung nhat thoi hay chen lan trong di chuyén va rat dé
vuot quéa khu vuc vach an toan, tham chi c6 thé roi xudng khu vuc duong ray [1-14]. Hinh 1
minh chiing vé cac truong hop xay ra tai ngay ca véi cac nudc ¢ cong nghé hang dau thé gioi
nhu tai California-Hoa ky nim 2019 [2] hay tai New Delhi-An do nam 2020. Vot qua vach an
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toan hay roi xudng duong ray déu din téi nguy hiém vé tinh mang cho hanh khach néu tau
khong kip dirng khan cip. Tai Viét Nam nhiéu tuyén duong sit do thi dang duoc xay dung tai
TP HCM va Ha Noi, s& sém dua vao khai thac véi kha ning van chuyén hang triéu
khach/ngay. Vi du tuyén Cat Linh Ha Pong chuyén tro 960 khach/chuyén va 160.000-
180.000 hanh khach/ngay [1]. Hinh anh khao sat ga Cat Linh thé hién & hinh 2 cho thiy,
gidng nhu cac ga metro tai cac nudc trén thé gisi, hién ga khdng dwoc b tri rao chin hay go
chan. Véi dac thd dan sé tré ludn lubn cé nhu cau sir dung thiét bi thdng tin moi ldc moi noi,
y thirc ctiia nguoi tham gia giao thong chua thuc su cao, lwgng hanh khéch 16n,... cho nén kha
nang xay ra su 6 la rat cao. Vi vay phat hién va canh bao hanh khéch di chuyén vao khu vuc
khong an toan trong khi doi tau 12 hét sic quan trong va dit ra trong thuc tién khai khac nham
nang cao do an toan, dam bao thoi gian van hanh thong sudt trén tuyén Metro Ha Nai.

Yoyl °

Hanh khilch

5

Hinh 1. Hinh anh v& hanh khéach roi xudng duong ray tai nha ga Metro California-Hoa ky [hinh trén,
2] va New Delhi-An d6 tai An d¢ [hinh dudi, 3].
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Hinh 2. Hinh anh khéo sat tai ga Metro Cat Linh trén tuyén Cat Linh-Ha Dong, Ha Noi.
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Nghién ctu ap dung cong nghé tw dong hoa tién tién v6i muc tiéu nham han ché cac
truong hop néu trén gan day rt dugc quan tdm trong giao thdng van tai [8-14]. Tac gia Y.
Park [8], B. Delgado va cac cong su [9] ung dung xt ly anh dé nhan biét hanh dong bt
thudng, tir d6 xac dinh hanh khach qué vach hay roi xudng khu vuc duong ray. Xt ly anh cé
wu diém 1a pham vi nhan dang [6n, tuy nhién ciing con c6 mot 6 ton tai d6 1a chi phi gia
thanh caa ca hé théng gdm ha tang dé lap dat camera, phan ciing, phan mém kha 16n. Ngoai ra
cON ton tai céc “gdc chét” noi camera khong thé quan sat; va san thuong bi che 1ap bsi hanh
khéch tai gio cao diém hay khu vyc thiéu anh sang, hinh anh tir camera sé rét thiéu théng tin
lam cho viéc nhan dinh hanh khach vuot vach cé d6 chinh xac khéng thuc su cao. Hudng tlep
can khac ciing dang duoc thyc hién d6 1a sir dung tham dién tar phi 18n khu vuc nguy hiém
[12-14]. Khi hanh khach di chuyén va xuat hién tai khu vuc ndy, sé& co tiép xtc vat ly truc tiép
|én tham, lam thay di dién ap/dong di¢n; can ctr vao thay d6i nay dé tu dong nhan dang qua
vach. Phu:ong phap nay co wu diém 1a khong cé géc chét, khdng phu thudc didu kién chiéu
séng, va tiép xuc truc tiép nén co thé phat hién ngay lap tic va chinh xac thoi diém hanh
khach vuot sang viing nguy hiém. Gia thanh thip va viéc thi cong lap dit ciing don gian hon
camera. Dién hinh cho hudng nghién ciu nay, GS Angelo Catalano sir dung tham dién tar ludi
soi quang dé thir nghiém tai nha ga Naples, ltaly [12]. Qua sy thay ddi cua séng Bragg soi
quang, thiét bi giam sat s& phat hién 1ap tac thoi diém hanh khach dam Ién tham tai ga Naples.
DU viéc thir nghiém rat thanh cong, nhung c6 thé thiy rang soi quang va cac mach diéu khién
vé6i thiét bi chuyén d6i quang/dién kha phirc tap trong thiét ké, ché tao va van hanh, nhat la
khi trién khai trén mot pham vi c6 dién tich 16n cua ga [12,14].

Véi muc tiéu phat trién thiét bi canh bao don gian, gia thanh thap va phu hop vai viéc lap
dit tai cac nha ga metro Ha Noi, tham dién tar st dung cam bién ap luc dién tré duoc trinh bay
va thao luan trong nghién cau nay. Thiét bi tham cé kich thudc rat mong va dé dang dat trén
nén-khu vuc can canh bdo ma khéng anh huong dén két cau xay dung hién tai. Theo tim hiéu
cua tac gia, day 1a mot trong nhitng céng bb dau tién vé ché tao va thir nghiém tham dién tu
canh bao qua vach an toan trong metro Ha Noi.

2. THAM PIEN TU MEM
2.1 Module tham cam bién

Dé c6 thé thuan loi trong |ap dat trién trén pham vi dién tich rong nhu ¢ nha ga (hinh 3a),
tham dién tir dugc 1én ¥ tuéng gom nhleu module nhu hinh 3b. M&i module ¢6 cau tao tham
cam bién duoc thé hién dudi hinh 3¢ gém céc 16p chinh:

- L6p cam bién: s dung cam bién ap lyc FSR 600 mm, Interlink, Hoa ky. Dy la mot
trong nhiing linh kién quan trong nhét cua thiét bi canh bao; 16p tham cam bién khong
nhitng mém déo va con rat bén bai vi duoc 1am tir mang mong polyme dan.

- L6p tham: sir dung tham OEM, Dai loan véi bé mat bang ni va dé cao su khong thim
nudc, do béquinh mat san cao rat phu hgp vai viéc sir dung tai cac dia diém co nhiéu
nguoi di chuyén qua.

Trudc tién, 16p tham duoc cat thanh miéng kich thude 400x600 dé pha hét cac cam bién
FSR bén trong. L6p cam bién va duoc gin xen gitra vao hai 16p tham si dung keo déo va
dugc dat trong budng nhiét 60 °C trong 2 gio. Gié tri nhiét do nay co thé tang do két dinh ma
khong 1am thay d6i tinh chat co 1y cua Iop cam bién va tham [13]. Sau khi hoan thién, module
tham cam bién dugc dic tinh hoa voi thiét bi tao luc UH 500-kN (SHIMADZU, Kyoto,
Japan) va thiét bi do dién trg Keithley. Cac tham sb co ban cia module tham cam bién duoc
tong hop trong bang 1.
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Nguyén |y hoat dong: O trang thai chd (trang thai binh thuong) dién tré ngd ra caa cam
bién 1a cuc dai ~10,5 MQ, khi c6 &p lyc tac dong theo phuong vudng goc voi bé mat cam
bién, céc 1op polyme dan bén trong bi ngan mach, noi tré cam bién sut giam dot ngot XUOng
~kQ hay ~Q theo d6 1on cua ap luc. Khi luc tac dong dugc giai phong, cac 1op polyme hdi
phuc vé trang thai binh thuong va dién tré cam bién tro lai gié tri cuc dai.

Lép LED day b tri
bao quanh

Tianad —

Sau khi hoan thién

Hinh 3. a, M hinh day tham gom cac module ghép lai. (b) Cau tao va (c) hinh anh module tham sau

khi hoan thanh.

Bang 1. Tham s6 cua module tham cam bién.

STT Tham s6 Gia tri
1 Khu vuc do 600 x 400 mm?
2 bo day 10 mm
3 Gia trj dau ra Q
4 Khoang do ~ (10 +1034) kPa
5 Thoi gian dép ting 100 ps
6 Do chinh xac 5%
7 Nhiét do lam viéc (10 +50) °C
8 Do tur tré ~3%
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2.2 Thiét bi xir ly tin hiéu

So dd nguyén ly, bé tri linh kién va hinh anh mach xir ly tin hiéu canh béo thé hién & hinh
4. Cac linh kién chinh st dung ché tao mach duoc thong ké tai bang 2, day déu 1a cac linh
kién duoc lra chon can than va co chit luong cao dé dam bao yéu ciu vé sy 6n dinh cua mach
trong diéu khién 1am viéc tai nha ga. Tin hiéu dau ra cua tham trudc hét duoc chuyén ddi sang
tin hiéu dién a4p nhd mach chuyén déi R/V (tré/ap), sau d6 duoc khuéch dai sir dung IC
LM358. Nham diéu chinh d6 nhay khi van hanh, bién tré duoc sir dung tai khau hdi tiép cua
mach. Tiép theo, tin hiéu dwa dén chip nhing STM32 ¢4 tich hop sin bo chuyén déi ADC 12
bit. Man hinh LCD hién thi théng tin tau dén ga, tau dd, tau di, s6 hiéu tau.

MACH XU LY TiN HIEU

a £ Mach
Thim o Mach ADCRIC |»] LCD
cam bién chuyén doi 7S . g cas
’ : khuéch dai STM32 Coi, déen

Khoi nguon

L PR TPV AR AR G T

Hinh 4. a, So 6 nguyén 1y mach. b, Hinh anh ba chiéu bo tri céc linh kién. c, Thiét bj xu Iy tin higu
canh bao lan lan sau thi cong

Bang 2. Cac linh kién chinh sir dung ché tao mach xt ly tin hiéu.

STT  Chikc ning Linh kién, nha san xuat
1 IC khuéch dai IC LM358 ctia Texas Instruments
2 IC ngudn LM1117 caa Texas Instruments
3 Vidiéu khién STM32F103C8T6 cua STMicrochip
4 Canh b&o anh sang LED day KL-5050-SS Samsung
5 Canh b4o am thanh Loa chip NAZE32
6 Hién thi théng tin tau, thoi gian dd Man hinh LCD Nokia 5110
7 Ngudn cip Pin 1,5 V cua Panasonics
8 Vo hop nhua bao vé BO1N8SLCUM cua Asin

Mt khac, véi yéu cau nha ga metro 1a am thanh canh bao khong duoc qua to va anh sang
canh béo khong dwoc qua chéi vi co thé at hé thong am thanh va dén tin hiéu nghiép vu tai ga,
nhung ciing khong dugc quéa yéu dé hanh khach c6 thé nhan biét ngay ca khi mat tap trung.
Sau khi tim hiéu va thir nghiém, LED day véi anh sang nhe da canh béo va loa buzzer véi &m
thanh 16n hon béo cudc goi cua dién thoai mot chut duoc sir dung. LED day dugc bé tri xung
quanh Iép tham cam bién (hinh 3b) con loa buzzer dugc dat trong hop mach xir ly (hinh 4c).
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Nhin chung, mach dugc thiét ké ¢ day kha don gian bai vi chi phai xt ly tin hi¢u dign. Day
chinh 13 wu diém 16n néu so véi hé théng canh béo sir dung soi quang trong nghién ciru cua
cac nhom Angelo Catalano [12] va Qiuming Nan [14] véi viéc phai st dung thém mach
chuyén ddi quang/dién va mach xir Iy buéc song Bragg phuc tap.

3. THU NGHIEM TAI GA CAT LINH

Thoi diém dau nam 2020 khi nhom nghién ctu tién hanh tha nghiém thiét bi, Tuyén 2A
Cat Linh-Ha Pong van chua chinh thire di vao hoat dong, chua c6 thong tin khai thac vé thoi
gian chay dén va dd tai mdi Ga. Dé c6 thé tién hanh thyc nghiém, nhém tién hanh tham khao
cac chuyén gia k¥ thuat tai tuyén Metro 2A sau d6 gia 1ap thoi gian véi chu ky tau dén ga l1a
90 s, va thoi gian dd dén khach tai ga 1a 20 s. Bé lap trinh cho chip nhing, thoi diém bit dau
(khoi tao) dat 1a méc tinh thoi gian hanh khach doi tau trong 90 s, ddy 1a khoang thoi gian
hanh khach khong duoc phép di chuyén qua vach an toan. Tir 90 s-110 s, tau dd tai ga 20 s dé
don khach, hanh khach duoc phép di chuyén tu do dé 18n tau. Sau thoi diém 110 s-tau di khoi
ga, thoi gian lai duoc x06a lai tir dau va chu ky hoat dong lai lap lai cac qué trinh trén. Céc
canh béo can thiét twong tng véi khoang thoi gian tau dang dén ga/dang di ra khoi ga, tau d6
tai ga trinh bay tai Bang 3.

Bang 3. Gia lap chu ky tau dén, dd tai ga Metro va cach hanh dong canh bao can thiét.

Thai gian Trang thai Hanh dgng
0<t<90s Tau dang dén/dang di | Khong an toan | Néu c6 qué vach = canh bao
90s<t<110s | Tau dd tai ga An toan Néu cd qué vach = Khéng canh bao
Bét da
(a) )
Time; Buffer; Buffer =
adcValue; RTC.Second
timeState;
T
Khot tao ADC, RTC,
10/LCD Diing
M , timeState = |
Dung KhéngAnToan
‘ adcValue = ‘
ReadADC
timeState =
‘ Ly gid tri RTC ‘ AnToan
‘ Sai
., , Time =0
Canh béo ra timeState = Hién thi
Loa va LED AnToan? LCD i l
4 timeState =
Sai KhoéngAnToan
Hién thi LCD @\;ﬁc\‘

Hinh 5. a, Luu d6 chwong trinh diéu khién ty dong canh bao an toan nha ga Metro Cat Linh nap cho
chip nhdng. b, Luu do thuat toan “lay gié tri RTC” trén hinh 5b theo biéu do chay tau gia dinh.

Cin ctr vao bang 3, luu dd thuat toan diéu khién nap cho chip nhing STM32 duoc thiét
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ké va the hién trong hinh 5a. Trong do, thoi gian xéc dinh tau dén, tau dd, tau di s& dugc dong
b6 nho khoi RTC (Real time clock-dong ho thoi gian thuc) cia STM32 (hinh 5b).

Mt khéc, tai thoi diém ther nghiém cac duong vach an toan chua dugc chi rd rang tai nha
nha ga (hinh 2). Duéi su tu van cia cac k¥ su xay dung tuyén 2A, nhom tién hanh lap duong
vach an toan gia dinh tai khu vuc gitra caa lan doi nhu hinh 6a. Ngoai ra, c6 thé nhan thay qua
hinh 6a 1a viéc thi cong lip dat thiét bj tham canh bao hét sirc don gian, khdng can phai bd
sung thém ciu kién xay dung ndo hay can thiép vao hé co so ha tang tai ga nhu khoan duc, lat
lai nén. Va vi tham canh bao rat mong cho nén co ban khdng anh huéng 16n dén my quan va
cao do cua san nha ga. Bé giam chi phi va thoi gian, tai buéc ndy nhom chi thuc hién viéc
trén pham vi nho 600x400 mm? véi cac trudng hop thudng gap nhat:

- Thir nghiém trwong hop 1: Hanh khdch doi tau trong thoi gian tau chwa dén/hodgc
tau roi ra, tirc 1a khodng ter 0-90 s

Trong trueong hop nay, hanh khach dtng doi trong khu vyc trude vach an toan sé khong
c6 canh bao (hinh 6a), nhung khi hanh khach di chuyén vao khu vuc nguy hiém va cham vao
tham cam bién dan t&i mac gia tri dién tré dau ra cam bién giam dot ngot, thiét bi lap tic phat
sinh canh bao bang am thanh qua loa buzzer va &nh sang qua LED day (hinh 6b). Nhan thay
minh vuot qua vach tir tin hiéu canh bao, hanh khéch sé& di chuyén lai khu vuc an toan, dén
LED day va loa canh bao ngat ngay lap tirc (hinh 6¢), bao hiéu hanh khach da & khu vyc an
toan.

| ——
(a) Hanh khach doitau "7} (b) Vugt qua an toan: cinh bao || (¢) Lui lai: khong cinh bao

- V’ach an toan
"7 gia dinh

. LR LED t6i
Hinh 6. Kiém tra tng dung Canh bao khi hanh khach truong thanh c0 trong luong ~ 65 kg doi tau.

- Thir nghiém trwdong hop 2: Tau dé tai ga dé don hanh khdch, tirc 12 tir 90-120 s

Khi tau dd tai ga dé don khach, hanh khach duoc phép di chuyén tu do qua vach an toan
tién dén cAc cira va 1én tau, khi d6 can it canh béo. Hinh 7a Ia két qua thir nghiém cho truong
hop nay. Co thé thay rang, gia dinh khi tau dd tai ga trong thoi gian 20 s, du huong di chuyén
la vé cira gan vai vi tri dang (hinh 7a-tréi), hay ngau nhién tién dén hudng khac dé 18n tau
(hinh 7a-phai), hanh khach déu duoc tu do di chuyén, thiét bi déu khdng dua ra bat ky canh
bao nao trong khoang 20 s nay (tinh hubng hinh duéi 7b 13 hanh khach dung tai vi tri hay
huéng tuong tu nhung 1a khi tau dang t&i hodc di ra khoi ga, thiét bi s& phat ra canh bao ngay
lap tac).
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Gia dinh tau db tai ga: khong cinh bio

Hinh 7. Kiém tra (rng dung canh bao khi tau d6 tai ga Metro d6n hanh khach.

- Thir nghiém truong hep 3: lra tudi/nhom hanh khach khach khac nhau dei tau

Thuc té khai thac tai cac quéc gia di trudc cho thiy, dbi twong tham gia giao thdng metro
da dang tir vat nudi mang theo, tré nho di ciing bé me, dén nguoi hoc sinh, sinh vién, trung
nién, ngudi gia, tham chi nhoém nguoi tai khu vic nho trong gio cao diém. Céac déi tuong nay
c6 thé trang khac nhau nén gay ra cac gia tri ap luc 1én tham ciing s& khac nhau. Nhom da tién
hanh thém céc thi nghiém véi cac truong hop nay va tong hop ¢ hinh 8. Nho dai do rong cua
cam bién (bang 1), module thiét bi c6 thé nhan va canh bao ngay tir vat nudi nho khoang 2 kg
dén nhom 3 nguoi Vai trong lugng 1én dén 250 k.

;7 & &

&

!

™

)

an . £

P '
4

i

M .
- S
>
2kg  Skg 10 kg 25 kg 50 kg 60 kg 80 kg 250 kg

Hinh 8. Kiém tra tmg dung canh bao I4n 1an véi cac dbi tugng tham gia giao thong khac nhau.
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- Thir nghiém trudong hop 4: Toc dd di chuyén trén san khi dei tau

Bén canh cac yéu té trén, kha nang dap ung cua thiét bi vai toe d6 di chuyén cua hanh
khéach tai nha ga ciing 1a mot yéu té can xac dinh. Thi nghiém duoc thuc hién théng qua viéc
dé hanh khach truong thanh (~ 65 kg) di chuyén qua tham trén san ga véi toc d6 khac nhau.
Két qua duoc thong ké tai bang 4 cho thay Ia thiét bi c6 thé canh béo chinh xac céc truong
hop tir di bo thuong, di bo nhanh, chay bd cham, dén chay bo nhanh. C6 thé thay ring nho
vao thoi gian dap ung tuong ddi nhanh (~100 ps, bang 1) cua cam bién, thiét bi kip thoi dua
ra canh bao ngay ca khi hanh khach chay bé nhanh khoang 20 km/h.

Bang 4. Tong hop kha ning canh bao khi hanh khach di chuyén vei toc do khac nhau.

STT Hinh thirc di chuyén Téc dd Canh bao dwgc
1 bi bo thuong ~ (1-3) km/h
2 bi bg nhanh ~ (4-7) km/h
3 Chay bo cham ~ (8-10) km/h
4 Chay bd nhanh ~ (15-20) km/h
4. KET LUAN

Bai bao trinh bay nghién ciru vé tham dién tor mém ty dong canh bao hanh khach vuot
qua vach an toan cho nha ga tai metro Ha Noi. Két qua ché tao va thir nghiém thanh cong tai
Ga Cat Linh trén tuyén metro 2A Cét Linh-Ha Dong cho thay:

- CAu tao thiét bi don gian tir cam bién dén mach xir ly, dugc ché tao véi gia thanh thap
va chi dong hoan toan tai Truong Pai hoc Giao théng van tai.

- Module cam bién rit mong va dé dang dat trén khu vyc can canh bao ma khéng anh
huong dén két cau xay dung hién tai hay tinh tham my cua nha ga Metro. Ngoai ra, nho tinh
mém déo, tham cam bién cd thé tiy bién dé d& dang dugc dit vao cac khu vuc c6 dia hinh bét
ky, nhat Ia cac goc chét tai ga noi camera khong thé quan sat.

- Module cam bién gidng nhu vién gach Iat nén, c6 thé dé rang ghép voi nhau dé bao phu
toan bo khu vuc can canh béo theo chiéu doc san ga.

- Cho phép linh dong thay d6i giao thirc canh bao theo biéu d6 chay tau cua mdi tuyén
nhat dinh théng qua nap chuong trinh diéu khién cho chip nhing ma khong phai thay méi
phan cing.

- Bén canh viéc sir dung doc l1ap, théng qua viéc bo sung module truyén thong va chuong
trinh diéu khién tuong (g, tham canh bao con c6 thé két néi hd trg hé thdng diéu khién trung
tam sir dung cong nghé CBTC cua tuyén Cat Linh-Ha Péng nham ting cuong thong tin dé
diéu khién qué trinh dimg tau dot ngot, gép phan dam bao an toan tuyét ddi cho hanh khach
khi str dung metro.

LOI CAM ON

Nghién ctru nay duoc tai tro mot ph'?m boi Bo Gido duc va Pao tao trong dé tai ma s6 B2019-GHA-03.
Tac gia va nhoém nghién ciu xin chan thanh cam on GS.TS. Pham Vin Ky, B6 mén Puong sit,
Trudng Dai hoc Giao thong Van tai va Ban Quan 1y Pudng sit do thi Ha Noi-Tuyén 2A Cat Linh-Ha
Poéng da gop y va tao diéu kién thuc hién cac thir nghiém tai Ga Cat Linh.

272



Transport and Communications Science Journal, Vol 71, Issue 3 (04/2020), 263-273
TAI LIEU THAM KHAO

[1]. https://hanoimetro.net.vn/metro-userguide/huong-dan-su-dung-he-thong-metro/

truy cép ngay 186 thang 2 nam 2020
[2]. https://www.ctvnews.ca/world/california-transit-worker-rescues-man-from-oncoming-train-
1.4669709.

truy cép ngay 18 thang 2 nam 2020
[3]. https://www.indiatoday.in/trending-news/story/man-flashes-woman-on-yellow-line-of-delhi-
metro-twitter-thread-goes-viral-1646121-2020-02-13

truy cép ngay 18 thang 2 nam 2020
[4]. https://edition.cnn.com/videos/world/2019/10/18/moment-a-woman-falls-onto-subway-tracks-in-
buenos-aires-lc-orig.cnn,

truy cdp ngay 18 thang 2 nam 2020
[5]. M. Kyriakidis, R.C. A. Hirsch, A. Majumdar, A global safety analysis and best practice for metro
railways, Proceedings of the Institution of Civil Engineers-Transport, 166 (2013) 362-374.
https://doi.org/10.1680/tran.11.00005
[6]. Y. Xing et al., An analysis of escalator-related injuries in metro stations in China, 2013-2015,
Accident Analysis & Prevention, 122 (2019) 332-341. https://doi.org/10.1016/j.aap.2017.10.007
[7]. M. Kyriakidis, R. Hirsch, A. Majumdar, Metro railway safety: An analysis of accident precursors,
Safety Science, 50 (2012) 1535-1548. https://doi.org/10.1016/j.ss¢i.2012.03.004
[8]. Y. Park, 3D vision-based security monitoring for railroad stations, Journal of the Optical Society
of Korea, 14 (2010) 451-457. https://doi.org/10.3807/JOSK.2010.14.4.451
[9]. B. Delgado, K. Tahboub, E. J. Delp, Automatic detection of abnormal human events on train
platforms, IEEE National Aerospace and Electronics Conference, Dayton, OH, USA, 24-27 June
2014. http://doi.org/10.1109/NAECON.2014.7045797
[10].B. Delgado, K. Tahboub, E.J. Delp, Automatic detection of abnormal human events on train
platforms, IEEE National Aerospace and Electronics Conference, Dayton, OH, USA, 169-73, 2014.
https://doi.org/10.1109/NAECON.2014.7045797
[11].S. Oh, S. Park, C. Lee, A platform surveillance monitoring system using image processing for
passenger safety in railway station, International Conference on Control, Automation and Systems,
Seoul, South Korea, 394, 2007.
[12].A. Catalano et al., An optical fiber intrusion detection system for railway security, Sensors and
Actuators A, 253 (2017) 91-100. https://doi.org/10.1016/j.sna.2016.11.026
[13].A. Catalano et al., An intrusion detection system for the protection of railway assets using fiber
Bragg grating sensors, Sensors, 14 (2014) 18268-18285. https://doi.org/10.3390/s141018268
[14].Q. Nan et al.,, A novel monitoring approach for train tracking and incursion detection in
underground structures based on ultra-weak FBG sensing array, Sensors, 19 (2019) 2666.
https://doi.org/10.3390/s19122666

273


https://hanoimetro.net.vn/metro-userguide/huong-dan-su-dung-he-thong-metro/
https://www.ctvnews.ca/world/california-transit-worker-rescues-man-from-oncoming-train-1.4669709
https://www.ctvnews.ca/world/california-transit-worker-rescues-man-from-oncoming-train-1.4669709
https://www.indiatoday.in/trending-news/story/man-flashes-woman-on-yellow-line-of-delhi-metro-twitter-thread-goes-viral-1646121-2020-02-13
https://www.indiatoday.in/trending-news/story/man-flashes-woman-on-yellow-line-of-delhi-metro-twitter-thread-goes-viral-1646121-2020-02-13
https://edition.cnn.com/videos/world/2019/10/18/moment-a-woman-falls-onto-subway-tracks-in-buenos-aires-lc-orig.cnn
https://edition.cnn.com/videos/world/2019/10/18/moment-a-woman-falls-onto-subway-tracks-in-buenos-aires-lc-orig.cnn
https://doi.org/10.1680/tran.11.00005
https://doi.org/10.1016/j.ssci.2012.03.004
https://doi.org/10.3807/JOSK.2010.14.4.451
http://doi.org/10.1109/NAECON.2014.7045797
https://doi.org/10.1109/NAECON.2014.7045797
https://doi.org/10.1016/j.sna.2016.11.026
https://doi.org/10.3390/s141018268
https://doi.org/10.3390/s19122666

