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(54) PHUONG PHAP XAC BINH VI TRI NGUOI DUNG TRONG MOI TRUONG
TRONG NHA VA PHUONG PHAP TU PONG HUONG DAN DU LICH SU
DUNG PHUONG PHAP XAC BDINH VI TRI NGUOI DUNG NAY

(57) Sang ché dé cap dén phuong phap xac dinh vi tri nguoi dung trong mdi truong trong

nha (indoor) str dung cac cam bién trén thiét bi di dong théng minh va phuong phép tu

dong hudng dan du lich trong méi truong trong nha (indoor) st dung phuong phap xéc
dinh vi tri nguoi dung thong qua cac cam bién trén thiét bi di dong thong minh. Phuong
phap xéac dinh vi tri nguoi dung trong méi trudng trong nha bao gom: thu dit liéu dau vao
clia nguoi dung tir cac cam bién trén thiét bi di dong théng minh; chuan héa gia tbc dau
vao dya trén dit liéu dau vao da thu theo gia tde truc trai dat; tinh van toc di chuyén cua
nguoi dung théng qua phép tich phan gia toc sau khi duge chuan hoa va xir 1y trdi van toc
theo thoi gian; tinh khoang cach nguoi dung da di chuyén theo cac truc toa do tuong ung
bang cach tich phan van tdc theo thoi gian; xac dinh vi tri ngudi dung dua vao khoang cach
dung da di chuyén theo cac truc toa d twong tmg va huéng di chuyén. Phuong phap dinh

vi nay dat dugc do chinh xac cd dé xi met (dm), phu hop cho cac tng dung dinh vi trong

moi trudng trong nha nhu hé thdng du lich théng minh.
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Linh vire ky thuit dwoc dé cap

v Sang ché dé cap t6i phuong phép xac dinh vi tri ngudi ding trong mdi trudng
trong nha (indoor) sir dung cac cam bién trén thiét bi di dong théng minh va phuong
phéap tu dong hudng dan du lich trong mdi trudng trong nha (indoor) sir dung phuwong
phap xac dinh vi tri nguodi ding théng qua céc cam bién trén thiét bi di dong thong
minh,
Tinh trang ky thuit ciia sang ché

~ Phuong phép dinh vi phd bién va rong rdi nhét hién nay 13 hé thdng dinh vi

toan cdu GPS. Nhung do tin hiéu vé tinh d& bj anh huéng boi cac khéi xay dung hodc
nhidu can thiép vao cac yéu td khac nhau nén GPS khong c6 kha nang dinh vi hodc
dinh vi kém chinh xac trong moi truong trong nha nhu khi nguoi dung di trong mot
toa nha, bénh vién, bao tang hay di chuyén trong hdm mo.

Mot trong cac phuong phap dinh vi trong nha 1a dua vao cuong dd tin hi€u
radio thu dugc (RSS), trong do, vi tri cia nguoi dung dugc xac dinh bﬁng cach so
sanh cuong dd tin hicu tir it nhét mot may phat nhan dugc, vi du: mot thiét bi cAm tay

v&i ban do cuong do tin hiéu dugc xéac dinh trude. Viée tao ra mot ban dd cuong do
tin hiéu rét ton thoi gian va chi phi, vi cudng do tin hiéu va céc vi tri ma né duogc ghi
phai duoc xac dinh bang tay va bao phi toan b tdoa nha. Hon nita, néu cudng do tin
hiéu bi thay ddi, vi du: mot may phat bi 16i hodc né bi di chuyén, hoic vi du mot canh
cira dang mé hodc dong, ban do cuorng do tin hiéu dugce x4c dinh trudce phal duogc hi€éu
chinh lai hodc n6 s& din dén cac van dé vé dinh vi.

Mot phuong phéap dinh vi trong nha khac 1a phuong phap dinh vi st dung céac

“cam bién trén cac thiét bi di dong thong minh, phuong phéap nay c6 thé ap dung cho
cac tmg dung yéu cau do chinh xac cao nhu hé théng tur dong huéng dan du lich thong
minh trong nha, ty dong din duong trong nha, din hudng trong cac trung tim mua
sim. Do vi tri cia ngudi ding khi di chuyén trong mdi trudng trong nha thudng bi trdi
nén dé dat dugc do chinh xac cao khi dinh vi bang cam bién, cin giai quyét dwge mot
sb bai toan nhu loai b nhiéu, triét tiéu sai sb tich liy, xr Iy tr6i vén tbc cua ngudi
ding ... va dong thoi thuét toan phai don gian, hoat dong én dinh va tiéu tén it tai
nguyén cta thiét bi di dong théng minh.

Ban chit k§ thuit ciia sang ché _

Muc dich ciia séng ché 1a dé xuét phurong phap xac dinh vi tri nguoi dung trong
mdi truong trong nha (indoor) st dung cac cam bién trén thiét bi di dong thong minh
va phuong phép tu dong huéng dan du lich trong méi trudng trong nha (indoor) st
dung phuong phap xic dinh vi tri ngudi ding nhiam khic phuc cac nhuge diém néu
trén. Theo mot khia canh ctia séng ché, phwong phép xac dinh vi tri ngudi dung trong
mdi trudong trong nha str dung cac cam bién trén thiét bi di dong théng minh bao gdm:
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thu dir liéu dau vao ctia ngudi dung gdm: thong tin gia tdc hién tai, thong tin toc
do quay, thong tin hudng ... tir cac cam bién gia tdc, con quay hdi chuyén va cam
bién tlr trudng trén thiét bi di dong thong minh dugc mang boi nguoi dung;

chuan hoa gia toc dau vao dua trén dit liéu dau vao da thu theo gia toc truc trai
dat, trong d6 con bao gdm cac budc:

khoi tao goc sir dung cam bién trén thiét bi di dong théng minh;

tir cam bién con quay hdi chuyén va cam bién gia tdc tinh duge sé phuc
Quaternion thé hién duoc chuyén dong quay trong khong gian;

cap nhat cic goc hudng biang Quaternion;

tinh ma tran xoay tir cac goc huong;

nhan ma tran xoay véi gia tde sé& thu duoc gia tdc theo truc cua Trai dat;

tinh van tc di chuyén cta ngudi dung thong qua phép tich phén gia toc sau khi

dugc chuan hoa va xu ly troi van toc theo thoi gian, trong do viéc xu ly trdi van

toc theo thoi gian str dung thudt toan phat hién bude chan gdm céc budc:

tinh gia tri trung binh ciia gia toc tir cac gia tri gia téc da chuan hoa theo
cong thuc:

a=(ax)? + (ay)? + (az)? ;
loc nhiéu cta tin hiéu gia tdc trung binh bang bo loc Kalman da thiét ké;
néu gia toc trung binh nhé hon gia tri ngudng gia toc thuc nghiém thi cap
nhat van tc vé khong;
lap lai tir bude tinh gia tri trung binh cta gia tdc tir cac gia tri gia toc da
chuin héa cho tit ca cac gia trj gia toc;
két hop gia tri van tde duoc cap nhat vé khong va nhimng gid tri khong duoc
cap nhat dé ¢o tin hiéu van toc theo thoi gian;
xtr 1y troi van tde dé thu duoc van tée da loai bo hién tuong troi;

tinh khoang céch ngucn ding da di chuyén theo cac truc toa do tuong Gng bang
cach tich phan van tdc theo thoi gian;

x4c dinh vi tri ngudi dung dua vao khoang cach ngudi dung da di chuyén theo
céc truc toa do tuong tmg va hudng di chuyén.

Theo mot khia canh cua sang ché, trong phuong phéap xac dinh vi tri ngudi ding
trong moi truong trong nha st dung cac cam bién trén thiét bi di dong thong minh,

budc xu ly tro1 van tde dé thu dugce van tdc da loai bo hién tuong troi bao gdm:

tai moi budc chan, phat hién thoi diem khi nguoi dung ddt chan xuong dat, xac

dinh vén téc tai thoi diém nay la vy;

tinh ti 1& troi tai moi budc chan bang cich chia vy cho tong s6 chu ky 1dy mau N
cua buodc chan do;
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tai mdi chu ky 14y mau ctia budc chan, tinh gia tri tr6i van tdc bang cach nhén ti 16
tr6i D vé&i chi s0 i cua chu ky: V_drift = D X i. Sau d6 lay van toc tic thoi vr trir
di gia tri V_drift ta thu dugc vén toc da dugc loai bé troi.

Sang ché ciing d& xuét phuong phap tu déng huéng din du lich trong méi

truong trong nha (indoor) sir dung phuong phdp xac dinh vi tri ngudi dung thong qua
cac cam bién trén thiét bi di dong théng minh bao gdm:

xéac dinh vi tri ngudi ding trong mdi truong trong nha béi thiét bi di dong théng
minh dugc mang bdi ngudi dung thong qua cidc cdm bién trén thiét bi di déng
thong minh;

tinh khoang cach (S) giita vi tri ctia ngudi ding va vi tri cia ddi tuong tham quan
(Pol - Point of Interests) dugc luu trong co s& dit liéu cia may chu tir xa;

néu S nho hon hogc bang mét gia tri xac dinh trudc (R) thi hién thi tén va hinh anh
ctua doi tugng tham quan (Pol - Point of Interests) trén man hinh cua thiét bi di
ddng thong minh dugc mang bdi nguoi dung;

néu S 16n hon mot gia tri xac dinh trude (R) thi tén va hinh anh coa dbi tuong
tham quan bi xda khdi man hinh va chi hién thi s budc chan ma nguoi dung da
budc trén man hinh cuda thiét bi di dong thdng minh dugc mang boi ngudi dung.

Theo mot khia canh ciia sang ché, & budc hién thi tén va hinh anh cia d6i tuong

tham quan trong phuong phap ty dong hudng dan du lich trong mdi trudng trong nha
con bao gom:

gui thong tin nhan dang (ID) cua d6i tuong tham quan 1én may chi tir xa thong
qua mang truyén thong khong day;

tai va hién thi thong tin chi tiét vé ddi tuong tham quan trén man hinh cia thiét b
di dong thong minh dugc mang bdi ngudi dung.

Theo mot khia canh cua sang che, budc xac dinh vi tri ngudi ding trong moi

truong trong nha boi thiét bi di dong théng minh dugc mang bdi ngudi ding thong qua
cac cam bi€n trén thiét bi di dong thong minh bao gom:

thu dir liéu dau vao ctia ngudi ding gdm: thong tin gia tbc hién tai, thong tin tbc
do quay, thong tin huong ... tir cac cam bién gia tc, con quay hdi chuyén va cam
bién tir truong trén thiét bi di d6ng thong minh duge mang bodi ngudi dung;

chuin hoa gia tdc ddu vao dua trén dit liéu dau vao da thu theo gia tdc truc trai dat,
trong d6 con bao gom cac budc:

e khaoi tao goc s dung cam bién trén thiét bi di dong thong minh;

e tr cAm bién con quay hdi chuyén va cam bién gia téc tinh duogc sé phirc
Quaternion thé hién dugc chuyén ddng quay trong khong gian;

o cip nhat cic gbc hudng bang Quaternion;
e tinh ma tran xoay tir cdc goc huong;

e nhan ma trdn xoay voi gia toc s€ thu dugc gia toc theo truc ctia Trai bat;
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tinh van toc di chuyén cua nguoi ding théng qua phép tich phén gia toc sau khi
duoc chuin hoa va xur ly tréi van tbc theo thoi gian, trong dé viéc xu ly troi van
tc theo thoi gian sir dung thudt toan phat hién budce chan gdm céc budc:

e tinh gid tri trung binh cta gia toc tir cdc gia tri gia tbe da chuan hoa theo cf)hg
thue:

a= ﬂax)z + (ay)? + (az)?;

e loc nhiéu ctia tin hiéu gia toe trung binh béng b6 loc Kalman da thiét ké:

e néu gia tdc trung binh nho hon gid tri ngudng gia toc thuc nghiém thi cap nhat
van toc vé khong;

e lap lai tir budc tinh gia tri trung binh ciia gia toc tir cac gia tri gia toc da chudn
hoa cho tit ca céc gid tri gia tdc;

o két hop gia tri van toe duoc cap nhat vé khong va nhiing gia tri khong duoc
cap nhat dé co tin hiéu van tdc theo thoi gian;

e xu ly tr61 véan tbc dé thu duoc van téc da loai bo hién tuong troi gém cac

budc: .

+ tai mdi budc chan, phat hién thoi diém khi nguoi dung dit chan xudng dat,
xdc dinh van toc tai thoi diém nay 1a vy

+ tinh ti I troi tai mdi budc chan bang cach chia vy cho tong sé chu ky lay
mau N cta budc chan do;

+ tai mdi chu ky ldy mdu ctia bude chan, tinh gia tri tri van toc bing cach
nhan ti 1& trdi D v6i chi s6 i ciia chu ky: V_drift = D X i. Sau do6 ldy van
tdc tac thoi v trix di gia tr1 V_drift ta thu dugce van tde da duoc loai bo troi;

tinh khoang cach nguoi ding da di chuyén theo cac truc toa do tuong Gng bing
cach tich phan van toc theo thoi gian;
xac dinh vi tri nguoi dung dwa vao khoang cach nguoi dung da di chuyén theo céc

truc toa do tuong tng va hudng di chuyén.

Viéc &p dung dugc bd loc Kalman dé loai bo nhiéu tir tin hiéu cam bién, xt ly -

dugc hién tugng troi van tde theo thoi thoi gian dé lam ting do chinh xac dinh vi. Két
qua thir nghiém cho thay phuong phap dinh vi nay dat duoc do chinh xéc & dé xi met
(dm), pht hop cho cac ting dung dinh vi trong méi truong trong nha nhu hé thong du
lich thong minh.

Mo ta van tat cac hinh vé

Céc phuong an clia sang ché s& duge mo ta dua vao cac hinh vé& dudi day:
Hinh 1: minh hoa so d6 téng quét ctia phuong phap xac dinh vi tri ngudi ding

trong moi truong trong nha (indoor) sir dung cac cam bién trén thiét bi di dong thong
minh;

Hinh 2: minh hoa so d6 thuét toan chuin hoa gia toc:
Hinh 3: minh hoa so dd thuét toan phat hién buéc chan;
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Hinh 4: minh hoa d6 thi gia tbc khi nguoi dung di chuyén chwa qua bd loc
Kalman;

Hinh 5: minh hoa db thi gia tdc trude va sau khi loc;

Hinh 6: minh hoa d6 thi van tdc khi cap nhat vé khong;
Hinh 7: minh hoa db thi van téc khi ngudi dung di chuyén;
Hinh 8: minh hoa dd thi van tdc trudc va sau khi xir ly trdi;

Hinh 9: minh hoa so db tbng quat cua phuong phép tu dong hudng dan du lich
trong moi trudng trong nha (indoor) st dung phuong phap xac dinh vi tri ngudi dung;

Hinh 10: minh hoa chirc néng tw dong phat hién ti€p cén va hién thi thong tin
hudng dan da phuong tién;

Hinh 11: minh hoa giao dién khi img dung tai thong tin chi tiét d6i tuong;
Hinh 12: minh hoa giao dién khi ngudi dung & gan nhiéu d6i twong tham quan;
Hinh 13: minh hoa m&t dang ban dd khu vuc da dugce sb hoa.

M0 ta chi tiét sang ché

Céac phuong 4n cia sang ché s& dugc mo ta chi tiét theo cac khia canh khac
nhau c6 tham chiéu dén cac hinh v& kém theo. Trong phin md ta dudi ddy, nhim muc
dich giai thich, nhiéu dinh nghia, chi tiét cu thé dwoc néu dé hd trg viéc hiéu ro mot
hodc nhiéu khia canh cta sang ché.

Céc dinh nghia

Cam bién gia téc (Accelerometer Sensor) la cam bién do gia tbc cua thiét bi di
dong thong minh (smartphone) va cung cép gia tri daura la gia téc theo ba truc x, Y, Z
twong ung v4i ba chiéu khong gian. S dung cam bién gia tdc c6 thé do dugc chuyen
dong ctia vat thé theo cac truc trong tmg. Cam b1en gia tdc cam nhén phuong coa thiét

bi di dong va xoay man hinh twong tng vé ché d6 ngang (landscape) hodc doc
(portrait).

Cam b1en con quay hdi chuyen (gyroscope sensor) hay cam bién goc nghiéng la
cam bién do tdc do quay cua thiét bi quanh mot truc dua trén nguyén tic cua xung
lugng goc. Con quay héi chuyén duoc s dung trong thiét bi di dong thong minh dé
tim kiém vi tri va dinh hudng cia thiét bi. Twong tw nhu cam bién gia tbc, gia tri do
duogc ciia cam bién con quay héi chuyén lay theo ba truc x, y, z. Két hop con quay héi
chuyén véi cam blen gia tc cho phép thiét bj cam nhén chuyen dong trén 6 tryc: trai,
phai, 1én, xudng, vé phia trudc va phia sau, ciing nhu quay déc (pitch), cubn (roll), va
chit chi (yaw) cho kha ning cam nhan chuyén dong chinh xac hon.

Cam bién tir truong (magnetic sensor) hay la ban dwgc sir dung dé xac dinh
huong dwa vao cac cuc cia Trai Pt bang cach ding nam cham. Do anh hudng cua
nhiu, cac thiét bi di dong thong minh khong sir dung loai la ban nam chim thuong
thdy ma tmg dung mot cong nghé tién tién khac dé xac dinh hudng cho ngudi ding.
Cu thé, thiét bi di dong thong minh s& do cac tin hiéu c6 tn sb cuc thdp dén tir mot
hudng nhit dinh (Nam hodc Bic) va véi su trg gitp cta cam bién gia tdc trén thiét b
di dong théng minh, c6 thé dua ra dinh huéng chinh xac cho nguoi dung. Nguyén ly
hoat dong cta la ban trén thiét bi di dong théng minh dya vao "Hiéu ung Hall" (Hall
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effect) do Edwin Hall phat hién vao nam 1879. Dua trén nhiéu cam bién duoc dat trén
céc huéng khac nhau cta dién thoai va sir dung bo tap trung tin hiéu tir (ché tao bang
vt liéu c6 do thim tir cao) nhim bé cong cac dudong song song vdi tir trudng ctia mat
dat.

B6 loc Kalman 1a mot tap hop cdc phuong trinh toan hoc nhiam cung cap mot
phuong phap tinh todn dé quy (recursively) hiéu qua dé udc lugng trang thai cia mot
qué trinh, theo cach ti thiéu hoa gia tri trung binh ctia binh phuong 15i hay phuong
sai (mean squared error). Bo loc Kalman udc lugng mdt qué trinh béng cach st dung
mot dang cua diéu khién phan hoi (feedback control). Theo d6 b loc udc lugng trang
thai cia qud trinh tai mot thoi diém sau khi co duogc phéan hi tir cac do dac (c6 nhiéu).
Nhu vay, cac phuong trinh ctia bd loc Kalman dugc chia thanh hai nhom: cap nhat
theo thoi gian (time update) va cap nhat theo gia tri1 do luong (measurement update).
Céc phuong trinh cap nhét theo thoi gian dung dé du doén (projecting forward) trang
thai hién tai va vecto hiép phuong sai 16i nham uéc lugng trang thai tién nghiém cho
budc tiép theo. Cac phuong trinh cip nhat theo gia tri do luong dung dé cung cip
phan hoi, vi du nhu két hop mot gia tri do luong mai voi udce luong tién nghiém dé co
duoc udc luong trang thai hdu nghiém. Ching ta ¢6 coi cac phuong trinh cdp nhat
theo thoi gian la cdc phuong trinh dy doan (predictor equations), trong khi d6 cac
phuong trinh cdp nhat theo gia tri do luong la cac phuong trinh sura sai (corrector
equations). Nhu vay, thuat toan udc lugng cudi cung twong ty nhu mot thuat toan du
doan — stra sai dé giai quyét cac van dé s6 hoc. M6 hinh ctia ddi tuong tuyén tinh roi
rac duoc biéu dién thong qua hé thong trang thai sau:

Xk = Axp; + Buyg + wy

Zk = H)C/( + v

Trong d6 x la bién trang thai, u 1a bién dau vao, z 1a trang thai dau ra (do ludong
duoc), w va v la nhiéu qua trinh va nhiéu do luong, H 1a ma tran do ludong, A 1a ma
tran xac dinh trang thai hién tai tu trang thai qué khr, B 1a ma tran diéu khién cta hé
thong. Gia str cac nhidu qua trinh w(t) va nhiéu do ludong w(t) 1a nhidu trdng, co
phuong sai tuong tng la Q va R, ta c6 P(w) ~ N(0,Q) va P(v) ~ N(0,Q).

Quaternion dugc dinh nghia lan dau tién bdi nha toan hoc nguoi Ai-len Sir
William Rowan Hamilton vao nam 1843 va duoc Gng dung dé phan tich chuyén dong
quay trong khong gian 3 chiéu. Mot quaternion don vi ¢o thé dugc dinh nghia nhu
sau:

q=dqo+qii+qy+qsk=qp+q”

==k =-
j=Jji=k
Jk =-kj =
ki = -ik =
Theo dinh ly Quaternion 1 ta c6: vdi mdi Quaternion don vi:
q :qo+q:cos2 +Vsin§ ()
2 2
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va voi moi vecto v trong khong gian R3 toan tu:

L) =qvq" = (g3 ~|a" v +2(q)q +2q4 (g% V) )

L, tac dong 1€n vecto v twong duong v6i phép quay vecto v quanh truc u mot goc 6.
Goi p va q lan luot 1a 2 don vi quaternion. Thuc hién phép quay Ly 1€n vecto u dugc
vecto v. Tiép tuc thuc hién phép quay Lg 1én vecto v dugc vecto w. Ta c6 biéu thuc
sau:

w =L,(v) =q.v.q" =q.(p.u.p").q
=(q.p)-u(@p) =Lpw)  (3)

Ma trin xoay la ma tran biéu dién phép xoay trong khong gian. Khi xoay toa do
mdt goc 6 nguoc chidu kim ddng hd quanh diém gbc, dang ham cia no 1a:

x' = xcosf — ysinf

y' = xsinf + ycosf
Viét du6i dang ma tran:

[x’] _ [cose —sinf [x]

y' sind cosf 1y
Trong khong gian 3 chiéu, khi xoay mét goc 6, dang ma tran xoay:
1 0 0
R,(0) =|0 cosO —sinf
0 sinf cos6 |
[ cos@ 0 sinf]
R,8)=] © 1 0
|—sinf 0 cos6.]
[cos@ —sinf 0]
R,(0) = |sinf cos® 0
L 0 0 1.
Vi du, quay vector (1,0,0) quanh truc z mét goc 90 dd co thé duoc biéu dién bing

ma tran:
1 cos90° —sin90° 0][1 0
R,(907) |0]| =|sin90° cos90° of|0| =1
0 0 0 1110 0

Biéu dién mot phép xoay trong khong gian 3 chidu véi cac goc a, B,y twong (mg
véi céc truc x, y, z dang ma trén xoay:

R = Rx(a)Ry(ﬁ)Rz(y)

Tham chiéu dén hinh 1, theo mét khia canh cta sang ché, phuong phap 100 xac
dinh vi tri ngudi dung trong moi trudng trong nha, vi du: trong cac tda nha, siéu thi,
bao tang ... Phuong phap 100 sir dung cac cam bién trén thlét bi di dong thong minh
bao gbm bude S101: thu dit ligu dau vao ciia ngudi ding gom thong tin gia toc hién
tai, thong tin toc do quay, thong tin hudng ... tr cac cam bién gia tbc, con quay hoi
chuyén va cam bién tlr truong trén thiét bi di dong thong minh dugc mang bdi nguoi
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ding, cic thiét bi di dong théng minh co thé 1a dién thoai di dong thong minh, may
tinh bang, vi dy, cac dién thoai chay trén nén tang Android, 108, ... cac thiét bi nay
hau hét ¢ sin cac cam bién nhu: cam bién gia toc, con quay hdi chuyen va cam bién
tir trudng.

Phuong phap 100 con bao gdm bude S102: chuin hoa gia téc diu vao dua trén
dit liéu ddu vao di thu theo gia tdc truc Trai Dét. Gia tbc nhan dugce 1a gia tdc theo cac
truc Ox, Oy, Oz cta dién thoai, do d6 cén phai chuén hoa vé truc ctia Trai DAt theo cac
budc nhu thé hién trén hinh 2, trong d6 con gdm céc bude: khai tao goc st dung cam
bién trén thiét bj di /dong théng minh; tir cam bién con quay héi chuyén va cam bién
gia tc tinh dugc s6 phirc Quaternion thé hién duoc chuyén dong quay trong khong
gian; c@p nhét cdc goc hudng bang Quaternion; tinh ma tran xoay tu cac goc hudng;
nhan ma trin xoay véi gia toc s& thu dugc gia tdc theo truc cia Trai Dt.

Budc S103: tinh van tdc di chuyén cua nguoi dung thong qua phép tich phén
gia tdc sau khi dugc chuin hoa va xtr ly trdi vén téc theo thoi gian. Tin hidu gia tbc
luén khéong 6n dinh do nhiéu yéu t6 gay nhiu dan dén van toc ludn tréi theo thoi gian.
Ddng thoi, van tbe dugc tinh qua tich phén gia tdc nén sai s6 nay 1 khd 16n. Hé qua 1a
chi trong thoi gian ngin vi tri cia mot d6i tugng bi thay ddi dang ké cho du dbi tuong
dang dung yén. Vi vay, dé 4p dung vao cac hé théng dinh vi trong nha bang phuong
phap nay thi ching ta phai xir Iy dugc hién twong tréi van tdc néu trén, trong dé viée
xur ly troi van tdc theo thoi gian st dung thudt toan phat hién bude chan nhu dugc
minh hoa trén hinh 3, gdm cac buédec: tinh gia tri trung binh ca gia tdc tir cac gia tri gia
tbc da chuan héa theo cong thirc:

\Rax)z + (ay)2 + (az)2 loc nhiéu coa tin hiéu gia tdc trung binh bing bd loc
Kalman da thiét ké; néu gia tdc trung binh nhé hon gia tri ngudng gia tdc thuc nghiém
thi cap nhét van toc vé& khong; lap lai tir budc tinh gia tri trung binh cia gia tdc tir cac
gi4 tri gia tbc d& chun hoa cho tit ca cac gid tri gia toc; két hop gia tri van tdc duoc
cip nhat vé khong va nhing gia tri khong dugc cip nhat dé c6 tin hiéu vén toc theo
thoi gian; x ly trdi van tbc dé thu dugc van tbc da loai bd hién twong troi,

pé xdy dung dugc bd loc Kalman cho cam bién ta can x4c dinh cac thong sd
trong céc phuong trinh ciia bd loc. V&i bai toan nay, hé théng khong tac dong vao tin
hiéu cam bién nén ma tran diéu khién cua hé théng B va bién dau vao cua cac hé théng
diéu khién u bing khong. Ta du doan tin hiéu hién tai bing véi tin hiéu tai thoi diém
trude d6 nén ma tran x4c dinh trang thai hién tai tir trang thai qua khir A = 1. Thyc té
ma tran H ciing thay d6i nhung trong bai toan nay 14 don tin hiéu ddu vao va dé don
gian ta chon H = 1. Ta c6 cac phuong trinh ctia by loc Kalman:

Time Update:
Xk = Xk-1;
Pi=Prs +Q
Measurement Update:
K=P:/(P:+R)
X = xx + K(zk — x1)
P = (I - KyPx
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Véi bai toan loc nhiu cho cac tin hiéu cam bién trén thiét bi di dong thong
minh, viéc chon gia tri phuong sai nhiéu qua trinh Q khong hé don gian. Can phai qua
nhiéu lan thuc nghiém va st dung phuong phap thong ké dé thu dugc tin hiéu sau loc
dung nhu mong muén. Sau nhiéu 1an thuc nghiém thi gia tri Q duoc chon la 0.001.
Vi nhiéu do luong viée chon gid tri phuong sai R anh hudng dén toc do uoc luong
ctia hé thong. Tur phuong trinh tinh hé s6 Kalman K, ta thiy K ti 1& nghich véi R, gia
tri R 16n thi téc dd udc luong cham hon va gia tri udc luong ¢6 vé nhu it tin tudng
hon vao gia tri do dugc, va duong nhién két qua ude luong s& phing. Nguoc lai, gia
tri R nho thi tbe d6 udc lugng nhanh hon, bd loc tin tudng hon vao gia tri do dugc va
duong nhién két qua udc luong it phéng hon. Nhu vay viéc chon tham so R khd quan
trong, co thé chon R ctng biang mt gia tri c¢6 dinh, hodc 14 gia tri mém c6 thé thay
ddi. Trong nodi dung nghién ctru nay, qua thuc nghiém chiing t6i chon R khoang 1%
gia tri do dugc (R =0.01).

Hinh 4 biéu dién dang do thi cta trung binh gia toc khi bude di. Puong Norm
[ tin hiéu trung binh gia tbc. Dudng thang 1a ngudng cta gia toc (agp, = 0.5, duoc xac
dinh bang thuc nghiém). Khi nguoi ding dung yén hodc chan dat xubéng dat (trong khi
budc di) thi gia tri trung binh cua gia tbc nho hon ngudng. Trong mot s6 bude di, mac
du khong phai thoi diém van tbe bang khong nhung trung binh gia toc bi xudng thap
hon ngudng (diém khoanh tron). biéu nay dan dén cap nhét sai van toc vé khong, dan
dén tinh toan sai budc chan. Dé giai quyet van dé nay can cho tin hiéu gia toc trung
binh qua bd loc Kalman. Hinh 5 biéu dién két qua thuét toan phat hién budc chan sau
khi st dung bd loc Kalman. D6 thi mau xanh 1a tin hiéu gia tde trung binh trudce khi
loc. Do thi mau dé 1a tin hiéu gia tde trung binh da dugc loc, nhiéu (cac diém khoanh
tron) da duoc loai bo. Sau khi qua bd loc, véi nhitng khoang thoi gian gia tri trung
binh gia tdc nhé hon ngudng thi cap nhat van téc Vé khong. Hinh 6 1a két qua thuat
toan phat hién budc chén sau khi cap nhat van toc vé khong. Sau khi cap nhét van toe
vé khong chiing ta da xu ly dugc hién tuong troi van tdc O trang trai dimng. Nhung khi
quan sat d6 thi hinh 6 nhan thdy mot van dé gip phai 1a trong luc di chuyen van toc
van bi troi theo thoi gian (cac truong hop dugce khoanh tron trén hinh). Pé xir Iy van
dé nay can két hop thém mot bude xi 1y troi.

Theo mot khia canh cua sang ché, trong phuong phap 100, buge S103 con bao
gbm bude xur ly troi van téc dé thu duge van toc da loai bo hién tuong troi bao gom:
tai mdi budc chan, phat hién thoi diém khi nguoi dung dat chan xuong dat, xac dinh
van toc tai thoi diém nay la vy dugc minh hoa trong hinh 7; tinh ti 1€ troi tai moi budc
chan bang cach chia v cho tong s6 chu ky ldy mau N cua bude chan do; tai mdi chu
ky ldy mau ctia budc chén, tinh gid tri troi van téc bang cach nhan ti 1& tréi D voi chi
s0 ¢ cua chu ky: V_drift = D X i. Sau d6 liy van toc tire thoi ve trir di gia tri V_drift ta -
thu duoc van toc da duoc loai bo troi. Hinh 9 minh hoa két qua véan tdc ngudi dung
thu dugc trude va sau khi xtr ly hién tugng troi.

Phuong phap 100 con bao gdm: budc S104: tinh khoang cach nguoi dung da di
chuyén theo cac truc toa do twong ung bang cach tich phan vén téc theo thoi gian sau
khi loat bo hién truong troi; bude S105: xac dinh vi tri nguoi dung dua vao khoang
cach nguoi dung da di chuyén theo céc truc toa do tuong tmg va huéng di chuyén.

Sang ché ciing dé xuat phuong phap 900 tu déng hudéng dan du lich trong moi
truong trong nha (indoor) st dung phuong phép xac dinh vi tri nguoi dung thong qua
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cac cam bién trén thiét bi di dong thong minh. Phuong phap 900 nhu dwgc minh hoa
trén hinh 9, bao gom:

budc S901: xac dinh vi tri ngudi dung trong moi truong trong nha bai thiét bi di
dong thong minh dugc mang bdi nguodi dung thong qua cac cam bién trén thiét bi
di dong thong minh,;

budc S902: tinh khodng cach (S) giita vi tri ciia ngudi ding va vi tri ctia ddi twong
tham quan (Pol - Point of Interests) dugc luu trong co s& dir liéu cua may chu tir
Xa;

budc $903: néu S nhé hon hoic bing mdt gia tri x4c dinh trude (R) thi hién thi tén
va hinh anh cua doi tugng tham quan (Pol - Point of Interests) trén man hinh cua
thiet bi di dong thong minh dugc mang badi nguoi dung;

budc S904: néu S 16n hon mét gia tri xac dinh trude (R) thi tén va hinh anh cua
doi tugng tham quan bi x6a khoi man hinh va chi hién thi s6 budc chan ma nguoi
dung da budc trén man hinh cta thiet bi di dong thong minh dugc mang bdi ngudi
dung.

Theo mot khia canh cta sang ché, & budc hién thi tén va hinh anh cta doi tugng

tham quan trong phuong phap tu dong hudng dan du lich trong mdi trudng trong nha
con bao gom:

gui thong tin nhén dang (ID) cua d6i twong tham quan 1én may chu tir xa thong
qua mang truyen thong khong day, vi du: mang Wi-Fi, mang 3G, 4G, 5G ...

tai va hién thi thong tin chi tiét vé ddi twgng tham quan trén man hinh cta thiét b
di dong thong minh dugc mang boi nguodi dung.

Theo mét khia canh ciia sang ché, trong phuong phap 900, budc 901 bao gdm:

thu dit liéu dau vao cua ngudi dung gdm: thong tin gia tbc hién tai, thong tin toc
do quay, thong tin huong ... tir cac cam bién gia tdc, con quay hdi chuyén va cam
bién tir trudng trén thiét bi di dong théng minh duge mang boi ngudi ding;

chuén héa gia téc dau vao dua trén dit liéu du vao da thu theo gia tdc truc trai dat,
trong d6 con bao gdm cac bude: khoi tao goc st dung cam bién trén thiét bi di
dong thong minh; tir cdm bién con quay hdi chuyén va cam bién gia tdc tinh dugc
sd phirc Quaternion thé hién duoc chuyén dong quay trong khong gian; cap nhat
cac géc hudng bang Quaternion; tinh ma trin xoay tir cic gdc hudng; nhan ma
tran xoay voi gia téc s& thu dugc gia tdc theo truc cua Trai Dat;

tinh van tdc di chuyén cia ngudi dung thong qua phép tich phan gia tdc sau khi
dugc chuén hoa va xir ly troi van tdc theo thoi gian, trong do viée xr ly troi van
téc theo thoi gian st dung thuét toan phat hién bude chan gdm céc budc: tinh gid
tri trung binh ctia gia tdc tir cac gia tri gia téc dd chuin héa theo cong thirc: a =

\/ (ax)? + (ay)2 + (az)2 loc nhifu cua tin hiéu gia tdc trung binh bang bd loc
Kalman d3 thiét ké&; néu gia toc trung binh nho hon gia tri ngudng gia téc thuc
nghiém thi c@p nhét vén toc vé khong; 13p lai tir budce tinh gia tri trung binh cta
gia toc tlr cac gia tri gia toc d3 chudn hoa cho tit ca cac gi tri gia toc; két hop gid
trj vén tbc duogc cap nhét vé khong va nhiing gia tri khong dugc cap nhat dé c6 tin
hiéu van tdc theo thoi gian; xur ly tr6i van tdc dé thu duoc van téc da loai bo hién
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tuong tréi gdm cac bude: tai mdi bude chan, phat hién thoi diém khi nguoi dung
dat chan xuéng dat, xac dinh van tdc tai thoi diém nay la vg; tinh ti 1€ troi tai moi
budc chan bang cach chia vy cho téng s6 chu ky 14y mau N cta budce chan do; tai
mdi chu ky ldy mau cta budc chén, tinh gia tri troi van toc bang cach nhén ti 1é
trdi D v6i chi s0 i clia chu ky: V_drift = D x i. Sau d6 lay vén tbc tuc thdi vy trir
di gia tri V_drift ta thu duoc van tdc da duoc loai bo troi; tinh khoang cach nguoi
dung da di chuyén theo cac truc toa dd tuong ung bang cach tich phan vén tdc
theo thot gian; xdc dinh vi tri ngudoi dung dua vao khoang cach nguoi dung da di
chuyén theo cac truc toa do tuong ung va hudng di chuyén.

Ung dung tu dong hudng dan du lich trong mdi trudng trong nha co thé chay
trén céc thiét bi di dong thong minh c6 thé 1a dién thoai di dong thong minh, may tinh -
bang, vi duy, cac dién thoai chay trén nén tdng Android, IOS, ... trong d6 ban dd vé cac
diém du lich trong nha duoc s hoa va luu trong co so dir liéu. Khi st dung tng dung
tu dong huéng dan du lich trong moi trudng trong nha, nguoi dung di chuyén bat dau
tr mot vi tri dinh sén, Ung dung s€ xac dinh dugc vi tri cda ngudi dung tai thoi diém
hién tai khi nguoi dung di chuyén. Vi tri cta tit ca cac ddi tuong tham quan (Pol -
Point of Interests) nhu mot birc tranh, ¢o vat... da duoc luu trong co so du liéu cua hé
thdng. Ung dung s& tu dong phat hién cac dbi tuong tham quan nam gan vi tri da xéac
dinh ctia ngudi dung, sau do tu dong hién thi trén man hinh dién thoai cac thong tin
hudng dan gioi thiéu vé dbi tuong d6. Khi nguoi ding dang di chuyén binh thuong,
khong gan ddi tugng tham quan nio, man hinh s& hién thi s6 budc ma nguoi ding da
bude nhu hinh 10a. Khi nguoi dung dén gan ddi tuong tham quan, vi du “Burc tranh
nang Monalisa”, ListView (cira s6 hién thi) s& hién thi 1én déi tuong tuong Gng nhu
hinh 10b.

Néu nguoi ding mudn xem chi tiét dbi tuong, nguoi dung co thé bdm vao déi -
dbi tuong trén ListView dé xem chi tiét. Khi d6 dién thoai s& gui Id dbi tugng “buc
tranh nang Monalisa” 1én may chu tir xa thong qua mang truyén thong khong day dé
liy vé thong tin d6i tuong va tai vé dién thoai nhu thé hién trén hinh 11.

Trong khi nguoi ding vira xem thong tin déi tugng vira di chuyén, hé théng
van xac dinh vi tri ctia nguoi dung thay ddi lién tuc, do ta str dung mot Thread (ludng)
dé hién thi thong tin va mot Thread khac dé xac dinh vi tri cta nguoi dung. Khi nguoi
dung quay lai man hinh chinh, di chuyén tiép va c6 mot d6i tuong 1a “Burc tranh thiéu
ntr bén hoa hu¢” ciing & ngay gan d6 nhu thé hién trén hinh 12, ListView s& hién thi
ca ddi twong nay. Néu ngudi dung di cach xa dbi twong mot khoang cach xac dinh
truge, vi du trén 4m, ListView s& xoa dbi tuong khoi danh sach va hién thi lai man
hinh.

Vi du thyc hién ciia sang ché
Kich ban 1: Nguoi dung di theo dudng thing.

Trong kich ban nay, ngudi dung di thang rdi quay lai vi tri ban dau. Toa do cua
nguoi dung khi xuat phat 1a x,y = (0.0,0.0). Sau khi di chuyén rdi quay lai vi tri cii
thi toa d6 ctia nguoi dung 1a x,y = (0.06,0.3) don vi mét. Sai sé ddi véi truc x, toa do
ctia ngudi dung bi léch 6 cm. Ddi véi truc y, toa do ctia ngudi ding léch 30 cm (do sai
budc chan cudi cling).

Kich ban 2: Nguoi dung di chuyén vong.
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Kich ban tiép theo dugc thuc hién voi sb lugng bude chan nhiéu hon ciing nhu
cach di chuyén ctia ngudi ding phirc tap hon, méi trudng thir nghiém chiu nhiéu tac
dong vé nhiu hon (dic biét 1a anh huong bai tir trudng). Gidng nhu & kich ban 1,
ngudi ding bét dau tai diém co toa do 1a x, y = (0.0,0.0). Sau khi di chuyén mot vong,
vi trf hién tai cia ngudi ding lic nay 1a x, y = (0.06,—0.13) don vi mét. O kich ban 2
ta c6 thé d& dang nhén théy d6 chinh x4c cao hon hin so véi kich ban 1. Pbi véi truc x,
vi tri cua nguoi dung chi 1&ch 6 cm, voi truc y 1€ch 13 cm so véi lic xut phat. Kich
ban 2 mic du di nhiéu budc chan hon, thay dbi cac goc khi di chuyen phuc tap hon
nhung lai ¢c6 do chinh x4c cao hon béi vi 1an dit budc chin cudi cing duge xac dinh
chinh x4c.

Kich ban 3: Nguoi ding di chuyén tu do.

Thi nghiém tlép theo dugc thuc hién trong phong 1ab618 thu vién Ta Quang
Biru. Pudng di thyc té dugc thé hién 13 dudng do nét lién trén hinh 13. Két qua thu
duogc khi thyc hién di 3 14n cho thiy duong di (chdm den) kha tuong dong trong 3 l4n
thir va tuong ddng voi dudng di thuc té, diém dich dén khi di chuyén 14 rit chinh xac
trong ca 3 1an thir.
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Yéu cau bao ho

1. Phuong phap xdc dinh vi tri nguoi dung trong moi truong trong nha st dung céac
cam bién trén thiét bi di dong théng minh bao gdm:

- thu du liéu dau vao cua ngudi ding gém: thong tin gia tdc hién tai, thong tin
tde do quay, thong tin hudng ... tir cac cam bién gia toc, con quay hoi chuyén
va cam bién tir truong trén thiét bi di dong thong minh duoc mang boi ngudi
dung;

- chuan hoéa gia toc dau vao dua trén dit liéu dau vao da thu theo gia toc truc trai
dat, trong d6 con bao gdm cac budc:

e khoi tao goc st dung cam bién trén thiét bi di dong thong minh;

e tr cam bién con quay hoi chuyén va cam bién gia toc tinh duoc so phtic
Quaternion thé hién dugc chuyén dong quay trong khong gian;

e cdp nhat cac goc hudng bang Quaternion;
e tinh ma trdn xoay tur cdc goc hudng;
e nhan ma tran xoay vai gia toc s€ thu dugc gia toc theo truc cua Trai Pat;

- tinh van téc di chuyén ctia nguoi dung thong qua phép tich phén gia toc sau khi
dugc chudn héa va xir 1y troi van tde theo thoi gian, trong do vige xur ly troi van
tdc theo thoi gian sir dung thudt toan phét hién budc chan gdm cac bude:

e tinh gia tri trung binh cua gia tdc tir céc gia tri gia tdc dd chuén hoa theo
cong thuec:

a=./(ax)? + (ay)? + (az)? ;
e loc nhiéu cta tin hiéu gia tde trung binh béng bd loc Kalman da thiét ké;

e néu gia téc trung binh nho hon gia tri ngudng gia téc thuc nghiém thi cap
nhat van toc vé khong;

e lap lai tir budce tinh gia tri trung binh cia gia the tir cac gia tri gia toc da
chuan hoa cho tét ca cac gid tri gia tdc;

o Két hop gid tri van tde duoc cap nhat vé khong va nhitng gié tri khong duoc
cap nhat dé ¢o6 tin hiéu van tdc theo thoi gian;

e XU ly troi van toc dé thu dugc van toc da loai bo hién tugng troi;

- tinh khoang cach nguoi dung da di chuyén theo céc truc toa do tuong tng
bang cach tich phan van toc theo thoi gian;

- xdc dinh vi tri nguoi dung dua vao khoang cach nguoi dung da di chuyen
theo cac truc toa do twong tng va hudng di chuyén.

2. Phuong phap xac dinh vi tri nguoi dung theo diém 1, trong do, xur ly trdi vén
tdc dé thu dugc van tde di loai bé hién tuong troi bao gdm:

- tai mdi budc chén, phat hién thoi diém khi nguoi dung dat chan xuéng dat,
xac dinh van toc tai thoi diém nay la vy;

-14-



24766

- tinh ti 1& tr6i tai mdi budc chan bang cach chia vr cho tong s chu ky 1y mau
N cua budc chan do;

- tai mbi chu ky 14y miu cta budc chén, tinh gi tri trdi van toc bing cach nhan
ti 1€ troi D voi chi so i cia chu ky: V_drift = D X i. Sau d6 lay van toc tic
thoi v trir di gid tr1 V_drift ta thu duogc van toc da dugce loai bé troi.

3. Phuong phap tu dong huéng din du lich trong mdi trudng trong nha (indoor) st
dung phuong phép xac dinh vi tri nguoi dung théng qua cac cam bién trén thi€t bi di
dong thong minh bao gom:

xac dinh vi tri nguoi dung trong mdi truong trong nha boi thi’ét bi di dong théng minh
dugc mang bdi ngudi dung thong qua cac cam bién trén thiet bi di dong thong minh
(S901);

tinh khoang céach (S) giita vi tri ctia nguoi ding va vi tri ctia dbi tuong tham quan (Pol
- Point of Interests) dugc luu trong co sé dit li€u cia may cha tir xa (S902);

néu S nhé hon hodc bing mdt gia tri xac dinh trudc thi hién thi tén va hinh dnh cua d6i
tuong tham quan (Pol - Point of Interests) trén man hinh cta thi€t bi di dong thong
minh dugc mang boi nguodi dung (S903);

néu S 16n hon mdt gia tri xac dinh thi tén va hinh anh cta dbi tuong tham quan bi xda
khoi man hinh va chi hién thi s6 budc chan ma nguoi dung da budc trén man hinh cta
thi€t bi di dong thong minh dugc mang bdi ngudi dung (S904);

trong d6, khac biét & chd, budc xac dinh vi tri ngudi ding trong mdi trudng trong nha

boi thiét bi di dong thong minh dugc mang bdi nguoi dung thoéng qua cac cam bién
trén thiét bi di dong théng minh (901) bao gdm:

- thu dir liéu dau vao cia ngudi dung gdm: thong tin gia tbc hién tai, thoéng tin
tbc do quay, thong tin huong ... tir cac cam bién gia tdc, con quay hdi chuyén
va cam bién tir trudng trén thiét bi di dong théng minh dugc mang boi ngudi
dung;

- chuén hda gia toc dau vao dya trén dit li€u dau vao di thu theo gia tdc truc trai
dat, trong d6 con bao gom céc budc:

o  khoi tao goc sir dung cam bién trén thiét bi di dong théng minh;

e tir cam bién con quay hdi chuyen va cam bién gia téc tinh duoc sb phic
Quaternion thé hién dwoc chuyén dong quay trong khong gian;

e cap nhat cic goc hudng bang Quaternion;
e tinh ma trdn xoay tir cac géc hudng;
e nhan ma trin xoay véi gia tdc s& thu duoc gia tdc theo truc cua Trai DAt

- tinh vén tdc di chuyén cta ngudi ding thong qua phép tich phén gia tbc sau
khi dugc chuan héa va xir 1y troi van tdc theo thoi gian, trong dé viée xur ly
tréi van tc theo thoi gian sir dung thudt toan phat hién bude chan gdm céc
budc:

e tinh gi4 tri trung binh cua gia tbc tir cac gia tri gia tbc di chudn hoa theo
cong thuc:
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a=./(ax)? + (ay)? + (az)? ;
e loc nhiéu cua tin hiéu gia tde trung binh béng bd loc Kalman da thiét ké;

e néu gia tdc trung binh nhd hon gié tri ngudng gia tdc thuc nghiém thi cap

nhat van toc vé khong;

e lap lai tir budc tinh gid tri trung binh cia gia toc tir cac gia tri gia toc da

chuan hoa cho tat ca céc gia tri gia toc;

o Kkét hop gia tri van tdc duoc cap nhat vé khong va nhiing gia tri khong duogc

cap nhat dé co tin hi¢u van toc theo thoi gian;
e xu ly troi van tdc dé thu duoc van tbc da loai bo hi¢n tugong troi g6m cac
budc:

+ tai mdi budc chan, phat hién thoi diém khi nguoi dung dat chan xudng dat,

xac dinh van toc tai thoi diém nay 1a v

+ tinh ti 1& trdi tai mdi budc chan bang cach chia vy cho téng sb chu ky 1dy mau

N cua budc chan do;

+ tai mdi chu ky 14y mau cua budc chan, tinh gia tri troi van toc bang cach
nhén ti 1& troi D véi chi s6 i cua chu ky: V_drift = D X i, sau d6 ldy van toc
tac thoi ve trir di gid tri V_drift ta thu dugc van tdc da duoc loai bo troi;

tinh khoang cach ngudi dung da di chuyén theo cac truc toa do tuong Gng bang

cach tich phan vén toc theo thoit gian;

xéac dinh vi tri ngudi dung dua vao khoang cach ngudi dung da di chuyén theo

cac truc toa do tuong tng va hudng di chuyen.

. Phuong phép theo diém 3, trong d6 ¢ budc hién thi tén va hinh anh cua ddi

tugng tham quan con bao g6m: '

- gli thong tin nhan dang (ID) cta dbi twong tham quan 1én mdy chu tir xa
thong qua mang truyén thong khong day;

- tai va hién thi thong tin chi tiét vé dbi twong tham quan trén man hinh cua
thiét bi di dong thong minh dugc mang boi ngudi dung.

-16-



\ S101

24766

100

\ S102

Dir liéu tir Chuin héa Chuyén ddi Chuyén dbi
cam bién trén —» gia toc ddu [ gia téc theo [ van toc theo
smartphone vao truc Trai Dat truc Trai Dat
lfdt
C . , , Vin toc da X ly tréi van

Vitri cua Tinh todn Lo |0 ibé hien |€—| téc theo thoi

nguoi dung khoiang cach : a .
tuong troi glan
S105 /‘ S104 /‘ $103 /‘
Hinh 1

Khei tao
goc ban dau

Chuin héa goéc
theo truc Trai Pat

Ma trin xoay

A
Cam bién con .
x. 2 P Quaternion
quay hoi chuyén
A

Cam bien
gia toc

Hinh 2
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tinh khoang céach (S) gitia vi tri
cua ngudi diing va vi tri cia dbi
tuong tham quan (Pol - Point of
Interests)

S nhé hon hoic
bé‘mg mot gia tri

xac dinh truéce

tén va hinh anh cua ddi

tuong tham quan bi x6a khoi
man hinh va chi hién thj sb
buéc chin ma nguodi diung
da budc
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Buc tranh nang
Monalisa

wé Step count:12

Step count:6

STOP

STOP

Da Vinci bat dau vé Mona Lisa vao
Py, 1 v b o t  khoang nam 1503, rong Théi Phuc
Mopaisa hung ttalia va theo Vasan, "sau ki ang
da ba bang nd trong bon nam, khong
hoan thanh, (7] Ong duoc cho la da
uep e bue vé trong ba nam sau khi da
rov sang Phap va hoan thanh no mot
tho't gian ngan truoc khi mat nam
1519.(8] Da Vinci da mang buc tranh to

Btobin i D am o mAra TR L Vs

Hinh 11
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