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Mounting Angle Estimation Algorithm for Smartphone GNSS/MEMS IMU
Vehicle-Borne Integrated System

WANG Fuhong' CHENG Yuxin' ZHAO Guangyue' ZHANG Wanwei'
1 School of Geodesy and Geomatics, Wuhan University, Wuhan 430079, China

Abstract: Objectives: The unknown inertial measurement unit (IMU) mounting angles, i.e., the misalign-
ment angles between the smartphone’s IMU and the vehicle body frame, can seriously affect the smart-
phone-based global navigation satellite system (GNSS)/inertial navigation system integrated system for ve-
hicular navigation. Methods: A real-time estimation of the IMU mounting angles is addressed through a
Kalman filter whose measurement updates are realized by position variation between epochs derived by
time—differenced carrier phase besides the smartphone GNSS/ micro—electro-mechanical system inertial
measurement unit (MEMS IMU) tightly—coupled integration algorithm. Results: Two vehicular navigation
experiments were carried out in urban challenging environments to evaluate the performance of the pro-
posed algorithm. The results show that a large mounting angle can be initialized within 80 s under moderate oc-
clusion conditions, then convergence of the estimated mounting angle is shown to occur within minutes,
and the accuracy is in the order of 2°. When the mounting angle is estimated successfully, the positioning
performance of smartphone vehicular positioning will be improved significantly, both horizontal and vertical
accuracy can be maintained at about 5 m in terms of root mean square by applying non—holonomic constraint
under severe occlusion conditions. Conclusions: The proposed algorithm can estimate large mounting angles ac-

curately and rapidly without any auxiliary equipment such as an odometer.
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Fig. 1 Framework of Mounting Angle Estimation Algorithm for Smartphone GNSS/MEMS IMU Vehicle-Borne
Integrated System

o et , R A il it R R 2 g BT AT I .
KMo te 73 w2 | e A IMU
T T J5E A B T L2 A v 4 ORF A AR TR
o AT R AEKCF s B I R e
B f =011 £ S E T o g B %
T T RIRE A o MDA 0 AR

¢—sign(ﬁ”)sinl(g) (1)
6—sign(f;”)sinl(];) (2)

A, sign () FR M IER S .

SR 5 R FH Bl 25 0 o 0 7 26 AL 2 AR
fi ] A HEAT WD R R . S BN B AT SR,
TDCP 3 2 5 J3 G 6] 457 B A8 Ak 8 R 3 42 v &

B AL 9] £ ¢, B ¢, = arctan er o drg A dry A3

5124 TDCP I 6 [a] 43 & A8 £k 15 1) 7R (east, E) [0] 43
s AL (north, N) [ 43 5, TDCP Jit B WL SCRk[ 23] .
24 GNSS/INS %41 4 Uk 3 W 845 7l 45 2] MEMS
IMU b R A X T n F 09 L&A, Horb 5 ) £
N o B AT BRI A o oR
b=, — ¢, (3)
SRIPNEE SRR R SR NP i PR
B A R . 24 GNSS/INS 41 A 8 I
WU ¢ W) IR AR 22 IR T o, il g, B9 TSRS B2
T 3C S A B X o, B TSRS B AT A b . BD
ol 2 K23 A, A B R 2 2% A B0 1) £ W) 1 kR
22N L

N

22 ZERMBITHRNFE

A SCHE A GNSS TDCP 1% 15 2 4 i
T[] A7 A Ak o oA A S 22 25 A 1 UL Ty R, R
e L I AR SN A EAT A . M R
LEAT RO ad TDCP 845 31 Mot 1 [ e 2 1
B, T HEEHoR TR EN
dr'=[dr 0 0] ,HAEIMUbL R FMKEN
drt=c'crdr, B dr B dr i, C I n &3 e
RINFEHE, CL R b 7 5 n R 00 e 4000 1
GNSS/INS 4 & Wi E A8 M, Pk, it 2
A USSR CL¥s dr I dor” 1 35 B R B Sk, O %
Wegln 2,015 .

dr'=C;Cldr" (4)
F IR RN AR LSS AR R ZE S, W
dr' = C;C!dr' =

[I— ¢ X]CIC![ T+ aX]dr'=

Cidr'+(dr' X )¢ — C(dr' X )a (5)
P, @ Fl a4 ) Sk 2 A 28l ) 1R 22 T
(a0 ) 1) o e B S SKet R A B o X4 25 g 178 00
T (5) AT T, ¢ B9 R ECAT DL oR g (drx)
=C!(dr' X)C;, 5 a M REAUAM 22 C;, C) 4
v R B n BB RS B A — E A K
F LU E Y WA 4T B o R R e R Ak
Pl g 10— 2, B0 Cy W PRI T, S BUR R AR 2%
a SESMREETEE ., WL, A XHE
GNSS/INS B2 G ik s At 28 Mk ¢,
T 2255 D8 D% 2% TP A T 2 B A iR 22 a, JE/ N



250 &5 10 M

FRTLL5 B e TPl GNSS/IMEMS IMU 4 25 414 S 0T 110 22 255 A 4 13 vk 1951

BRI W, YR H S BRI &
RAVEP BB AR IEW LS R, I s BN R
23 ZERABETHIRKEE

e BRIV, o AR MR E 5ES
015 22 FETERR A 06 3R DA B2 48 o vh 1 B VR o L
A AN AT L A A T L 2 2R AR A T I U8 IR
A5 AN 35 TR A 71 158 25 50 FIL 1] #1152 22 0 W A~ Z
HORGEREMERR N a=[00 d¢] . %k
WA CTM W IR A7 12 W82, 1 b iy B B it
(55— .

AT HLR SR S A AR B i
B LT AR T RN AZ N, ) SR Y BE AL
SRR R GOIRDS ) i a EATHERE, ARYES2.2 4
A 1Y) 22 2 AR A T LI AR, Xk <2 2 A Ak s
i HEAT I T o A AR A TE DR AR B LI Ty
FEN] IR A

Z=—Cdr'xX Jat+e=Ha+e (6)

X, Z=dr— Cldr'— (dr" X )¢ H J WL 4R

0 0
M H=—C! 0 —drl;e NWMiRE, RS MW
dr 0

7R Q = diag(qs, q,), qo A1 g, 53 50 R 22 4 AR
A FITZE BT I ) 1 M8 75 5 4% B, 55 TR IR ZE 4 ]
TR A RS A G, I S B R WU TDCP Py
FERER .

B AR R ) R AL 58 UG L M R R AT
H 32 47 3 B 3K 3 5 — B8 (4 3 m/s) B, i T
IR YR UL T IR AR G T R AR AR 2 I X R
L A AT B A ORI, i R 2 e A AN B A A

2H A U8 U M8 NHC 29 3, 3958 GNSS {55 5 1 F
At A0 NS 953018 7, 452 0 41 A S 00 B9 o A R i

3 REMEITXBRSSM

31 LRHERE

g W UE S fiE FHL GNSS/MEMS IMU % 45 40
B TR 2 AR A T RS 0 S RS B R BE L E
o [ i b 4 DT AT AR ST I S S L
Ao AP B . Bl — (UL 2 22 ) 2 42 4 DA ki
K2FAG BT R, 2K SR VD I K L &l
2RI BT, et A K 2y 25 min, 173
AR 8.2 kmo BB (W 228 F )& 2255 Il
TR &, 28 A& 3 KT8 A\ — %, 285 2RI
KA B2, A K 25 34 min, 473 A2 2y
10 kmo 5256 X 380 @ T M Y% 3k T 3, AR 4
GNSS {55 BP0, #1730 6 2k nT LR 53y
3T MY 37 5 3 X A 3 A IR A3 i R
S BRI T 0 A B o AT A T B P AR C

FIIE 19 R A% 2 20 S 0 A 81, K Redmi K50
Pro (f# #% iy KS0P) 2 fig T #1382 74 W 3 H8 [ o
FEEWEME L mE 2 AR, BieFILLT
o 1 A 2 TFHIL O AR (o R BOHE ) A2 A
yidE S 7 2 A A T AR R ) 5 i v R
(o 4 1) 0 00 7, S H 1] 22 4 A 0 = k)
HFRR)FEERKRNZRM . L, W%
I = mokE A A AR < AL-3H, K P [ E
TEZ B A b U A GNSS K2 AT A S v R
JE 2 B S AL B 2 B, O 8% O 0 5 A0 S T
A AH IR AT S Bl 45 5 A /INS 414 501 5
fE R R FILE R SR E TS5

L7157 -

B e L

B2 rdl sy e 2k M i o e B i L

Fig.2 Vehicle-Borne Experimental Trajectory and Equipment Installationt
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