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2. Passive Telemetry Sensor System

Al S04 RE A 22 10 e g 3



2 2% 13 Zo] A A Reader ¥ Sensor & TAE ]
A5,

Reades
Part Realer
emoee—Measured & | RFInsnuctonand
Data Electric Energy Sonrce
Sensor -
Pari Annena
El“g;if::“ & 1 l RF Instruction
Rectifier — Dem odulation
Sensor Cirvcndt - Smsor
Memory
Modul:tion
O 1. 71&9 ¥4 RF MAM AjABe| EET

Fig. 1 Block Diagram of Traditional- RF Sensor System

Readerf: WolH 43 & AFHEES Wyt AR
oﬂ AU E AEss ARENN £33 dolHE Y3

£ 71%& ¥t} Sensor®E uAHAlY] o}z o} doE
4‘-%16}134 o)% #83t7] Y8l 1Y 13 o] AA W AY
3 2318 282 AL Faud TPtz gojol A, &
Auele e ¥ WE&EEe Frhd wat usA Ahe
28357 @5 B 7= B g 528 724
3z A AY AREAS JE AN ANAWE FAEY
s 29 27 e FTAYYAS o|4% UL Aot
o N2de TR

=

{l

O, R,

I; f\\fh‘vﬁv T

‘M” i:(;) --qff C:
. /

o) ,

R

| VAYAY
READER PART SENSOR PART

38 2 wZetsziof mhE /4 RF MA AJAH
F|g 2 Passive Telemetry RF Sensor System Based on
Inductive Coupling Principle

At 2l 7|&E9 2y FUEHA A doEHE A
213l Reader¥-& tiiAc] o]A 5o HolHE FH=
Sensor¥ 2 udt} 28 2004 B £ %] Reader®7}
R, L Z228lz CE®F o|FoA glo] 2 740 vluzd zid
8t Ay og A Fe] 7tFdt, FEAART o]FojH 9
o] AHE& HA ARSIt E3F Sensor o HAF HAHL
F AAZ C2 B 39 337 o] AAaH dudie] Av
S HAZ YehiE 558 ol&dlE= thodd e
AL st #HE g x gvH3]4].

Dae
—

X

Proceedings of KIIS Spring Conference 2008 Voli. 18, No. 1.

169

175 Ry = 80 Co!F
—— e (27 iRy = 5N

e (T (R = 2N

ooy Z5 (R =2h)

M -

FENL T S
LSS et gkt S et #g S
RO R A LA

it

o Jo gy o5
PR

FUF ARG

4

2% 3. (a)
&g o] &3

Fig. 3 (a) Data Estimation using Resonance Frequency

g ojgate #4 b) dFWA

(b) Data Estimation using the Phase of System
Impedance

2 A7 AgtdE Al BHEFY "“/"]%k C2
E #A=5317) M A" 3 FH 2AE oY 4 3l

on FHo] Lo]3 Recursive Least Square(RLS) & 11
F< HELH Aotk olE g AgHE AM2dE FIHO
2 2dygsjorsty olF &oldA 7] Kt 2HE4e
o] F7IEd & v¥lHFo ngxeF Frh

_____________________________________________________________

LM

At Y . TN A
Vo

| i

V(1) ﬁ"':\" . Simple Equivalent Civeuit,
- "»a;"j : : _fur Endective Coupling

a7 4 HotE 22 RF MAM Ala”el 57132
Fig. 4 Equivalent Circuit of Proposed RF Sensor System



Proceedings of KIS Spring Conference 2008 Vol. 18, No. 1.

o] F7/IRE e B AFoA AL AA"e] FERAFE
& JdAdage 22 gAg Rolv. 5493, 1949
A Rl ¥ere} A4 3t Vout(t) e AHA&FHE MMz C2
o} FEARATO uwet glo] WAIgE A3AYE 2@ M9
A stol| wet 3719 fAzke] vyl & Fediel C2 Mo F
E3e ootk o] e FREE 3 suUHe=R
A FEHY, A4 §Ho] 7hE3ag & A ALY
Ferdz NPgEd, £, A ¥ Vout(t)e 7|9 H
Aol g 7jeg &oldtA 3] HH o)F EE EYFS
HolAE2 E@3}I= ?flt’r

A7, 49 A v, FAA FFHF ¥ FEEHIX
g TFEH A1) 2o |

1

(wM)?
wc,)+ (1)

| En+Rz+J(sz——)

2

Z o= By + By + §(wL, —

A7NH, wE 98 AL V(= VL0[rad]) 9 253
#[rad/sec]z, Me #32YAS[H]IM, Ry . Ry,
£ ZtZt Reader %2+ Sensor #9| ¥ A #gtojc). mepA,
a9 49) S8 2AA R Fue) ABHR V,,, & 4
@)% 2ol #E8 F Aok |

I/.l'n..Rl_ ) V.Rl

8% (2)

I/:OIII: (wmz

Ry, + R, +jw

Z - : 1
Total Ry + R +ilwl, — —= )+
1

3. Tjeid| EP_ ZHE ¢st Unscented Kalman Filter

Unscented Transformatione Q¢je] #|AHY F$E 24}
e ARG 2 JFSAG BEXE ZAEIE Aol H& £o
-3l FEOA 2AHUG 9] 7)EFHY FIUYEE 19
49 A JEebde

Y
C]

sigma points

covarnance

-
Y=G(x)

weighied sampla mean
and covariance

transformed
o sigma points

{/

frue covatance maan

rue mean

UT covariance

128l 4. Unscented Transform # 2l
Fig. 4. Principle of Unscented Transform

A ¥ = FAsH = geveoln, Y& nX1

ojtl. x 2l sigma pointi= x ;o™ A (49} 3ol el

170

A71H, 9 P, & z9 sample mean3} sample covariance
g oJu]@d}. sigma point x;& ¥A4E ¥ G( ) A
2zt Y2 wigdd. 4gd Y= Ak 2l X} 4 o]

2nx 19 weight Wl <3| 27 yot P,2 2Agd

=z~ (It NP, )., j=n+1Ln+2-2m,i=j-n  (3)
W™= A/ (n+2)

P%(c)=)\/2(n+,\)+(l—a2+ﬁ) | o |
Wm= Wo=1/2(n+))  ,j=1,2,-,2n @

ANA, A=a’(n+k)-ne scaling- parameter®] t}.
a& sample mean £ o] 249 sigma point®] &o}%
BEE ARAY gHRow 107°<a<1 ¥AW 49
Zrog AP} kE secondary scaling parameter©]™ X
£ 3—nog AAHATYG [ dPES o EAd diF A
AAA ¢ =gstuat ALgET) GHY, HAIF EXAdY
ge 27 R3at (Yt AP, )= jxj B

(8, g 8a0lm, 2 & /(nt+ )P, ot WE j¥
A point®} WP weighto) tH14].

2 (3)7 o] PojA sigma point vector X; = 4 @9
nAEA A" G)EEH 4 (59 o] propagate%l‘:]-.

4714, Y;o| W@ transformed point®] weighted
averageo. 2 4 (6)3 o] Aot}

y= Y, W.Y, ' (6)

1

covariance + transformed point®l weighted outer
product.2 4] (7)3 #Zt}.

2n _ _
=L wly-y)v-y)
J:

u
e

unscented Transform®] A& o oA FHE

5 A
oH7I[16]. dwtH oz Alxde] FHEHE HMFPln,
Unscented Transform< ©]el3 v A3 e FPWT
£ o3 covarianceZ 2A74A] A E3] AFHUNER F3

T i8] Az AP 2oA FuHzZ)

3.1 meloEt FH |
2o to = iy 29 7h2 99F RF M Al ="e] F

—= 171 1 T
Ager (L8 UKF#ag) oz gt o} oy 9



3 94 RF A4 Azde 4 @8t 2o 4

Helon, fxd Vout% UKF ¢13&e Hes7] 93
A (8)T} o] HlAE ojit Aoz AdujEd 4= gtk
z(k+1)=zk)+rk)
y(k) = Gwlk),z(k)) + e(k) (8)

4714, z(k)E 4 e FA&F depve G2 FA4Y
1X1 x99 dg¥sgd UKF ¢ugZe 3 =49
. wlk)e 71N o Z&xg v, z(k)st
wk)d 4 GLE A 29 V,, 02 2 A7 A&
? vttt ylk)s B8 =AY rlk)E
process noise®l I e(k):= #Z=7% 2 (observation noise)©]t}.
Awrgoz ol FL L A EFe] WAPGoT &
Qe sebelel 24¢ 9% UKF Yuaze g3 2
tH7). ®A, 239 e (k)= A (99 o] 273

"t
z(0) = Elz(0)] (9)
P,= El(z—z(0))(z—z(0))7] 10
q714, kE{1,2,---co}e]mZ time updatest

sigma-point Al4HZ 2(11) T 220l o3 L. HA,
Predicted mean z (k) # Predicted covariance P &
by A3 A(12)9 o] AH9jt

r (k) =z(k—1)
Py = Ppy— )t R™(k~1)

- (11)
(12)

dq7)14, R"(k)= process noise covariance® ‘}eb it}
Predicted mean z (k)< Predicted Covariance P, &
2#H3A A (13)H L Sigma point® A HY, o
sigma point® A (149 %] Nonlinear function® %3
Propagation¥ t}.

x; (k/k—1)=z7(k),5=0

=z (k) +yy Py »7=1 i=j

=z (k) =Py »i=2 ,i=j—1 (13)

G714, y= v/n+Xelth. A(13)% 2(14)= Weighted
sample mean® covariance® ©]-% 3t nonlinear function®
B ﬁ, Cross Covariance Pppyy(x), —L1¥12L innovation
Covariance Py,nE #4744 (15, 4 (16), 2832 A
(17)3 7ol TApRATL

1;3(‘6) — 2 I{g{m)

j=0

Yi(k/k—1) (15)

P,;,L\.,yu_,: 3 W xfh/h= 1) = U Yh/k= 1) = y(k)) (16)

i=u

Proceedings of KIIS Spring Conference 2008 Vol. 18, No. 1.

Fowpier= EW(( Yk/k—1)—gk)( ¥lk/k—1) = (17)

3714, Ré(k)=
AFE % Covariance®

(18)3} #eom,

(k)7 + Re(k)

measurement noise covariance®|©}. o
o} &3t «ojx update gaind> 2

K(k) = P, 1)) Pytrye) (18)

ol A4 = yot 7)|FEH y Aol o]

FAA A 19, ACHI el [/EWMSF & 19
covariance P, ;)& HHolEFH.
z(k) =z ~ (k) + K(k)(gk) — (k) (19)
P, )= Py~ Kk) Py iy KT (R) (20)

o]} 7o *l{}”‘/ﬂﬁ] el Ay g8 3= o
de B 129 59 o] recursive loop FHE FAH
o,

Enter bop whh
1{0) = E[x)
Po.,= Ef(x - §40))(x - (007

Fradlctad mean &

Fradicind covariance
2 ) =2(k-1D
P =P, +R{E-1)

Update equations :

fiky=t (2)+ K (k)(yck)- F(k))

L -k (*)P””‘,,”K "

NonLineae Transform :
xl*"*-lJ‘Il'li}"UJ"r{r'.'.. "\'J-!qi.'.., 1
k=12, Y ik =M= Gmikhy (b k=13, jn L1
$ ) =T Wy (hike 1)

Com puts gain .

ﬁ:

Wmrorslinn Cevariance P

=

g 5. Z2|HEFEEE s UKFY112|&E 2| Recursive Loop
Fig. 5 Recursive loop of UKF for Parameter Estimation

Kikr=P, . P

tr Y Ak Sk = 13— FUENY kiR -~ 9D+ RO
PP T ? .., tﬁ' A ARTE S - LY (R k- B R

4. 2 o|AH

o] M= A S =" 97 RFAA A2 M &
# dede Co% UKF 2183 e AHedd 33813

g ol A% 9F RFAM N2del stedee & 13
o] AR R}

1. ¥4 RF MA AjAH 2] ut2ie| Ef

Table. 1 Parameters of Passive Telemetry RF Sensor System
Parameter Value Parameter | Value
Inttial
L; 1.06{mH] 1000[pF]
value of Co
Ci 1000(pF1 Initial
0.5[mH]
Lz 1.009[mH] | yalue of M
561[pF} 90[KH7]
Cs Wpan
~530{pF] ~250[KH7]
R, 530[] R 0[e]
Ry 46[Q] Ro» 45.8[<2]
R 0 R° 107

Mg seeeige olgstel MHERE V,,, & 213
o

63} 7tol Qg 5 v

171



Proceedings of KIIS Spring Conference 2008 Vol. 18, No.

=T — — T —
| | i |
- - - Sy el s cvleiy BB el B
.
on— - — _l —_ - e L - _l - - - — - :! — = — |_ _____ !
5 I P i I, [ T
;zu__ e G [ G
5 o f [ v NN i
] s r--——-‘.———*————:———F*.\——f—.r—v*—--.r————
_';L,‘: l.,_ — - -.i —_ = - ! - — __i — - .[_ ‘-L -+ { - ._\- l._.k__“ —
1 | i [ | Py H !
4 S ST 1 [ | ] Lo L ]
[} TOEH -1 1 - m am T aa ol
Fromumnrypite]
14 T T
I | | | | I | I
fre .—.'._,‘1_.:_.‘___‘-- - r_ . —— _..1 PP r_ —_— ..-I [ T_ [E— ._l —_ o — T_ [ —
B l Tt t | | I !
I i ! -1 T
g S T Y T
2 : i | . | i {
b el Bl et Bl ool Nl o L e ol -
N L D b L e
I I | ! | I | |
oT J | | i ! L | 1
k] 1 20 1 180 i ] 2an m e =
Fracuencyéru}

a8 6 MEE TRAEINE 0l8 uMHES
V9 Ao A J=
Fig. 6 Gain and Phase Graph of Nonlinear Function
Vout |
Ay AL V, 9 dEE v BE2Y 2YAQ V0
2 UKFgxeZed A28 NAY  woH%
(W) ; Viue(k),E=1,2,..N)& 78k o) dolein
& o83t UKFUYZZE YHARFANAIZ" AA e
FAEF}E 29 73 Po) 2 U}

1050

Estimated c2 Value |"

| I ~—-—— Real ¢2 Value T
1000 |

950
900 j ' e S R L —

850 - —

C,{oF)
@
o
L=

0 20 40 60 a0 100 120 140 160 180
iteration[N|

1 7. MM HMRUYS UKF L12ELE £F
7t FYTHIE

Fig. 7 Convergence Pattern in which Capacitive
Parameter of RF Sensor System is estimated
using UKF algorithm

Aq7}4 UKFE o] &3t F437] 93] RFAMA 9
ARNEHFL 1000[pFlg 273 HJAon, 248 93
Axkel WHEZF7Y Frtge wel FALEZ) A=
AA dANEL FAERE 562[(pFld FHEs gk o),
UKF ¢ 1ne|&dM Al&5= Z+E statistic parameters &
23 8% zro] vepuir}

1.

172

x10° x 10™° x 10°
18 - oorm—— T . i
i ! s “
16+ - +‘ 2k - -t - |
i | o : 0t -1
R I i B AL Pt B
E i f I"; o J -2 f— + - =
1.2; —lr Ji - 73 |
; firno _ , i J |
1 Lol N 4 4l 1]
0 100 200 0 100 200 0 100 200
iteration[N} iteration[N] iteration[N]
.20 o
: x 10 .
0.04 ] 1 '*-‘}__'T """"""""" 200 TN
| \ | ;
0.02 ~ g L L OF - e
, T .
, po a [ :
g 0 Riigh Yos5. -t 80}t _]
3 K a. P : IJ':J il .
© ! ]. [ o~ L
‘002 - E‘ T 1:1 | o '400 :_i““ T T T
) I j !
-0.04 L v —— 600 — b
0 100 200 0 100 200
iteration{N] iteration[N]

a8 8 UKFY2| &0l 2laf AME £ 22} Y ZEM

Fig. 8 Estimated errors and estimated covariances calculated

- by an UKF alinnovation covariance; (b)Cross

correlation matrix; (c) Kalman gain; (d)innovation; (e)
Prediction covarance (f)Error between estirnator and

real (=180[pF]) |

a9 89 (o), (), (DolAH BZel, AHE&F depdet G,
o FAAE ZFgtoll sHFP| uwel parameter covariance
PCJ} 022 £E3 ol Kalman gain A& 028 ¥

6]'7‘“ 7).
5. 8

444238 QARFAN Axwe] FALZLE 2HE7
Sl Ml dEA A5le) deelel FQo) HEY UKFL &
¢ Ag39t UKF ¢ueEe 12084 dolggoy &
ol 839tk RLS #4342 S3 Hasteq sESE
g oy A8 FAFVEE UKFER 2
| B2 84 yERGTH15).

1 2 8
[1] H.W.Sorenson, "Least-square estimation: from Gauss to
Kalman", IEEE Spectrum, vol.7. p63-68, Jury 1970
[2] Jie Ma, "Predict Chaotic Time-Series using Unscented
Kalman Filter," Proceedings of the Third International
Conference on Machine Learning and Cybernetics, 26- 39
August 2004
[3] K.J.Cho and H. Harry Asda, "A Recursive Frequency
Tracking Method for Passive Telemetry Sensors,” d'Arbeloff
Laboratory for Information Systems and Technology, 2003
[4] J. S. R. Jang, C-T Sun, E. Mizutani, Neuro- Fuzzy and
Soft Computing, Prentice Hall, 1997
[S] Timothy Y. Harpster et al, "A Passive Wireless
Integrated Humidity Sensor," The 14th IEEE International
Conference on MEMS, pp.553-557, 2001
[6] B.C.Kuo, Automatic Control, John Wiley & Sons, Inc.,
2003
[7] E.A.Wan and R.van der Merwe, "The Unscented
Kalman filter." in Kalman filtering and Neural Networks
Edited by S.Haykin, John Wiley and Sons, Inc., 2001



[8] S.Julier, J.Uhlmann, and H.F. Durrant-Whyte, "A new
Method for the Nonlinear Transformation for Means and
Covariances in Filters and Estimations,” IEEE Transactions
on Automatic Control, vol.45, pp477-482, March 2000
[9] S.)Julier and J.K. Uhimann, "A new Extention of the
Kalman Filter to Nonlinear System," in Proceedings of
AeroSence: The 11th International Symposium on
Aerospace/Defence Sensing, simulation and controls, 1997
{10] ., "Comprehenxive process models for high-speed
navigation,” ph.D. dissertation, Univ. Oxford, U.K. 1997
[11] S. Clark, "Autonomous land vehicle navigation using
millimeter wave radar,” ph.D. dissertation, Univ. of Sydney,
Austraha, 1999 |
[12] A. Montobbio,"Sperimentazione ed affinamento diun
localizzatore,” B.S. thesis, Polytechnico di Torino, Italy,
1998 | |
[13] R. Smith, "Navigation of an undérwater remote
operated vehicle," Univ. Oxford, Tech. Rep., 1995
[14})E. A. Wan and R. van er Merwe, "The unscented
Kalman filter for nonlinear estimation," in Preceedings of
the IEEE 2000 Adaptive Systems for signal Processing,'
Communications and Control Symposium (CA-SPCC),
pp.153-158, 2000 - -
[15} J. T. Lee, K. Y. Kim and S. J. Ji, "RLSE Based Real
Time Estimation Technique with Optimal Forgetting Factor
for Passive Telemetry Sensor System,” I1S1S2004, 2004
[16] Julier. S. J, "The Scaled Unscented Transform,"

Proceednig of the American Control Conference, Anchorage,
~AK May, 2002

Proceedings of KIIS Spring Conference 2008 Vol. 18, No. 1.

173



