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Abstract. Energy efficiency is a very important factor. Due to limited energy resources,
improving energy efficiency has been included in any government policy. Railway systems
consume a huge amount of energy, so the optimization of energy efficiency has received a lot
of attention from railway operators and researchers. This paper presents a method to determine
the optimal train speed at each location along railway between two stations. The goal is to
minimize the total energy consumed by the train during the journey, which determined by the
distance of two stations and running time. Practical factors such as vertical slope, curve
segments, tunnels, and speed limit sections are considered and calculated in the algorithm. The
energy-distance model is used with with the state variables including of time and speed
according to the distance. The control variable of the acceleration was proposed to actively
control the value of the train's traction. Based on the built-in energy optimum control model,
the dynamic programming algorithm is applied to find the corresponding optimal speed at each
location along the railway. The section between Cat Linh station and La Thanh station in the
urban railway No. 2 Cat Linh - Ha Dong (Hanoi, Vietnam) was selected to test the simulation
results of the algorithm. The proposed method will optimize the power consumption of the train,
contributing to improving energy efficiency in the urban railway system.
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Tom tit. Su dung ndng luong hi¢u qua dang la mot van dé rat quan trong. Do céc nguén nang
lugng bi han ché nén viéc nang cao hiéu qua su dung nang luong da dugc dua vao bét ky chinh
sach nao cua chinh phu. Hé thong duong st tiéu tbn mot ‘nang lugng rat 16n, do dé viéc tdi wu
hoa hiéu qua st dung ning luong da va dang nhan duoc rat nhiéu sy quan tdm cua cac nha khai
thac duong sat va cac nha nghién cau. Bai bao trinh bay phuong phap xac dinh toc do chay tau
t6i wu tai timg diém trong khu gian giira hai nha ga. Muyc tiéu 1a t6i thiéu hoa tong ning luong
doan tau ti€u thu trong hanh trinh ctia khu gian dugc quy dinh bai khoang cach khu gian va thoi
gian chuyén dong. Cac yéu to thyc tién trén tuyén dudng nhu d6 dbc tric doc, doan dudng cong,
duong ham, cac doan gidi han téc do déu dugc xem xét tinh toan trong thuat toan. M6 hinh
nang luong theo quang dudng dugc dé xuat sir dung vai bién trang thai la thoi gian theo quang
duong va toc do theo quing duong. Bién diéu khién dugc dé xuat str dung la gia toc dé diéu
khién mot cach cha dong gié tri luc kéo doan tau va d6 ém diu chuyén dong. Dua trén mé hinh
diéu khién téi wu nang luong da xay dung, thuat toan quy hoach duoc ap dung dé tim ra toc do
t6i wru twong GNg trén ting vi tri tuyén duong dap g diéu kién 1am viéc an toan va tdi thiéu
hoéa nang luong tiéu thu. Khu gian giira ga Cét Linh va ga La Thanh trong tuyén dudng sat do
thi s6 2 Cat Linh — Ha Pong duoc lua chon dé kiém nghiém két qua md phong cua thuat toan.
Vé6i phuong phap dé xuat sé toi wu hoa dugc dién ning tiéu thu cua doan tau, gop phan nang
cao hiéu qua str dung nang lugng trong hé thong duong sit do thi.

Tir khéa: Tau dién do thi, TOi uu dudng cong toc do chay tau, Tdi thicu hda dién ning doan
tau tiéu thy, Quy hoach déng, Thuat toan t6i uu.
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1. PAT VAN PE

Trong nhitng thap ky gan day, vai su phat trién kinh té, gia ting dan sb va do thi héa, linh
vuc giao thdng van tai ¢ anh huong truc tiép dén ca linh vuc ning luong va méi trudng. Do
do6, cac bién phép tiét kiém niang luong di va dang duoc quan tam thuc hién nghiém ngit hon.
Tau dién cé suc tro hanh khach I6n, mang lai hiéu qua cao hon cac phuong tién van tai khac,
do vay di duoc quan tdm nhiéu nhat trong nhitng nam gan day. Céc hé théng tau dién c6 muc
tiéu thy ning luong cao, ngay ca nhirng khoan tiét kiém nho duoc thuc hién trong cac hé théng
nay ciing rat dang ké vi chung déng gop rat nhiéu cho méi truedng va nén kinh té.

C6 mot sb phuong phap dé giam tiéu thu dién ning trong cac hé théng nay. Mot sé trong
s6 nay lién quan dén viéc diéu khién ché d6 nang luong chay tau va mot sé khéc lién quan dén
cac chirc ning tién nghi khac nhau nhu suéi 4m va lam mat, v.v. Cac phuong phéap dua trén
viéc diéu khién ché d6 ning luong chay tau c6 thé duoc nhém thanh hai nhom phuong phap
riéng biét. Nhom dau tién duoc goi la chién luoc tiét kiém dién nang va nham muc dich giam
muc tiéu thu dién nang bang cach téi wu hoa duong cong téc do ciia cac doan tau. Nhdm con
lai dugc goi 1a cdng nghé thu hdi nang lwong va nham muc dich tai stir dung dong ning sinh ra
trong qué trinh phanh bang cach chuyén né thanh ning luong dién. Nang lugng nay, dugc goi
1a niang luong téi tao, ¢6 thé dugc luu trit trong céc hé théng luu trir khac nhau va duoc sir dung
cho cé&c nhu cau khéac nhau trong doan tau hodc ¢6 thé dugc chuyén sang cac doan tau khac trén
tuyen.

Trong s6 nhiing nghién ciru st dung cac chién lugc tiét kiém nang luong, rat nhidu cac mo
hinh d3 duoc dé xuét va nhiéu thuat toan téi vu da duoc &p dung. Kim va céc cong su dé xuat
mot phuong phap tdi vu hda mai xem xét thoi gian hoat dong va tiéu thu dién ning bang céch
sir dung thuat toan tién hoa [1]. Mot mé hinh tim kiém quy dao chay tau dua trén khoang céch
da dugc dé xuat boi Lu va cac cong su [2]. Dé xac dinh téc d6 t6i wu dya trén mo hinh da dé
Xuat, Lu tién hanh ap dung ba thuat toan tdi wu bao gdm thuat toan tién hoa, thuat toan di truyén,
va thuat toan quy hoach dong. Do bén viing cua két qua tim kiém dugc xac dinh 1a tét hon khi
c6 su két hop cua cac thuat toan. Ghaviha va cac cong su [3] da phat trién mot mo hinh ning
luogng c6 tinh dén ton that cua hé théng phu tro véi muc tiéu tng dung cho hé thong tu van lai
tau. Bang cach sir dung thuat toan quy hoach dong, Ghaviha di xac dinh duoc cac gia tri tham
s6 diéu khién tdi vu tai ting thoi diém trén co sé xem xét cac ché do phu tai doan tau, cac ché
d6 diéu khién doan tau. Trong khi d6, Montrone va cac cong su [4] tap trung di xac dinh thoi
gian chay tau gilp t6i wu hoa tiéu thy dién ning cho dinh nghia thoi gian biéu cua duong sit.
Ciing ung dung thuat toan di truyén, Pu cling cac cong su [5] dé xuat phan tach hanh trinh trong
khu gian 1am nhiéu phan doan. Trudc tién di xac dinh vi tri diém van hanh t6i vu cta doan tau
dé thuc hién phan doan, sau d6 thuc hién qua trinh x4c dinh téc do téi wu tai ting diém trong
phan doan d6. Chuang va cong su tng dung mang no ron nhén tao dé tinh toan toc do chay tau
t6i uu dé giam thiéu ca muc tiéu thy dién ning va thoi gian chuyén dong [6]. Xem xét van dé
d6 chinh xac cua thoi gian hanh trinh, Cucala va cac cong su [7] da thiét ké cac lich trinh tiét
kiém dién ning cho tau cao tdc. Bén canh do, Li va cac cong su tap trung phat trién mot cong
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cu ti wu héa quy dao cho hé thdng tu van l4i tau bang cach két hop ky thuat ti wu hoa offline
va truc tuyén vai cac chién luoc khéc nhau [8]. Mot mé hinh truyén tham sé tir s6 liéu thuc
duoc Huang cung cac cong su [9] dé xuét két hop cing voi thuat todn tim kiém heuristic tich
hop dé xac dinh profile téc d6 tdi wru cho doan tau véi mong mudn khic phuc dugc cac sai s6
do d6 chinh xéac cua cac phuong trinh thuc nghiém.

Bai bao nay ciing tap trung vao muc tiéu ti thiéu hda muc tiéu thy dién ning cia doan tau
bang cach téi wu hoa dudng cong tde d6 chuyén dong cua doan tau trong mot khu gian. Trong
mo hinh nang lugng theo thoi gian, vi tri doan tau s€ dugc tinh toan sau khi da xac dinh duoc
gia tri toc do & mdi budc thoi gian. Do cac diéu kién tuyén duong va diéu kién gidi han déu lién
quan téi vi tri doan tau doc tuyén dudng, nén trong mdi bude déu can kiém tra cac didu kién c6
lién quan t&i vi tri va qua trinh tinh toan nay sé duoc lap lai cho dén khi tim duoc gia tri toc do
cling nhu gia tri diéu khién t6i wu. Trong bai bao nay, mé hinh ning lugng theo thoi gian dugc
chuyén d6i sang mé hinh ning luong theo vi tri, cac tham s tuyén dudng va cac diéu kién gioi
han lién quan t6i tuyén duong duoc nhap truc tiép mot lan, tir d6 khong chi giam duoc sai s6
vi tri trong tinh toan ma con giam duoc khdi luong tinh toan va thoi gian trong qua trinh tim
kiém gia tri toi vu. Bén canh do, trong bai bao nay bién diéu khién duogc lya chon 12 gia toc s&
cho phép diéu khién chi dong luc kéo doan tau tai tirng vi tri dé phat huy céng suat toi uu trong
cac ché do van hanh phl hop véi timg doan dudng c6 cac dic diém va cac diéu kién gigi han
cu thé; hay ndi cach khac, ché 6 van hanh téi wu duoc xac dinh tiy vao diéu Kién quang duong
va cac diéu kién gigi han. Khi dé, ché d6 tang téc khong chi ¢ giai doan khai hanh roi ga va gia
tri luc kéo khdng phai luc nao ciing 14 cuc dai; ché d6 hdm khong chi dién ra trong giai doan
doan tau dén ga dich; va tuong tu vay ché do toc do khong ddi, ché do tha trdi ciing co thé dién
ra trén nhiéu doan trong toan hanh trinh khu gian. Ngoai ra, diéu khién gia téc con ¢ thé truc
tiép khdng ché do ém diu chuyén dong cua doan tau, nhu vay ngoai muc tiéu tiét kiém ning
lugng dam bao an toan van hanh con dam bao su thoai méai cho hanh khach.

Trén co sé mo hinh ning luong theo vi tri, bién trang thai duoc dit 1a toe do theo vi tri va
thoi gian chay tau theo vi tri. Gié trj toc do téi vu tai ting vi tri chuyén dong cta doan tau trong
khu gian duoc xac dinh dya trén nguyén Iy truy hoi caa phuong phép quy hoach dong. Khu
gian Cét Linh — La Thanh trong tuyén duong st Cat Linh — Ha Pong dugc lya chon dé kiém
nghiém va hiéu chinh cho phuong phéap dé xut.

2. NANG LUQNG PIEN KEO

2.1. Phuong trinh dong hoc doan tau
Chuyén dong cua doan tau c6 thé duoc md ta biang phuwong trinh d6ng hoc co ban nhu sau:
m*a=F ~F,~F,~F,-F-F ®

trong d6:
m — khoi lugng doan tau (kg)
a— gia toc doan tau (m/s?)
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Fi — luc kéo (hdm) cua dau may (N)

Fy — luc can co ban cua doan tau (N) gy ra bai ma séat va dong hoc khi quyén, duoc wéc
luong theo cong thurc thuc nghiém cua Davis.

F,=(A+B*V+C*V?)*m*g*10~° )

trong do:

V - van tdc doan tau (km/h),

A, B, C — cac hé sé thuc nghiém

g — gia tc trong truong (9,81 m/s?)

Fo — luc can gay ra do do doc yéu té trac doc (N), ap dung tinh theo cong thuc (4) trong
tiéu chuan TB/T 1407.1-2018 [10].

F, =a*m*g*10"° (3)

trong do:

o — do dbc caa duong (%o)

m — khéi luong doan tau (kg) 7

Fr — luc can gay ra do duong cong, ap dung tinh theo cong thuc (5) trong tiéu chuan TB/T
1407.1-2018 [10].

- T g 0 (4)

FR
trong d6 R la ban kinh cong cuaa duong (m)
Fq — luc can khi khai dong (N), ap dung tinh theo tiéu chuan TB/T 1407.1-2018 [10].
Fq = 5*m*g*1073, tinh cho 6 bi truot.
Fq = 3,5*m*g*103, tinh cho 6 bi lan.
Fs — luc can khi chuyén dong trong duong ham (N), 4p dung tinh theo cong thirc (7) trong
tiéu chuin TB/T 1407.1-2018 [10].
F=w,2*m*g*10~° (5)

Trong d6 Ws 1a d6 ddc dudng ham tinh theo phan nghin.
2.2. Nang lugng dién kéo

Niéng lugng doan tau tiéu thu (san sinh) trong hanh trinh khu gian bang tich céng suat doan
tau va thoi gian chuyén dong het hanh trinh khu gian. Cong suat dugc tinh toan theo luc kéo va
van toc cia doan tau, khi d6 nang lugng doan tau tiéu thu dugc xac dinh theo cong thuc (6).

tf tf
E=[F *vdt=[(m*a+F,+F,+F, +F +F)*vdt (6)
ts ts
trong do:
ts — thoi gian bat dau doan tau chuyén dong tir ga xuat phét caa khu gian (gidy)
tf — thoi gian doan tau toi ga dich ctua khu gian (giay)

V — van tc doan tau (m/s)
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3. TOI UU TOC PQ CHAY TAU BPE CUC TIEU HOA NANG LUQNG DPIEN KEO

3.1. Mb hinh ti thiéu héa ning lwong dién kéo

Vian dé tbi wu téc d6 chay tau trong khu gian dé dam bao dung thoi gian chay tau quy dinh
duoc xac dinh 1a vin dé diéu khién ché do van hanh d¢au méy hiéu qua dé khi doan tau chuyén
dong theo dudng cong toe do yéu cau sé dat duoc hiéu qua ning luong cao nhat. Khi d6 ham
muc tiéu s& 1a téi thiéu hda tong ning luong doan tau tiéu thu khi chuyén dong hét hanh trinh
khu gian.

Trong c6ng thirc (6), niang luong duoc tinh theo luc kéo va toe do ctia doan tau tai mdi thoi
diém chuyén dong trén doan duong khu gian. Thay thé dt = dx/v, khi d6 ning luong doan tau
s& dugc tinh theo mdi vi tri doc tuyén dudng nhu mé ta bai cong thic (7).

tf xf xf
E=[F*vdt=[Fdx=[(m*a+F,+F, +F,+F,+F)dx @)
ts XS XS

trong do:

xs — toa do vi tri tai ga xuét phat cua khu gian

xf —toa dd vi tri tai ga dich cua khu gian

dx — sai phan vi tri

Tir cong thire (7), md hinh t6i wu toc d chay tau dé cuc tiéu hoa nang luong doan tau tiéu
thu khi chuyén dong trong hanh trinh khu gian dugc xay dung véi ham muc tiéu, phuong trinh
trang thai va cac diéu kién rang budc nhu moé ta & cdng thic (8). Trong md hinh dé xuat, bién
diéu khién dugc lya chon 1a gia téc doan tau; thoi gian va van toc 1a cac bién trang thai; bién
doc lap s& 1a quéing duong dich chuyén.

xf
min E :minj(m*u+Fv+Fa +Fp + F, + F)dx
dt=1dx
v

dv = udt = 2 dx (8)
v

t(xs) =ts;t(xf) =tf;v(xs) =v,;v(xf) =V,

V. SV

min — lim

<u<u

umin - max

trong do:

u — la gia téc duoc lva chon l1am bién diéu khién

t, v — 12 thoi gian va van tdc duoc lva chon 1am bién trang théi

Viim — toc do gidi han tai tirng vi tri doc quang dudng

Vmin — tc d0 tdi thiéu tai ting vi tri doc quing duong

Umin — gia toc téi thiéu cho phép van hanh tai ting vi tri doc quing duong
Umax — gia toc tdi da cho phép van hanh tai ting vi tri doc quing dudng
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Vo — tdc db tinh cho budc dau tién, duoc tinh theo khoang cach budc dau tién va gia toc
khoi dong cuc dal.

Vn — tdc d tinh cho budc cudi cing, dugc tinh theo khoang cach budc cudi ciing va gia toc
ham cuc dai.

Trong md hinh ning lwong theo vi tri, vai toc do gigi han tai timg diém doc quing dudng
d3 biét thi rat dé xac dinh duoc pham vi kha thi cua toc do ciing nhu cua gia tdc, tir 6 s& giam
thiéu duoc khong gian bién trang thai va khong gian bién diéu khién, giup tang téc do thuat
toan tim kiém duoc phuwong an t6i wu.

A Tébc d6 gioi han
<O
o
Q
Nie)
Sl
Vung t6i wu kha thi
Vung khong kha thi
Ga xuét phat Vi tri doc tuyén duong Ga dich

Hinh 1. Pham vi giéi han viing t6i wu kha thi.
3.2. Thuit toan t6i thiéu ning lweng theo nguyén ly truy hoi

Van dé tim mot gid tri kha thi cua bién diéu khién trong mot hé théng dé trang thai hé théng
bam theo mot quy dao mong mudn trong mot khoang gid tri véi muc tiéu giam thiéu ham chi
phi c6 thé duoc giai quyét hiéu qua bang céc nguyén Iy téi wu ciing nhu cac thuat toan tdi uu.
Phé bién duoc ap dung nhu nguyén 1y Pontryagin, thuat toan tim kiém Heuristic (nguyén ly vét
can thong minh, nguyén ly tham lam, nguyén ly thir ty), thuat toan quy hoach dong, thuat toan
noron. Trong bai bdo nay nhom tac gia ap dung thuat toan quy hoach dong dé xac dinh duong
cong téc do t6i wu. Trinh ty quy hoach dong theo phuong phap truy hdi duoc thuc hién nhu
sau:

Gia st dat m={Uo, Us,... Un-1} Ia tap gia trj bién diéu khién. Ham gia trj khi sir dung = tng
Vai trang thai dau tién v(0)=vo s¢ la:

3, (%) = 9 () + 2 (B () ©)

trong do:
gn(vn) 12 gid tri ham muc tiéu tai diém cudi
hi(Vk, Uk) 1 gid tri ham muc tiéu khi 4p dung diéu khién uk(vi) tai vk
Gia tri bién diéu khién t6i wu n° s& 12 gia tri ma ham muc tiéu J- dat gia tri nho nhat.

I%(vp) = Telr? 3. (Vo) (10)

trong d6 IT la tap cac gié tri kha thi.
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Dua trén nguyén tic toi uu héa, thut todn quy hoach dong thuc hién uéc luong gia tri toi
uu cua ham muc tiéu Jy(Vv') tai tat ca cac diém trong khong gian trang thai boi tha tuc truy hoi:

(1) Budc tinh ham gia tri tai diém cudi:
() =g, (V) (11)
(2) Budc tinh ham gia tri cho k=N-1 vé 0:

3 () =min{h (v',u) + I a (R (v, 1))} (12)

Khi xac dinh duoc J(V') twong @tng s& tim duoc gié tri bién diéu khién téi wu uk va gia tri
van toc toi wu v tai diem k.

Trong thuat toan xay dyng dua trén nguyén Iy truy hdi theo phuong phap quy hoach dong,

dé tang toc do tinh toan, khdng gian bién trang théi va khong gian bién diéu khién dugc duoc
giai han theo tirg buac tinh, cu thé:

v, =[vi™,. v
{0 =[] (13)
u, =[u, . u ]

3.3. Két qua mé phong

Phuong phap dé xuat dugc xay dung dua trén chuong trinh mé phong Matlab thuc hién
theo thuat toan quy hoach dong duong cong téc do trén khu gian tir Ga Cét Linh téi Ga La
Thanh theo ca hai huéng. Thong sé doan tau, khoang cach khu gian, thoi gian hanh trinh, va
cac thong sé giGi han dugc md ta trén Bang 1. Profile tuyén duong khu gian Cét Linh — La
Thanh dugc minh hoa tuong tng trén Hinh 2.

Trong mo hinh mé phong lya chon phuong tién doan tau do Trung Qudc san xuat, cac hang
s6 thuc nghiém trong cong thire (2) duoc tra ctru trong tai liéu tiéu chuan TB/T 1407.1-2018
[10], twong ng V&i c4c gid tri cu thé: A=1,75; B=0,0234; C=0,000184.

Téc do gisi han do ban kinh cong cua doan dudng duoc tinh bai cong thic (14):

V.. =4/6,333*R (14)
trong d6 R 1a ban kinh cta doan duong cong (m), va Viim 1a tée d6 gigi han (km/h).

Bang 1. Thong s6 co ban cta doan tau va tuyén duong.

Thong so Pon vi Gia tri
Khéi lugng toa xe dong co va hanh khach tan 2x37,02
Khéi luong toa xe khong dong co va hanh khach tan 2x34,16
Khoang cach Cét Linh — La Thanh m 931
Thoi gian hanh trinh Cat Linh — La Thanh giay 78
Thoi gian hanh trinh La Thanh — Cat Linh giay 83
Toc dd van hanh 1on nhat m/s 22
Gia toc lon nhat m/s? 1,1
Gia toc hdm dirng 16n nhat m/s? -1,4
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Hinh 2. Profile tuyén duong doan Ga Cét Linh — Ga La Thanh.

Dua trén c4c théng s doan tau, khoang céch khu gian, thoi gian hanh trinh, ciing nhu cac
thong s vé tro luc do d6 cong va do dbc caa doan duong, thuat toan quy hoach dong duogc thuc
hién. Két qua xac dinh duoc dudng cong tée do ti wu cua doan tau khi chuyén dong trén hanh
trinh tr Ga Cét Linh t6i Ga La Thanh nhu minh hoa trén Hinh 3. Trong khoang c&ch hanh trinh
khu gian véi tong do dai 931 (m) c6 hai doan bi gigi han téc d6 twong wng tir vi tri 180 (m) téi
338 (m) véi tde d6 t6i da cho phép 1a 12,11 (m/s), va tir vi tri 550 (m) téi 772 (m) tdc d6 gioi
han s& 1 16,39 (m/s). Két qua quy hoach dong toc d6 chuyén dong minh hoa trén Hinh 3 ludn
dam bao dugc muc toe do trong pham vi gigi han. Trong Hinh 3 ciing dong thoi mo ta thoi gian
ma doan tau chuyén dong doc hanh trinh khu gian. Két thic hanh trinh ¢ vi tri 931 (m) tai Ga
La Thanh, thoi gian hanh trinh theo quy hoach dong dat gia tri 78,14 (giay).

Dé dat duoc myc tiéu téi thiéu hoa nang lwong trong toan hanh trinh chuyén dong caa khu
gian, bién diéu khién duoc diéu chinh dé khdng ché cong suat phu hop tai timg doan trén toan
khu gian. Chi tiét vé gia tri va su bién d6i ciia céng suat doan tau doc hanh trinh tir ga Cat Linh
t6i ga La Thanh duoc minh hoa trén Hinh 4 véi tong nang luong tiéu hao 12 341,677 (KJ). Hinh
5 mb ta cac thanh phan luc can va luc kéo can thiét doan tau can phat huy tai mdi vj tri doc
tuyén duong.

Mot cach tuong tu, trong hanh trinh nguoc lai di tir Ga La Thanh vé Ga Cét Linh véi cac
thong s6 tuyén duong nhu minh hoa trén Hinh 2. Cac vi tri dudng cong twong ty huéng hanh
trinh tir ga Cat Linh toi ga La Thanh nhung ban kinh cong c6 su khac biét tuy la khong nhiéu,
trong khi thoi gian hanh trinh yéu cau hoan thanh & muc 83 (gidy). Chi tiét vé dudng cong toe
do t6i wu, thoi gian tai ting vi tri chuyén dong trong hanh trinh khu gian, va cong suét tai timng
vi tri doc tuyén duong dugc minh hoa trén Hinh 6 va Hinh 7.
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Hinh 3. D4 thi téc do, thoi gian chay tau tir ga Cat Linh t6i ga La Thanh.
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Hinh 4. Cong suat doc hanh trinh tir ga Cat Linh téi ga La Thanh.
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Hinh 5. B4 thi cac thanh phan luc theo vj tri hanh trinh tir ga Cat Linh t6i ga La Thanh.
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Hinh 6. D5 thi tdc d, thoi gian chay tau tir ga La Thanh vé ga Cét Linh.
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Hinh 7. Cong suét doc hanh trinh tir ga La Thanh vé ga Cét Linh.
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Hinh 8. Téc d6 tdi wu theo gidi han gia toc.
Trong bai bao nay, bién diéu khién lya chon 12 gia toc dé kiém soat su ém diu van hanh

trén toan hanh trinh. Trong pham vi d6 ém diu cho phép, pham vi gié tri cua bién diéu khién c6
¥ nghia quan trong quyét dinh tinh kha thi, gia tri t5i wu va thoi gian thyc hién thuat toan. Hinh
8 md ta bdn giai phap toc do t6i wu twong tng voi bén pham vi gisi han cua gia toc. Bang viéc
c6 thé kiém soat chu dong d6 ém diu van hanh s& co thé kiém soat muc tiéu can bang giira tiét
Kiém nang luong va d thoai mai cua hanh khach.

Trong md hinh ning luong theo thoi gian, sai sb thoi gian hanh trinh s& 13 0, con ddi voéi
mo hinh ning lugng duoc chuyén ddi theo vi tri nhu trong bai bao nay thi sai $6 vi tri hanh trinh
s& 12 0. Thuat toan da duoc kiém nghiém cho khu gian Cat Linh — La Thanh theo ca hai huéng,
sai s6 két qua duogc liét ké trén Bang 2. Trong do, sai s6 16n nhit cua thoi gian hanh trinh 1a
0,14 (giay), sai s6 16n nhat tbc do tai diém cudi hanh trinh 12 0,0807 (m/s) déu thudc hanh trinh
hudng tie Cat Linh téi La Thanh.
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Bang 2. Két qua cac thong sb thuc hién thuét toan.

Saiso vitri | Saisothoi | Saiso van toc tai Thoi gian thuc
(m) gian (s) diém cuoi (m/s) hién thuat toan (s)
Quy hoach dong hwéng
Cat Linh — La Thanh 0,0 0,14 0,0807 8,1715
Quy hoach dong hwéng
La Thanh — Cat Linh 0,0 0,12 0,0212 8,5531

V6i mé hinh ning lugng theo vi tri hanh trinh, khéng nhiing kiém soét chinh xéc cac yéu

t5 thuc tién nhu tro lue gay ra do do déc, d6 cong cua duong cling nhu diéu kién gidi han vé
tdc d6 chuyén dong tai tirng vi tri, ma con giam duoc khéi lugng tinh todn va thoi gian tinh toan
gia tri vi tri tai ting thoi diém nhu trong mé hinh ning lwong theo thoi gian; qua dé c¢6 thé giam
bot thoi gian tim kiém va xac dinh duoc gid trj bién diéu khién téi wu ciing nhu gia tri tdi vu
ctia cac bién trang thai. Thoi gian thyc hién thuat toan &p dung trén khu gian Cét Linh — La
Thanh tuong ng la 8,1715 (gidy) cho hudng tu Cét Linh tdi La Thanh va 8,5531 (gidy) cho
huéng nguoc lai tir La Thanh vé Cat Linh. Pay 1a thoi gian kha thi, pht hop &p dung cho céc
g dung trong thyc tién. Ngoai ra, bién diéu khién lya chon la gia toc s& cho phép kiém soat
d6 ém diu trong chuyén dong, tir d6 vira dam bao dugc van chuyén an toan vira c6 thé lya chon
dugc sy can bang trong muc tiéu tiét kiém ning luong va dam bao su thoai mai caa hanh khach.

4. KET LUAN

Bai bao trinh bay van dé ap dung quy hoach dong cho mé hinh ning lugng theo quéng
duong dé xac dinh t6i wu tdc d6 chay tau trong hanh trinh khu gian véi myc tiéu tbi thiéu hoa
tong ning luong ma doan tau tiéu thu cua toan hanh trinh chuyén dong trong khu gian. Céc yéu
t6 thuc tién bao gom do6 doc yéu té trac doc, doan duong cong va gigi han téc do chuyén dong
tai timg diém doc tuyén duong déu da duoc xem xét tinh toan trong thuat toan. Két qua mo
phong trén khu gian tir ga Cat Linh t&i ga La Thanh da minh chiing cho tinh kha thi va tinh hiéu
qua cua thuat toan vai sai s vi tri ludn 1 0, va sai s6 thoi gian 16n nhit 1a 0,14 (giay). Thoi
gian thyc hién thuat toan ciing duoc t6i wu & mac 8,5531 (gidy) vai sai phan quing duodng la
0,931 (m). Ning luong tiéu hao cho hanh trinh tir ga Cat Linh dén ga La Thanh 12 341,677 (KJ),
va muc tiéu hao 445,018 (KJ) cho hanh trinh nguoc lai tir La Thanh vé Cat Linh. Két qua mo
phong c6 thé minh ching duge day 1a mot cong cu ¢ kha niang ap dung hiéu qua cho cac tng
dung thyc tién.
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