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TOM TAT
Véi Dé dan xdy dung thanh phd théng minh tai thanh phé Pa Nang, giai doan 2018-2025,
dinh hwéng dén nam 2030 va ciing véi sy phdt trién manh mé va nhitng loi thé ciia cong nghé
10T, viéc tich hop, g dung IoT trong linh viec giao thong thong minh cé thé cdi thién hiéu
suat, toi wu héa e lwong truy cdp cia hé thong, dem dén sw tién dung cho nguoi dan. Tir
nhitng loi thé vé cong nghé dé da cho phép phdt trién va trién khai nhiéu g dung dich vu
khéc nhau trong linh viee giao théng théng minh. Trong bdi bdo ndy chiing téi dé xudt viéc
ung dung mang dién rong cong sudt thd'p LoRa cho viéc hién thi 19 trinh va thoi gian cho xe
buyt theo thoi gian thuc. Trong dé cdc thiét bi dau cudi dwge ddt trén xe buyt nham thu thdp
tog do GPS cua xe buyt va gui toa do nay cung thong tin cua xe buyt lén Server The Things
Network thong qua hé thong Gateway c6 két néi internet, mét vng dung trén dién thoai nguoi
diing cho xe buyt sé hién thi vi tri, khodng cach va thoi gian xe buyt twong g véi tuyén
nguoi ding chon sé dén vi tri nguoi cho xe buyt. Pé lam dwoc diéu nay, ching téi da dé xudt
mét gidi phap phan cing sir dung mang LoRa va thudt todn dé xdc dinh vi tri ngwoi ding va
xe buyt trén 19 trinh nham tinh todn thoi gian va khodng cach néi trén.

Tir khéa: Mang LoRa; giao thong thong minh; lich trinh xe buyt; ky thudt IoT; thanh phé
thong minh.

ABSTRACT

In 2018, the Da Nang administration already approved the ‘Building a smarter city’ project
for the 2018 - 2025 period, with a vision towards 2030, with a focus on piloting some smart apps
in the aspects of transport, environment, water supply control, food safety, security, education,
healthcare, and data sharing. The development of smart cities based on new technology
platforms such as loT, big data, Al Together with the strong development of loT technology, the
smart transport system can be improved and optimized to bring more convenience for Da Nang
citizens. It has allowed the development and deployment of many different service applications in
the smart transport field. In this paper, we present the application of LoRa for real-time bus route
and schedule time display. Each endnote is placed on the bus in order to collect the GPS
coordinates of the bus and send them and the information of the bus to the The Things Network
Server through the Gateway via the Internet. A mobile application software supports the users
about the bus location, distance and time corresponding to the predefined route. Thus, we
propose a hardware solution using LoRa network and routing algorithm to locate users’ and
buses positions and also calculate the aforementioned time and distance.

Keywords: LoRa; Smart traffic; Bus routing; loTs; smart city.

2 - thong minh tai Pa Ning nhu: Gidi phap
1. GIOI THIEU N

7 ‘ . “Thanh ph6 an toan” dya trén cong ngh¢ IoT

~ Tai Hoi thao, cac chuyén gia da déra cac  gjup tang cuong an ninh cho thanh pho thong

giai phap trién khai xdy dung thanh phd qua hinh anh tir cac camera va dién thoai di
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dong; giai phép “Giao thong thong minh”
lién quan dén hé théng quan 1y bai dau xe
thong minh, hé théng phat hién cac hanh vi
dau xe trai phép, hé théng quan ly cac
phuong tién giao théng cong dong; giai phap
“Tda nha thong minh” st dung cac cam bién
va vi mach dé thu thap dir liéu, phan tich, hd
tro cai thién do bén hiu sudt cia tai san,
giam thiéu ning lugng st dung; giai phap
“quan 1y umg pho tham hoa” cung cip nén
tang thu thap dir licu vé thiét hai, nhu cau cua
nguoi ti nan va tao diéu kién cho qué trinh
phuc hdi nhanh chéng hon. ..

Ngay nay, cing voi sy phat trién cua
kinh € xa hoi, nhu cu di lai ctia hanh khach
va van chuyén hang hod ngay mot gia ting
trong khi hé thong ha ting chwa dap tmg kip
dic biét 13 & cac thanh phd 16n tai Viét Nam,
noi ma viéc quy hoach giao thong chua duogc
lam tét tir dau. Xu thé tit yéu dé giai quyét
van dé nay 1a giao thong thong minh. Trong
d6 co viéc diéu khién va phdi hop thong
minh hé théng dén tin hiéu giao thong [1-3],
phét cac tién ich giao thong di kem nhu hé
théng xe buyt, cac dich vu cho thué xe dap tu
dong, hé thong tram cho xe.

Hién nay trén dia ban thanh phd Pa
Néng ndi riéng va trén cac thanh phd 16n cua
ca nudc néi chung di va dang chi trong dén
phat trién giao thong cong cong va giao
thong thong minh. Thanh phd Pa Néang dang
khuyén khich nguoi dan chuyén sang ding
dich vu giao thong cong cong thay vi dung
phuong tién ca nhan nhu hién nay. H¢ théng
xe buyt cong cong cua thanh phd ba Ning
bao gom 14 tuyén trong d6 c6 01 tuyén buyt
TMF do Quy Toyota Mobility Foundation tai
trg, 06 tuyén buyt hién trang (khong tro gid),
05 tuyén buyt tro gia va 02 tuyén buyt du lich
N1, N2.

Tuy nhién, hé théng xe buyt nay van con
nhi€u ton dong va gap nhiéu van dé¢ kho6 khan
nhu:

- Mat do che phu con thua, chi mdi co
05 tuyén trg gia va 01 tuyén TMF phuc vu
nhu cau di lai thudng ngdy cua ngudi déan.
Nén van chua giai quyét duoc nhu cau di lai

cua nguoi dan véi hé thong chua hoan thién,
tinh két noi chua cao.

- Khuyén khich st dung xe buyt 1a xdy
dung thoi quen méi, di nguoc lai “van hoa xe
may” da an sau vao mau cua nguoi dan ba
Nang.

- Thay ddi thai do tiéu cuc ctia ngudi dan
d6i v6i xe buyt Pa Ning. Xay dung mot hinh
anh moi cua xe buyt, chét luong dich vu cao,
sach s€, thodng mat, van minh, lich sy.

- Nhiéu ca nhan vo ¥ thic, xdm chiém
khu vuc nha cho ciing nhu khu vuc dau dd
vao diém ding xe buyt, lam tram trong hoa
nhiéu vin dé d6 thi nhu Un tic, tai nan giao
thong.

- Van dé un tic giao thong tai mot sd
tuyén dudng chinh cta thanh phd trong gio
cao diém ciing 1a mot van dé dang ké dén
viéc st dung xe buyt cong cong cua nguoi
dan.

Do vay viéc tao cac tién ich cho nguoi
dung, nang cao chat lugng phuc vu la rt can
thiét. Hién nay tai thanh phé Da Ning mai
chi ¢6 cic hé thong kiém tra lich trinh xe
buyt offline. Cac thong tin tra cliru dugc chi
1a tuyén duong, khoang cach giira 2 lan xe
buyt vao gio binh thuong va gio cao dlem
Do vay can phai trién khai hé théng cung cap
nhiéu tién ich hon va giap nguoi dung co thé
kiém tra truc tuyén thong tin ting tuyén xe
buyt theo thoi gian thye gitp cho nguoi dung
cha dong va tiét kiém thoi gian hon trong
viéc di chuyén bang hé théng giao thong
cong cong.

Chtng t61 nhan théy diéu nay dac biét
can thiét va hiru dung khong chi véi nguoi
dan Da Ning ma ca véi khach du lich, ngudi
méi dén thanh phd. Ching t6i dé xuit xay
dung hé thong hién thi lich trinh tuyén xe
buyt va thoi gian cho xe cho nguoi dung dua
trén mang LoRa. Mang LoRa 1a mang dién
rong, cong suit thap, voi khoang cach truyén
lén dén 10 km. Do vay chi can mot s6 nho
cong Gateway ciing du phu séong pham vi
toan thanh phé. bac biét, hién nay thanh phé
Pa Ning dang huéng dén phu séng LoRa
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nén viéc ung dung cho muc dich nay kha
thuan loi.

2. TONG QUAN HE THONG PE XUAT

Téng quan vé hé thong hién thi thoi gian
chd xe buyt dugc thé hién nhu trong Hinh 1.
Trong d6, cac thiét bi dau cudi s& dugc dat
trén timg xe buyt trong qua trinh di chuyen
Thiét bi dau cudi nay gom mot vi diéu khién
Arduino Pro Mini dé doc thong tin toa do tu
md dun GPS va thong tin riéng cia ting xe
gtri vé Server The Things Network thong qua
hé théng Gateway LoRa c6 két ndi Internet.
Céu tao cua thiét bi dau cudi dat trén xe buyt
dugc thé hién trong Hinh 2. Mot tng dung
cho dién thoai di dong duoc xay dung dé lay
toa do xe buyt gan nhét twong Gng vai tuyén
xe buyt dugc chon dang hudng tdi nguodi
dung dé tinh toan khoang cach, thoi gian xe
buyt s& dén vi tri ngudi ding.
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Hinh 2. So d6 thiét bi dau cudi dat trén xe buyt

3. THUAT TOAN TINH KHOANG
CACH VA THOI GIAN CHO XE

Khoang cach ciing nhu thoi gian xe buyt
dén vi tri ctia nguoi dung cho mét tuyén xe
buyt cu thé.

Do cac tuyén xe buyt hoat dong trong
pham vi hep cua thanh phé nén dé don gian
cac diém trén tuyén xe buyt c6 thé dugc xem
nhu ndm trén mit phang.

Mot tuyén xe buyt s€ di qua mot 5O
tuyen dudng cu thé. Vé nguyén tic chung ta
can thu thap toa do cac diém doc theo mdi
tuyén duong. Piéu nay co thé thuc hién bang
viéc léy toa do trén Google Map hodc su
dung thiét bi gan trén xe buyt dé ghi lai trong
toan bo hanh trinh.

Do céc tuyén duong trong thanh phd da
sO 1 tuyén duong thing. Nén chi can thu
thap toa do cac diém tai hai dau moi tuyén
duong. V6i nhitng tuyen duong khong thang
thi c6 thé thu thap nhiéu diém hon va tuyén
tinh hoa thanh cac doan dudng thiang. Theo
cach nay thi toa do GPS cua cac diém can thu
thap 14 it nén chiing toi xac dinh truc tiép toa
d6 cac diém nay trén Google Map.

Khoang cach tir xe buyt dén nguoi dung
dugc xac dinh bang tong khoang cach cta
cac doan thang néi tir xe buyt dén nguoi
dung. Trong d6 d6 dai doan thang dugc xéac
dinh tir toa d6 cua 2 diém lién tiép duoc thu
thap nhu sau

l; = K\/(xi+1 = x)*+(Vig1 — Yi)? (1)

Trong do, [; 1a d¢ dai doan thu i, x; va y; la vi
do va k1nh do (0 dang thap phan) cua diém
thir i, K 1a hé s6 quy d6i gitta khoang cach toa
d6 kinh vi tuyén sang khoang cach thyc té.

Diémi

Diém i+3

Xe/nguoi <
Didim i+2

Piémi-1
- pidm i+1

Hinh 3. Xdic dinh vi tri xe/nguoi trén tuyén
xe buyt
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Maic du c6 toa d0 GPS cua xe buyt va
nguoi dung, nhung viéc xac dinh xe hodc
nguoi hi¢n tai dang thudc doan théng nao la
mot diéu khé khan do cac diém nay khong
hoan toan nam trung khop trén cac doan
thang, va xuit hién nhiéu doan dudng gip
khuc ddc biét. Tiéu chi dé xuat dé xac dinh
mot diém nam trén mot doan thang 13 c6
khoang cach dén doan thang la bé nhit va
nim bén trong dudng tron c6 duong kinh
chinh 14 doan thing d6 nhu trong Hinh 3.

Phuong trinh di qua 2 diém (x;,v;) va
(%i41, Vi+1) dugc tinh nhu sau

ax+by+c=0 (2)
Trong d6
a=y; =Y b=x41 —x;¢

=0 — xi41)¥i

+ ivr —Yidx;i

Khoang cach tor xe/ngudi c6 toa do
(%0, Vo) dén duong thang trén dugc tinh nhu
sau
4 g S0 byote 3)

Vaz + b?

Piéu kién xe/ngudi c6 toa do (x4, ¥o)
nam trong duong tron trong Hinh 3 tuong
mg voi diéu kién khoang cach tir xe/ngudi
dén trung diém cua doan thfmg xac dinh bdi
2 diém (x;,y;) va (X;41,Yi+1) bé hon ban
kinh dudng tron va dugc biéu dién nhu sau

1 <R; (4)
Véi

T
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Nhu vay, sau khi da xac dinh vi tri cta
xe buyt va ngudi nam trén doan thir i va j
nao do trén 10 trinh tuyén xe buyt, lac nay 16
trinh ctia chuyén xe buyt dugc xem nhu thém
vao mot diém tai vi tri xe va mot diém vi tri
cua ngudi dung. Khi d6, khoang cach tu
ngudi dén xe duge tinh bang tong tat ca cac

doan thang (tinh theo coéng thirc (1)) nim
gitra xe va nguoi. P6 chinh la khoang céch
hién thi 1én tmg dung ngudi dung xe buyt
cach bao xa trong khi thoi gian hién thi xe
buyt s€ to1 trong bao lau duogc tinh tir khodng
cach @6 va toc do trung binh cta xe buyt di
trong thanh phd. T4t nhién toc do nay co thé
duoc hiéu chinh béng nhiéu cach khac nhau
dé nang cao do chinh xac nhu hi€u chinh
theo thoi diém trong ngay, hiéu chinh theo
tde do thuc té xe dang chay, hi€u chinh theo
khu vyc dan cu hay tinh chit timg doan
duong,...

4. THUC NGHIEM
KET QUA

Pé tién hanh thyc nghiém kiém chung
két qud, nhom da thir nghiém h¢ théng trén
v6i tuyén xe buyt sé 5 cua thanh phd Da
Nflng. Trong do, mdt thiét bi dau cudi duoc
dit tréen mot xe buyt két nbdi dén mot
LoRaWan Gateway c6 két ndi Internet. Mot
nguoi dung st dung dién thoai c6 ung dung
nhu dé xuét dé theo ddi viéc hién thi vi tri xe
buyt, khoang cach va thoi gian xe buyt s& den
vi tri nguoi ding. Ban d6 tuyén xe buyt s6 5
trén giao dién Gmg dung duoc thé hién trong
Hinh 4 véi cac toa do dugc liy trén Google
Map gom 15 diém nhu trong Bang 1 voi
dlem dau tuong ung voi bén xe buyt tai phia
cau Thuan Phudc va diém thtr 15 tuong tng
v6i diém cubi 19 trinh phia bién Xuan Thiéu.
Téng 16 trinh 14 16,1 km.

KIEM CHUNG

HOA MINH

)

Cau Rong

THANH KHE

Hinh 4. Tuyén xe buyt:?é' 5 tai Thanh phé Pa
Nang
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Bdng 1. Toa do GPS cadc diém dau cua cdc

doan dwong trén tuyén xe buyt

L6 Trinh

Xe dén trong

32.21 phat (16.1 km)

1.69 phat (0.85 km)

Vi tri Vido Kinh d
1 16.0868332 | 108.2200742
2 16.0854875 | 108.2195665
3 16.0826708 | 108.2224061
4 16.0754879 | 108.2235842
5 16.0713661 | 108.1882769
6 16.0718352 | 108.1861849
7 16.0675518 | 108.1822800
8 16.0750867 | 108.1757973
9 16.0720609 | 108.1736554
10 | 16.0782480 | 108.1642227
11 16.0653438 | 108.1552607
12 | 16.0671471 | 108.1527712
13 | 16.0870323 | 108.1442451
14 | 16.0921060 | 108.1498178
15 | 16.1078196 | 108.1342972

A MINH

Pé kiém ching dd chinh xac mot cach
dinh tinh, trén xe buyt chung t6i c6 dat mot
dién thoai c6 md san Google Map véi chitc
nang dinh vi GPS. Trong do, thiét bi dau cubi
dit trén xe buyt dugc ché tao theo nguyén 1y
nhu trén Hinh 2 ¢6 hinh dang thuc té nhu
Hinh 5. Trong d6 thiét bi dau cudi st dung
mach LoRa co anten tich hgp san trén mach
[4], m6 dun GPS st dung loai NEO-6 [5], vi
diéu khién sir dung Arduino Pro Mini [6].

2. Khéi GPS

1. Khéi ngudn
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Hinh 6. a) Ung dung trén dién thoai nguoi dung; b) Vi tri xe trén dién thoai dat trén xe buyt;
¢) Tinh khoang cach sw dung Google Map
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bién thoai trén xe buyt va dién thoai cai
ung dung chd xe buyt duoc kich hoat ghi
hinh man hinh cung lac. Két qua viéc so sanh
vi tri va khoang cach tir xe buyt dén ngudi
dung duoc thé hién nhu trong Hinh 6 tuong
g voi thoi diém 24 phat 08 gidy sau khi xe
buyt khai hanh tir bén Xuén Diéu. Trong d6
Hinh 6a 13 hinh anh cét ra tir video dién thoai
ngudi dung voi biéu twong xe buyt mau xanh
1a cay 1a vi tri hién tai cua xe buyt va biéu
tuong chAm mau d6 va vi tri nguodi ding
dang cho xe buyt tai mét tram dung, Hinh 6b
13 hinh anh cét ra tir video dién thoai dat trén
xe buyt, Hinh 6¢ 1a hinh anh tinh toan
khoang céach trén tng dung Google Map.
Nhu c6 thé thay, vi tri xe trén Hinh 6a, 6b
trung khép nhau trong khi d6 khoang céach
hién thi cho nguoi dung (0,85 km) & Hinh 6a
cling twvong ung voi khoang céch tinh todn
trén Hinh 6c¢.

5. KET LUAN

Trong bai bao nay chung toi dé xudt viéc
tmg dung mang dién rong cong suit thap
LoRa cho viéc hién thi 10 trinh va thoi gian
chd xe buyt. Trong d6 cac thiét bi dau cubi
dugc dat trén xe buyt nham thu thap toa do
GPS cua xe buyt va gui toa do nay cung
thong tin cua xe buyt 1én Server The Things
Network thong qua hé théng Gateway c6 két
ndi internet, mot Gng dung trén dién thoai
nguoi ding dang cho xe buyt s& hién thi vi
tri, khoang cach va thoi gian xe buyt tuong

g véi tuyén ngudi dung chon s& dén vi tri
ngudi chd xe buyt. Pé lam duoc diéu nay,
chung t6i da dé xuat thuat toan don gian dé
xac dinh vi tri nguoi dung va xe buyt trén
16 trinh nham tinh toan thoi gian va khoang
cach noi trén.

Hé théng trén da duoc thir nghiém cho
tuyén xe buyt s6 5 ctia thanh phd Pa Ning.
Viéc tinh thoi gian cho xe buyt hi¢n tai méi
chi dugc tinh trung binh dya trén khoang
cach va tbc d6 trung binh cua xe. Didu nay
1a chua hoan chinh do thoi gian c6 thé thay
d6i phu thudc vao nhiéu yéu td. Huong
phat trién tuong lai khi trién khai hé thong
vao thyc té can xét dén tinh trang giao
thong timg tuyén xe buyt dé diéu chinh van
tbe trung binh phu hop. Tham chi con c6
thé xét dén tinh trang giao thong timg doan
duong, ting thoi diém cu thé, cung nhu van
téc thuc cua xe tai tung thoi diém dé tinh
thoi gian cho chinh xac hon. Mic du két
qua budc dau rat kha quan nhung van con
nhiéu van dé& can khic phuc nhu can phat
trién thuat toan va thir nghiém khi c6 nhiéu
xe buyt trén cung tuyén, va viéc luya chon
cic tuyén khac nhau trén cing mot ung
dung dién thoai.
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