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OBD-Ii

o CHCI9o| XA 28 7158
% On-Board Diagnostics &
B *P%FEI 0% Ol Al ZITHY| 28
o QlE{Ho|AZ} HE|g
*** Vehicle : OBD-II
*» Interface Board : USB / Bluetooth
o Kol MIWE £HS MIBE + U

% PID 0D (hex)
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Gaussian =8 B

Let’s denote X — {xi}le_”m_ Y = {}-’5}521_2_3____ as sequences of random variables with white Gaussian

noise. Then

1 &
+ Expectation (mean): m, = EX]= v in
=1
1 & 2
* Variance: 'y ::E[(X—mx)(X—mX)]:FZ(xf—mX)‘
i=1
* Standard deviation (one—sigma): Oy = \/a
1 &
* Covariance: ro = E(X —m )Y —my, )] = v Z (x. —my )y, —my)

i=1
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Y42 Gaussian HSHLo X

Given
Z=X+Y
where
X ~N(,r,), Y~N(0.r)
rvw = 0.
Then
Z~N(@,r, +1y)

12



99+ Gaussian AZc H

Given
X
V=T > X ~ (O:FX): Y ~ (0,?}), Z~ (O:FZ)
YA
Then

'y Txy Ty
Vel Ozt 1y 1
Fegy Tz 1%
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e

* state: minimum information to describe a system at a specific time instant

X, X.. X,

+1> +2°

* dynamics model: a model that relates two states at different time instants

X = B X +w,
* dynamics model can be constructed by
— given conditions: fixed position or trajectory
— experiences: a heavy vehicle endures small acceleration changes

— high speed sensors: odometr, gyro, accelerometer, compass

* a dynamics model acts as an equivalent measurement

for incremental states

14



Gauss Markov T2 MHA

* A sequence of random vectors {Xk }k:o ... driven by

a dynamics model X, , =F X, +w,
with a Gaussian initial value X, ~ (O,PO ),
and a white Gaussian noise sequence W, ~ (05, q)

1s a Gauss Markov process.

* In this case, each Xk satisfies the following properties.

X, "”(O:Pfc): Py :FkPIchT +q, E[XchrlXI{]:FkPk

15



* A stochastic measurement model 1s usually given as follows,
Y=HX+V
where

Y ! vector that consists of measured values

H : observation matrix (mapping between the measured

values and the state of interest)

X ! state vector (contains position, velocity, clock bias,

Markov states describing sensor errors)

J . measurement noise (usually white Gaussian)

16



g 3L 24 3

(Linear Minimum Error Estimator)

<Problem> Find an estimator X that minimizes the following cost function J

J= ;(}’—H?()TQ(Y—HEE) (1)
given the vector measurement equation

Y=HX+V (2)
where

Q=0": symmetric positive definite square matrix

det(H"QH) # 0 (3)
<{Solution>

Optimal solution _)A( that minimizes J should satisfy the following condition.
oJ
& X=X
H'QY =H'OHX (5)
From (3), we know that the matrix HTQH is invertible, i.e., (IT‘ITSQHT1 exists. Thus, by multiplying
(HTOH) ' to (5) from the left, it can be obtained that

—“H'OY-HX)=0 (4)

X=(H"QHY'H'Q Y (6)

Note 1) The matrix H™ A (H'OH) 7 H'Q) is usually called as the weighted pseudo inverse of H .

Note 2) As the weighting matrix ), the inverse matrix R of the measurement error covariance

matrix R A E[VVT] is frequently utilized.

17



¥ F3 (Direct Estimation)

* (Glven

Y=HX+V, V~(O.R), det(H'H)=0,
apply weighted pseudo inverse H ' = (JETIR_IJH)_]hﬂrR_1 to obtain

— state estimate: X=H Y =X+V

- estimation error: V = HV ~ (OE(HIR_IH)_I)

- residual: Z = Y-HX = [[-HH"V

Z~(0,%)
Y =[I-HH"|R[I-HH"]

18



I8 =38 (Indirect Estimation)0ll o8t =3 AN

*+ Consider
Y=HX+V, V~(O.R), det(H H)#0,
with intial guess X ~ (X, M) (a priori state estimate) such that

X=X-6X, 85X ~(0O,M) (can be considered as anther measurement )

* Solution by augmented equivalent measurement vector:

The given problem 1s equivalent to the following vector equation.

f—m—ﬁxm, H—m ﬁ—{ff""}m(oﬁ), R-

* The solution of the equivalent problem 1s computed as follows.

O R

MO]

X=(HR'H'HR'V=X+KZ
K=PH'R'=MH"(HMH" +R)"', Z=Y-HX
SX=(I-KH)§X+KV, S§X ~(O.P)

P=HR'A)Y'=M'+H'R'H)

(1)

(2)

(3)

(4)

(5)

(6)

19
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* Consider the discrete random vector satisfying the following dynamics

* The a priori estimate )?k—l the (k+1)—th time step can be obtained as follows.

Xy =B X, +G IV, W, ~ (Ov Q)

(1)

(2)

(3)

* Since the a posteriori estimation error 6 Xt and the white Gaussian process noise Wk

are independent to each other, we obtain

or

E [(5@_1 )(5 % )T} _F,E [( 5 5.32’;()T ]F; +GE[WI G

M, =F, P}(ka +G, kGf: . time—propagation of error covariance

(4)

(5)

20
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d= s¥9

s

e Instantaneous Sensor Output (Measurement):

instantaneous information on system states

o Filter:
accumulated information on system states

“Compared to a measurement, a filter combines multiple measurements
at different times based on system model and statistical characteristics.”

22



SYEHSY 88 (Centralized Fusion)

High-Speed
Sensor 1
for Dynamic
Propagation

Optimality: always guaranteed

Advantage: optimality

Disadvantage:

S —

Centralized

Fusion
(A single
Kalman

Filter)

State

Error Covar.

Meas. 1 | ow-Speed

<—
Noise  Sensor 1l

Strength

Meas. 1 1 ow-Speed

4—
Noise  Sensor 2

Strength

< Large computational burden is concentrated on the single filter
% The single filter can be easily contaminated by a measurement fault’

23



S 88 (State Fusion)

Reset(State, Error Covar.)

I |

> Local
Filter 1 crore St
State Error Covar. Fusion
LOW'Speed Meas. 1 - Error Covar.
High-Speed = S€NSOr1l  Noise
Sensor 1 Strength
for Dynamic -
Propagation tate
> Local Error Covar.
] i Cross Covar
Filter 2
State
Meas. 2 State Error Covar.

Low-Speed____ | Error Covar.

Sensor 2  Noise
Strength

Optimality: obtainable at extensive computation Reset(State, Error Covar.)

Advantage: structural robustness to faults

Disadvantage:

% Total computational and communicational burden (even to generate sub-optimal estimate) is
largest among the existing fusion methodology

24



=Z=3Xl 88 (Measurement Fusion)

High-Speed Sensor

for Dynamic Propagation ’
FILTER
y N
Low-Speed Meos- !
Sensor 1 .
S’lr\] ouseTh Fused State
reng Measurement Meas. Error Covar.
- EE——
PN Fusion Error
Meas. 2 Covar.

Low-Speed |
Sensor2  Noise
Strength
Optimality: easy to obtain
Advantage:
— Computational burden of the single filter is alleviated.
— A hard fault in measurements can be detected and isolated.

Disadvantage: Applicable only to synchronous measurements. Prone to soft faults.

25



AdE =Xl 88 (Time-Propa. Meas.

Fusion)

Error Covar.

A
Meas. 1 Host Filter
Noise (long term)
Strength '
State

Reset(State, Error Covar.)

Meas. 1

—_—
Noise

Strength

Fused Meas.
Error Covar.

26






d& =M 39

® Assume that there are two hypotheses H, and H,. Affected by

either H, and H,, a measurement z is available.

® The detection problem is to design a test statistic (decision
function) T and its threshold A to discriminate the two

hypotheses to maximize P, subject to P, <a

H,: T(z)<A4

H: T(z)=4

28



24341 28 P, 2A A A

P(2) : Gaussian distribution

'Y’ H' (mean of abnormal bias)

29
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HIOI0IA Q] A

P(2) : Gaussian distribution

30



A2 EEQ ¥2 EX9 HAIE

p(z2n : x2-distribution

p(Z)Ar :

Y=(y')?

Y K (mean of abnormal bias)

31
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® Consider Gaussian random variable z satisfying

H,: z~N(O,C,))

H : z~N(uC,))

® In the case when there is no fault, the weighted square sum

of residuals is y2-distributed

T :ZTcz—lz:(Zl)T (ZI)"‘ZZ(O,N) z':\/CT’lz~N(O,|NxN)
¢ =\cc

® Thus, it can be used as a test statistic for fault detection

32



Algst 894 9%

o AEI 7Y 1:5%X| Alo|2] H|I2 (no prior information)
PRy =—HIX +V =[ I=H(HTR'H)HR™ |V

comp

L= I:)Rmeas o
z~(0,C,)

C, =[I-H(H'R*H)*HR*|R[I-H (HTR-lH)-lHTR-l]T =R-H(H'R™H)™H" : positive semidefinite
(rank deficient)

o ML 7 2: HEQ FEA| Ato|2] H|w

z=POS,,; —POS,,, =—HX 4.y +V where 5X .. and V are indepent to each other
z~(0,C,)
C, = HPHT +R : strictly positive definite
o ATt 7 3: HEQ} HEL| H
y State 1
LF 1 Error Covar. 1
B B RO (vision/INS) v
A&t
73
A PRI _POS ost LF 2 T
GPS GPS my A=A L (GPS/INS
Rec. Channels ppy Algorithm o3 2 ( ) Stafe 2
9 Error Covar. 2
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Fusion Reset B C 18y ZIOHMEH

Reset(State)
l Reset(State, Error Covar.) ‘
P,V, Atti.
INS >
\ 4
> LFE1(P1,x1) _ 1/aHz,
Vision » (Vision/INS) State ME
MF : master filter Error Covar. (P’ X)
LF : local filter
P R LF 2 (P2,x2) 1/a Hz s
GPS (GPSI/INS) State
Receiver > T Error Covar.
; n Reset(State, Error Covar.)
[ Feder. Filter in FR Mode ]
SRS RSk |
CrE . B2 At SAM EHe
GPSSZf Vision AIMe| =€ ==F7| 71
QAL FHEX|E 45 £ 42 2= EHI AM¥ez nF
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No

P, V, Atti.
INS ' >
MF
Y .
> LF1 llaHz
Vision — > (Vision/INS) State
. Error Covar.
MF : master filter
LF : local filter fusion : 1/c Hz
A p LF 2 1/b Hz , Where
GPS (GPS/INS) State  ¢: LCMofa&b
Receiver -V > Error Covar.
[ Fed. Filter in NR Mode J
HE . A= ZH™EX|0f oot 2 HEo| MY 2|L| 7t
ot 7o EEE 7} IHZICH E[AZ 2 MHot 54 Jts
o : R EE 2 FEE SXo| sEH 0] B
XM MSoSHA| =2t
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Add-In 2t gy

MF
(add in mode)

fusion occurs

whenever a meas.

update occurred

P, V, Atti.
INS ' >
1/a Hz
N s
> LF1 llaHz |
Vision » (Vision/INS) State
. Error Covar.
MF : master filter
LF : local filter
S | LF 2 b Hz | InLF2
GPS (GPS/INS) ~ State
Receiver _V > Error Covar.
Fed. Filter in Add-In Mode
BE . A= ZEX|0f oot 4 HEO| @AY 2|0| Jts
otole] 2EHZt DHAICHEAZ B AMHot =4 7Fs
FE2H 9 =28 &2 S X0 U™ ZHEF
CHE . XXl A SOHA| 2
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Reset(State)

P, V, Atti.

Reset(State, Error Covar.)

MF : master filter
LF : local filter

State
Error Covar.

1/b | *Add-In Mode

State b=a
Error Covar. Update Rate 1/b Hz

T Reset(State, Error Covar.) |

Information Sharing
Pl = (P11 + (P2)

Pix = (P1)1x1 + (P2)1x2




NS 2 Lever Arm B




AIZSJ19 2249

M

MZAS7|X7F EXoLEH 71524 HO|o{A F=F0 HHYXo 2 2 24
H

= |. Y. Bar-ltzhack, Y. Vitek(1985), "The enigma of false bias detection in a strapdown system
during transfer alignment”, Journal of Guidance and Control, 8, 2, 175-180

MZS7|2K0f| 2|5t HX XM X7t HetE|H, HEE XM A= 7H%
A HOlO| & =8 XS 245 S7HAE

= H. K. Lee, J. G. Lee, and G. I. Jee(2002), “Calibration of measurement delay in
GPS/SDINS hybrid navigation”, Journal of Guidance, Control, and Dynamics, 25, 2, 240-247

GPS SdX|7| ZtedXo 2 7} 85IX| b2 42, BX FHE 7154 Hio|
0| 22} XtM 2Xt= GPS/INS2| XS Of S WHEA| S7HAE

40



roll err. (deg)

fbx (m/s2)

Al

\

J

S/12A19 33

0.15
0.1
0.05
At
‘wr\‘!
Wiy
-0.05 (%
-0.1
0 200 400 /ON 800 1000
0.01 —
0.005 i
0 == ;
;.'
-0.005 | S
-0.01 : : :
0 200 400 600 800 1000
x10-3
2
w | 1 sigma upper
. ;‘ ---------- 1 sigma lower
" ——
5 1 ,5 actual error -
> 4
= i
3
o 07 P : e &
ps
0 200 400 600 800 1000

01

S
(6]
)
5 M g
5 -0.05 VM
3

0.1 —]

-0.15 3

200 400~ 600 800 1000
x 10
5=

S -

Q 4 '\\“

£

>

2

600 800 1000

7

5

(0]

= -

> .
0

(@]

0 200 400 600
time (sec)

800

1000

gbz (deg/s)

heading err. (deg)
=

fbz (m/s2)

."\._‘

R
{ ~

...,

600

800

1000

41



GPS/INS AIZI&SJ| ¥ &
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fas Other Aiding Info.
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“Reference Receiver Info. 5 my eps signal by

iEE_?_.II O-IO-II EI ol_l- AI 7_!'%7' Reierenmsmion.
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Lever Arm A0l CHSt [HA] HOt

® IMU2t GPS HE|LL F3f 21X[Q] Xt0| & nafst 58 2E 24

«GPSEEEH Y2 IMUS| YK =H 2 E

GPS 1
0 0
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Lever Arm 88 8% Hlu(1/3)

v Lever Arm EAHH

N(m)

2D NED TRAJECTORIES
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]
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r r r r

°
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[ ]
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e r r r
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v Lever Arm EAIS

N(m) 2D NED TRAJECTORIES
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E(m)
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Lever Arm 88 8T Hlu(2/3)

v Lever Arm EAHH v Lever Arm HAIS
N(m) N(m)
2D NED TRAJECTORIES 2D NED TRAJECTORIES
10k T .L.:.:.'ML T T T T T T : [ L r f.:.,ﬂ L r L T T T ]
18: Ny .o. N 18:. ...o. E
17+ ) - 17 -~ ’ .o\ |
16+~ * o . - 16 \ ° |
151 T - 15/ N ,
141 7 14| \ .« -
132 134 13 138 140 142 144 146 18 150 132 134 136 138 140 142 144 146 148 .
E(m) E(m)
v’ Lever Arm B4 2 5 FHO|A 2 30cm~50cm B A} Za
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Lever Arm 24 ¥

Hiul (3/3)

v’ Lever Arm HAMH
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Introduction
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Tools |
Pub/Prj |
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Links
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Yoo b2
[f22c 7458t

111

*  Welcome to Navigation & Information Systems Laboratory (NISL) ~~

NISL performs various researches on position, location and navigation systems for Location-Based

D s QOIE A2 A Services (LBS), Inteligent Transportation Systems (IT[
@ Seop: HIO|E| 42| FTH '
@ Comm. Option: GNSS HIOIE! /&% H¥ , NISL is developing the following technologies ~
@ Prec Option GNSS HO[E| M2|3¢ ¥4 2%
@ Show Setwp: BB HE Bl - GAFAS Ver1.0.1.zp \
® vt 258 59 38 4 GPS/GNSS Network RTK 2|z 0l 2|2t
@ Horizom W &4 W SAl (%é! §_ E',_E_EE j|‘§, Ll RTK, RIN
® Map S 400 29 AW A 150)
@ GAFAS FEM2| Main Window: RINEX AMRINZ|F3 O 3E @ =X ot = = =] “
o Ol= 21E= 2|12t GPS/GLONASS/INS Z
© Gams AW 9 AR W - GNSS HM2| & AN, T2
- High-Resolution Regional Ionosp
- Decentralized GNSS Master Station +
(An Efficient GNSS Network Architecture

- Localization Exploring Network Measurel
(An Innovative New Positioning Technology)

- Networked GNSS Algorithm For Accuracy and Safety (NGAFAS) i
(C/C++ GPS/GNSS Software Package to Build and Use Customized Real-Time Cm-

Level Network RTK Systems)

@ QIEY | E5 D E: GiF v R125% ~
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228 GPS/INS

IMU

Rover
Receiver

Reference
Receiver

position, velocity, attitude

~
7

INS Algorithm
-Position
-Velocity
-Attitude

GPS
Positioning
Filter

corrections

<
)

INS position

Indirect
b 4 Measurement
N\ \ Kalman
/ Filter
Simple but

Position Estimate
(GPS Filter)

cascaded filter
problem occurs
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388 GPS/INS

IMU

Rover
Receiver

Reference
Receiver

position, velocity, attitude

~
7

corrections

INS Algorithm <
-Position
-Velocity Computed
-Attitude PR/CP
Indirect
Measurement
= > Kalman Filter
Complex but
no cascaded filter
problem occurs
Raw PR/CP

51



Dual-Filtering GPS/INS

IMU

Rover
Receiver

—

~

Reference
Receiver

position, velocity, attitudg

Ll

corrections

INS Algorithm <
-Velocity ;
_ausie B INS velocity
position Indirect X
T V\I\/Ieasurement Estimated
Q—/ > Error
» : (KF)
DD Position Domain S
4 imple an
Hatch Filter no cascaded filter
problem occurs
GPS velocity
A Doppler
Measurements
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GPS/SadA

| I

| I

! Pseudo Range GPS-Only 1 :

[ GPS & Incremental Position |
: Doppler Shift (Time Propa.) J i

: |

‘Num, visiblesV <5 )

v

( Hybrid
Incremental Position

: L (Time Propa.)
! 3
|
|
[ Vision ]_)[ Vanishing ",‘ Relative ]7
point : Attitude
|

i f Zero ]
)

Absolute Position
(Meas. Update)

L
s

h

> Incremental
L Position
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GPS/08BD-Il/IMU

e e e e e e e e e e ———
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‘ ‘ Velocity

M
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OBD Velocity

Position, Velocity, Attitude
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. Attitude

INS Velocity

|
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Position & Velocity

GPS
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-
Rover .
(L1 Freq.) Position
&
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Reference Velocity
(L1&L2 Freq.)

The number of available GPS satellite > 4
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GPS/Vision
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N(m)
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GPS/VO method
Proposed method
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GNSS/IMU/OBD
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