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Linh vie ky thuit dwoc dé cap

Séang ché d& cap téi phuong phap dinh vi trong nha, st dung dién thoai thong
minh dé x4c dinh vi trf trong céc tda nha dé ting cuong do chinh xac trong viéc xac

dinh vi tri.
Tinh trang ky thuit ciia sang ché

Hién nay, & céc thanh phd 16n, hoat dong ciia con ngudi ngdy cang c6 xu
huéng chuyén vao méi trudng trong nha. Vi vay viée xac dinh vi tri trong moi trudng
trong nha cin dwoc dua vao nghién ciru. Vi trf ctia mot dbi tuong & moi trudng ngoai
troi dé dang thu duge boi hé thdng dinh vi toan ciu (GPS). Tuy nhién, tin hiéu GPS
hoat dong khong t6t trong méi trudong trong nha. Hau qua 13, sai sb khi st dung tin
hiéu GPS dé xéc dinh vi tri & méi trudng trong nha 1a rat 16n. Mot sé ki thuat da
dugc dua vao nghién ctru dé tim ra giai phép thay thé cho GPS, muc tiéu la x4c dinh
vi tri v6i d§ chinh x4c cao (sai s6 nhd hon 10m). Céc cong nghé da duge dua vao dé
phét trién c4c hé thdng dinh vi trong nha c¢6 thé ké dén nhu Wi-Fi hay cong nghé
bang siéu rong (UWB). Song muc dich ban dau ciia cac cong nghé nay khong phai
dé phuc Vu dinh vi trong nha. Céc cong nghé nay bi han ché trong mot vai khia canh
nhu t6n nang luong hoic chi phi trién khai hay do chinh xac thap. Cong nghé iBeacon
ra doi gitp giai quyét hau hét cic bai todn vé phin cimg ma céc cdng nghé trudc
khong dép tmg. iBeacon 12 mdt giao thirc phat trién béi Apple, chay trén cac thiét bi
nhé dung pin sir dung nén ting Bluetooth ning lugng thip. Do dé, chung 1a kha thi
d& phat trién mot hé théng dinh vi trong nha trén nén tang Bluetooth ning luong thip.

Cac ky thuét dinh vi v6i iBeacon thuong dugc sir dung 1a cic cong nghé dua trén
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cudng o tin hiéu nhan duoc (RSSI). Xét vé d6 phd bién, c6 hai ki thuat dinh vi phd
bién dua trén RSSI 14 Fingerprinting va Lateration (hay con biét téi nhu Lateral hay
Multi-lateration). Ca hai phuong phéap nay déu cé nhitng rru va nhuge diém nhét dinh.
Fingerprinting cho d6 chinh x4c kha t6t nhung lai doi héi mét qua trinh thu thap di
liéu mat nhiéu thoi gian va cong sttc cho céc diém tham chiéu. Lateration ¢6 wu diém
1a chi phi tinh toan thap va d& trién khai nhung d6 chinh x4c khong 6n dinh (phu

thudc vao mat dd beacon) do sai sb tir viéc chuyén dbi tir RSSI sang khoang cach.

C6 thé thiy rang, hién chwa c6 sang ché nao d& cap t6i phwong phap dinh vi
trong nha, st dung dién thoai thong minh dé x4c dinh vi tri trong céc tda nha, khac
biét & chd, dé tang cuong d6 chinh xéc trong viée xac dinh vi tri, vi tri ngudi ding
dugc xac dinh béi cuong do tin hiéu thu dugc trén dién thoai thong minh tir cac thiét
bi sir dung giao thirc iBeacon (goi tit 12 iBeacon) théng qua 3 ki thuat 1 Pedestrian

Dead Rekoning (PDR), Fingerprinting va Least Square Estimation cai tién (LSE-A).
Ban chit ky thuit clia sang ché

Sang ché d& xuét quy trinh dinh vi trong nha dya trén thiét bi théng minh duoc

mang bdi ngudi dung bao gom cac cdng doan nhu sau:

- Budc 1: Khao sat mdi trudng va trién khai phin cing iBeacon: khao st va
gén cac iBeacon vao khu vuc cén trién khai hé théng dinh vi trong nha trong
d6 két qua cia cong doan nay 14 trién khai dugc cac iBeacon vao khu vuc cn
xac dinh vi tri ngudi dung dién thoai thong minh bao gém s6 lugng iBeacon,
Vi tri gén iBeacon;

- Buéc 2: Quyét dinh thudt todn st dung (Fingerprinting cho khu vuc hep kin
hay LSE-A cho khu vuc rong va mé.
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o Trién khai thuét toan Fingerprinting cho khu vuc hep, kin (goi 1 khu
vuc c6 khong gian déng, vi du nhu hanh lang). Trong d6, két qua ctia cong
doan nay la co sé dit li€u vé cuong do tin hi€u tir iBeacon tai cac diém tham
chiéu ndm trong khu vuc. Khi ngudi ding di chuyén vao khu vuc nay, dién
thoai ¢6 thé x4c dinh dugc vi tri clia n6 dua trén viée so sanh cudng do tin
hi€u nhén dugc véi co s& dit li€u dugc thu thap trudce do.

o Trién khai thudt toan Least Square Estimation cai tién (LSE-A) cho khu
vuc khong gian mé, rong (goi chung 1a khu vuc c6 khong gian mé, vi du sanh
chd 16n). Trong d6, két qua ctia cong doan cho phép dién thoai tiy timg didu
ki€n ma st dung thuat toan LSE hay LSE-A dé x4c dinh vi tri cua nguoi dung.

Theo mdt phuong 4n uu tién cta sang ché, giai phap dé xuit quy trinh dinh vi
trong nha duya trén thiét bi thong minh duoc mang béi ngudi ding, quy trinh bao gém
(i) viéc trién khai phan cting iBeacon nhim ning cao d chinh x4c trong dinh vi va
thoi gian, va sau d6 (ii) dinh vi thiét bi ngudi ding théng minh, trong d6 (i) viéc trién

khai phan cing iBeacon bao gom:

bude 1.02: sb iBeacon dugc quyét'dinh dua trén chién luge vi tri dat phén cung
iBeacon, dua trén nguyén tic sau ddy: vé co ban, céc toa nha duoc chia thanh hai
loai khu vuc, khu vuc c6 khong gian mé ¢ dién tich rong ma it nhét bao gém dai
sanh, khu vuc sinh hoat chung va khong gian dai va hep ma it nhit bao gébm hanh
lang, phu thude vao khu vuc can trién khai beacon ma c4u hinh beacon dugc cai dat

khéac nhau, dugc cho bdi bang sau:

Khu vuce Khong gian md, dién tich | Khong gian hep, dién tich
rong nhd
Cong suét 0 —4 (dBm) -10 -0 (dBm)
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Mat d6 ~ 30 mét vudng / beacon | ~ 54 mét vudng/ beacon
Phuong phap dinh vi Lateration Fingerprinting

- céac iBeacon dugc dat & cac khu vuc thong thoang,

- d0 cao ddt cac iBeacon 1a khoang 1.6 - 2.1 m,

- céac iBeacon nén dat ¢ khu vuc ¢6 luu lugng ngudi qua lai cao, nhu ctra cau
thang, ctra cac phong,

- khoang céch gifra cac iBeacon ¢ cac khu vuc khong c6 phong 14 6-8 m;

budc 1.03: viéc gé.n ma dinh danh duoc quyét dinh duva trén dé xuit, & day,
viéc gin mi dinh danh phuc vu quan 1y, bao tri thiét b va trién khai thust toan d&

dang hon, bao gom:

ma UUID cua iBeacon dé phén biét cac tdoa nha véi nhau trong mét t5 hop
céac cong trinh do don vi quan ly,

s6 Major ding d& phén biét cac tAng v6i nhau trong ciing mét toan nha va sb
Major phai giéng nhau giita cc tAng & céc toa nha khac nhau,

s6 Minor ding dé phan biét cac iBeacon v6i nhau trong mét ting toa nha, sd

Minor khéng phai thda man bit ki ring budc nao;
(i) viéc dinh vi thiét bi ngudi ding thong minh bao gdm:

budc 2.04: thuc hién xac dinh vi tri ngudi dung véi d6 chinh xac dugce cai thién
bang cach st dung quy tic xé4c dinh vi trf thd vi tri clia ngudi dung thong qua 3

beacon gan nhét, trong d6 thuét toan ning cao d6 chinh xac cho hé théng trong:

budc 2.10: tinh toan vi trf ngudi dung bang ki thuat LSE cai tién (LSE-A), k§

thuat nay bao gém nhiing cong doan sau:
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cong doan 1: wéc tinh vi tri bing phuong phap LSE théng thudng,

céng doan 2: xac dinh iBeacon c6 cudng do tin hiéu 16n nhét trong tong sb

iBeacon,

coéng doan 3: di chuyén vi tri do LSE théng thudng tra vé téi dudng tron c6 tAm
la iBeacon c6 cudng d96 tin hiéu 16n nhét va ban kinh 13 khoang cach udc tinh dugc
tir iBeacon d6 t6i thiét bi thong minh, chi khi RSS ciia mot beacon 16n hon gia tri
pthresh thi khoang cach uéc tinh duoc tir beacon d6 duge coi 14 tin cdy, néu 1 trong
3 beacon c¢6 df tin céy cao hon, tirc-udc tinh khoang cach chinh xac hon, vi tri thuc
su phai thudc vé vong tron c6 tAm 14 beacon tin ciy nhét véi ban kinh 1a khoang cach

udce tinh duge tir thiét bi thong minh téi beacon do,

budc 2.11: dua ra quyét dinh cubi cling vé vi tri ngudi ding va 1p lai dé cac bude

dé cap nhat vi tri trong cac budc tiép theo.

Ban chit cuia sang ché 13 d& xuét mot quy trinh x4y dung mét hé théng dinh vi
trong nha thoi gian thuc kha thi cho thiét bi thong minh (dién thoai, may tinh
bang,...) str dung iBeacon c6 d6 chinh x4c cao véi chi phi nhé nhét (chi phi tinh
toan, chi phi trién khai hé théng).

M3 ti vin tit cdc hinh vé
Hinh 1 minh hoa quy trinh khao sat va trién khai iBeacon (Pha trién khai).

Hinh 2 minh hoa quy trinh thuc hién lva chon thuit toan dé x4c dinh vi tri (Pha
dinh vi).

Hinh 3 minh hoa nguyén Iy ctia phuong phap LSE d& xut (LSE-A).
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MO ta chi tiét sang ché

Sang ché dé xuét phuong phéap dinh vi trong nha trén thiét bj théng minh duoc

mang béi ngudi ding bao gdm 2 pha nhu sau:
- Pha 1: Pha trién khai
Céc budce trong Pha 1 duoc tém tit trong Hinh 1.

Buéc 1.01. Khao sat khu vuc trién khai: Xac dinh sb toa nha, sb tﬁng, vi tri dat

iBeacon.

Buéc 1.02. Xéc dinh sb iBeacon cén thiét dua vao Budc 1.01, sd iBeacon duogc
quyét dinh dwa trén chién lugc vi tri dit phin cimg iBeacon, dua trén nguyén tic sau
day: v& co ban, cac toa nha dugc chia thanh hai loai khu vuc, khu vuc c6 khong gian
m& c6 dién tich rdng ma it nhét bao gdm dai sanh, khu vuc sinh hoat chung va khong
gian dai va hep ma it nhét bao gdm hanh lang, phy thudc vao khu vuc can trién khai

beacon ma cau hinh beacon dugec cai dat khac nhau, dugc cho bdi bang sau:

Khu vuc Khoéng gian md, dién tich | Khong gian hep, dién tich
rong nhé
Cong suét 0 —4 (dBm) -10 - 0 (dBm)

Mait do ~ 30 mét vudéng / beacon |~ 54 mét vudng/ beacon
Phuong phép dinh vi Lateration Fingerprinting
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e  Céac iBeacon nén dit & cac khu vuc thong thoang, khong bi che chin bai
tudng hay vét can.

e D6 cao dit cac iBeacon tir khoang 1.6 #én 2.2 m

e  Céc iBeacon nén dit & khu vuc c6 luu lugng ngudi qua lai cao, nhu cira ciu
thang, ctra cac phong.

e  Khoang céach gifta cac iBeacon & cac khu vuc khéng c6 phong 1a tir 8-10 m.
Buéc 1.03. Cai ¢4t ma dinh danh cho céc iBeacon theo chién lugc:

e M3 UUID ciia iBeacon dé phan biét cAc tda nha v6i nhau trong mét t8 hop cac
cong trinh do don vi quan ly.

o S6 Major ding dé phan biét cac tAng v&i nhau trong cliing mot toan nha.

¢ S Minor ding dé phén biét cac iBeacon v&i nhau trong mét tang toa nha.

o D& tiét kiém tai nguyén, sé Major dénh cho céc tAng gifta cac tda nha phai
gidng nhau, trong khi d6 s6 Minor khong bét budc. Hon nita, viéc lua chon
déng nhét s6 Major cho céc tAng gifra cac tda nha cho phép thuc hi€n dinh vi
trong khong gian 2 chiéu nhung van c6 duoc vi tri trong khong gian 3 chidu

nho viéc anh xa tir s0O Major sang so thir tu tang.

Cac Buoc 1.01, 1.02, 1.03 1a quan trong béi vi bai vi ching ¢é anh hudng 16n trong
viéc quan 1y, bao tri thiét bi iBeacon, d6 chinh x4c va gia thanh ma mot hé théng phai

tra.

Budc 1.04. Gan cac phan cimg iBeacon 1én khu vuc da xac dinh trude.

Budc 1.05. Chon gbc toa dd cho ting toa nha va xac dinh toa d6 cho ting iBeacon.
Budce 1.06. Luu toa do cia cac iBeacon vao co sé dir liéu.

- Pha 2: Pha dinh vi
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Budc 2.01: Dién thoai thu thap dit liéu v& cam bién gia tbc, con quay hdi chuyén, tir

ké va quét tin hiéu cua cac iBeacon xung quanh.

Budc 2.02. So sanh gia téc tdng hop trén ba truc x, y, z clia thiét bi théng minh (Osum)

v6i gia tbe ngudng (Om),

e 1néu Ogum > On => Xac dinh ngudi ding dang di chuyén va chuyén qua Buéc

2.03

e néU Bgm < O => Xéc dinh ngudi ding dang ding yén va chuyén qua Budc

2.04
Buéc 2.03. Tinh toén vi tri ciia ngudi ding thiét bi théng minh bing ky thuat PDR.

Budc 2.04: Quan sat Major cua 3 iBeacon c6 cudng d6 tin hiéu 16n nhét dé xac dinh
- xem thiét bi théng minh dang & mdi trudng déng va hep hay mé va rong, sé luong
iBeacon ¢6 Major duoc gan cho khu vuc ndo chiém t6i da thi xac dinh ngudi ding &

khu vuc d6,

e néu it nhét 2/3 iBeacon phat hién duoc 1a thudc khu vuc rong va mé, chuyén

qua Budée 2.06
e néu khong, chuyén qua Budc 2.05

Buéc 2.05. (Fingerprinting) So sanh vector tin hi€u nhan dugc voi co sé dit liéu da

c6 trude d6 dé xac dinh vi tri ngudi dung.
Budc 2.06. Loc gia tri RSS bang bd loc thong thép cho cac iBeacon quan sat dugc.

Buéc 2.07. Udc tinh khoang cach cho mdi iBeacon sir dung mé hinh chuyén d6i RSS

sang khoang cach dua trén thuc nghiém.
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Budc 2.08. So sanh RSS cuia 3 iBeacon gan nhét v6i tham sb pthresh (pthresh 1a RSS
dat trude va duge tim ra théng qua thue nghiém, pthresh thuong nim trong khoang
tir -72 dBm dén -68 dBm),

e néu it nhét 1 iBeacon c6 RSS > pthresh, chuyén qua Budc 2.10.
e néu khéng, chuyén qua Budc 2.09.

Budc 2.09. Tinh toan vi trf ngudi ding bang ki thuét binh phuong nho nhét thong
thuong (LSE).

Bude 2.10 : Tinh toan vi tri ngudi ding bang ki thuat LSE cai tién (LSE-A). K¥ thuat

nay bao gom nhitng cong doan sau:

Céng doan 1: Uc tinh vi tri bing phuong phap LSE thong thuong.

Céng doan 2: X4c dinh iBeacon c6 cudng do tin hiéu 16n nhét trong tdng sé iBeacon.
Coéng doan 3: Di chuyén vi trf do LSE thong thuong tra vé téi dudng tron c6 tim 13
iBeacon c6 cudng do tin hidu 16n nhét va ban kinh 13 khoang cach wéc tinh dugce tir
iBeacon do t6i thiét bj thong minh. P4y 1a céng doan quan trong nht, ¢ tic dung
nhim ning cao d6 chinh x4c cho LSE théng thudng. Nguyén nhan 1a do RSS ctia cac
beacon khéng 6n dinh, do d6 viéc chuyén dbi tir RSS sang khoang cach khong phai
lac nao cling dang tin cdy. Chung ti xac dinh ring chi khi ndo RSS ciia mdt beacon
16n hon gia tri pthresh thi khodng cach udc tinh dugce tir beacon d6 méi tin cay. Mét
khac, vi tri ctia LSE phu thudc vao viéc udce tinh khoang céch ctia 3 beacon, néu 1
trong 3 beacon c6 do tin cdy cao hon, tirc udc tinh khoang cach chinh xac hon, vi tri
thuc su phai thudc vé vong tron c6 tim 13 beacon tin c4y nhit véi ban kinh 12 khoang

cach ude tinh dugc tir thiét bi théng minh t6i beacon d6.

Budc 2.11. Pua ra quyét dinh cudi cing v& vi tri ngudi ding va lap lai dé cac budc

dé cép nhat vi tri trong cac budc tiép theo.

-10-



32783

Vi du thie hién sang ché

Pha 1. Pha trién khai

Bude 1.01. Khao sat khu vuc trién khai:

S6 tda nha: 2, gdbm CT1 va CT2. CT1 ¢6 2 ting, CT2 ¢6 3 ting.

Buéc 1.02. Mdi tin cin 3 iBeacon => S& iBeacon can thiét cho 2 tda nha 13 15

iBeacon.

Bude 1.03. Chién luge trién khai s6 UUID, Major va Minor dugc cho béi Bang 1:

CT1 CT2

‘Téang 1 |iBeacon |UUID = ffffffff-1234-aaaa- | UUID = ffffffff-5678-aaaa-
1 la2b-alb2c3d4e5f6 la2b-alb2c3d4e516
Major = 10; Minor = 10 Major = 10; Minor = 10

iBeacon | UUID = ffffffff-1234-aaaa- | UUID = ffffffff-5678-aaaa-
2 la2b-alb2c3d4e516 la2b-alb2c3d4e516
Major = 10; Minor = 20 Major = 10; Minor = 20

iBeacon |UUID = ffffffff-1234-aaaa- | UUID = {fffffff-5678-aaaa-
3 la2b-alb2c3d4e5f6 la2b-alb2c3d4e516
Major = 10; Minor = 30 Major = 10; Minor = 30

Tang2 |iBeacon |UUID = ffffffff-1234-aaaa- | UUID = ffffffff-5678-aaaa-
1 la2b-alb2c3d4e516 la2b-alb2c3d4e516
Major = 20; Minor = 10 Major =20; Minor =10

-11-
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iBeacon |UUID = ffffffff-1234-aaaa- | UUID = ffffffff-5678-aaaa-
2 la2b-alb2c3d4e5f6 la2b-alb2c3d4e5f6
Major = 20; Minor = 20 Major = 20; Minor =20
iBeacon |UUID = ffffffff-1234-aaaa- | UUID = ffffffff-5678-aaaa-
3 la2b-alb2c3d4e516 la2b-alb2c3d4e516
Major = 20; Minor = 30 Major = 20; Minor = 30
Tang 3 | iBeacon |None UUID = ffffffff-5678-aaaa-
1 la2b-alb2c3d4e5f6
Major = 30; Minor = 10
iBeacon |None UUID = ffffffff-5678-aaaa-
2 la2b-alb2c3d4e5f6
Major = 30; Minor = 20
iBeacon |None UUID = ffffffff-5678-aaaa-
3 la2b-alb2c3d4e516
Major = 30; Minor = 30

Bang 1. Vi du cho chién lugc trién khai mé dinh danh cho phan cimg iBeacon

Budce 1.04.

D6i véi khu vuc ma: dit iBeacon 1én tudong, tru nha

D6i v6i khu vuc kin va khong gian hep: dét iBeacon 1€n khu vuc phia trén, truéce cira

phong va tudng.

Budc 1.05. Chon géc toa d6 1a 1 goc dudi cung cua tda nha, cac toa do cho timg

iBeacon 1a toa dd trong khéng gian 3 chiéu (Oxyz) véi gia tri theo Ox, Oy, Oz la

khoang cach thuc dén cac truc do.

-12-
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Budc 1.06. Luu toa d6 cua cac iBeacon vao co sé dit liéu.

Pha 2. Pha dinh vi

Budc 2.01: Vi du véi hé didu hanh i0S, dién thoai st dung khung tham chiéu c6 sén
12 CoreMotion dé doc gia tbc va tc do goc trén ba truc X,y,z. Goi cac thong sd nay
1a A, Ay, A, va a, B, y. St dung khung tham chiéu CoreLocation dé doc duoc tin
hiéu BLE tir iBeacon (dién thoai dugc yéu cau bat Bluetooth trong khi sir dung ting
dung).

Budéc 2.02. Tinh toan gia tdc tdng hop trén ba truc cta dién thoai (Gsum), VOi Osum =
f(Ax, Ay, A, 0, B, 7). So sanh gia tdc tong hop trén ba truc x, y, z clia thiét bi thong
minh (8wm) V6i gia tbc ngudng (8= 0.05).

Budc 2.03. Mot khi cac thong tin v& do dai bude chan va hudng di chuyén duoc biét,

vi tri cia nguoi duogc cédp nhéat theo cong thire:
Xkl _ [Xk-1 cosOy
[Yk] - [Yk—1] + L [sinek] ©
. [Xk] s [Bk-17 ;2 T T ST
trong do, [Yk] va [Yk—l] 1an luot 1a vi tri cia ngudi dung & hai thoi dieém lién tiép 1a
k vak-1. Ly 1a d6 dai budc chén tai thoi diém k, théng thuong Ly thuon duge dé cb

dinh bing 0.67 m d6i v&init va 0.75 m ddi véi nam. 0 13 hudng di chuyén cia ngudi

diing tai thoi diém k va duoc do truc tiép bang tir ké.

Budc 2.04. Bé thuc hién duge budce ndy, sé Major ctia céc iBeacon dugc chia thanh
hai tip va luu vao co s dit li€u, d6 1a, tap khong gian mé (quy udce 1a 1) va khong

gian dong (quy udc la 0). Viéc xac dinh dién thoai dang & khong gian m& hay hep

-13-
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dua trén s6 Major cia 3 beacon gin nhit nhan duoc, quy tic quyét dinh loai khéng

gian dua trén da sb, quy tic duoc cho béi Bang 2.

BC1 0 0 0 0 1 1 1 1
BC2 0 0 1 1 0 0 1 1
BC3 0 1 0 1 0 1 0 1

Loai khong | Pong | Péng | Doéng | Mo bong | Mo M¢é Mé

gian

Béng 2. Quy téc quyét dinh loai khong gian ma ngudi ding dang thudc vé.

Budc 2.05. Tai bude nay, hé théng sir dung ki thust Fingerprinting dé xac dinh vi tri

ngudi ding. V& co ban ki thuat Fingerprinting gdm 2 cong doan 1 Online va Offline.

Fingerprinting Offline: Pau tién, thu thap dit liéu vé cudng do tin hidu clia cac beacon

tai di€ém tham chiéu roi Iuu vao co sé dit li€u, goi 1a dit liéu offline.

Fingerprinting Online : Khi ngudi dung di vao khu vuc da khao sat trude do, dién
thoai nhin dugc tin hiéu va do dugc cudng dd ctia cac beacon xung quanh, goi la dit
liéu online. Dit liéu online sau d6 dugc so sanh véi dit li€u offline trong co s& dit li€u
dé dua ra vi trf cudi cing dua vao thuat toan khdp (matching algorithm). Thut todn
khép thuong la céc thuét toan dua trén khoang cach nhu kNN va céc phién ban cta

no hodc dua trén xéc suat.

Bude 2.06. Loc tin RSS bing b6 loc théng thap cho céc iBeacon quan st dugc theo

cong thuc:

RSSi‘t = aRSSi't_l + bRSSl,t (2)
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trong dd, RSS;; va RSS;;—; la cuong d¢ tin hi¢u cta iBeacon thir i tai thoi diém hai
thoi diém t va t-1. Céc gid tri a va b thda mén hai didu kién: a+b=1 vaa € (0,0.3]
vab €[0.3,1).
Budc 2.07. Udc tinh khoang cach cho céac iBeacon quan sat dugc théng qua mé hinh
chuyén ddi tir RSS sang khoang cach. V& co ban, quan hé gifta cuong d6 tin hidu
(RSS) va khoang cach (d) duoc biéu dién béi:

RSS = f(d) 3)

Dé dat duoc do chinh x4c cao nhét, thay vi st dung mé hinh log-distance path loss
(LDPL) chiing t6i stt dung mé hinh suy hao dua trén thuc nghiém. Dua trén thuc

nghiém, chiing t6i tim ra quy tic tinh khoang cach véi dau vao 1a RSS theo Bang

sau:
Dai gia tri RSS (dBm) MBS hinh chuyén dbi tir RSS sang khoang cach (d)
-67.13 dén -60 RSS =-5.11d - 58.814
-72.42 dn -67.13 RSS =—2.182d — 63.58
-80 dén -72.42 RSS =-0.8d — 69.177

Bang 3: Quy tic chuyén d6i cuong db tin hiéu sang khoang cach

Budc 2.08. So sanh RSS cia 3 iBeacon gin nhét véi gia tri -70 dBm (-70 chinh 12
gia tri pthresh)

Budc 2.09. V& co ban, ki thuat LSE thong thudng (goi tit 13 LSE) st dung thong tin
cuong do tin hi€u cuda it nhét 3 beacon dé x4c dinh vi tri ngudi ding di dong. Gia st

toa do cta ngudi ding va 3 beacon c6 cudng do tin hidu 16n nhét 14n luot 12 (x,y) va
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(xi, vi) (i = {1,2,3}). Khoang céach tinh dugc tir ngudi ding dén 3 beacon 1 d;. Khi

do, toa d6 ctia nguoi dung s€ dugc tinh bai:

e = (ATA)"1ATb 4)
Trong do:
_[X27%X Y271
A= [X3 — X1 Y3 ‘Y1]
CMlosy _ 1[5 +y:— di—{xf+yi— d}}
Sl P AL B B S DN

Khoéng cach d; dugc tinh toan béi quy tic cho boi Bang 3.

Budc 2.10. Cong doan 3. Phwong phap dé xuét di chuyén diém udc tinh béi LSE (goi
1a T) vé dudng tron duge tao ra bdi beacon gin nhét (goi 14 P) (Hinh 3). P 14 giao
didm cta duong thing BT va vong tron duge tao ra boi iBeacon gan nhét, ki hiéu 1a
(B, dg), v6i B 1a tAm dudng tron va dp 12 ban kinh ciia n6. P phai théa mén diéu kién
sau:

o orn ) (5)
PT la nho6 nhat
Ban than diém P va diém tra vé bdi PDR déu chira su khong chéc chan, vi vay, mot
qué trinh hgp nhét giita hai diém trén can dugc thuc hién dé tao ra diém c6 d6 khéng
chic chén thip hon. Goi z, = [z, zg]T, zp = [2f, zg]TVé u = [uX,w]T 1an luot 14 vi tri
tr4 vé boi PDR, P va diém hop nhét gitta PDR va P. Theo luat Bayes, vi tri u phai
théa man:

i = argmax,P(u|z,,z},) (6)

Goi 62, oZ va o2 lan lugt 12 d6 khong chic chan cia z,, z, va u. Giai phap toi uu

nhét cho (6) 13 G = (2,02 + 2,62) (02 + 02) ™ va 02 = (6202)(0c2 + 02) L. Pidu nay
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c6 thé dugc thuc hién bsi b loc Kalman. Véi o, duge khdi tao bang 4 va oy, duoc

tinh théng qua céng thirc: o; = 0.1752|RSS;| — 10.067, v6i cac s6 0.1752 va -10.067

dugc tim ra dua trén dit liéu thuc nghiém.

Hiéu qua dat dwoc ciia sang ché

- Quy trinh x4y dung m6t hé théng dinh vi trong nha thoi gian thuc cho thiét bi
théng minh sir dung cong nghé iBeacon nhiam t6i wu duoc chi phi trién khai, thoi

gian trién khai, van dé quan 1y, bao tri thiét bj va d6 chinh x4c trong dinh vi.

- Quy trinh nay gdm hai cong doan: Khao sat va trién khai phn cting thiét bi

iBeacon va trién khai thuét toan giup hé théng dat duoc d6 chinh xé4c cao hon.
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Yé&u cau bao ho

1. Quy trinh dinh vi trong nha dya trén thiét bi thong minh, quy trinh bao gdm (i)
viéc trién khai phén cting iBeacon nhim nang cao dJ chinh x4ac trong dinh vi va thoi
gian, va sau d6 (i) dinh vi thiét bi théng minh dugc mang boi ngudi ding, trong d6

(1) viéc trieén khai phan ctiing iBeacon bao gom:

budec (1.02): sb iBeacon duoc quyét dinh dua trén chién luogc Vl tri dat phan clng
iBeacon, dua trén nguyén tic sau ddy: vé co ban, cic toa nha dugc chia thanh hai
loai khu vue, khu vuc c6 khong gian mé c¢6 dién tich rong ma it nhét bao gém dai
sanh, khu vyc sinh hoat chung va khéng gian dai va hep ma it nhat bao gébm hanh
lang, phu thudc vao khu vuc can trién khai beacon ma cAu hinh beacon duoc cai d3t

khéc nhau, dugc cho bdi bang sau:

Khu vuc Khoéng gian md, dién tich rong | Khong gian hep, dién tich nho

Congsudt | 0—4 (dBm) -10 — 0 (dBm)

Mat 4o ~ 30 mét vudng / beacon ~ 54 mét vudng/ beacon

budce (1.03): gén ma dinh danh duoc quyét dinh dua trén dé xuét, & day, viéc
gén ma dinh danh phuc vu quan 1y, bao tri thiét bi va trién khai thuat toan d& dang

hon, bao gom:

ma UUID ctia iBeacon dé phan biét céc toa nha v6i nhau trong mot t6 hop
cac cong trinh do don vi quan ly,

s6 Major dung dé phan biét cac ting véi nhau trong cing mot tod nha va sb
Major phai giéng nhau gifta c4c tAng & cac toa nha khac nhau,

s6 Minor diing @ phén biét cac iBeacon v&i nhau trong mot ting toa nha, sb

Minor khong phai thda méan bat ki rang budc nao;
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(ii) dinh vi thiét bi théng minh dugc mang béi ngudi ding bao gdm:

budc (2.03): xac dinh vi tri thir nhét ciia ngudi ding st dung phuong phap din
duong du doan (pedestrian dead reckoning - PDR) théng qua c4c cam bién gia téc,
cam bién con quay hdi chuyén va tir ké trong thiét bj théng minh dwoc mang boi
nguoi dung;

bude (2.04): quét tin hiéu cta cac iBeacon xung quanh vi tri thir nhit néu trén va
x4c dinh ba iBeacon c6 cuong d6 tin hi€u 16n nhit dé x4c dinh xem vi tri cta thiét
bi thong minh dang & méi trudng déng va hep hay md va rong, sb lugng iBeacon c6
Major dugc gén cho khu vuc nao chiém ti da thi x4c dinh ngudi ding & khu vuc
do,

e néu it nhét 2/3 iBeacon phat hién duogc 13 thude khu vuc réng va ma, chuyén

qua budc (2.06);
e néu khong, chuyén qua budce (2.05);

budce (2.05): so sanh vector tin hiéu nhan dugc véi co sé dit li€u da cé trude do

de xac dinh vi tri nguoi dung;

bude (2.06): loc gia tri RSS bang bd loc thong thip cho céc iBeacon quan sat

duoc;

bude (2.07): ude tinh khoang cach cho mdi iBeacon sir dung md hinh chuyén d6i

RSS sang khoang céach dua trén thuc nghiém,;

budc (2.08): so sanh RSS ciia 3 iBeacon gan nhét véi tham sé pthresh (pthresh 12
ngudng RSS dit trude),

e néu it nhit mot iBeacon c6 RSS > pthresh, chuyén qua budc (2.10);

o néu khong, chuyén qua budc (2.09);
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budce (2.09): x4c dinh vi tri thtt hai cla ngudi diing bang ki thuat binh phuong
nhé nhéit théng thudng (LSE) sir dung théng tin cudng d6 tin hiéu cta it nhit 3

beacon d xéac dinh vi tri ngudi dung di dong;

budc (2.10): tinh toan vi tri ngudi ding bang ki thut LSE céi tién (LSE-A), k§

thuat nay bao gdm nhiing cong doan sau:

xé4c dinh iBeacon c¢6 cudng d6 tin hiéu 16n nhit trong sb iBeacon c6 RSS >
pthresh,

t6i wru héa vi tri thir hai ctia ngudi ding (goi 14 vi tri thi hai ci tién) ma duge x4c
dinh bang ki thuat binh phuong nho nhit thong thudong (LSE) néu trén bang cach
xac dinh vi tri tht hai cai tién néu thoa man diéu kién sau:

+ vi tri thi hai cai tién ndm trén duodng tron c6 tdm 1a iBeacon ¢ cudng dd tin
hiéu (RSS) 16n nhét va ban kinh 14 khoang cach udc tinh duoc tir iBeacon d6 téi
thiét bj thong minh;

+ khoang cach gitra vi tri thit hai cai tién va vi trf thr hai 12 nhé nhét;

buée (2.11): x4c dinh vi tri cudi ciing ctia ngudi diing bing céch hop nhét dit liéu
gitta vi trf thr nhét va vi tri thi hai cai tién, trong d6 viéc hop nhit dit liéu thuc hién
nhu sau:

. T T o A NI e < s
goi z, = [25,2]] , zp = [2,2]] va u = [u* ] lan luot 13 vi tri thir nhat, vi tri thu
hai cai tién va diém hop nhét gitta vi tri thi nhat va vi tri tha hai cai tién, theo luat
Bayes, vi tri u phéi thoa man:

0 = argmax, P(ulz,,z,)
goi 02 , o va o? lan luot 1a d6 khong chéc chén cua z,, z, va u, st dung bd loc

Kalman xéc dinh dugc G = (z,0% + 2,62)(02 + 02) ™! va 62 = (0c202) (02 + 02)~L.
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Khao sét khu vire can trién khai hé
thong dinh vi trong nha

Xéc dinh so iBeacon can thiét dé trién
khai

G4n m4 dinh danh cho mbi iBeacon
(UUID, major, minor)

Gan céc iBeacon 1én khu vuc trién
khai

Chon gbc toa do cho mdi toa nha va
Tinh toan tga d cho tung iBeacon

Luu toa d0 cta cac iBeacon vao co s&
di liéu

Hinh 1
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Nguoi dung c6 dang dt
chuyén hay khong?

Ng(toi ding nim trong Kk
khong gian mo khon

Cé

v

Loc théng thip cho RSS cac
beacon quan st dugc

A

Ubéc tinh khoang céch cho
timg beacon

0 beacon nao duds

khong?

Co

N

Sir dung LSE-A d hiéu chinh
vi tri PDR

2.11}//

2.03

1

Strdung PDR aé cdpnhitvitri |
nguoi dung

2.04

phat hi€n co RSS > pthres >—Kheng)

/[2.07

2.09

o

St dung LSE théng thuong dé

hiéu chinh vi tri PDR

Tra vé vi tri nguoi ding

T

Hinh 2
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bo nhay cua
RSSI ddi véi

Vitritravé
boi LSE

Vitri tra v& boi
LSE-A

Hinh 3
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