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Vehicular Pitch Estimation Algorithm
with ACF/IMMKF Based on GPS/IMU/OBD Data Fusion
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Fgg e /e £ gk B E=ReAE AFge Ix7 248 $)d] AKF(Adaptive Kalman Filter)2}
CF(Complementary Filter) 2 -7%3% ACF(Adaptive Complementary Filter)E ©]-83}%] IMU(Inertial Measurement
Unit)e] Z2A|lx wolz=el ZAo|#E FPHo] Al 24-slw, o]o] GPS(Global Positioning System)<}
OBD(Onboard Equipment) Blo|E1S §313lc). T2]a ql 74} melle] uj2 dejo] Alxag] wdll 24315 95
IMMKF(Interactive Multiple Model Kalman Filter)S AF&3lo] 83170l 2313l = x-S FA3)
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ABSTRACT

The longitudinal velocity is necessary for accurate vehicular positioning in urban environment. The pitch angle,
which is a road slope, should be calculated to acquire the longitudinal velocity. However, it is impossible to
consider very accurate pitch, when using a sensor and an algorithm. That’s why process noise and positioning
stimation error of IMU should be adjusted to the driving environment and fuse GPS, OBD data with ACF which
consist of AKF, CF in this paper. Then, final pitch angle which is appropriate for driving environment is

estimated by IMMKF in order to optimize the system model according to road slope models.

I.M B gt F2 GPSE 9AARE FEsla IMU
(Inertial Measurement Unit) 2 AA|AHE 1 "e;*ﬂ/q
GPS(Global Positioning System)2} INS (Inertial GPS/IMU 3 £3415 AlZaligict? o8k G
Navigation System)- Z}AHHE] B2 d77} o] Fo] o} IMUZ 23 2215 37| flsllr= of=] 7 ]‘7(]

O QT 2014WE FHIE1E ) ARe Sl

¥ HAGsE (PR APhoeF 35S

+ First Author : Hanyang University Department of Electronics and Computer Engineering nansil2117 @hanyang.ac.kr, &-243]<]

°  Corresponding Author : Department of Electronics and Computer Engineering, Hanyang University, ssnlee @hanyang.ac.kr, £413]<1
Department of Electronics and Computer Engineering, Hanyang University, Ims1625@hanyang.ac.kr, $213]¢]

=3 D KICS2015-07-219, Received July 13, 2015; Revised August 17, 2015; Accepted September 9, 2015

*

1837

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’15-09 Vol.40 No.09

o] EATEP 28] 3 912154 e S

AL 34e)] S A s wbge)
KF(Kalman Filter)o]t}. 3}A]% KFE= drh) #3kst
EA9l o3t wds Aojsl=rlel vt e A4
55 A9k Feje) pAjalit Avje} ubakg 9
7] S8l ZEA deo]ze} SA S AA = Qo
RS A5 tledt AKF A7} zlsiE|eighr).
THAE AL, v 2, A8 4 ol el
7F FALT 152 A} Joigh ES ARt
A SRS vlaste] e Aes Bk Qo
RS AEAE A 7P de] AH8El= AKF=
TAE(Innovation based Adaptive Estima tion) &} 3
AR 2~A|d3sl= AFKF(Adaptive Fading Kalman
Filter)o |t}

w3k o] FAuds 7ids] §3sk= CF
(Complementary Filter) & AR ZE]7} A3t} o]
£ AR OE s gde] Ang 2ake AN
a0 Agki). o EL AAalE ALE 1o
Expge], Ao EaE R Fee Synde] 47
off we} ekl e AR AN §3S
FA o7 A xglel] o] o]8¥Ir)

vl s o Fol Ap=ke] 79 eble] o]
chelgt HRE A= ZEl7) ofel] wiAe] A w3
3oml I Ao vhmRlch =7 witel] S 2
25 Aoato] 2t el fidlo| & ¥ 34 3he 7
2 Fer Axr|Et sk daElFe] wkm
IMM(Interactive Multiple Model)O]D}.[lo’lz]

Sk 153t AKF, CF, IMM-> KF2] E<9] th3]
& ME o wAe g nekeEr) o 5g xeke] I
2|73 718 viAEste|| wIZkgE dEe| AREW &
IS B 5 odvk 23] gl & =elAes B
2 FH & F3l IMUE o83 2= T &=
FAL 9% FAE T =1 AL 23 lA]

o

el IMU dHlole & o]-83F 9|2 34 dare]Esl
ACFE 2/l3ch 4ellxe Hpe] Al o] &
T ALY A 4 s AXNEh mA e
2 57elA] & stare]ge] e AE Aaks 43t
L AR E ARE 6l =dema] vhve] Al

Ak

1838

II. B HIMES S8t Pitch FHQ| 8HA|

24 E905 flslA 718 o5 GPSeF IMU7E A
4} o] F GPSE Al 914, S, old @t 5
o] A4l He’g AHE AlF]ct GPS FA7]
2HE A dlolEells 719 Al Higt
AH= ql71el ol5 73871 #1384 GPSe] st
S e olgd AT AEY F ok wEE
e 715 dolHz mesl2 Flsly SEe
m/s 2 WHEste], 2jege] w|x)7h weld- a5l 13} 3ok

GPse| A doldl 44 F 3hil GPGGA
(Global Positioning System Fix Data)2] tA]7F2] 3l
ml 713 =l Alite] wlE 3 GPRMC
(Recommended Minimmum Data)?] = E 9] &%
Q v, & olasiel A ()3 o] A7l 0% A1

o}

ol

(Alt,— Alt, )/ At
%

gps

f =tan ' (

SpA|ak o]9} 7-2- GPSE ©]43t x| 7} Altell=
Aol odetk. A7k GPSe] - =4 5
o #=3o] 3L GPS 53|, HE|HI ellA
Aol 2 2AE 7HAL ek okl 23 2= GPS
SdA| o] FE771S £3H8E Semi-Opensky 3732}
A el x1 2] GPSE M=t F]A]2hS viebdl 19
olck.

7] 29] (a)} Zo] F2HE7E 002 vl 7k
3} GPSAls. S El= ke gk A7) HAR
ok 25 29 (b)} 3] AR el dlelert =
A Fe A% G135 gk oA B AER=
©] 2718 GPSE o|-3F Aek 3|7t 242 AR}
E7Fsoll 7Hich

g IMURRS R 3498 ]3] g2 Alxe] vlAle
2L, sl g oJgkS wker) F2 MU 7}

S8 1. GpsE olgd Aek A7t vl
Fig. 1. Vehicular pitch angle model by GPS
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Fig. 2. Vehicular pitch angle by GPS (a) Semi-opensky
included GPS outage (b) vehicle stop

() (b)
a2 3. = IMURe R AEE Ak 91Xz
Fig. 3. Vehicular pitch measured with IMU
S0} A5urlolE S §asle] U A
9 39] @3} Qo] ERAE] HE 2 o] zeh AT
eA) 23 dlolel, 2 WA} el 28] 32 ()
o} o] A melmEs] WAshe o] DHele)

. mxj2t £8 g2

B Sl vkl Alxe] F =7k 3] vl oA
WA gl PR A sl Musk
GPS, OBDE 283t 3] %28 A3} 3712] AlA]
o] ol S olgale] AKFS} CFE Agtele] %
Ix|& FA3s= ACF(Adaptive Com plementary
Filter)& A<kt

31 ¥a2lE -TUS % AAH 2E
ARk FaRHE IMUS| X5 7HRE, Y5 714
= AKFE 3|X|7+& $43}a, ©]5 GPS9} OBD9]
tﬂ [EE ARegE FA37tel CFE &3 3171
ACFlaEls &5 vjoloaalle: 5] 43} At

0, :sinfl(&) 2)
9
0, = Gyro*dt+0, _, 3)

IMU®] X3 71&5a 9F 28714528 o5 2)(2)9)
a3 55 Bl kAREe FH2l g, 7 A wdd

2! 4. ACF £E tjoloj1e)
Fig. 4. Block diagram of ACF

22l 5. RN o8k 977 xd
Fig. B. Pitch model by accelerometer
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Fig. 6. IAE/AFKF hybrid algorithm structure
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Table 1. Specification of IMU, GPS
Mysen-M U-blox 7p
o = s ]
Acc range t4g Accuracy 2.5m CEP
Dynamic |\ 4.0 RMS | Sensitivity | -161 dBm
Accuracy
A 1
N 0.1deg Channel |GPS L1 C/A
Resolution
Update Rate 100Hz Update Rate | Up to 10Hz

() (b)
O 11, BAA] AREAE AURL (a) b 2, (b)
Free) =
Fig. 11. Senario of test in city (a) Hanyang university
(b)Gwangnaru area

E 2. ACFIMM HE] djejve]
Table 2. The parameters in ACF/IMM Filter

Parameter Value
N [window Size] 25
7 [Time constant] 0.04s
s [Sampling Time] 0.01s
. o1 0.9802 0.0198
m;;[Transition Probability] 0.0462 0.9538
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Fig. 12. The comparison of performance between AKF/CF/IMMKF/KF/Reference in scenariol, The trend of Adaptive factor in

AKF, The trend of Mixing probality in IMMKF

(a) KF vs AKF vs CF vs IMMKF vs Ref[Total], (b) KF vs AKF vs CF vs IMMKF vs Ref, (c) Adaptive factor in
AFK|[Total{left}/,epochl{right}] (d) Mixing probabilitiy in IMM [Total{left},epochl{right}], (¢) KF vs ACF/IMMKEF, (f) Ref vs

ACF/IMMKF *epochl : 5400~9300
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Fig. 13. The comparison of performance between AKF/CF/IMMKF/KF/Reference in scenario2, The trend of Adaptive factor in

AKF, The trend of Mixing probality in IMM

(@KF vs AKF vs CF vs IMMKF vs Ref[Total], (b)KF vs AKF vs CF vs IMMKF vs Ref, (c)Adaptive factor in
AKF[Total{left}/,epochl{right}] (d)Mixing probability in IMMKF [Total{left} ,epochl{right}], (€)KF vs ACF/IMMKEF, (f)Ref vs

ACF/IMMKF *epochl : 5400~9300

%3 otwels W A% oA wa
Table 3. The comparison of pitch angle error in
various algorithm

AL 1 AL 2
oFyE)= RMS Error or vz = RMS Error
(degree) (degree)
KF 5.1137° KF 2.1376°
AKF 1.9404 ° AKF 1.8542 ¢
AKF+CF 1.809 ° AKF+CF 1.669 °
KF+CF 1.8596 ° KF+CF 4.1471°
AKF+IMM 19189 ° AKF+IMM 1.8384 ¢
KF+IMM 1.9761 ° KF+IMM 1.8771°
KF+CF+IMM | 1.7824° |KF+CF+IMM | 4.1471°
ACF/IMM 1.7415 ¢ ACF/IMM 1.4545 °
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