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MO HINH PINH VI TRONG NHA UNG DUNG IOT

PHAN VAN PUC*, HOANG PUC VAN?, NGUYEN NGOC MINH THONG?
Tom tit
Bai bdo nay mé ta hé théng dinh vi trong nha, hé thong dinh vi trong nha déic
biét la o cac khu viec bénh vién, truong dai hoc, trung tam mua sam, san bay,
noi ma hé thong cé thé giip nguoi dimg tim dwong tét nhat trong nha. Hé
théng dinh vi trong nha dwoc dé xudt than thién va thugn tién voi nguoi dung
Vi né khéng yéu cau thiét bi bé sung nao ngoqi trir dién thoai théng minh va
hoat dong voi nguoi di bo trong tu thé binh thuwong dang di bo voi dién thoai
théng minh trén tay. Dé xdc minh thudt todn diéu hwéng trong nha dwge dé
xudt, chiing téi da tién hanh thir nghiém trong méi trieong thuc té trong nha
bang dién thoai théng minh Android thwong mai, phan cirng dimg Board voi
Chip STM32-F407 va hé thong server. Hiéu sudt cua thudt todn ciia chiing
16i di dwoc chitng minh théng qua két qua ciia thir nghiém.
Tir khod: diéu hwong trong nha, IoT, din dwong trong toa nha, dinh vi
trong nha.

Abstract

This paper describes an indoor navigation system which is especially in
hospital areas, universities, shopping centers, the airports, where they can help
users to find the best ways indoors. The proposed indoor navigation system is
user-friendly and convenient because it requires no additional device except a
smartphone and works with a pedestrian in a casual posture who is walking
with a smartphone in their hand. To verify the proposed indoor navigation
algorithm, we conducted an experiment in a real indoor environment using a
commercial Android smartphone, hardware board design STM32-F407 and
Server system. The performance of our algorithm was demonstrated through
the results of the experiment.

Keywords: Negativation in door, loT, tracking indoor, indoor positioning

1. Giéi thiéu
Hién nay, hé théng dinh vi trong nha
ngay cang dugc su dung rong rai & cac truong
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dai hoc, trung tdm thuong mai, cac bénh vién,
cac toa nha van phong, trung tdm giai tri, cong
vién s& thu. Dinh vi trong nha c6 nhiéu tng
dung nhu cung cip hé thdng dinh vi trong nha
cho nguoi khiém thi, dinh vi thiét bi trong
cac toa nha, cac hdi thao, hdi nghi tai truong
dai hoc rong 16n, giap dd khach du lich tham
quan trong cac bao tang va tim 16i ra khan
cap khi xdy ra hoa hoan, theo ddi tré em &
nhitng noi dong duc va theo dai thiét bi dat
tién. HE théng dinh vi toan cau (GPS- Global
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Positioning System) 1a hé thong dinh vi phd
bién nhat da va dang duogc st dung rat hiéu
qua. Khi khoanh ving mot d6i twong hoic
tuyén dudng trong nha, hé théng nay khong
hoat dong tdt do tin hiéu phat ra tir cac v¢€ tinh
ctia n6 bi mat. Khi diéu hudng trong nha, can
tinh dén vo sé déi twong phan anh tin hiéu.
bay co thé 1a cac manh thiét bi, tuong hoac
con nguoi [1]. Céc tng dung dinh vi trong
nha c6 thé yéu cau cac thudc tinh chét luong
khac nhau, do d6 hé théng dinh vi trong nha
phai duoc lya chon can than dé dap tng cac
yéu cau ciia tng dung. Mot sé cong nghé
dinh vi trong nha phd bién nhu WiFi, dién
thoai thong minh [2, 3, 4], Bluetooth, Zigbee,
bang thong rong (UWB- Ultra-Wideband) [5,
6], v&i do chinh xac cao hon, pham vi hoat
dong, kha nang xuyén tuong, nang luong
tiéu thy thap.

Vi vay viéc phat trién mot thuét toan
diéu huéng trong nha dua trén viée str dung
ap trén dién thoai thong minh, cac diém truy
cap du liéu (Access_Point) trong nha vai Chip
STM32-F407 va may chu quan ly (Server).
Phuong phap duogc dé xuét c6 thé duge thuc
hién boi mot nguoi dung dién hinh trong tu thé
binh thuong dang di bd vaoi dién thoai thong
minh trén tay. St dung dir li¢u dugc thu thap
bang dién thoai théng minh bang cac diém truy
cap, quy dao thd cua nguoi di by dugc may
chu udc tinh. Quy dao duoc diéu chinh béng
cach st dung két hop duy liéu thu thap dugc va
béan v& thuc té bén trong toa nha, trong khuén
vién bénh vién, truong dai hoc, khu du lich vui
choi giai tri. Giai phap chu dong nay khic phuc
nhitng nhuoc diém bi dong cua cac hé théng
Beacon hién tai dong thdi mé rong thém cac
tinh nang khac nhu Chat, két ban, thong bdo
moi cac su ki€n méi nhu hoi thao, hoi nghi,
ca nhac, ... trén hé thong cho cc nguoi ding
cap nhat thong tin va theo doi.

2. Phuong phap nghién ctru

Trong nghién ctru nay, nhém tac gia
gidi thicu mot mo hinh dinh vi linh hoat dua
trén ky thuat RSSI (Receive Signal Strength
Intensitive) cho hé théng bang viéc sir dung k¥
thuat dinh vi tam gidc trong diéu kién cac thiét
bi dau cudi di chuyén trong méi truong trong
toa nha da duoc 1ap dat cac thiét bi phan cling
board mach STM32-F407 c6 trang bi module
Bluetooth va wifi.

2.1. Scan Bluetooth

Hau hét cac thiét bi di dong hién dai déu
c6 tinh nang Bluetooth vi vay Bluetooth da tré
thanh mot cong nghé rat phé bién, dic biét 1a
trén cac thiét bi di dong nhu hién nay. Vi vay
viéc sir dung scan Bluetooth s& bao gom cac
tinh nang sau: Bat két ndi Bluetooth, hién thi
danh sach cac thiét bi da két ndi, ghép doi
(paired) va tim va liét ké danh sach céc thiét b
¢6 két nbi Bluetooth ¢ xung quanh. Khi thiét bi
d3 duoc cai dat ap thi hé thdng s& luu trix thong
tin vé thiét bi bao gdm dia chi MAC (Media
Access Control Address). Thong thuong ddi
v6i dién thoai thong minh (smartphone) hé
diéu hanh android ta kiém tra dia chi MAC nhu
sau: Vao Menu cai dat (settings) dén muc giéi
thiéu (about Phone/Device). Nhin vao muc
trang thai (status) hodc thong tin phan cing
(hardware Information). Sau d6 chon MAC
dia chi WiFi (Wifi MAC Address). Hodc dé
kiém tra dia chi MAC két ndi khong day hay
nhin menu dén muc cai dat (settings) di dén
két ndi (connections). Nhan vao tén WiFi. Tiép
dén nhan vao biéu tuong banh rang cho mang
hién tai va vao muc View more. Cudi cung
cudn xubng dia chi MAC (MAC Address).
Muc dich dé x4c nhén thiét bi v6i hé thong dé
khi thiét bi di vao viing c¢6 phu séng bluetooth
thi hé théng s& cip nhat vi tri twong tng cta
ngudi dung tai thoi diém dé, con cac thiét bi
nao chua dugc cap nhat thi sé& dugc bat tinh
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nang truyén dia chi MAC néu nguoi dung
dong y vi muc dich dan dudng trong toa nha.

Trén hé théng server s€ cap nhat cac
thong tin ma diém truy cap maoi cap nhat vao
hé théng nhu danh sach bén dudi bao gom
cac thong tin nhu té€n dién thoai thong minh,
diém truy cap trong toa nha, dia chi MAC va
khoang cach tur dién thoai thong minh dén

diém truy cép.

Téo trym phit whit Khodng chch trym phit

Lo A526 Mish BL W1 2 20036:08:22:50:38 39298129415248
Lenowo A526 Mink BL_WI_2 20:36.08:7 4043344100223

3ty tih bang BL_WI2 20136:08:2: 3496043853477
iy tinh bang BL_WI_2 20130:08:2: 4414350780499
Stiy ik baiig LW 2 200156:08:22:80:5 4411435086409
33y teah bang BL_WI_z 20136:08:22.8038 30298129415248
DLy tish bang BL_ WL 20026:08:72: 8033 3IITISMERG
iy tish bing BL_WI_2 20136:08:22:80:53 4414350756499
30y timh beng Bl W2 20120:08:22:50°38 414330756499
Phalipe-And Phae BLWIs 30136062003 A2 0.30181183533001

Hinh 1: H¢ thdng scan bluetooth
2.2. X4c dinh vi tri nguwoi dung va din
hwéng
E=

[P, 4 = -

B LNH TRUNG
Idng sing tyies 1180 O
= Bl vign De Ko

¥ KuvioTiow® (-

Hinh 2. Vi tri hién tai ciia ngudi dung

Sau khi nguoi dung da cai dat ung dung
thi dir liéu d3 duoc cap nhat 1én hé thong vi
vay khi nguoi dung di b vao khu vuc cé trang
bi hé théng diéu hudng trong toa nha thi dir
ligu vi tri hién tai dugc ghi lai va cap nhat chi
tiét vé ngay, gio, khu vuc nao trong toa nha;
Ddi voi khu vue bénh vién thi tai phong bénh
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ndo, khu vue nao, ... va dia diém s& dén; Doi
v6i khu vuce truong hoc thi tai khu vuc Khoa
hay Phong/Ban nao va s& di dén vi tri nao,
néu khu vui choi giai tri thi dang & vi tri nao
s& du kién diém dén trong khu vuc, cac khu
vuc da di qua.

Mac du hé théng dinh toan ciu global
positioning system (GPS) la phuong phéap dinh
vi chinh x4c nhét [7], n6 van khong lam viée
t6t & moi truong trong nha (indoor) do tin hiéu
bi ngan can béi co so ha tang. Vi thé, phuong
phap dinh vi tam giac da dwoc dung dé cho
dd chinh xéac dinh cao hon trong moéi truong
indoor [7]. K¥ thuat nay dya trén vi tri cua 3
Txs dé xac dinh vi tri cia Rx, n6 rat hitu ich
dbi voi cac mg dung nhu chi duong, 1ap ban
dd va dinh tuyén. Nhu trén hinh 3, can cr vao
vi tri 3 diém cua truy cap trong toa nha dé xac
dinh vi tri chinh xac cia nguoi dung (user)
dang ¢ vi tri nao trong toa nha.

Tx2(x12, y2)
N e—— User postion
)

Tx4(%1x4, Y1)

Hinh 3. Phwong phap triangulation
dé dy doan vi tri Rx
Nhu da thdy trén Hinh 3, vi tri ciia user
Rx(x,y) dugc tim thdy dya trén T (X Yoo
TXZ(),(TXZ’ yTXZ) va Tx3(XTX3’ yTx3) boi Viéc glél
quyé¢t h¢ phuong trinh sau:
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(x_xrxl)z +(y_yTx1)2 = d12
(x—xTx2)2 +(y_yTx2)2 = dzz
(x—xm)z +(y_yTx3)2 =d32

(M

Trongdéd,, d,

nang lugng nhédn dugc tr cac Txs twong ung
tir 3 dém truy cap (access-point) di duoc lip
dat trong toa nha, nang lugng nay con duoc
biét dén 1a chi s6 cuong d6 tin hiéu thu RSSI
(Received Signal Strength Indicator). Hodc
can ¢t trén chi sd cuong do tin hiéu thu dugc
tir thiét bi nhu sau:

d, vad, dugc suy ra tir nguoén

RSSI =-10nlog,,(d)+ A4 (2)
Hay

A-RSSI
d=10 1o )
Trong do:

- d 1a khoang cach uéc lugng tinh bang m

- A la 1a gid tri cong suat tham chiéu
duoc do béng dBm ¢ khoang cach 1,00 m so
v&1 may phat

- n 14 12 hing s6 lan truyén tin hiéu (1-6),
thuong trong khong gian it vat can n = 2.

3. Thiét ké h¢ thong
3.1 Thiét ké hé thong

Hinh 4. M6 hinh thiét ké h¢ thong
dinh vi trong nha
Trong dé Mn 1a cac thiét bi dién thoai
thong minh (smartphone), Phong 1 (Room 1)
1a phong thir nhat trong toa nha hogc khu vyre
1 trong toa nha noi da dugc lép dat thiét bi truy

cap, thiét bi truy cap (Acces point node) 1a h¢
théng thu nhan tin hiéu bluetooth va tin hi¢u
wifi phat ra tir dién thoai thong minh. Sau do
tin hiéu nay dugc giri vé hé thong server nhim
cap nhat vi tri ctia nguoi dung hién tai trong hé
thong nhim muyc dich tim kiém va dan duong
trong hé thong trong nha.

3.2 Thiét ké hé thong thu thép dir liéu
(Access point node operator)

Bluetooth HC-05 ESP8266

Hinh 5. Thiét ké board mach thu thap
dir liéu dung module bluetooth va wifi

Hinh 6. Board mach 3D sau khi
hoan thanh

Trong d6: Chip STM32-F407 la CPU
chinh, diéu khién cac hoat dong nhu module
wifi ESP8266 két ndi Internet truyén nhan du
liéu guri vé hé thong server, diéu khién module
Bluetooth HC-05 dé scan thiét bi di dong
smartphone xung quanh khu vuc quan ly cta
n6. Thu nhan cuong do song bluetooth (RSSI)
giri vé hé thong server dé tinh toan khoang cac
ma nguoi dung dang dung so voi diém truy
cap. Ngoai ra board nay con c6 thé diéu khién,
canh béo tuy vao cac ing dung trong toa nha.
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3.3 Thiét ké ung dung (App)

You can login You can Register

&3 Em

3 SHIP Training

= sumc v
& v
0 ‘Select an image 10 set avatar

Resend me the activation code

nw‘

Forgot your password? |

Enter actvation code

Hinh 7. Giao dién App cho viéc ding ky
va ding nhap

Ap ding trén dién thoai android cac chtrc
nang nhu dang nhap hodc dang ky méi két hop
tinh nang x4c thuc nguoi dung dé dam bao viéc
giam sat, quan ly, tracking. Ngoai ra viéc tich
hop thém céc tinh nang nhu chat, két ban, chia
sé vi tri cling dugc dung trong ung dung nay.

Bluetooth Sengor Da

Hinh 8. Giao dién quan ly trén hé thong
server

He¢ thong server linh hoat trong viéc khai
béo diém truy cap lap dit méi, hodc thay thé
phuc vu viéc bao tri, stra chira rat linh hoat.
Giao dién thiét ké than thién va d& sir dung
thuén ti€n, linh hoat trong viéc cai dat (setup)
trong cac dia diém cua toa nha. Ngoai ra h¢
théng con thyc hién cac nhiém vy nhu quan
ly, giam sat, dan duong trong nha duoc tinh
toan va v& duong chi dan trén ban bén trong
tod nha. Hé thong trao doi thong tin (chat), két

26| 56 30 nam 2023

ban dé tao thém 1 hé sinh thai trong truong
dai hoc rong 16m, bénh vién, khu vui choi néu
nguoi dung la ban ctia nhau va dang ¢ trong
cung 1 khu vue. Bén canh do, h¢ théng con cho
phép ngudi quan ly cap nhat cac lich trinh vé
su kién sép xay ra trong khu vuc nhu hoi thao,
chuong trinh biéu dién ca nhac, tro choi giai
tri trong pham vi khu virc ma nguoi dung dang
& va ngudi dung dugc thong tin vé dia diém,
thoi gian cu thé cua céc su kién sép dién ra.

4. Thye nghiém va két qua
4.1 M6 hinh thuc nghiém

Hinh 9. Board mach hoan thanh

Board mach da hoan thién voi cac giao
tiép nhu bluetooth, wifi, 3G (trong truong hop
mat dién thi hé théng van hoat dong lién tuc ma
khong bi gian doan véi ngudn pin du phong)
dé dam bao dit liéu luén cap nhat vé hé théng.

4.2 Két qua do khoang cach

Test Distance
T

) 7\
g A /4 \V4
N A
°, I /N

2 /‘= r

t
0 2 4 6 8 10 12 14 16 18 20
Time

Hinh 10. So sanh két qua nhan dwgrc giira
cac thiét bi khac nhau
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Test Distance

B & b

RSSI(dBm)

—

|
|
0 2 4 6 8 10 12 14 16

Hinh 11. Cwong d¢ tin hi¢u thu dugc
va khodng cach

4.3 Tracking trong nha

i

Hinh 13. H¢ thong din dwong khi biét vi
tri ngudi ding cin dén

5. Két luin

Bai nghién ciru da xay dung va phat
trién mot mg dung dinh vi khong day trong
nha cho nguoi dung dién thoai thong minh
(smartphone) bén canh hé thong tng dung
GPS hién hitu vi nhitng han ché cua hé théng

GPS trong cac toa nha bi han ché. Bén canh
da cai dat cac AP(Access-Point) danh riéng
cho khu vuc can dinh vi va dan duodng trong
cac toa nha rdng lén cua cac truong Pai hoc
hay Bénh vién, khu vui choi giai tri. V&1 mo
hinh thyc nghiém duogc lép dat hé théng thu
thap dir liéu tai cac vi tri cu thé dé cai thién
dd chinh xac vi tri cua ngudi di b bén trong
toa nha dén cac vi tri mong mudn t6i uu nhat.
Dinh vi bang tin hiéu, bluetooth va Wi-Fi rat
d& thyc hién va chi phi thap hon so véi cac hé
thdng dinh vi khac. Bai nghién ctru 4p dung
mot thudt toan hoc may don gian nhit nhung
dat hiéu qua dé loc tin hiéu 151 va tim vi tri
cua thiét bi truy cap khi dung tai vi tri bAt
ky. Hé théng nay c6 thé duoc chinh stra phi
hop dé ap dung cho cic bii dau xe trong nha,
hé théng phong luu tra trong bénh vién voi
dién tich 16n (c4c toa nha cao tang), cac khu
du lich va cac khu vui choi giai tri ndi tiéng
nhu: Pht Qudc, Vinpearl Land Nha Trang,
Cong vién Tuan Chau Park, Sun World Ha
Long Park.

Ngoai ra hé théng con duge tich hop
chtrc nang Chat, Két ban nham muyc dich tim
kiém ban, ngudi quen trong cac hoi thao, hoi
nghi, giang duong 16p hoc, cac Phong Ban
Chtrc ning nam kha xa trong khuén vién 16n
cua cac truong Pai hoc, Bénh vién. Hoac tim
kiém nhanh chong khu vuc noi sap dién ra su
kién quan trong trong ngay ma nguoi dung
can tham gia. Hé thong 1ap dat nhanh chong,
chinh x4c va tién loi cho viéc dan duong trong
nha, noi ma hé thdng GPS hau nhu khong ton
tai. Hé thong co thé nang cép 1én bluetooth
4.x hodc 5.x dé thoi gian quét (scan) nhanh
hon nham dap tng thoi gian thyc hon trong
cac ung dung trong tuong lai cua thoi dai
cong nghé so.
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