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Abstract. Currently, railways constitute a significant portion of the transportation
infrastructure and are a crucial transport service in Vietnam. The application of effective
railway maintenance measures is essential to ensure operational safety and continuity. Safety
inspection measures on the tracks have been a focus of research by scientists in recent times.
The aim of this study is to develop an automated system for inspecting, measuring, and
alerting deviations in rail profiles within the Vietnamese railway system. The system utilizes
capacitive sensors and IMU sensors to measure vertical profiles, rail gauges, and leveling.
By integrating advanced sensor technology, the system aims to enhance the accuracy and
efficiency of rail maintenance, ensuring safety and reliability in railway operations. The
proposed method includes real-time data collection and processing, allowing for timely
detection and alerts for rail profile deviations that exceed regulatory limits. The experimental
results demonstrate the system’s effectiveness in identifying and alerting deviations,
achieving comparable accuracy and reducing execution time by four times compared to
traditional methods, thereby contributing to improved maintenance operations and
operational safety within Vietnam's railway network.
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Tom tat. Hién nay, dudng sit la thanh phan quan trong trong ha tang giao thong va van tai
Viét Nam. Viéc &p dung céc bién phap tét dé bao tri mang ludi dudng sat nham dam bao an
toan va lién tuc trong van hanh Ia rat can thiét. Cac bién phap kiém tra an toan trén dudng ray
da duoc quan tdm nghién ciru trong thoi gian qua. Muc dich ciia nghién ctiu nay 1a phét trién
mot hé thdng tu dong kiém tra, do dac va canh béo sai léch vé cac bién dang ray trong hé
théng duong sat Viét Nam. Nghién ctru nay dé xuét két hop cam bién dién dung va cam bién
IMU dé do bién dang thang ding, cu ly ray va thay binh ray. Hé thong hudng dén muc tiéu
nang cao do chinh xac va hiéu qua, dam bao an toan va do tin cay trong hoat dong duong sat.
Qua trinh thuc hién bao gdm thu thap va xir ly dir liéu theo thai gian thuc, cho phép phét hién
va canh bao kip thoi cac vj tri sai léch bién dang ray vuot ngudng quy dinh. Két qua the
nghiém chiing minh tinh hiéu qua cua hé théng, dat do chinh xac trong dwong va thoi gian
thuc hién giam bdn 1an so voi phuong phép truyén thong, gop phan cai thién cac hoat dong
bao tri va an toan van hanh trong mang ludi duong sat Viét Nam.

Tir khéa: arduino, cam bién imu, bién dang ray, kiém tra khéng pha hay, duong ray
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1. PAT VAN PE

Nhirmg nam gin day, sy ra doi cua cac cong nghé cam bién duoc 4p dung trong quan ly
duong sat da 6 budc phat trién nhay vot. Cong ngh¢ duong st chay trén ray van dang 1a loai
hinh duong sit dwoc sir dung pho bién nhét trén thé gigi hién nay do tinh an toan va chi phi dau
tu thap. Chinh vi vay, cac hoat dong bao tri va an toan van hanh trong mang ludi duong sat trén
ray |2 rat quan trong. Céc hé thong phét hién truyén thdng dua trén cac thiét bi co hoc tiép xtc
vé6i duong ray. Cac phuong phép tiép can tién tién dua trén quét laser va phan tich hinh anh.

Trén thé gisi, mot sb loai cong nghé cam bién da duoc sir dung dé giam sat duong ray,
chang han nhu: cong nghé laser [1], camera [2, 3] va cam bién quan tinh (gia téc k&, con quay
hoi chuyén, v.v.) [4], cam bién siéu am [5, 6]. Mt sé cdng nghé nay cd thé duoc sir dung cling
nhau hoic riéng biét, tly thuoc vao muc dich chinh cua viéc giam sét [7]. Cam bién quang hoc
laser thuong dugc coi 1a dat tién va ching cd thé lién quan dén chi phi bao tri cao. Hé théng
dua trén camera, chii yéu tap trung vao cac doan ray cu thé, chang han nhu dau ray, trong khi
phan tich do nhay phu thudc vi tri lap dat camera va chling yéu cau cac phan mém xi ly hinh
anh dat tién. Cam bién quan tinh da duoc sir dung rong rdi do gia thanh thap va hiéu qua cua
chdng. Cam bién quan tinh cd thé duoc lap trén truc xe lira, toa xe hoac bén trong toa xe va cac
phan tng dugc do lién tuc.

Hién nay, phuong phap do tham s6 hinh hoc duong ray bang thu cong 1a mét trong nhiing
phuong phap kiém tra duong ray phd bién nhét tai cac don vi quan ly duong sat trong nuéc nhu
minh hoa tai hinh 1. Thiét bi do thudc thuy binh tap trung chu yeu vao phan co hoc, chua c6 h¢
thong tu dong hd tro. Phuong phéap nay tén ¢éng stc, mat nhiéu thoi gian, cha quan va mot sé
13i ¢6 thé bi bo s6t.

Hinh 1. Thiét bi do thi cong (hmh anh chup b&i nhém nghlen cau).

Niam 2023, Cyc Puong Sit Viét Nam da ban hanh mot dy thao tiéu chuan Viét Nam: “Ung
dung duong st — buong ray — Kiém tra ray bang phuong phap khong pha huy” - Ma s6: TC
2239, tién d¢ xin lay y kién den 25/9/2024. Dy thao dua ra cc tiéu chuan ciia cac phuong phap
khong pha hiy trong duong sat nhu: Kiém tra tryc quan, Kiém tra hinh anh ty dong, Phuong
phap siéu am, Kiém tra bang dong dién xody, Thur nghiém hat tir tinh, Thu nghiém tham thau,
Kiém tra song. Dy thao nham hudng dén s hoa trong nganh duong sat Viét Nam. Hién nay,
du thao nay da dugc ban hanh chinh thire dudi bo tiéu chuan TCVN 14205 [8]. Bén canh do,
cling d3 c6 mot sb dé tai nghién ctru vé viéc ap dung cac cong nghé cam bién trong quan ly va
bao tri dudng sét trén ray [9, 10]. Cac nghién ciru nay sir dung cam bién siéu &m vai do chinh
X4c thap.

V6i myc ti€u dua cong nghé vao phuc vu sy phat trién bén viing caa nganh duong sit Viét
Nam, viéc xay dung mot hé thong tw dong nham do dac, klem tra va canh bao d6 sai Iéch hinh
hoc caa duong ray trén tuyén duong sit quéc gia 1a hét st can thiét. Hé thdng nay khong chi
g6p phan nang cao do an toan khi van hanh, ma con gitp tiét kiém chi phi va giam thiéu sic
lao dong trong cong tac bao tri. Trong bdi canh nhiéu dé &n phat trién dudng sat d6 thi hién dai
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dang duoc trién khai tai hai d6 thi 16n 1a Ha Noi va TP. H5 Chi Minh, nghién ctu nay hira hen
mang lai hi¢u qua van hanh cao hon, ddng thoi hd tro cac co quan quan ly trong viéc thu thap
va thong ké dix lieu mot cach chinh xac va kip thoi. Qua trinh xay dung hé théng co nhleu van
dé can duoc giai quyét do cac tac dong ciia moi truong 1am viée, qué trinh do dong, sai s6 cho
phép nho, su da dang thiét bi va cam bién. Chang t6i lya chon phwong phap do tiép xtc thdng
qua cac cam bién dién dung va cam bién IMU dé xac dinh vé d6 sai léch hinh hoc duong ray.
Qua trinh thuc hién bao gém thu thap dix liéu cam bién théng qua kit Arduino Nano 33 BLE va
mot phan mém giao tiép thiét bi trén may tinh dé xu ly dir liéu. Giao dién phan mém cho phép
cai dit thdng s, quan sat d6 thi bién dang, sai sé va tin hiéu canh bdo. Két qua thir nghiém
chirng minh tinh hiéu qua cua hé théng trong viéc xac dinh va canh bao d6 léch so véi phuong
phap do truyén thong.

Bé cuc bai bao nay dugc trinh bay nhu sau: Phan 1 giéi thiéu tong quan tinh hinh nghién
ctru; Phan 2 ching tdi miéu ta tong quan mé hinh hé thdng, thiét ké phan cung co khi va mach
dién: so do thiét ké, lap dat hé thong. Phan 3 1a phan xay dung hé thong: dé xuat phuong phap,
phuong phap tinh toan do dac; Phan 4 trinh bay két qua thir nghiém, hoan thién thiét bi va danh
gia két qua. Cudi cuing, ching t6i két luan bai béo trong Phan 5.

2. MO HINH HE THONG
2.1. So @6 khoi va nguyén ly hoat dong ciia hé thong

Trong phén nay, chding toi phan tich mo hinh h¢ théng do tham s6 hinh hoc duong ray va
trinh bay phuong phap do duoc dé xuat.

Y&u cau cua bai toan can thlet ké hé théng voi pham vi dap tng 1a do 2 tham sb: cu ly ray
va thay binh ray cho duong sat quéc gia Viét Nam.

Thu tha ... . Hién thi két :
e P Gial ma tin i i L CANH
dit lidu cam .. Tinh toan qua va hru :
T hiéu N BAO
bién e

Hinh 2. So dd khdi hoat dong cua hé théng.

~ Quatrinh van hanh cua h¢ thong dugc mé ta trong so do khdi Hinh 2 va hé thong do tham
s6 Hinh 3 nhu sau: Hé thépg dugc dat vao dudng ray sau do can hiéu chinh cam bién vé vi tri
gia tri 0; tién hanh di chuyén thiét bi (xe day) doc duong ray.

- Khéi thu thap dix liéu cam bién: Khi xe ddy di chuyén trén duong ray, cum banh xe thir
nhat (3) s& dich chuyén ngang theo sy bién di cu ly dudng, khi d6 cam bién dién dung thi nhat
(7) s& xéac dinh su thay di cu ly ndy. Cum béanh xe thar hai (4) va cum béanh xe thi ba (5) 1in
va ti 1&n mot bén ray con lai, cam bién dién dung thir hai (8) s& dich chuyén theo phuong dimng
tiy theo d6 gd ghé cua dinh ray va xac dinh dugc dudng tén gitra cum banh xe thir hai (4) va
cum banh xe tht ba (5). Théng qua cam bién IMU (6) s& xac dinh duoc goc nghiéng ngang cua
dam ngang.

- Khéi giai ma tin hiéu: Tir céc gia tri do cua cam bién dién dung tht hai (8) va cam bién
IMU (6) hé théng xir ly trung tam s& giai ma khung truyén dir liéu nhan duoc va quy doi sang
gia tri do luong theo khoang céch.

- Khéi tinh toan: hé thdng xur Iy trung tam s& dya vao céc gid trj da giai ma dé tinh toan
dugc gia tri thyc té ngoai hién truong bao gom tinh toan do sai léch cu ly ray dua trén phuong
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phap tinh toan dugc trinh bay trong muc a) phan 3.1 va thay binh ray dua trén phwong phap
tinh toan duogc trinh bay trong muc b) phan 3.1.

- Khoi canh béo: Hé thdng s& dua ra tin hiéu canh béo kip thoi cac vi tri ¢ Iéch bién dang
ray vugt quy dinh trong phan 3.3.

2.2. H¢ thong co khi

Trudc tién, ching toi tqhiét ké phan co khi hé thng do tham s& hinh hoc dudng ray c6 dang
mot xe day, co the di chuyen trén duong ray dua trén hé thong banh Xe dang con lan. Co cau co
thé thao lap nhanh chi vai mot cong nhan thuc hién. Xe day dugc cau tao tir cAc bo phan nhu
Hinh 3:

+ Dam ngang (1) duoc ché tao tir thép hop hodc nhom dinh hinh ding dé lién két cum banh
xe tht nhat véi dam doc (2).

+ Dam doc (2) duoc ché tao tir thép hop hodc nhom dinh hinh. Trén dam doc (2) bé tri 2
cum banh xe tha hai (4) va tha ba (5) ¢ hai dau.

+ Cum banh xe thir nhat (3) bao gom 2 banh xe, banh xe tru tron ¢80 mm lan trén mt dinh
ray, banh xe tru tron @50 mm ty vao ma ray va nam dudi dinh ray 16 mm. Hai banh xe duoc
lién ket véi he thong ray truot dat phia trong long dam ngang (1). Khi xe day chuyén dong trén
duong ray thi cum banh xe thir nhat dich chuyén theo phuong ngang twong tng véi sy thay doi
cua cu ly ray, d6 dich chuyén nay la (0+30) mm.

+ Cum bénh xe thtr hai (4) va cum béanh xe thir ba (5) bao gém 2 béanh xe, banh xe tru tron

@80 mm lan trén mat dinh ray, banh xe tru tron 50 mm ti vao ma ray va nam du6i dinh ray
16mm. Cum banh xe tha hai (4) va cum béanh xe tha ba (5) duoc lap ¢6 dinh tai 2 dau dam doc.

8

2

6

Hinh 3. Minh hoa h¢ théng do tham s6 hinh hoc duong ray bao gom xe day va hé théng cac cam bién
gan trén xe day.

2.3. Hé thong cam bién va diéu khién

’ Phﬁn thiét bi cam bién va bo mach diéu khién duoc lip dit trén xe day tai vi tri phd hop
nhat dé co thé thu duogc dir liéu chinh xac nhu Hinh 3:

+ Cam bién IMU (&) duoc tich hop trén bo mach Arduino Nano 33 BLE, dugc djt trén dam
ngang va dung dé do goc nghiéng ngang cua dam ngang va nghiéng doc cua dam doc.
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+ Cam bién di¢n dung thi nhat (7) duoc lap ¢6 dinh phia dudi dam ngang, mot dau ti vao
cum béanh xe thir nhat. Cam bién dién dung thi nhét (7) do d6 dich chuyén ngang cua cum banh
xe thtr nhat.

+ Cam bién dién dung tht hai (8) duoc lap 1 dau c¢b dinh trong 6ng vudng 21x21 mm, dau
con lai dwoc gin béanh xe try tron @50 mm va luén ti 1én mat dinh ray. Khi xe day di chuyén trén
duong ray thi thanh trugt cuia Cam bién dién dung tha hai (8) s& dich chuyén 1én xudng (-15 +
+15) mm. Cam bién dién dung thtr hai (8) nay do duong tén cua cum banh xe thir hai () va cum
banh xe thir ba (5).

+ Bo ma hoa vong quay (Encoder) dong vai trd 1a mot cong-to-mét dé xac dinh khoang cach
ldy mau. Encoder dugc lip trén dam doc va ti vao cum banh xe tha hai (4).

3. XAY DUNG HE THONG
3.1. Xay dung phuwong phap tinh toan
a) Phuong phap tinh t0an do do sai léch cu ly ray:

Nguyeén ly: Quy udc cach do cy ly ray nhu hinh 4. Do cum banh xe thir hai (4) va cum béanh
xe thir ba (5) c6 dinh trén dam doc va cum bénh xe thir nhat (3) ¢6 the dich chuyén doc theo
dam ngang nho co cau 10 xo nén khi cy ly dudng ray thay doi thi cum banh xe thir nhat s& dich
chuyén theo do thay doi ciia cua duong ray. Llc ndy cam bién thi nhat (7) s& doc duogc do léch
cu ly cua duong ray.

Théng qua cam bién dién dung thtr nhét (7), ching tdi do dugc théng s6 AS:

- Cu ly ray thyc té (hién trudng) duge xac dinh theo cong thic (1):

SHT = So + AS 1)

Trong d6: St la cu ly ray thuc té; So la kho duong; AS 1a gid tri doc trén cam bien thir nhat
(7) (AS duogc cai dat gia tri mc tai vi tri tiéu chuan So: AS= “0”, AS ¢6 gié tri &am hoic duong
twong (mg khi 1ong dudng hep hon So hoic rong hon So);

- Sai s6 cu ly ray duogc xac dinh theo cong thic:

AS = Syt — SkH 2

Trong d6: Skn 1a cu ly ray ké hoach (gié tri nay lay theo quy dinh ctiia nganh duong sit Viét
Nam);

Cuvlyray: S

f=16mm

720 120
Hinh 4. Quy udc cach do cu ly ray.
b) Phuwong phdp tinh toan do thuy binh ray:

Nguyén Iy: Thuy binh ray 1a su chénh léch cao do giira hai ray bao gom hai thanh phén
(Hinh 5 va Hinh 6): Thanh phan thir nhat Ahs 1a chénh Iéch do d6 nghiéng ngang cua dam ngang
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V6i goc nghiéng 13 «, va thanh phan thi hai Ah2 1a chénh léch cao do giita ray trai véi duong
day cung tao bai cum béanh xe thir hai (4) va tha ba (5).

:ThU}? binh ray, h{mm)

Cuw ly ray, S{mm)

Hinh 5. Quy udc cach do thuy binh ray.

Fﬁ!ﬁ!,_

Hinh 6. Hinh v& minh hoa cach xac dinh thuy binh ray.

Tién hanh do cac thong s6 chénh léch cao do gitra hai ray bang cach sir dung phuong phap
do goc nghiéng véi cam bién IMU, sir dung kit Arduino Nano 33 BLE c0 tich hop cam bién
IMU- LSM9DS1, ¢6 kha niang do 9 thong sb: 3 truc goc quay (Gyro), 3 truc gia téc hudng
(Accelerometer) va 3 truc tir trudng (Magnetometer) véi dau ra dit liéu 16 bit. Dé tinh toan goc
nghiéng tir c4c théng s6 cua IMU, ta ¢6 thé st dung cac cong thirc toan hoc sau day. Gia sir cac
gia tri gia toc theo ba truc 12 ax, ay, va az:

) i . ay
Goc nghiéng theo truc X: X = arctan (—TMZZ) (3)
Goc nghiéng theo truc Y: Y = arctan | —=2— (4)

/¢7Ly2+az2

Két qua s& duoc tinh bang radian, ta ¢ thé chuyén doi sang d6 bang cach nhan véi (180/x).
+ Thuy binh ray thyc té (hién truong) duge xac dinh theo cong thic:
h = Ah1 + Aha ()
h = o.Sut + Ah2 (6)
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Trong do: a (rad) la goc nghiéng ngang cua dam ngang, tham sé nay duoc xac dinh théng
qua cam bien IMU (truc X); Ahz 1a duong tén cua day cung tao boi cum lgénh xe thir hai 4 va
thir ba 5, tham s6 nay dugc xac dinh thdng qua gia tri do dugc cua cam bién dién dung thi hai
®;

- Sai s6 thuy binh ray duoc xac dinh theo cong thic:

Ah = hut — hkn (7

Trong d6: hkn la thuy binh ray ké hoach (gia tri nay iy theo quy dinh ctia nganh duong sat
Viét Nam).

3.2. Phwong phap do ciia hé thong

Dé do cu ly giira hai ray, ching tdi sir dung thudc cap ki thuat sé hoat dong theo nguyén
ly cam bién dién dung. Pay 1a mot thiét bi do khoang cach cé d6 chinh xac cao, duoc tng dung
pho bién trong céc linh vuc san xuat, ky thuat va nghién ciru. Thudc cap nay hoat dong dya trén
su thay d6i dién dung giira cac dién cuc khi bo doc di chuyén doc theo thanh do. CAu trlic caa
hé thong gom mot thanh do chira cac dai dién cuc xen k& va mot ¢au cam bién ghi nhan sy bién
thién dién dung do chuyén dong co hoc khi diéu chinh ham kep. Su thay d6i dién dung nay
dugc xir ly boi bo ma hda tuyén tinh, chinh 1 cam bién dién dung tich hop trong thudc cap, co
nhiém vu ghi nhan su dich chuyén twong ddi giita dau doc va thang do, sau 6 chuyén di thanh
tin hiéu dién. Tin hiéu nay tiép tuc dugc chuyén sang dang ky thuat sé thdng qua bo chuyén doi
tuong tu—-sd (ADC). Dé thu thap va xir ly dir lidu do dugc, ching toi thiét ké mot mach giao
tiép truyén dir liéu dén vi diéu khién Arduino Nano 33 BLE [11], phuc vu cho qua trinh phan
tich va hién thi. Phuong phap nay mang lai kha ning do ludng chinh xéc, phan héi nhanh va do
tin cay cao, phi hop véi céc tng dung gidm sat va kiém tra hinh hoc ray. Thudc cap sir dung
¢6 pham vi do tir 0-150mm va do¢ chinh xac la £ 0,2 mm.

Bang 1. Thong s ky thuat thudc cap k§ thuat sd.

Hang san xuat MOORE & WRIGHT
Model MW110-15DPC

Xuat Xt ANH

Pham vi do 0 - 150 mm

D6 chinh xéc +0,2 mm

D6 hién thi 0,01 mm

Kich thuéc ngam chinh 40 mm

Kich thuéc ngam phu 16,5 mm

Dé do thay binh ray, ching tdi st dung phuong phap do goc nghiéng vai cam bién IMU.
Chung t6i sir dung bo mach Arduino Nano 33 BLE c6 tich hgp cam bién IMU- LSM9DS1, ¢6
kha ning do 9 thong sd: 3 truc Goc quay (Gyro), 3 truc gia téc hudng (Accelerometer) va
3 tryc tir truong (Magnetometer) véi dau ra dir ligu 16 bit [12]. So dd mach gom 4 khdi chinh
trong Hinh 7(a): Khoi cap ngu0n khéi diéu khién trung tam 1a Arduino, khoi chuyen doi tin
hiéu cam bién dau vao, va khdi phat am thanh canh béo. Vi tri Iap dat thiét bi cam bién trong
thue té Hinh 7(b).
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| khai giao tiép cdm bién

(b)
Hinh 7. (a) B4 tri linh kién trén bo mach va (b) Hé thong hoan thién.

3.3. Céc truong hgp canh bio ciia h¢ thong

- Canh bao 1: sai léch cy ly 2 ray. H¢ thong s& canh bao sai I¢ch cu ly ray khi mét trong
cac dieu kién xay ra vugt ra pham vi cho phép, cu thé:

+Truong hop 1: Gid tri sai léch cu ly duong ray vuot qué gidi han cho phép:

AS > [AS] )
Trong d6: [AS] 1a d6 sai léch cu ly ray cho phép;
+ Trudng hop 2: Do bién ddi cu ly ray vuot qué gié tri cho phép:

is > [is] ©)
Trong do: is 1a d6 bién d6i cu ly ray; [is] 1a d6 bién doi cu ly ray cho phép;

Gia tri [is] phu thudc vao van téc V va dugc quy dinh trong TCCS 07:2022/VNRA [13],
cu thé nhu sau:

+ Khi 60 <V <90 Km thi [is] = 1,0%o
+ Khi 60 <V <60 Km thi [is] = 2,0%o
+ Khi V < 30 Km thi [is] = 2,5%

- Canh péo 2: sai léch thuy tginh ray. Hé thdng s& canh bao sai léch thuy binh ray khi mot
trong cac diéu Kién xay ra, cu thé:

+ Truong hop 1: Gia tri thuy binh ray vuot qué giagi han cho phép:

Ah > [AR] (10)
Trong d6: [Ah] 1a d6 sai léch cu ly ray cho phép;
+ Truong hop 2: D6 bién doi thuy binh ray vuot qué gié tri cho phép:

ih > [in] (112)
Trong d6: in 1a d6 bién doi thuy binh ray; [in] 1a d6 bién doi thuy binh ray cho phép.

Gia tri [in] phu thudc vao van téc V va dugc quy dinh trong TCCS 07:2022/VNRA [13],
cu thé nhu sau:
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+ Khi 60 <V <90 Km thi [in] = 1,0%o
+ Khi 60 < V <60 Km thi [in] = 2,0%o
+ Khi V <30 Km thi [in] = 2,5%o

. oA A A
3.4. Giao di¢n phan mém
¥ WvTv01 o X
PHAN MEM PO KIEM DUONG SAT - LTV.01 ':""\!
- - Connection
— CU LY RAY THUY BINH/SIEU CAO T St o
E E= T, = inh trang két nGi :  OFF
R === ‘ r.__\,__/ % } ” Ports - COM10
s U M E: u Baud Rate 9600
2 3
o
5 ! : §:H I KStnsi Ngitkst RESET
£ . =
= € f -
e - - z
e e gl | R g g G CANH BAO CU LY
« Quang dwong Quang dwong
BIEN DANG RAY TRAI / RAY BUNG BIEN DANG RAY PHAI / RAY LUNG Cii 3t thong sé START
= g e = =T ¥
E . £ : —
E E Xuat Excel THOAT
z g ;
a 3 ! Théng s6 do
> t 4 b
. 5
S g H § Quiing dwong : 10250 cm
@
- u s = o Sai so cur ly ray: 0 mm
W W W I ¥ M I M W W M MW N W0 03 05 09 » »e W ¥ I O I M N M ¥ M W L0 L0 W8 0
Quéng dwong Quang dwong Cao d@6: mm
STT Tncoc  Quingdung  CyyKH  CuWHT  SSeuly Sacm [ Sow: ] =30 Shotle: | iSaotilp Géc nghiéng: 52 a5
405 101.25 1005 1006.91 6.91 0 -37.009 -37.009 71.09 -77.774 253 70.17
Ray trdi: ' mm
406 1015 1005 1007.37 737 0 53375 53375 7091 12592
407 101.75 1005 1008.34 834 0 29.345 29345 07 11475 Ray phai : -9.796 mm
408 102 1005 1008.98 898 0 67135 67.195 7047 26351
408 102.25 1005 1009.52 952 0 34462 34462 7034 5403
410 1025 1005 1009.96 9.96 0 31.085 31.085 7017 9.796

Hinh 8. Giao dién hé théng thi nghiém. DAu “.” trén giao dign phan mém trong anh tuong duong vai
dau “,” trong b1eu dién sb tiéng Viét.

Hinh 8 1a giao dién giam sét hé théng thir nghiém, bao gdm: Phan két ndi cng truyén thong
thiét bi; Bang hién thi cac thong sé do duoc; D6 thi thoi gian thuc cac gia tri cu ly ray va thay
binh; Bang biéu cac thong sé theo 1y trinh; Cac nat diéu khién. Dé thuan tién cho ngudi ding
trong viéc tién hanh phan tich dix liéu lap di 1ap lai, phan mém cung cip dinh dang CSV cho dit
liéu thu thap duoc, ¢ thé mé bang cac cong cu nhu Excel dé phan tich so sanh nhiéu bo dit liéu.

4. THU NGHIEM HIEN TRUONG VA PANH GIA KET QUA

Trong phan nay, chung toi tién hanh do thir nghiém trén mot doan duong sat quéc gia Viét
Nam (tuyén duong sat Ha Noi — Tp. Ho Chi Minh, Hinh 9 va Hinh 10), doan duong ray c6 chiéu
dai 280,25m (Km1713+038,33 dén Km1713+318,58).

Bang 2. Bang thdng s6 ky thuat cta doan dudng sat tir Km1713+038,33 dén Km1713+318,58.

STT Tham sb Gia tri
1 Kho duong, So 1000mm
2 Ly trinh diém dau Km1713+068,33
3 Ly trinh diém cudi Km1713+248,58
4 Ban kinh duong cong, R 500m
5 Chiéu dai duong cong hoa hodn 1 30m
6 Chiéu dai dwong cong hoa hoan 2 30m
7 Go6c chuyén huéng 28°39°55”
8 Toc d6 16n nhat, Viax 60 km/h
9 Loai ray P43
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STT Tham s6 Gia tri
1 Khd duong, So 1000mm
10  Tavet Bé tong DUL lién khdi
11 Siéu cao, h 40mm
12 Gia khoan, K 5mm
Hién truong cac truong hop thir nghiém Hinh 9.

Eh e = 7

(a) (b)
Hinh 9. (a) Truong hop hudng Ha Noi — TP. HCM va (b) Truong hop hudéng TP. HCM - Ha Noi.

Hinh 10. Kiém tra ddi chiéu khi c6 canh bao.

Qua trinh thtr nghiém duoc tién hanh theo quy trinh sau: Pau tién, ching t6i cho hé thong
di chuyén theo 2 huéng Ha Noi — TP. HCM va TP. HCM — Ha Nai, di lidu thu thap duoc phan
tich, tinh toan va so sanh véi gia tri sai s6 cho phép theo quy dinh (TCCS 07:2022/VNRA).
Tiép theo, ching toi tién hanh kiém tra dbi chting tai cac vi tri hé thong canh bao do sai léch
dudng ray vuot qué gia tri cho phép va kiém tra xac suét tai 10 vi tri khac so véi phuong phap
do thu cdng truyén thong.

Do han ché kinh phi, ching t6i chua ¢ diéu kién di ching véi thiét bi thuong mai chuyén
dung tién tién. Tuy nhién, chiing t6i da tién hanh do ddi chitng ngoai hién truong véi phuong
phap do thu cong dang duogc thuc hién tai don vi quan Iy Puong sat, két qua do duoc thé hién
tai Bang 3.

Bang 3. Két qua do ddi chiing ngoai hién truong.

Cu ly ray (mm) _ Thuy binh ray (mm)
L Po bang Hé Po bang Hé
St Vitrido Do thii cong thong t?ong Do thii cong thong t?ong
nghién ctu nay nghién ciru nay
1 ND 1001 1001,4 0 0,3
2 ND + 10m 1000 1000,2 14 13,8
3 i3] 1006 1005,8 39 39,4
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4 TP + 50m 1005 1005,3 40 40,6
5 TP + 100m 1006 1005,7 41 40,8
6 TP + 150m 1007 1006,6 38 37,6
7 TC 1005 1005,2 40 40,5
8 TC + 10m 1002 1001,8 26 26

9 NC 1000 1000,2 0 0,3

Két qua thuc nghiém thay rang: hé thong c6 tdc do do nhanh, do chinh xac cao, phan tich
va xu ly thoi gian thue, dau ra bao cdo da dang va van hanh phan mém dé dang.

- Hé thong canh bao va két qua do hoan toan chinh xac khi dbi chiing véi phuong phap do
thu cdng truyén thong. Cu thé, sai sé tuyét ddi trung binh cy ly ray 1a 0,27 mm va sai s6 tuyét
d6i trung binh thay binh ray 13 0,33 mm. Ca hai théng sé déu c6 sai s6 nhé hon 0,5 mm dam
bao phu hop véi yéu cau ki thuat theo tiéu chuan TCCS 04:2014/VNRA [14], qua d6 cho thay
hé thong dat d6 chinh xac cao, cd thé tin cay dé ung dung trong kiém tra, bao tri hinh hoc ray
trong thuc té.

- Thoi gian hé théng ctia ching t6i do luong mat khoang 15 phut it hon so v6i phwong phap
do thu cdng truyen thong khoang 60 phut (trén toan dudng cong).

Nghién ctu ndy cho thay higu qua cua hé thong trong viée xac dinh va canh bao do léch so
V61 phuong phap truyén thong, dong thoi tiét kiém thoi gian va chi phi trong cong tac do kiém
dinh ky.

5. KET LUAN

Trong nghién ciru ndy, chung t6i di phat trién mot hé théng do luong hinh hoc dudng ray
va phén mém c6 tinh nang ghi, phan tich, danh gia va canh bao két qua do. Hiéu suét cta hé
thong di duoc danh gia thong qua do dac hién trudng trén duong sat qubc gia Viét Nam, do
chinh xdc hoan toan dap mg yéu cau cho cong tac quan ly khai thac hién nay, déc biét thoi gian
do ludng nhanh hon khoang 4 1an so véi phuong phap do thi cong truyén thong dong thoi tiét
kiém duogc nhan luc.

Khia canh quan trong cta viéc xay dung hé thong nay 1a giam thiéu sai sot do yéu té con
nguoi (co thé doc két qua hodc nhap lidu thu cong sai) va dam bao tinh minh bach trong khai
thac dir liéu duong sat. Thong qua viéc trién khai thuc nghiém hé thdng, nhom tac gia da dat
dugc thanh cong trong viéc do dac va canh bao sai s6 voi do chinh xac dap umg yéu cau bai
toan va tbc d xur Iy nhanh. Két qua cta nghién ctru nay s€ la tlen deé de mg dung trong thuc té
tai cac don vi quan ly, dong thoi giai quyét duge mot phan van dé sé hoa trong nganh duong
sat Viét Nam. Trong tuong lai, nhém tac gia s& mé rong nghién ciru ciia minh dé ung dung
Internet of things vao hé thong.

Nghién ctru nay gop phan giam sat co s¢ ha ting hiéu qua, ty dong hoa va hudng dén duong
sat ky thuat so.
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