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In smart travel system, automatic route planning is one of the complex
but very important and necessary functions for tourists before and
during their sightseeing journey. This function not only requires
creating a route plan that suits the conditions of visitors quickly, but
also has to be optimized in terms of visit time and economic efficiency.
In this paper, we present a hew automatic routing algorithm based on
the idea of TSP (Traveling Salesman Problem) scheduling problem and
additional parameter about reasonable travel time, called TPA. (Travel
Planning Algorithm). TPA algorithm is adapted into the multi-platform
smart tourism system of Thai Nguyen province. Based on suggested
tourist spots in the process of choosing tourist attractions, TPA
algorithm works stably and makes better travel route than the routing
function in smart tourism system of TripHunter and Vietnam Posts and
Telecommunications Group (VNPT).
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Trong hé thong du lich théng minh, 14p 1§ trinh tu dong la mét trong
nhitng chirc ning phuc tap nhung rat quan trong va can thiét cho du
khach trude va trong hanh trinh thdm quan cia minh. Chirc ndng nay
khong chi yéu cau tao ra phwong an 16 trinh phut hop vai diéu kién cua
du khach mot cach nhanh chéng, ma con phai tdi wu vé thoi gian tham
quan va hiéu qua kinh té. Trong bai bao nay, chung t6i trinh bay mot
thuat toan 1ap 16 trinh ty dong Mai dya trén y tudng cia bai toan 1ap lich
TSP (Traveling Salesman Problem) va bo sung tham sé vé thoi gian du
lich hop 1y, dugc goi la TPA (Travel Planning Algorithm). Thuét toan
TPA dugc cai dat trong hé thong du lich théng minh da nén tang cua
tinh Thai Nguyén. Dua vao diém du lich dwoc goi ¥ trong qua trinh lya
chon diém thim quan cua du khach, thuat toan TPA hoat dong 6n dinh
va lap duoc 16 trinh du lich tét hon so véi chirc ning 14p 19 trinh trong
hé théng du lich thong minh cta TripHunter va Tap doan buu chinh
vién thong Viét Nam (VNPT).
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1. Gigi thigu

Hién nay, cudc cach mang cong nghiép 4.0 di va dang tao ra nhimg dot pha vé cong nghé,
mang t6i nhimg co hdi Mai va c6 anh hudong sau rong dén hau hét cac linh vuc cua xa hoi trong
do6 c6 nganh du lich [1] — [6]. Viéc ung dung nhimg cong nghé hién dai cho linh vuc du lich 1a
huéng téi myc tiéu chuyén doi s6 nganh du lich nham tao ra nhiéu san pham du lich s6 hap dan,
dem lai sy thuan loi va lién thong vai nhitng dich vu du lich thong qua viéc xay dung hé théng du
lich thong minh, tién t6i hinh thanh hé sinh thai du lich théng minh. Vi nhiéu tinh ning, dich vu
hitu ich va can thiét nhu tra ctu thong tin diém tham quan (hinh anh, am thanh, so dé, video,...),
tim cac dia diém xung quanh, chi va din dudng, dit truéc dich va du lich, phan tich phan hdi cua
du khéch, h tro truc tuyén, 1ap 16 trinh va huéng dan du lich, hé thong du lich thong minh khong
chi tao ra su gan két giita cong ddong, du khach véi doanh nghiép va nha quan 1y, ma con gop
phan kich thich sy ting truong, ning cao chit lwong du lich, cai thién higu qua truyén thong va
giam gia thanh dich vu du lich [7] —[12].

Trong xa hoi hién dai, mot trong nhitng xu hudng du lich méi néi va dang ngay cang phat
trién pho bién 1a hinh thic du lich tu tic. Trong hinh thirc nay, cong ddng va du khach s& khai
thac nhiing tinh nang, dich vu cua hé thong du lich théng minh nham tim kiém thong tin can thiét
cho chuyén du lich nhu dia diém tham quan, nhirng dich vu du lich va thong tin vé khuyén mai,
trong d6 tinh nang 14p 19 trinh rat duoc du khach quan tim bai nhu cau can xay dung ké hoach
tham quan phu hop véi diéu kién Cua riéng minh. Dén nay, thuat toan 14p 16 trinh trong hé thdng
du lich théng minh c6 nhiéu cach tiép can khéac nhau nhung déu hudng tol muc tiéu la ty dong
tao hanh trinh tham quan va dap ung t6i da nhu cau ca nhan, ciing nhu t6i wu vé quang duong,
phii hop Vé thoi gian tham quan, khdm pha nhiing dia diém doc dao va co hiéu qua kinh té cho du
khach [9], [12] - [20].

Véi nghién ciru trong bai bao [16], tac gia chi thuan tuy s dung dich vu Google Maps
Direction, cac ham Google Maps API va Google Maps Directions Optimize trong Google Maps
Platform ldy thong tin dudng di toi diém dén véi thoi gian ngin nhat. Sau do, du khach co thé
thay d6i vi tri cta cac diém dén va hé théng s& thuc hién tinh toan lai 16 trinh. Két qua thir
nghiém cho thay nghién ciru nay da dem lai su hai 1ong cho du khach khi thuat toan nay duoc
nhing vao mét sé hé théng du lich truc tuyén ¢ Pai Loan.

Trong bai bao [17], tac gia sir dung da tic nhan (multi-agent) dé trich xuat dir lidu tir cac
nguén khac nhau (lich trinh chuyén bay, gia vé, khach san, dia diém tham quan, chi phi di lai,...).
Cin ctr vao dit lidu nay, tic gia str dung thuat toan tim kiém Tabu dé xac dinh duogc gia tri ti wu
va gitp du khach 1ap ké hoach du lich hay 16 trinh du lich tt nhét.

O nghién ctru [18], tac gia danh gia rang nhitng thuat toan 1ap 16 trinh trudc day c6 mot s6 han
ché nhu khong c6 kha ning tich hop nhiéu ché d¢, khong xem xét dén nhu ciu cua timg nhom
nguoi va phuong tién st dung cua du khach trong qua trinh tham quan. Dé khic phuc nhiing han
ché @0, cac tac gia xay dung mot thuat toan méi dya trén thuat toan A-start [19]. Dya vao diém
tham quan va nhitng phuong tién giao thong pho bién giita cac dia diém dén, thuat todn moi nay
thuc hién tinh todn va cung cap duoc ké hoach du lich thong minh véi ba su lya chon cho du
khach 1a tuyén duong tiét kiém thoi gian, tiét kiém tai chinh va thoai mai nhét.

Khac vé6i nhitng nghién ciru trén, bai bao [20] khong str dung phuong phap quy hoach truyén
thong dé lap lich ma d& xuit thuat toan MDTRP (Multi-task Deep Travel Route Planning
framework). Thuat toan MDTRP thuc hién tich hop thém mét sé thong tin thude tinh bd trg nhu
diém ua thich - POI (Point of Interests), s¢ thich ctia du khach va dit liéu lich sir 16 trinh. Cac
thong tin bd trg nay gitp cho thuit toan MDTRP l4p duoc ké hoach du lich hay 16 trinh du lich
linh hoat va uu viét hon so mot sé thuat toan trude day nhu TSP [21], Topic Model [22], RNN
[23], DTRP [24].

Tai Viét Nam, cac ung dung va san pham phan mém vé du lich phat trién rat da dang va
phong phu. Nhung theo khao sat cua chung toi thi chi ¢6 san pham du lich théng minh cua tap
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doan VNPT [9] va cua TripHunter [12] dang dwoc dau tu va phat trién. Hé thdng nay cung cap
nhiéu tinh ning hitu ich, trong d6 c6 tinh ning ty dong 1ap 16 trinh. Vi hé théng du lich thong
minh cua VNPT (Smart Travel), chitc nang 1ap 19 trinh cho du khach thyc hién tinh toan khoang
cach va thoi gian di chuyén, cong voi thoi gian & diém dén ma du khach chon (thim quan, nha
hang, khach san,...). Tir d6, hé thong nay tu dong tinh duoc téng thoi gian va ting khoang cach
quéng duong di Chuyen giita cac dia diém tham quan ma du khach lya chon trong hanh trinh du
lich cia minh. Bén canh d6, du khach c6 thé thay d6i dia diém hoic s6 ngay thim quan rat dé
dang. Khi c6 thay doi, h¢ théng s& ty dong tinh lai quang duong di chuyén, thoi gian di va thoi
gian ding lai dé tham quan theo trat tyu sap xép cua du khach. Chic nang 1ap 16 trinh cua
TripHunter kha giéng v6i Smart Travel cua VNPT. Nhung véi TripHunter, hé thong nay cho
nguoi dung lua Chon s6 ngdy tham quan, dlem Xuat phat va diém dén. Can cir vao sb liéu nay,
cung véi tham sb ngay xuat phat, ngay vé, TripHunter tu dong dua ra cho du khach ké hoach
tham quan theo ngay va 19 trinh di chuyén gitra cac dia diém tham quan trong ngay d6. Du khach
cling c6 thé thay dbi dia diém du lich khac va sau 6 TripHunter s& tu dong tinh toan lai 16 trinh
cho du khach. Tuy nhién, chitc nang tu dong 1ap 16 trinh trong ca Smart Travel cia VNPT va
TripHunter con kha don gian va chua tu dong sap xép lai dé c6 duoc 16 trinh t6i wu vé khoang
cach va thoi gian tham quan.

Trong phan tiép theo cia bai bao nay, ching toi trinh bay chi tiét thuat toan tu dong lap 16
trinh TPA ma chung toi d& xuat & trong phan 2. Tiép dén, phan 3 1a nhitng danh gia giira thuat
toan tu dong lap 19 trinh TPA trong hé thong du lich thong minh da nén tang tinh Thai Nguyén -
USToT (Universal Smart Travel of Thai Nguyen) so v&i thuét toan 14p 16 trinh tu dong trong hé
thong du lich thong minh cia VNPT va cua TripHunter. Phan cudi cung 1a két luan va hudng
phat trién trong tuong lai.

2. Thuét toan tw dong 1ap 19 trinh - TPA

Thuét toan TPA duoc xay dung dua trén y tuéng cta bai toan TSP [21] va bd sung tham s vé
thoi gian du lich hop 1y dé tim ra duoc 16 trinh du lich t6i wu va phu hop cho du khach. Qué trinh
xir Iy cua thuat toan TPA duge md ta nhu sau. Dau tién, cac diém thim quan va dich vu du lich
(nha hang, khach san), goi 1 D, s& duoc du khach chu dong lwa chon hoic ¢ thé duoc goi ¥ boi
thuat toan PSA (Place Suggestion Algorithm) trong hé thong du lich théng minh USToT [25].
Nhu véy, sau khi du khach Iya chon xong diém thiam quan, chiing ta s& c6 dugc tap diém du lich
nam trong danh sach D = {d,, d,, ...dy} va d 1 diém xut phat ciia du khach. O day, mbi diém
tham quan dugc ky hiéu l1a d,,, voi m=1,2...M, trong d6 M la téng sb dia diém tham quan duoc
du khach chon trong 19 trinh.

Nhu ching ta da biét, tai mdi dia diém d,, du khach c6 thoi gian thim quan goi la §4_(duoc
xé4c dinh truéce). Vi 64, khong phu thude vao 19 trinh, nén ching ta c6 téng thoi gian thim quan
clia cac diém trong tap D 1a Ts va dugc tinh theo cong thuc sau:

. . . Ts = Z%=1 5dm . (1)

Tiép dén, dua vao cac diém thim quan nay, TPA dua theo bai toan TSP dé thuc hién vét can
cac phuong an 10 trinh c6 thé co. Goi tong s6 phuong an 16 trinh 1a V.

V= M! )

Vi viée gia tri V dugce tinh theo cong thuc (2), TPA sé dam bao vét dugc moi phuong an 1§
trinh c6 thé co déu nam trong tap 16 trinh P. Sau d6, TPA sir dung dich vu Google Maps Platform
[17] dé lay thong tin vé khoang cach, thoi gian di chuyén giira cac diém tir dich vu cho ting
phuong an 16 trinh i. Vi vay, ching ta s& co tong thoi gian di chuyén tir d,, qua cac diém trong D
cua 19 trinh i, dugc ky hiéu 1a TGi va ¢6 cong thirc tinh nhu sau:

Ti=YM .0k 3)

Trong do: 6 1a thoi gian di gitra diém dp,—; va dp, theo trat ty 1 trinh 7.
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Trén thyc té, qué trinh du lich cua du khach c6 thé phat sinh mot sb thoi gian khac ngoai thoi
gian thim quan diém du lich rat kho doan dinh. Cho nén, trong bai bao nay, TPA chi xét tong thoi

gian du lich ciia du khach trong mét 16 trinh i gém ¢ Ts va TE va duoc tinh theo cong thuc sau:
T =T+ Ts= Yy edm_l‘m Y=16a,, 4
Tir cong thirc (4) ching ta thay rang tily theo phuong an 16 trinh P! khac nhau thi T* ¢6 gia tri
khac nhau. Nén véi tap D cho trudc, chiung ta lap duoc tdp phuong an 1§ trinh P =
{P1,P?,...P"}, trong d6 P! gom cac diém d,, € D da dugc xap xép theo thir tw cua 16 trinh i.
Dong thoi, trong tng véi tap P, chiing toi c6 tap thoi gian du lich theo timg phuong an 16 trinh
ky hiéu 1a T = {T*,T?,...T"}. Theo bai toan TSP thi 19 trinh tot nhat, Py, duoc xac dinh 14 16
trinh ¢6 quing ngan nhat hay ching ta ¢ thé suy ra dugc chinh 14 16 trinh c6 thoi gian du lich
nho nhét, Tps;

Tpese = Min(T') VT e T (5)
Do d6, Pyese duoc tinh theo cong thirc sau: '
Phese = P néuco T' = Tpeq (6)

Tuy nhién, thuat toan TPA ciia chung t6i thuc hién xét thém tham sd thoi gian du lich hop 1y
{pest Va chi dua nhiing phuong 4n thoa mén diéu kién vao danh sach phuong an Pp,g.. Tuy theo
dia diém ma {ppq co thé 1a khoang thoi gian mo cira ciia diém tham quan ¢, hoac thoi gian hop
ly sir dung dich vu 4m thuc ¢, (thoi gian an tir 11 gid dén 13 gid va tir 18 gio dén 21 gio) hay la
thoi gian hop 1y dé luu tr ¢, (thoi gian nghi sau 21 gid). Cu thé:

{, néud,, 1a diém tham quan
{pest= 3 ¢ néu dp, la diém nha hang (7
{n néu dy, 1a diém khach san

Do d6, trong thuét toan TPA, cong thirc (6) s& dugc viét lai nhu sau:

. Rbest = {Pl; VP E P} néu (besf € {, }loéc Cpest € Cr hpéc Chest € Cn (8)

Can luu y rang céac gia tri {;, {, va {p c6 thé thay d6i va dugc hé thong USToT luu trong co
s& dit lidu. Can cir vao do, thuit toan TPA xem xét ting diém trong 16 trinh PY, néu chi can co
mot dia diém khong thudc {pes, thi 16 trinh P s& bi loai ra khoi phuong an, nguoc lai P méi
duogc dua vao danh sach 16 trinh du lich kha thi P,,s.. Véi mdi phuong an PE, néu tong thoi gian
T I6n hon mdt ngdy ma van con diém thiam quan thi TPA tu dong chuyén nhiing diém tham
quan con lai sang ngdy méi va dam bao xem xét moi diém trong 16 trinh cua du khach.

Nhu vay, thuat toan TPA s& dua ra mot s6 phuwong an 16 trinh hop 1y ca vé quing dudng va
thoi gian tham quan cho du khach. Cin cir vao dé, du khach s& lua chon phuong 4n ma minh thy
phu hop hoic co thé thay doi lai dia diém ma minh da chon va yéu cau TPA thuc hién lai viéc lap
16 trinh. Ngoai ra, TPA ciing ¢ lya chon chi thuc hién tinh toan 16 trinh theo thtr ty diém tham
quan dugc ngudi dung lya chon (khong sip xép) nhu trong Smart Travel cia VNPT va
TripHunter. Chi tiét ma gia (pseudocode) cua thuét toan TPA dugc trinh bay nhu dudi day.

Thudt todn: TPA (Travel Planning Algorithm)

Dau vio: D
Dau ra: Py,
Begin
Plgest = 0;
T' =0;
Call_TSP(D);
fori:=1toVdo
getPosandPath(P?);
for m:=1to M-1do
T! = T+ add_stay_time(d,,);
Endfor
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check_and_add_days(T?);
endfor
fori:=1toVdo
b = true;
for m:=1to M-1 do
case kieu cua d,,
case diém_tham_quan:
(pest = Qet_arrival_time(d,,);
if (pest & {, then b=fasle;
exit for;
case diém_khéch_san:
(pest = Qet_arrival_time(d,,);
if (pest & ¢ then b=fasle;
exit for;
case diém_nha_hang:
(pest = Qet_arrival_time(d,,);
if (pest € { then b=fasle;
exit for;
endcase
endfor
if b= true then
Add_Planning(P%, Ppest);
endfor
Notify_list_Plan(Ppest);
End

3. Danh gia thuat toan TPA

(«

e =G

[}

=

<

~’

&

.
Céng déng
(Lép €)

4
Du khach
(Lép C)

(= G))

L@

Hinh 1. M6 hinh trién khai hé thong USToT ¢6 cai dat thudt todn TPA
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Hinh 2. Két qua tinh todn 16 trinh trong hé thong Smart Travel ciia VNPT (a) va cua TripHunter (b)
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Thuit toan TPA dugc cai dit trong chirc nang 14p 16 trinh cua hé théng du lich thong minh
USToT dang hoat dong trén mang Internet, c6 mo hinh trién khai dugc mo ta trong hinh 1. Hé
théng USToT ¢6 co so dit liéu da dang gdm hon 1000 diém thim quan, dich vy du lich va tién
ich (hinh anh, video, am thanh, van ban va so d(‘S) hoat dong trén Web va App mobile (i0S va
Android), c6 tén mién 1a http://dulichthongminhthainguyen.vn.

Theo khao sat khi thuc hién 1ap 1§ trinh trong Smart Travel cia VNPT va TripHunter thi
chung t6i thay rang chung deu co mot diém chung d6 1a chi thyc hién tinh ‘toan 16 trinh theo tha
tu cac diém do ngudi dung sap xép, ma khong thuc hién viée tinh toan va sap xép lai dé toi uu vé
quing duong giita cac diém dugc lya chon trong 16 trinh. Két qua tinh toan duoc minh hoa trong
hinh 2.

Qua hinh 2, chung ta thiy rang cac thong tin vé khoang cach, thoi gian di chuyén, thoi gian
dong va mé cira déu duoc hién thi dé du khach co thé biét dwoc. Tuy nhién, véi TripHunter thi
thoi gian thim quan dugc thay doi theo dia diém, nhung voi Smart Travel cia VNPT thi thoi gian
nay ludn cb dinh 13 2 gid.

Véi thuat toan TPA trong hé thong du lich thong minh USToT thi sau khi ngudi ding lua
chon xong céc dia diém trong 16 trinh cia minh, TPA thuc hién qua trinh tinh toan dé sép Xép lai
thir ty va dua ra dugc 16 trinh t6i wu ca vé quing dudng va thoi gian tham quan. Két qua cua
thuat toan TPA hoat dong trén ca Web va App va minh hoa trong hinh 3 dudi day.
e < L3 trinh

Siéu thi Lan Chi O
Thai'Nguyen

[ rverwm s v | Trudng'Bai hoc Su Q E

- - pham Thai Nguyéen

Bac ¥ @ ]

Dot Qe
doanh o e

Ga Thai Nguyén

Quang dudng: 1.73 km
Thai gian: 5.35 phat

(@) (b)
Hinh 3. Két qua ldp 16 trinh cia TPA trong hé thong USToT trén Web (a) va trén App (b)

Bang 1 dudi day so sanh chirc nang 1ap 19 trinh cia USToT vai Smart Travel cuia VNPT va
cua TripHunter.
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Bang 1. So sanh diém khdc trong chire nang 1ap |6 trinh ciia USTOT Véi Smart Travel VNPT va TripHunter

Smart Smart Travel
Tinh ning USToT  Travel caa cua

VNPT TripHunter
Thay di dia diém/toa do xuat phat Co Khéng Co
Thoi gian tham quan thay d6i theo dia diém Co Khéng CH
Kiém tra thoi gian thim quan trong ngay Co Khoéng Khéng
Ty dong thém ngay tham quan Co Khong Khong
Xét tinh hop 1y cia thoi gian tham quan Co Khoéng Khéng
Ty dong thay ddi vi trf diém tham quan trong 16 trinh Co Khong Khong
Goi y dia diém tham quan theo ti€u chi noi bat, c6
khuyén mai khi xay dung 19 trinh Co Khong Khong
L trinh c6 tinh tir diém xuat phat Co Khong Khong

4. Két luan

Trong bai béo nay, thuat toan tw dong lap 16 trinh TPA di dugc dé xuat va tng dung trong hé
thong du lich thong minh da nén tang tinh Thai Nguyén - USToT. Khac véi chirc ning 1ap 16
trinh cta hai hé thong du lich thong minh ctia VNPT va cua TripHunter, thuat toan TPA trong h¢
thong USToT di ty dong xay dung duoc 16 trinh hop 1y hon cho du khach vé yéu to thoi gian,
quing duong va su hop 1y trong viéc sip xép dia diém tham quan cua 16 trinh cho du khach. Bén
canh d6, trong qué trinh lya chon diém thim quan, USToT s& dwa ra nhitng goi y théng qua vigc
lya chon tiéu chi (ndi bat, c6 khuyén mai) dé du khach cé duoc lya chon nhanh hon va biét dugc
nhung ché do wu dai cua chuong trinh khuyén mai. Két qua danh gia cho thidy TPA di hoat dong
on dinh, dap ung yéu ciu da nguoi dung, xtr ly nhanh chong va chinh xac. Trong thoi gian tdi,
chung t6i tiép tuc nghién ciru va cai tién dé thuat toan TPA trong hé thong USToT dép tmg dugc
thém cac tiéu chi m&i nhu than thién véi nguoi dung, goi ¥ diém thim quan theo s& thich du
khach va ty dong thay ddi dia diém tham quan phu hop thoi tiét cua ngay tham quan.

Loi cam on
~ Téc gia xin 16i cam on dé tai "Xy dyng h¢ thong du lich thong minh phuc vu pht trién kinh
te xa hoi tinh Thai Nguyén", ma s60 NVKHK.01/2018 da tai trg cho nghién ciru nay.
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