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Cam bién quan tinh
B6 loc Kalman

Phu'o'ng sai Allan la mgt phwong phdp dung dé xdc dinh sw 6n dinh
cta tdn so trong cdc b6 dao déng bang cdch phan tich chudi div liéu
trong mién thoi gian. Phuang phdp nay cting c6 thé dworc st dung daé
xdc dinh cdc loai nhiéu khdc nhau ton tai trong dit liéu cdm bién
qudn tinh. Trong bai bdo nay, phuong phdp phan tich phuo'ng sai
Allan sé dwoc st dung dé xac dinh cdc thong s6 nhiéu ngdu nhién
trong mé hinh héa cdc nhiéu ctia cam bién qudn tinh trong iPhone 6
Plus. D liéu voi thoi Iu'o'ng 5 gior 6n dinh thu thdp twr iPhone 6 Plus
dwoc st dung cho viéc phdn tich. Két qua phan tich div liéu da xdc
dinh nhiéu trang la tap nhiéu néi tréi doi véi tin s6 Iay mdu nhd. Déi
vdi truc z ctia cdm bién gia tdc, nhiéu ti 1 buéc vdn téc ngdu nhién
cling xudt hién noi troi. Két qua ciia bai bdo ciing khang dinh phu'o'ng
phdp phwang sai Allan la cong cu hitu hiéu dé ddanh g1a cdc thong s6
ddc trung cua titrng loai nhiéu ton tai trong di liéu ddu ra ciia cdm
bién qudn tinh.

© 2016 Truwong Pai hoc M6 - Dia chit. T4t ca cac quyén dwoc bdo dam.

1. bat vin dé

trang bi cung véi thw vién lap trinh gidp cac
nha phat trién phin mém c6 thé khai thac va

Cac cam bién trén dién thoai thong minh
la mét trong nhirng thanh phin quan trong
hang dau gitp nang cao trai nghiém nguoi
dung. Thuat ngit “dién thoai théng minh”
(smartphone) xudt hién khi ching dwoc
trang bi cic cdm bién, man hinh cam Gng
cung véi hé thong lién quan cho thiy tim
quan trong cda cac cam bién la rat 1én. Cac
cam bién quan tinh trén smartphone dwoc

*Tdc gid lién hé.
E-mail: trantrungchuyen@humg.edu.vn

st dung cho nhiéu muc dich khac nhau va cé
thé 1ap trinh d€ xay dung mdot hé théng dan
dwong quan tinh diy di ma khong can bat cr
thiét bi ho trg' ndo. Hé thong dan dwong quan
tinh (Inertial Navigation System - INS) duworc
biét dén la c6 thé cung cip thdéng tin vé vi tri,
van toc va tu thé cé do chinh xac cao trong
khoang thoi gian ngan. Tuy nhién, dd chinh
xac ctia hé théng nhanh chong gidm sit theo
thoi gian do 4nh hwéng cla sai s6 (nhiéu)
trén cac cam bién. D€ giai quyét van deé sai so
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trong hé thong INS, ngwoi ta phan loai cac
nhiéu trén cdm bién thanh nhiéu ngau nhién
va nhiéu hé théng. C6 thé thdng ké cac ngudn
sai s6 va dic tinh cling nhw phwong phap xt
ly chiing & Bang 1.

Viéc xtr ly nhiéu hé théng cin phai xac
dinh chinh xac bang viéc hiéu chuin thiét bi
két hop cac s6 hiéu chinh tir thong s6 cia nha
san xudt. Vi duy, cac sai s6 cadm bién quan tinh
trong iPhone 6 Plus l1a 3 truc ctia cadm bién
van téc goc (gyroscope) va 3 truc cua cam
bién gia téc (accelerometer) dwoc ché tao béi

2015), cic thong sb ciia cdm bién dwoc thé
hién & Bang 2 (http://goo.gl/yjdSrn 2016).

PE giam thi€u nhiéu ngiu nhién thi
chung ta c6 thé sir dung dén bd loc t6i wu
nhw bd loc Kalman, song ciing cin phai xac
dinh dwoc cac thong so didc trung cta cac
nhiéu ngiu nhién nay. Nhu ciu déi véi viéc
wéc lwong chinh xac cac thong tin dan dwong
quén tinh la rat 16n, doi hoi phai mé hinh héa
cac thanh phan nhiéu clia cac cdm bién, tir d6
sé c6 phwong phap tinh toan gidp cho hé
thong dat dwoc két qua toi wu.

hang InvenSense (https://goo.gl/rpwCaC
Bdng 1. Cdc nguén sai s6 ciia cdm bién qudn tinh
Sai 58 Dic tinh Cach xtt ly (loai b6 / gidm thiéu)
Hé théng | Ngiu nhién | Hiéu chudn | Hiéu chinh | Mo hinh héa
Do l1éch (bias) v v v v
Hé sé ty 1é (scale factor) v v
Cac loai nhiéu (noise) v v

Bdng 2. Cdc théng s6 ctia cdm bién qudn tinh trong iPhone 6 Plus (http://goo.gl/yjdSrn 2016)

InvenSense MP67B (MPU-6050)
béc tinh clda cam bién Gyroscope Accelerometer
Gia tri Pon vi Gia tri Pon vi
Nhiét d6 van hanh -40 ~ +85 °C -40 ~ +85 °oC
+250 +2
Pham vi do dac (theo digu kién thiétlap) | 200 | o/gia 4
i g g . p ilOOO g y i8 g
+2000 16
131 16,384
A A 1A 65.5 0/ in 8,192
b6 nhay (theo diéu kién thiét lap) 328 LSB/°/giay 4096 LBS/g
16.4 2,048
Ti1é mat d6 nhiéu ph6 tai 10Hz 0.005 o/s/\Hz
M4t d6 nhidu tai 10Hz 400 ug/VHz
b6 1éch tam (offset) trén trucxvay +20 o/gidy +50 mg
b0 1éch tam (offset) trén truc z +20 o/gidy +80 mg
D6 mat 6n dinh offset theo nhiét d6 trén £20 o/gia 435 m
truc x va y (ttr 0°C dén +70°C) - slay - g
P06 mat 6n dinh offset theo nhiét d6 trén £20 o/gia 160 m
truc z (tir 0°C dén +70°C) - slay - g
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Mot vai phwong phap da dwgc ap dung dé
mo hinh héa nhiéu clia cdm bién quan tinh
nhw phwong phap phén tich mit dé pho cong
suiat (Power Spectral Density - PSD) (Trobs,
2006) va phwong phap phan tich phwong sai
Allan (Hou, 2003).

Phwong phap phwong sai Allan cling da
dwoc st dung d€ mé hinh héa cdm bién quan
tinh loai cAp d6 dan dwdng Honeywell CIMU,
cip do chién thuit Honeywell HG1700 va cip
do MEMS Systron Donner MotionPak II-3g tai
Phong thi nghiém quan tinh, Tap doan Hé
théng da cam bién di dong (Mobile Multi-
Sensor System Group), Khoa ky thuat dia tin
hoc, Pai hoc Calgary (Naser, 2008).

Cach tiép cidn mién tin s6 dé mé hinh hda
tap nhiéu bang phwong phap PSD ciing duoc
dung dé wéc lwong mirc dé6 nang lwong cho
cac tan sO thanh phan cta tin hiéu. Vé mit
todn hoc, PSD dwoc dinh nghia 1a bién déi
Fourier ctia ddy tw twong quan theo chudi
thoi gian, nghia la tri trung binh trong mot
chiéu dai ctra s6 thoi gian nhan véi tri do va
duoc lam tré di mot khoang thoi gian (Trébs
2006). PSD c6 th nguyén la (don vi)?2/Hz, nd
cho biét “ndng lwgng” trong chudi thoi gian
x(t) dwoc phan chia cho cac tin s6 thanh
phan ra sao. Mot dinh nhon trong PSD c6
nghia la c6 moét tin hiéu hinh sin trong dir
liéu. Phwong phap PSD t6 ra kém hiéu qua vi
né khéng mé ta dwoc hau hét cac thanh phan
nhiéu cia cdm bién quan tinh.

Phuong sai Allan la mdt phwong phap
phan tich chudi cac dir liéu trong mién thoi
gian dung dé do lwong sw 6n dinh tin s6 trén
mién tan s6. Phwong phdp nay la mét trong
nhitng phwong phap phé bién nhit hién nay
dé xac dinh va dinh lwong dwgc nhiéu loai
nhiéu khac nhau ton tai trong dit liéu ctia cdm
bién quan tinh, ciing cé thé st dung phwong
sai Allan dé xac dinh cac nhiéu noi tai trong
mot hé théng nhw 1a mét ham trung binh
cong cua thoi gian. Cac két qua tir phwong
phap nay c6 lién quan dén cac loai nhiéu co
ban phu hop véi dir liéu cdm bién quan tinh
gobm: nhiéu lwong tr hoa “Quanization
Noise”, buéc goc ngiu nhién “Angle Random

Walk”, nhiéu twong quan “Correlated Noise”,
nhiéu sin “Sinusoidal”, bat 6n dd léch “Bias
Instability”, ty 1& bwédc nglu nhién “Rate
Random Walk” va ty 1é tin hiéu rang cwa “rate
ramp” (Allan, 1975).

2. Phwong phap luan
2.1. Co’ s& ly thuyét

Gia st tin hiéu dau ra cia cdm bién la mét
ham cta chudi dit liéu lién tiép c6 do daila N
va tin s6 14y mau 1a 7.

Néu thiét 1ap d€ chia chudi dit liéu thanh
cic cum dir liéu doc lap (clusters) roéi lay
trung binh véi thoi gian la 7 = mrt, sé€ tao ra
cdc mau mdi dan xen nhau (Hinh 1).

Gia tri cia m dwgc 14y tuy y nhung thda
min m < (N —1)/2. D6i véi cach 14y mau
dan xen thi thoi gian gitra hai cluster lién tiép
ludn bang chu ky 14y mau 7,. Sau dé thay déi
thoi gian ctia cluster tir nhé dén 16n dé co
dwgc mot loat phwong sai lién quan dén .

D&i voi cach 1dy mau khong dan xen thi T
s&1a chu ky 14y mau cho phan doan.

T m=3
=31 .
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Thai gian

Hinh 1. Ldy mdu theo cdc cum di¥ liéu

Phuwong sai Allan dwoc dwoc tinh theo tin
hiéu dau ra ca cam bién quan tinh, la géc
(d6i voi gyroscope) hay vain toc (d6i vaoi
accelerometer), tin hiéu dau ra cda cam bién
dwoc tinh theo Phwong trinh (1) va (2)
(Allan, 1987)

o(t) = Jtﬂ(t’)dt’ (1)
ace, o = 2t mnsz AR

trong do:
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0(t) 1a goc (hay van téc) tai thoi diém roi
rac t = k1, (k thay doi tir 1 t&6i N); Q la
chudi dit liéu cia cdm bién

Vi du: Tinh 3 gia tri cia 6 véi k thay doi
tir 1 dén 3 mau. Gia sir cac tri quan sat Q lan
lwot 1a 0.007, 0.002 va 0.01. S dung tong liy
ké, cac tri thu dwoc 1a 0.007,
0.007+0.002=0.009 va
0.007+0.002+0.01=0.019. Cac gia tri thu
dwoc nhan véi 7, ta c6 cac gia tri twong ng
ctia 6, 1a 6, = 0.0077,,6, = 0.0097y, 6 =
0.0197,.

Sau khi tinh dwgc N gia tri cta 6, phwong
sai Allan sé dugc tinh theo Phwong trinh:

1
0-(22(‘[) = ﬁ((9k+2m — 20k 4m + Hk)2> (3)

trong do:

04(t) 1a phwong sai Allan, 1a mot ham
theo 7 va ( ) la tri trung binh trén toan bd
cac cluster. Phwong trinh (3) cé thé dwoc

viét dwéi dang:
N-2m

1
2 —
oq(7) = 05N = 2m) ; (Br+2m

— 26k4m + 0i)?

Phwong trinh (4) la phwong sai Allan biéu
dién mot wéc lwong phwong sai phu thudc
vao so lwong cluster (theo phwong phap dan
xen).

Phwong sai Allan 14 gia tri do do 6n dinh
dau ra cua cdm bién. Vi thé no lién quan chat
ché téi cac tinh chit théng ké cta cac qua
trinh ngiu nhién 4nh huéng dén chit lwong
ctia cdm bién.

(4)

A o(t)

\1/2

| Nhiéu lugng ti
(Quantization Noise)
Budc goc ngau nhién
(Angle Random Walk)

] ]

Nhiéu tuong quan
(Correlated Noise)
Nhiéu sin
\ (Sinusoidal)

(Bias Instability)

Cubi cung, 1ay can bic hai cta két qua thu
duwoc tir Phwong trinh (4) sé dwoc do léch
Allan cho mbi gia tri 7 theo Phwong trinh (5).

ADEV (1) = JAVAR(D) (5)

trong do:
ADEV(t) la do léch Allan, AVAR(7) la
phwong sai Allan

T Phwong trinh (4) c6 thé thiy rang két
qua wdc tinh cua do 1éch Allan hay phwong
sai Allan phu thudc vao gia tri trung binh 7.

Nhw da dé cap & trén, diy gia tri cua T dwoc
chon tuy y phu thudéc vao m. D€ lam cho méi
quan hé gitta do 1éch Allan va t dwoc rd rang
hon khi ching thwong khong phai la dang
tuyén tinh thi cAn dwoc thé hién & dang do thi
log-log va mét dwong cong phwong sai Allan
dwoc hinh thanh. Thwc nghiém cho thiy hau
hét cac truomg hop, cic nhiéu khic nhau sé
xudt hién tai cac gia tri T khac nhau (Hinh 2).

D6i véi dir liéu thuce té€ sé cd cac doan
chuyén tiép gitra cAc doan doc va ludn ton tai
nhiéu do sw khéng chic chin trong viéc wéc
lwong bang phwong sai Allan.

2.2. Phan tich nhiéu ding phwong phdp
Allan

Muc dich ctia viéc phan tich nhiéu dung
phuwong phap Allan 13 dé xac dinh dwoc cac
thong s6 dic trung clia tirng loai nhiéu, mé&i
quan hé gitta phwong sai Allan va cac thong
s6 cua bo loc Kalman di trinh bay & (Van
1984).

Ty lé budc ngau nhién
(Rate Random Walk)

Ty lé rang cua
\— (Rate Ramp)
Bat 6n do léch

T
1 1

>

Hinh 2. Minh hoa két qud phdn tich dwong cong phwong sai Allan
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Bdng 3. Ddc tinh ctia cdc ngudn sai s6 ngdu nhién cua cdc cdm bién qudn tinh

. ~ ~ | DOdoccna
Cac loai nhiéu Phuongsai | - HE s0 duong T
: Allan nhiéu
cong
% -~ 3Q%
Nhiéu lwong tir hoa — Q -1 V3
N~hiéu trang N2 1
(Buwéc goc ngau nhién; Budc van toc — N - 1
ngiu nhién) t 2
Tap nhiéu nhip nhay 2B%1n2 g 0 B
(BAt 6n do léch) -
Nhiéu tring K21 K N 1 3
(Ty 1é buérc ngiu nhién) 3 2
Nhiéu déc R?7?
(Ty 1€ rang cwa) 2 R +1 V2

Cac thanh phan nhiéu cdm bién cé thé
dwoc xac dinh bang cach phan tich do thi log-
log. PO doc trén trén duwong cong Allan sé thé
hién cac thanh phan nhiéu khac nhau. Phan ly
thuyét da dwoc trinh bay trong (Allan 1975)
va (Allan 1987). Cac dac tinh cua cac nguon
sai s6 ngau nhién dién hinh trong cic cam
bién quan tinh thé hién & Bang 3.

2.3. Chdt lwong woc lwong phwong sai
Allan

Trong thuc tién, wéc lwong clia phuong
sai Allan la dwa trén mot lwgng hiru han cac
cluster doc 1ap dwoc tao ra béi bat ky chudi
dit liéu nao. Phwong sai Allan ctia bat ky mét
loai nhiéu nao s& dwoc wéc lwong véi tat ca
cac cluster véi chiéu dai cho trwédec. D6 tin ciy
cia woc lwong phwong sai Allan sé dwoc cai
thién néu s6 lwong cluster doc lap tang 1én du
16m. Xac dinh tham sé 84, nhw 1a phan tram
sai s& wdc lwong do 1éch Allan cho mot hitu
han cluster: theo Phwong trinh (6).

o(t,M) — a(1)
av = o(0)

(6)

trong do:

o(t,M) la wdc lwong cia do léch Allan
tir M cluster doc lap, o(z, M) sé tién dén gia
tri ly thuyét o(7) khi M — oo,

Sai sO trung phwong do léch Allan dwoc
xac dinh theo Phwong trinh:

o(7)
§(7) e (7)
Tinh toan lién tuc va kéo dai sé cho ra
phan tram sai s6 wéc lwgng doé léch Allan
theo Phwong trinh:

1

2(m 1)

trong d6: m 1a s6 diém dir liéu trong moi

o(6m) = -

cluster.

Phwong trinh (8) cho thay sai s6 wéc lwgng
véi chiéu dai cluster cang ngan (hoic cang dai)
thi cac cluster doc lap sé cang tang (hodc cang
giam). Vi du ¢4 20 nghin mAu dit liéu, néu chiéu
dai ctia mot cluster 1a 5 nghin thi sai s6 wéc
lwong 13 41%, néu mdi cluster chi c6 kich thwéc
12 100 thi sai s6 wérc chi con 5%

3. Moi trwong thwe nghiém

Cac cam bién quan tinh trén iPhone 6
Plus v&i hé diéu hanh i0S 9.3 gbm cam bién
gia t6c va cdm bién van toc goc (InvenSense
MP67B) sé tham gia vao viéc wéc lwong
phwong sai Allan trong viéc mo hinh héa tap
nhiéu cia cdm bién quén tinh.
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Thuc nghiém dwoc dién ra trong diéu
kién nhiét do6 25°C tai phong thi nghiém Dia
tin hoc ctia Trwong Pai hoc Mo - Dia chat. Di
liéu véi thoi lwgng 5 gior 6n dinh dwoc lay ra
tlr dit liéu tinh thu thap trong thoi lwong 8
gior dé dung cho viéc phén tich.

4. Két qua thyc nghiém

Hinh 3 va Hinh 4 thé hién dwong cong do
léch Allan ctia cac cam bién quan tinh trong
iPhone 6 Plus. Pon vi cia cdm bién gia tdc 1a
g, (1g = 9.81m/s?), don vi bwdc van tdc
ngau nhién twong ng ctia cam bién gia tdc
quy wéc trong ting quan tinh 1a m/s/Vh. Viéc
chuyén do6i don vi nay sang don vi theo hé
mét chudn nhw sau:

1m/s/Vh = 1m/s/\V3600s
= (1/60)m/s2/\/Hz

Pon vi cua Gyroscope la rad/s, don vi
buwéc gbc ngau nhién twong (rng clia cdm bién
van téc goc quy wdc trong tang quan tinh la
deg/Vh. Viéc chuyén déi don vi nay sang don
vi theo hé mét chuin nhu sau:

1deg/Vh = 17/180rad /v/3600s
= (1/10800)rad/s/\VHz

Dit liéu dwgc thir nghiém cé chiéu dai la 2
390.000, sai sO0 wéc lwgng phwong sai Allan
thay doi tir 0.05% dén 62.52% phu thudc gia
tri gia tri cia t.

Sw thé hién dwong cong Allan & Hinh 3 va
Hinh 4 cho thiy ré nhiéu trang 1a tap nhiéu
ndi troéi doi voi cac gia tri 7 nho. Cac duong
cong c6 d6 doc —% phu hop véi cac gia tri
nhd. Péi véi truc z ctia cdm bién gia tdc xuat
hién dwong cong c6 do doc + % cho thay nhiéu
ti 1é bwéc ngau nhién ciling xuat hién néi troi.

K&t qua tinh toan do6 1éch Allan ca cam
bién quén tinh trong iPhone 6 Plus tai mdi gia
tri T khac nhau thé hién & Bang 4 va tai cac
gia tri T dic trung dwoc thé hién & Bang 5.
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Do lech Allan o(t) (m/h)
<]

Thoi gian cluster t (giay)
Hinh 3. buwong cong Allan ctiia Accelerometer
trong iPhone 6 Plus

Do lech Allan o(t) (°/h)

107 10 10 10
Thoi gian cluster t (giay)

Hinh 4. Dwong cong Allan ctia Gyroscope trong
iPhone 6 Plus

5. Két luan

Phuong phap Allan trinh bay trong bai
bdo cho phép mé td mot cach hé thdng cac
dic trung cla cic nhiéu ngdu nhién chira
trong dit liéu dau ra ctia cam bién. Dwa vao
dwong cong dic trung thiét 1ap tir phép phan
tich chudi dit liéu trong mién thoi gian, c6 thé
dé dang xac dinh cac kiéu va mirc d6 cla tirng
loai nhiéu ton tai trong dir liéu dau ra cua
cam bién. Dir liéu vé&i thoi lwong 5 gio dn
dinh thu thap tir iPhone 6 Plus dwoc st dung
cho viéc phén tich. Két qua cua phép phin
tich phwong sai Allan da xac dinh dwoc 5 loai
nhiéu co ban, dong thoi phat hién dwoc nhiéu
buéc van téc ngau nhién xuit hién néi troi &
truc z cia cam bién gia toc phu hop véi két
qua thwc nghiém, diéu nay chirng té6 phwong
phap dwoc lwa chon 1a hiéu qua.
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Bdng 4. Dé léch Allan ctia cdc cdm bién trong iPhone 6 Plus

Accelerometer (m/s/h) Gyroscope (°/h)

' Oy gy oy Oy 8, 6, Oy gy oy Oy 8, 6,
0.01 |31.030{30.135(33.680|0.020{ 0.019 |0.022(228.528(256.558(127.336| 0.148 | 0.166 |0.082
0.03 |18.252|18.191|19.883|0.020| 0.020 |0.022|167.511|{187.529| 93.535 | 0.188 | 0.210 |0.105
0.05 |14.187|13.806(15.512|0.021| 0.020 |0.022{135.406{151.688| 75.489 | 0.196 | 0.219 (0.109
0.09 |10.578(10.291(12.001|0.021| 0.020 |0.023|104.103|116.856| 58.124 | 0.202 | 0.227 |0.113
0.19 7.429 | 7.269 | 9.381 |0.021| 0.020 |0.026| 73.333 | 82.706 | 40.859 | 0.207 | 0.233 |0.115
0.39 |5.376|5.368 | 6.253 [0.022( 0.022 |0.025| 52.303 | 58.952 | 28.866 | 0.211 | 0.238 |0.117
0.8 3.939 | 4.268 | 5.661 [0.023| 0.025 |0.033| 36.758 | 42.944 | 20.402 | 0.213 | 0.248 |0.118
1.66 2.851 | 3.695 | 6.561 |0.024| 0.031 |0.055| 26.543 | 32.147 | 14.258 | 0.221 | 0.268 |0.119
3.43 |2.224|3.434|7.850(0.027| 0.041 |0.094| 19.573 | 24.293 | 10.179 | 0.234 | 0.291 |0.122
7.11 1.819 | 3.281 | 8.030 {0.031| 0.057 |0.138| 14.418 | 19.549 | 7.519 | 0.249| 0.337 |0.130
14.75 |1.675|3.529 | 5.909 |0.042| 0.088 |0.147| 11.587 | 17.038 | 6.381 | 0.288 | 0.423 |0.158
30.6 |1.606|3.964|4.512|0.057|0.142 |0.161| 11.384 | 17.989 | 5.421 | 0.407 | 0.643 |0.194
63.46 |1.459|3.941|2.797|0.075| 0.203 |0.144| 11.361 | 18.191 | 5.056 | 0.585| 0.937 |0.260

273.05 | 1.151 | 4.067 | 1.189 |0.123| 0.434 |0.127| 10.300 | 16.564 | 4.681 | 1.098 | 1.766 [0.499
566.38 | 1.041 | 3.925 | 1.179 |0.159| 0.599 |0.180| 9.579 | 22.280 | 3.781 | 1.461| 3.398 |0.577

10485.77( 0.474 |22.900| 3.275 |0.274(13.221|1.891| 98.649 |254.844| 1.700 |56.955|147.134(|0.981

Bdng 5. Bo 1éch Allan ctia cdc cdm bién trong iPhone 6 Plus tai cdc gid tri ddc trung

Hé so Accelerometer (m/s/h) Gyroscope (°/h)

nhidu| * | o, o, | o, 5 | 6y Oy oy o, S, | 8 | &,
N 3.553/3.991|5.751[3.553|3.991|5.751 | 33.408 | 39.104 | 18.240|0.216 | 0.253|0.118
R |+/2]3.090|3.775|6.237 | 3.090 | 3.775 | 6.237 | 28.711 | 34.401 | 15.440 [ 0.221 | 0.264 | 0.119
Q |V/3]2.838|3.682|6.664 |2.838|3.682(6.664 | 26.120 | 31.802 | 14.025 [ 0.222|0.270{0.119
K 2.276 3446 7.719|2.276 | 3.446 | 7.719 | 20.679 | 26.005 | 10.843 | 0.231 | 0.291 | 0.121
B [--]1.675]|3.281|5.661]0.044|0.123/0.629|11.385|18.191 | 5.056 [0.206|0.228|0.063

K&t qua phéan tich dir liéu da xac dinh mot
cach dinh lwong cac thanh phan nhiéu ngau
nhién chita dung trong dit liéu dau ra cua
cam bién quan tinh trén iPhone 6 Plus. Cac
théng s6 nay sé dwoc st dung truc tiép dé
tinh toan cac ma tran hiép phwong sai trong
bd loc Kalman nham hiéu chuin gia tri diu ra
cta cac cam bién.

Tuy nhién dé cé thé xdy dung mot hé
théng dan dudng quén tinh c6 do 6n dinh va
tin cdy cao, can phai nghién ctru chi tiét mirc
d6é anh hwdng cda tirng thanh phan ciing nhw
anh hwéng két hop cia cac thanh phan nhiéu
ddi voi hé thdng dan dwong quan tinh. Ngoai

ra can tién hanh thwc nghiém trén nhiéu thiét
bi iPhone dé kiém tra d6 on dinh cia cam
bién quan quan tinh trén thiét bi nay.

TAI LIEU THAM KHAO

Allan, D. W. (1975). The Measurement of
Frequency and Frequency Stability of
Precision Oscillators. NBS Technical Note,
669:1-27.

Allan, D. W. (1987). Time and frequency
(time domain) characterization,
estimation and prediction of precision

Trang 103




Trdn Trung Chuyén va nnk/Tap chi Khoa hoc Ky thudt M6 - Pia chdt 55 (97-104)

clocks and oscillators. IEEE trans. UFFC-34,
6:647-654.

Dierendonck, V., André, J., and McGraw, J. B,,
and Brown, R. G. (1984). Relationship
between Allan variances and Kalman filter
parameters. Stanford Telecommunications
Inc, Santa Clara, CA.

El-Sheimy, N., Hou, H. Y, and Niu, X. O.
(2008). Analysis and Modeling of Inertial

International Technical Meeting of the
Satellite Division of the Institute of
Navigation, Portland, OR, USA, 9-12, pp.
2860-2867.

http://goo.gl/yjdSrn, MPU-6050  Six-Axis

(Gyro + Accelerometer) MEMS Motion
Tracking™ Devices (ngay truy cap
4/4/2016).

https://goo.gl/rpwCaC, Inside the iPhone 6

Sensors Using Allan Variance. [EEE
transactions on instrumentation and
measurement, 57(1):140-149.

Hou, H. and El-Sheimy, N. (2003). Inertial
Sensors Errors Modeling Using Allan

and iPhone 6 Plus (ngay truy cap
28/12/2015).
Trobs, M., and Heinzel, G. (2006). Improved

spectrum estimation from digitized time
series on a logarithmic frequency axis.

Variance. Proceedings of the 16th Measurement 39(2):120-129.
ABSTRACT

Analysis and Modeling of Inertial Sensor of the iPhone Using Allan
Variance

Chuyen Trung Tran!, Dung Mai Thi Nguyen!, Anh Hong Lel, Xuan Truong
Nguyenl, Long Ngoc Dao?
IHanoi University of Mining and Geology, Vietnam
2Vietnam institute of Geodesy and Cartography, Vietnam

The Allan variance method can be used to determine the characteristics of the underlying
random processes that give rise to the data noise. This technique can be used to characterize
various types of error terms in the inertial-sensor data by performing certain operations on
the entire length of data. In this paper, the theoretical basis of the Allan variance for modeling
the inertial sensors’ error terms and its implementation in iPhone 6 Plus were presented. The
five-day static data from the iPhone 6 Plus were investigated. The results of the data analysis
indicated that white noise was the dominant noise for the short cluster times. It also shows
that in z-axis accelerometer, rate random walk was the dominant noise. The results from this
paper clearly shows that the Allan variance is a powerful technique to investigate the sensor
error behaviors on different timescales.
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