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(57) Abstract: The present invention seeks to eliminate in-
terference signals caused by various electric and electronic
1 00 devices during TPMS wireless communication, and TPMS
- according to the present invention enables a hybrid beam-
forming device to operate in a switching beam-forming
mode with a very low complexity if SINR is higher than a
certain threshold value, and an MVDR beam-forming
device to operate if SINR of the switching beam-forming
output is lower than the threshold value because the rate of
receiving correct data becomes lower due to interferences,
so as to minimize the interferences by forming a beam in a
desired direction and null in the direction of receiving the
interferences despite a higher complexity. To this end, the
present invention proposes a method for processing a signal
in TPMS, comprising the steps of: causing a TPMS sensor
unit to monitor a specific event per predetermined object;
wirelessly transmitting the data resulting from the monitor-
ing of the TPMS sensor unit through an antenna arranged
adjacent to the object to a TPMS receiver in a predeter-
mined coverage region; adjusting the beam of the data sig-
nal received from the antenna of the object to adjust the
signal to interference rate (SINR) according to a predeter-
mined mode; comparing the measured SINR with a prede-
termined threshold value; and selectively determining the
switching of the predetermined mode according to the com-
pared result in order to analyze the data signal; and display-
ing the result of the analysis. In order to eliminate the interferences impeding the transmission of the data signal of TPMS, a hybrid
beam-forming device for selectively using a switching beam-forming device based on an AOA vector and an MVDR beam-forming
device according to the value of SINR is proposed, so that the beam-forming mode is switched adaptively according to the value of
SINR in the antenna-based TPMS so as to maximize the performance of eliminating the interferences and the complexity efficiency,
thus providing more reliable data to the user, giving a unique gold code per tire, and resulting in a reduction of the power consump -
tion in TPMS.

(57) 8%A:

114

113

1156

116

[Che = A%



WAl
4.17(v))

T

St

51

Z]
A (29F Al 21 Z(3))

T
=]

17 o]
2

2
A

T 417 T AAA:
oA AR 314 9F

Z:

WO 2014/106969 A1 |00V 00T AR RAE AR AR

SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,

ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
GW, ML, MR, NE, SN, TD, TG).

T™), =% (AL, AT, BE, BG, CH, CY, CZ, DE, DK, EE,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,

9}

]MLO_E@JJ] ﬂW%
o Hor B R Cop—1 '~
;znlﬁmwéwb@
il _6Lue,|oo,_, T,l”nx,m_ﬂ;o ! LB
POl gy R0 ﬂhswyﬂ
NG O# X Aoﬂ_ojur T ﬁo‘ul o
1104H 50 XL ﬂ_H)AL ,ly! E]ﬂ Jﬁ
LJIHJﬁ% ,wéaiaﬁ
%M%ﬂﬂ%iiﬂﬁQW%%
e ‘El_,ALS - =
H%£+Mﬂ41ﬂﬁﬂ25m
) X ATlﬁTerﬂHﬂmll g ﬂuﬂum
@]
on

é

‘ﬂk‘ﬂ TPMS

th3hAl A Bt
to 24 TPMS

ﬂ_HHL ﬂ,l] o we o ﬂanE
o iy ,w.ﬁ f
N ﬁvﬂo ALWOM.M‘M.O@‘@I‘MIAJO

E  of

EV = gmok

i M Jﬂ fof
oTAO " Ld_
T wr _504114 ,M EWLW‘LNLGEMUMWQ
A = Mo T
ZL7%%0T1H TmoLﬂiW
‘Dl ;o 1..040.1 LMH#MO# 0
HL Ot o H;l _/ e XK

P %%%4%i%ﬁ%;%ﬂ

M_Aamu]f_wu = UrR%o% o;ﬁ% :
o N BT gy B ol RN - ey
0 ij ™ o Sﬁ o_a _iée ho
X” o ]E«WOHJlLE QL:iiOﬂw E#‘Ll
i W B e M T N
ER my E o] X ,me Ho
AUﬂD%EL M = o
R,AOHL W _l ,‘_u.__w_l‘l‘WIﬂ.oX
g o E_/o Lﬂﬂﬁ =
Sﬂi%ﬂlE%EA,x FLmeN
W plE e E D %mﬂRﬂWﬂmLt
R RN e L B
R LR R
Tﬂ%ﬁﬂ%ﬂ%%@m%M%i
PrepRmUE g REN e
T T o T R = X0, il
&séLﬁiEE%E@%MﬂE
]1ET41.§%U|E iy E&lmmWﬂi
Puomew E%R%ERS@Q
W s T T zoM ST E T
) T T B0 RN~ I Y EO_W T o



[1]

[2]

[3]

[4]

WO 2014/106969 PCT/KR2013/002715

w8 Al A
Ao HA: TPMS A AZ A BE 2 AX
7l =& oF
2 g2 54 F41 A5 o] 7|44 € TPMS(Tire Pressure Monitoring System) |
ek Zlojt}
w737 &

TPMS(Tire Pressure Measuring System)<> E}o] o] of] 5-1] ¥ TPMS Al A] of] A4
HUlF= golo ¢Fe W 25 fo]H & A S A Fd o2 F2418ke] A &
- Elojof o] Ael A Hof whe} A 2ol Al A HE &g+ A 2=® o]t} TPMS

|

F8hE o] 9li= A A o), o] 3k TPMSell 21o) A, dlo] Bl & A njt &

A8k A1 2 A=t Eh AT A RS AL A Q1 7)< Abgto)etal &
k. A REek il F4al s o) 71 din] i« A

[
AR o) ar, o] =

O S84 O Eo LR ol

AR Al £ A 6= BA7L R Gk,

g o] A3A % A

71 A

whebA] B g e 54 okE| U2 B Eholof o] AhH) A1 o] A% A

9 30] 21 A4 7] B Bholojzk 1A B2 8] B o] 9 FHS A7)
9l 5ho] Efo o] = E] a1l 24l A EE 2914 ) P47 % o] &ate]
SEEER R Rt E S £ 215 9] SINRE %74 3}]

== O

= =2 7
n g AAAE QAR ghe] vaE 8l AR gk o) S w] kol whek
AN FAH e S8 H 4 B4 1] ¢S S5 (Minimum Variance
Distortionless Response : MVDR AEA o2 Hgksto] HolE &
Ao 24 A1 E 4] 74 elolof AH Ho] Bl & AF&-A}oll Al Al-g e alA} gt

A A s

e
ok
oX,
sl

i
il

Ao A QB AE] 7] H g g 5
HAEW Q1 Aol v x| <te|v}E F 3l 7]

o

dlolg & F4 A d S o]&3ko] 7424

=

Al

<

2 3 o]

A= A= F43, 7144 H e w4 on A s

ohel =) Al Hlo]E Aol WS 25 AE o) 7H
420 SINRE 481 4954 37) 2499 SINRS 7] 4741 7)) gk}
v swelts A3, 4] v A vkl whel 4] 7)1 el A o) s
el oz AGskel tlolE Ase) BAL sk, 7] B AaE
FA G B EeEe 54 0% F,



WO 2014/106969 PCT/KR2013/002715

[5] Wk o] th2 A X0 w2 TPMS A A& 28] =] 9lo] A, 3}7]
Ao F-2] Ao] glel] Q. HAEHM F Al Qe Yo A Al 2S5 A" /\].zi
W B3lar, 7] Wk O E 235 FHe= A/D AR 714 g H B
e} A7) AD AR 2R S8d AEe] WS 245 AE g 7]
& B](SINR)E =7 31o] 7144 ARk v aske] vl A ze] upe} A7)
7194 REo Hg o] B AE K o2 AAslo] o] AT S HA =
Ao} F-oF, 7] Alo] F25E &2 d dlolE A& 9] -4 AvE FA5=
FAFE TGS EH O R gt
g o] § 3}

[6] 2ol 2 S| U &AM 3l A B4l 0] &3} TPMSol A SINRS] =1.7] ¢
ek G REF A3 om 29Hste] ] AA e R ST a8
FUstAIA B} Al 2l blo] e & AFEALol Al AlE 7hs e Wk ofu el
Elo]o]®H 3159 = T (gold code)E H-o]¢F O = A TPMSS] AH AR E
A 7= 237 vk
EHe 7ty A

(7] Tl Eoadyo] A AA oo W& TPMS] A A T4 &

(8] T2y Bk o] o A A] ofof] whE TPMSOl| A Al 2] 2] W o] 3k A A
S5

[9] T3 Hoay o] o AA oo wE TPMSOA 21 & X 2] =)ol 3 A
555

[10] T4 Bl o] o A A] oo w2 TPMSO| A dlo]He]= Wl M R ==
T8 7hse il P &

[11] L5 Eoadye] A AA o wE TPMS A A& X 2] x| 7F 485

=2 =
3lo] B 2] = TPMS W &4 7] 2] 452 ISR(Interference-to-signal Ratio) 2] 4kl
w2 SNR & ¥ SINRE| A& & o]4 AabE Bl Z1e) 2,
[12] T 6 g o] o AA oo i TPMSO A 2% # 2] 4] 2] 54 SNR
Fholl thgHISR & & ¥ SINRO| gho] A¥E Kol 1ef 2,
S BEREELEREE
[13] o] 3} B wkrgof u} 2 ek el AlA] o & H K3}
AL, 57] A

2

o
| = A A 0] FA) AR L3 728
o B} A9 o] 3B F7] 9]

LERLaL 9l o] &= kg A AT A
ol g 54 AlgtEo] iy o] W9 ol A o] Migoly 52 Mol
o] Fol & = AF o] 7| Wokoll A B A4 7Hx] Aol A= Ag ekt &
Zlo|t,

[14]

[15] - g -2 TPMS(Tire Pressure Measuring System)ol] ¥k 2 0.2 1 T}

A OM] Apgge] glolo] (o], &= R ¥ 5)F RHE Y8k S



WO 2014/106969 PCT/KR2013/002715

[16]
[17]

[18]
[19]

[20]
[21]

[22]

[23]

[24]

&l 2FFe] A4l A el Foll A& stal =& ool 3EA| ko]
Elo]o] o] A E|Z 7o) =(guide)3roll Qo] A, A7) HAl et U=
3l Bojo] o] e} A HlolB & A 9] -] Z+F A2 7] W Eolof 1F
Ao off =52 WA 8l §8to] Blo]o] 2 5-F FAld 4l
A ?‘fé*éﬂé— 1~9~'8}°4 2 E g 5}o] 7&*&@ s gslbetal, ol &
A

(Minimum Variance Distortionless Response : MVDR) W &4
] 0 7 A 5slo] wo]E = %44 ho = A otell Ly Zke] HA S Al

oro 42 ol

kg o] ] A A] of of] w2 TPMS 9] A -4 Eot),
kg o] X8 Al 2 E(100)2 2ol o) -85 =
E}OM(UWM F7] Blolo] o] Ao, = 2§ 5)F LU E E ko]
83l TPMS A4 44113, 115, 117, 119), M7] 7} glolof ol 747} njj X ¥ o]
TPMS Al A (113, 115, 117, 119) 2= H-E] & A2 LA ALsks £
oFellLl(114, 116, 118, 120)2}, A7) 41 OPEﬂL‘r(lm 116, 118, 12005 &
R UE g At dolE & Ak, ”71 T2 Holg & 294 W dA
oA Holy A2l - A H SINRS A #]| ¢} vl alsfo] vlal 4
AA| oA HolH & A st AL gz EEg MVDR ¥ 34 R
z1gkslo] H o] B & | 2] 5k+= TPMS ¢ A B (122)¢}, 7] TPMS
g A M (122) 258 9 A2 g W59 232 0 Al Als A 1A=
A sho] TPMS Al % o] A ekgt tlo] g A& el sk ¢ 7171110, 112)F

=]
é
)
&



WO 2014/106969 PCT/KR2013/002715

[25]

[26]

[27]

[28]

[29]

[30]
[31]

[32]

[33]

[34]

218k

%ﬂlﬂ]ﬂﬂﬂq%ﬂ%o o]o]™ z}zh
ﬂh?ﬂ—c 5 /\J OJEﬂUrO]i’, 7] TPMS A H &= Aol = & o] 2] XM (serving)
SRl V7T A e Al G W Q1A <tk alhlshm, xpaFe] 478 o & ol

7| AAE bR o R dH = x| )

214 B oM = 712 E REo whef 7] QHAEM Qe VR E 404
t]olE] 2l & o] W& &A43kar 216 FA A = 21 & o 1+ 2 1] (SINR)E
=230}

oju, &7] 7134 H FE+=, 317
g of] 7]kgk =9 Wl A 7 g
QFe V278 Al o]y Aol ik WS 245k =93 W ¥4
ot

[/\ SF A 211

>

T2 13 -2 AOA(angle of arrival)
WE] o] 218 ZE3) A4 9 H A E 9]

)

5,737 29U @A BEE R ack A2 FA7) T x2E VA= A
Elo]o] A& gk 294 Wl A7) 7HEx] wE 9] A& 52814 13} 7o)
oA a1, o] 7] A i A Efolo] ol thdk AOA M E = e L L

Hy= Ad 525 X (transpose) & HEFA L 7] 7F pm = i A Elo] o]
tisle] 2711 W FE & A ste] TPMS HlolE Al EE
o] %, 218 ol A 47 54 € SINRE 7| A A A
AARE o] 1 A5 7188 d = 5, =94
A o2 olgate] A7) 29 W P R
T 5ko] 224 Ao A A7) A A FA S
HA, A7) IAIGE A A A, A7) IAIEE ol sF @1 A F- 220 A 2.2 o] F 5o

i
X

—



WO 2014/106969 PCT/KR2013/002715

[35]

[36]
[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

A N RS S 20 Y REE A

= = = 2k 1) off =F -8 ¥ (Minimum
Variance Distortionless Response : MVDR) W &4 =2 % g1slo] 4}7] MVDR
W @ ol whet o] 5,222 224 A O] F 2RSSt

oju], %7] MVDR Rl @7 R0l M=, 3}7] 9] 425124 29F 242 2}7] A ¢
8 E & o] &slo] & LU AE O] QYR H-E] 241 o] B Al o g
G 7t A WY E AEeka, 4] Ak 7HA] W E =

o ()R "2, (¢)| 'R "2 (¢)

Ol

Wumvpr,
Jejolct.

[~ 2] 2]

ﬂﬁﬂﬂﬂ%ﬂﬂﬂg
8) & o] 21, MVDR 7} X

:g e

W= 284 3.0 Fro Tk
7o 3
: (k)z"(k)|

T4 30l 7H ] WE = i A ERolo] el tiste] 1] A71E ZhH = Y
AEE Gdsto] b BF o e JAskal el el = dmul)&
BAgske] A= Hashh ek, 29k 30 A z(k)= 2l SEEIVE E Sl
FAEE el Z o
o9} gro] L whgol wp2 HE Ao nEg 29 ste] HloE A EE
WA sk sholHe = o] Wl A V] FH AL 5] e] =k 49k .
T 4

H
y; (k) = w"z (k)
71 (]
5,871 7147891 BE S, 29 W 94 BE S MVDR Y 94 RER
Ak ol -5 Aol A H HolE Alaw, oh4 48 B8 FHd Y.
T 49



WO 2014/106969 PCT/KR2013/002715

it ol ool ol el =yl 9] E o4& e 15 v
O|E

Mook 7, g ar 22 A= e A7) ¥ ar ' 7k

()
= ol whet 2913 W §4]7) Hi= MVDRE] 7he X WE] & AR
[45] $hA, 2 o] w2 TPMSOl A = L B A E 71 141 & A 4 8faL, d] o] H
A E dds Lxe7] HE LBAE S Elofoj 'l & o] o] o A,

. = RLN =
=159] &= FE(gold code)E F-oJslt), A7) Fojd &= I =& Eﬁﬂ va
glo]o] 1ke] 1h412 A 7 3kaL, TPMS 9] A9

[46]
[47] o] 3}, H kg o] & A A] ofof] wkE TPMSOI| A 2135 = 2] X ol] 3l

[48] T 38 Hodbrg o] & 2 A] of o] k& TPMSO A 213 & 2] x|l &35k AFA)

[49] T3S zxshd, ool uh2 TPMSO A A& A 2] =] (300)-
F215(310), A/D M E5-(312), Al o] §-(322) H FAIF(324) 5 3]

[50] 271 A/D 3R (312)3= Al o] F(322) 9] Al o] Bfoll AF7] AR B10)E £ 5

BAEW £ ote oA A1 H AEE YA A5 R Wslslar, A7)

skl O A E A s 8 E93i.

[51] 7] Aol 322)= W 2ARB1HE F3 7|24 el whek AD

- (312)=FE ¥ E Als o] WS

(316)S E3] A&

] (318)E &3l 714

| H o] Hglk o it

=y

g

[52] =, 71 Ao F-(322)
|
]_

22 1~o
)

e

d
i Bl ooxl o

2,

ol
K

-

S|
S|
T
S|

T
A

just

2

N
=
o
i)
o
R
o
FE o> 2
N
i ok

o v

14
~
w
o
Z,
=
-
~
e
o
i
no
o
)
-
0%
rO
ox i
o
~
Mo

oA HolE Alee] 42
A& Al EAIBEAL, o] 8f §1 A5 ELE A= (312)E F 3l 7] 7]
REE A B4 093 -5 H(Minimum Variance Distortionless Response :
MVDR) ¥ &4 2= 2 A313}e] 247] MVDR W] 84 o)A d]o]E 259
& Feho] 1A A E AL 8ol A FASES FA RG2S F)

5t

)
ol
o
e
- o
=1
—z
>
=
il
offt
ok
S
1
i,
=
il

s
o,
(i

~

[53] o] BE 1=, 81719 5k 59F 72 AOA(angle of arrival)
WA 7hE A WE e As B 28 LA ES
o]y Al&ef gk WS 24k =9 W P4

T

[54] o4 5



WO 2014/106969 PCT/KR2013/002715

[55]

[56]

[57]

[58]

[59]

[60]

[61]

- 3;(¢)
" Val(¢)a,(4)

2}7] MVDR Wl 84 R A= 817) 9] 8hA 1} -2 247) A3 s d S
ol-gato] 24 LHAES At UREH =41H ol E Azl tigkw @4
7t A ME - qbEekaL, V) Ak A WE =

7 (#)R a; ( .

WrvDR [au )R 'a;(¢) R a, (¢)

Fefoltt

71, 471 7Fs A B = 2 LEAE tiako] 19 A7]1E 7A=Y
HE 2 FAste] det= WFe e s dAdsta, (M Sl el A= Enul)=
G ste] e AL sk

S, 7] Alo] H(322)+= 7] 9] ek 6= Foll HH E AL
W,

= AA x| &8k 7R WM E S AFE-g )

T 6

o] e} Zo] H ulygo] u}= TPMSol| A A& % 2] 4] el Bl A=
slo] Hg| = k4] 0 2 FMH]3o] SINRS] A 7]ef whe} ¥l &4 RE=E #3135}
tlolE A& e d= Ao 4] slo] Hal= TPMS 1l 84 7] AF&-2 94

M7l &] Qe Y& i}%kﬂ Zo)of] A G A 0 2 olE 2 Hj X 7)
2] s}o] TPMS &4 HlolH & d&8he 72&

UEeldt) & 14 A3 of g o] (Uniform Linear Array, ULA)E ©]-83}o] TPMS
G AU 2, 441 kel SRS A ERo]o] of ALE Q18 k 7] uke] 4]
25 371 9] 5k 73 o] Fof Xt

T2 7



WO 2014/106969 PCT/KR2013/002715

[62]

[64]

[65]

Z514] 7914 aks Mix 1 21719] 9 Eo]ojol) ko] el o] ¥ Mefo]an,
gi(k)+= i A Eloofol tj sk Alo] & E 2 o] A 1] 2] (cyclostationary) = = 1=
Ne] do]E 7}A 1, bi(k) = S Alo] E9] 2= I Lo dslo] A Sk i)
glojol o] A4 =4 ¢ o] B B EmiE eIt A= Mx PO A7 2 71A] =
ojglo] g ) Ho|a, P= A& T, jk)E AHEAZER o] Folx A7
P x 19| 7421 % ¥ H o]t} H3$F n(k) & i.id(independent and identically
distributed) ¥ A2 T4 5 o] d+= 07}

= H 3 40 7 71X = AWGN(additive white Gaussian Noise, ®] 1
7F-AloF S v S} AOA o] dlo] S HE Sl Aol WA FHH X

TPMS Al 2ol th gk of el o] Sl Bl <= &} 7] o] =54 83 22 el = vpehd <

e
a— : ’




WO 2014/106969 PCT/KR2013/002715

[66]

[67]

[68]

[69]

[70]

[71]

[72]

o4 9014

?

2 o] Al etElUE AL = oA A Sl g gk Al e AR E
e, QFE| L Abo] o] 74 d =)/

L5 o] o AA] oo wE TPMSel| A 2]
3lo] B 2] = TPMS W &4 7] 2] 452 ISR(Interference-to-signal Ratio) 2] 4kl
1}-2 SNR & &2 SINRQ| A& o] 4 A a}o]r],

ok o] A QA 7ES 999% A F R E 7)FE 02 A EH o]l o) I&
4.4dBE 7Hg ¢S 48] 7= vlol

% 59 (a)¥= ISR=0(dB)% 7 - %] SINR #}-& 1.o]5=+=1] SNR=4(dB) ©]3}<!
A5 stol ] = Wl F A7)z 4.4dB o] 9] SINRES &8 4= flvh. A v
SNR=4(dB)°]"d & AF-oll= 294 W FA7] BERE 218 SINR #h= d=
I 9tk &= 59 (b)ol] A= ISR=3(dB)Y 4 $- Al &2 o)A Axghe YeERH,
SNR=-4(dB)°] ] 7ol = &2 SNRo] A ghH o} 7] wftol] =94 1l
844718 AH&3}3L SNR=-4(dB)©] 8}Q1 7kel| A &= SINRO] U Al gk 1.t} 2Fol-4] A
2914 W PA7] e A MVDR Wl §A47] BER dgty o F4F8k= AdE
UERTE I 59] (o) ISR=10(dB)°ll th3to] =913 W P4 7] &= SINR gko]
RE Frol A QA EY Fon 2 R E 7k MVDR Y] 847 RER
2k A= el

T 62 Hodvy o] A AA oo wE TPMSOA 21 & A 2] =] 2] 54 SNR
Zkell bl ek ISR & & = SINRE] #ke] A& 1.2l Aol

% 69] (a)¥= SNR=0(dB)¥ 74 -9-ISR & == SINR9| #k& HolFEr} & 69
(a)°ll A ISR=4(dB) 1<}l A SINR #ko] fFAastebr] A8k 7-1ko] &4 8h+=T
o] Tk 29 A Wl A V] B2 F2E Tt SINRO] A AIFL o] 317) ¥ o
MVDR Wl §4]7] R =2 A%y = A5 YEldth & 69 (b)v= SNR=10(dB)¥
745~ 1SR 3 &3 SINR 9] #t2 YER =], ISR=3(dB)°l| 4] &4 ¥ SINR #ko]

A A gk E o} 2ol 4 MVDR Wl 40 7] =2 Agtd A 1l
A 2 5 69] (c)oll A SNR=20(dB)Y 7 $-¢] ISR & % ¥ SINRQ] #1<
LB =], ISR=3(dB)°ll A 1= 62] (a) B (b)2F o] =93 W G4 7]l AM
MVDR H! &Al7) 2 A3E = A9E BoEtl & 69 (a), (b) 2 (c)°ll 4] SNRO]
A A kR 2H& - gbo] kAl ko] =91 Wl YA 7] R4 MVDR W 47|
RE®R Aty A8 Fegd 5 9l
= Bl o] 285 TPMS+ SINRS 54 A gkwv & =
S 293 YAV RER Sto] B = ] A7) 7} “FEE AL
22914 W A7) F¥ 9] SINRO| QA gk} vrolx] &= 7 - 14l o] o] gk g &3t
_/[: ]

r

.



10

WO 2014/106969 PCT/KR2013/002715

[73]

[74]
[75]

[76]
[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

Aol FAH = e 2 Ymul) S F4 ko] 414 #4818k MVDR
9718 ARG S

o] 9} 7ro] ko] A8 TPMSS] 215 x| ¢l uf =3 TPMS 215.9] t]o]
&S el ate A ES A7) 98 AOA HIE] 7]nke] =94 Wl &g 7] 9}
MVDR ¥ @4 7] & SINR gkoll whe} A8 4] 0 2 Ap&-8f+= sfo] W] = 1]
718 Ao A el 71Wke] TPMSOl| A SINRS] =171 whe} 1l 94
DEE HSHOR AAF] A AA A L BAL &S ZU A A
Wep A2 A QL vlo] Bl & A& Aol Al Alg 7hs ek Bk of e, BRo] o) ' AL {39
= 5 (gold code)E F-0] 3 0 7 TPMSS] AH AR E AT = 7] 4SS

S715F U E E A 2R o] ek 22 A Ao ek AR
4], Vol 7 No. 3 pp. 285-290, June 2006.
21 A, 25, “Blo]o] F 71k 1hA] Al =8 V)% B ARSI T TR

#1208 A6 pp. 167-177, Dec. 2005.

-

(3] # 4, e, 49, “RE $54 HES 0] 83 Bholo] o wijE Y
A 2= BY(TPMS) @] 7] 21775 414 38 % g 82 0] 3] = 5-4), Vol 15, No. 1. pp

167-168, 2004

[4] A Af, A9, LA, “TPMS A= #1375 E shH Al
gkt Al A 8F 3] %], Vol 14, No. 4, pp.265-271, 2005

[5] M. Brzeska, J. Pontes, G. A. Chakam, and W. Wiesbeck, “RF-Design
Characterization and Modelling of Tyre Pressure Sensors," in Proc. EuCAP 2007,
Edinburgh, pp. 1-5, Nov. 2007.

[6] A X E A, “xpF-G b D ek AR S ukar Bl 578 &, July
2005.

[7] John G. Proakis, Masoud Salehi, Gerhard Bauch, "Contemporary Communication
Systems using MATLAB and Simulink", Brooks/Cole Publishing Company, June
2003.

[8] R. A. Monzingo,, and T. W. Miller, "Introduction to Adaptive Arrays", New
York: Wiley, 1980.

[9] Yu Yang, Jiang-Ying Wang ; Zhong-Ke Yin, “A new approach for source
localization of wideband signals based on matching pursuit”, ICWAPR '07, Vol. 3, pp.



11

WO 2014/106969 PCT/KR2013/002715

[86]
[87]

[88]

[89]

1020-1025, Nov. 2007

[10] Seun-gil Kim, Yang-seok Jeong “Array Signal Processing", =3} 51, Sep. 2007.

[11] Ollila. E, Koivunen. V, “Influence Function and Asymptotic Efficiency of
Scatter Matrix Based Array Processors: Case MVDR Beamformer”, IEEE
TRANSACTIONS ON SIGNAL PROCESSING, VOL. 57, NO. 1, JANUARY. 2009.

[12] Benesty J.,Jingdong Chen, Yiteng Huang," A generalized MVDR
spectrum,”IEEE SIGNAL PROCESSING LETTERS, VOL. 12, NO. 12, pp. 827-830,
Dec. 2005.

[13] A |, 82 <, «ofrlal = 1Htke] TPMS "] o] &l A1 & A #-4

717 Gk A 248 A1 8EE] 2011 A58 eked] €] %], VOL. 5, NO. 2, pp.167-170,
Nov. 2011



12
WO 2014/106969 PCT/KR2013/002715

ATHY
[ 1] TPMSol| A A& =] 2] HH ol lo] A,
TPMS Al A F-o| A e HAES 7| AW g1 54 oW EE
TUE Y= g4 o,
SHAEM ol o Ao x4y otel| Y=
Ao Y UEH A3 go]e & 41
A 2] %] o< ] TPMS & A H =
719 R upg) v L HAEH
o) E 2l& o] W& 24 ska A& o -] H #21](SINR)Z

%745 345,

N
N}
1=

(773 2] A 13kl %1017\1,’2}7] ]/‘4;‘4% HEE,
0}7]/] T2 1} -2 AOA(angle of arrival) ™ of] 7]dkel =~ 9] A
194 7E A W o] 48 Bo) 24 QA S o bl 2
 dloly Alsel ek WS 245k =9 W ¥4
A= 54 05 aF= TPMSOl A Al = A 2] .

[ 7% 3] Aol de) A, 7] 71448 E o] Hgh o g Aok

q = s
Al Al AT '6} 01 akQl 45 0*7] VA E REE HA
o}

MVDR) W g4 == 8t} 4F7] MVDR W 97 R0 A
t]o]E] A& o] AL R alo] HA AE AL& Aol Al FA TS
E2 02 3= TPMSOll A A5 = 2] v,

[T 4] A3kl Qo] A, %71 MVDR ¥l 978 R ofl A =,



WO 2014/106969 PCT/KR2013/002715

]S EA 07 = TPMSO A A& 2] 2] W,

2
=~
oSt
=
x2,
2
2
0z
N
N
=
ofy
)

[ 7% 5]

o2

[Jlr 1.40

e

i)
A7)E 7A=Y A E & Al EHo]
AL, 7S] dlE A = 9 null) <
£ o= 3= TPMSH A 215 A ¥

o o Ly
ol
L
ok

& = R oX
N ofl

_OL
£
= (o (m
il fu 2

of

o
2
pac
2.
>
0%
~
~
s
o,
(i
b
Iy
o

SETE

il

a7 3ke]

2

[ 7% 6]

A
o

1o o

E 4 L
o 9

i)

ol
d

Ha, Wi A = )-&Eh=
2 0 7 3F= TPMSO A A& 2 ¢

iy 1>

>~ o

>

ofo offl ol

o S rfr
e

Jn 1w

N
-

o
% ol N,

=
N
w
SN
I
g
o
N
w
N—

[a—
ot
=
2
X

[7d - 7]

e

N

to

e

o

o (@ &Y

E

o
n
i
S, 1
oo to

= 51=(gold code)
= TPMSeol| A Al

H
o

Cox M
ol
-
N

0=
=
0
2

[ 7% 8]

ox b MM X S HToox X
O e
< u

[
B
oL Q_>|L
~
to
e?
2
m
1o
~
X
)
i
o
ujis
e ol
A
— o
o
=
Il
rlr

~

oz fr

R A u !
(0]

cie (i

ofy Mk 2
w9 ox 1o

)

_}]‘_rl
RS

oL & fo
> % o |

2,
[E—
ot
=
32
2
X
o,
~
—
5
=
w2
A
>,
aly

[ 7% 9]

X
2

i l_ﬂ
i

o

&l

>,

of

ol

=)

Wi

- =

ol o,

5 16 °
2

b
ON
o
Q,
=
~
X
o
i,
N
1
mO
(N
il

3= TPMSOll A Al & =] 2] HhH.
[7d -3} 10] TPMSOll A Al & 2ol o)A,
3}7] AlojHo] Ao] el . HAEH &

=
)

i@,
o

I
o,
o
ftl

2
&g
N

s
rO
=
T
=
2
3
i
i



WO 2014/106969 PCT/KR2013/002715

>,
fol
il
=3
r U
_O|L
k£
0%
~
=3
riot
i,
)
N
i)
>,
fol
il

il

okl o
XN

2

e« < s R T ST T AR i)

&Moo o ojo

_0|L4
=3
riot
4z
2

o
=
0
N

ol
o
L
E o
S,
> o
=
B8
& Z
ox &
N ﬂllm
N, e
™

e T2

O
~

dr o2 oox g 1m fol
_OL

o oo Hr e i =

2
ol
ol

1o 30 b Hroom = o> M
fl = 2
<

i
A e oy

> N
QOE_IEOE]:\]

oo

=

o,
i
!
Iy
-

[a—
o

(g8 11]

-

~
m}i

= AOA(angle of arrival) ¥ E] of] 7]9kgl =~ 9] A
9] 2= F8 24 LB A EQ| QY=g
gk WS 248k 29 W G4

O = 3F= TPMSel A A5 A 2] A,

A
ol
P
T
O
s

Mo,
=
o,

by )y g O 2 B oox @ me BN e >
N

(M e
oﬁ o,
>,
fol
é

514
o
A

(7878} 12] A108tel oA, F7] Ao]F-+=,

Sh
2
=
2
S
olo
EXL

(Mlmmum Variance Distortionless Response :
MVDR) ¥ &4 R == Hgsto] 47] MVDR ¥ g4 BL=oll A
dlolg] Az o] A2 asto] LA A& AREAtol Al A h=
£ 0 & 3= TPMSOI A Al & A 2] A,

[78 7" 13] 128+l Qo] A, 7] MVDR ¥ 84 o] A=,
ah719 A e A7) e DL o] Gho] 44
SAZ] M RE £ Aol sl Y 9

7t A W E & Abzshal, A7) At 7he A WE =

_ 1
WMvDR [ a;’ ()R] 'a; (45)] R; '3, (¢)
Fejl e 5 o2 3= TPMSOIA A5 A& 4.

minWHRZW subject to a3 w=1



15

PCT/KR2013/002715

WO 2014/106969

oA, 7] 7ha ] WE =,

@l

A13

4 14]

er

[

G4 5to)

=
=

El
A4 = 4 (null)

ISl

Hl] A
(=R

7HA =

Fol 1] A7 &

)

of o

e
=

"o
T X
o wro

off 1o A, &7] Aol 3=,

&

A10

4 15]

er

[

fiie)

off 1o A, &7] Aol 3=,

&

A10

4 16]

er

[

e

ko)
]

= (gold code)E H-¢]

RETAS o)
i e A

A E

X



175

WO 2014/106969 PCT/KR2013/002715

[Fig. 1]

114

113

115

116




2/5
WO 2014/106969 PCT/KR2013/002715

[Fig. 2]

IIEEE 828 SH 0[HE SUHY (210
DLEZ 21 34 212

JIERE 20 Mk e =8 (214
SINR =5 216

218

220 MVDR & €4 BE= ME 0
GIOIH ¢dls 24 I~ 222
H A 224

L

( =2 )
o IT



3/5

WO 2014/106969 PCT/KR2013/002715
[Fig. 3]
300
314
= % -——— MR- 7

q { | |
310 312 i 318 A{ HIDLL'_%—
|
[
| _
[
[

| HA®
320 oC Megs |
|
Lo o ] g
S 324
322

[Fig. 4]




WO 2014/106969

[Fig. 5]

e B e L

4/5

2 S

=
%
%
i
i
i

#

-

[PANAN S -

rrrT

3

R

e
¥

¥
3
i
¥
o
i
3
¥
¥
3
e

o

i
£
]
#
4
k]
i
E
£
A

e B s e aed

R R

¥

R B Y

i

Beoswe o ow o he o s o B e

#

S e R R

o
&

¥
i
3
E
¥
3
{0

I

(@)

T LI TE

¥ 3
¥ ¥ ¥
H ¥ #
¥ ¥ ¥
¥ ¥ %
¥ ¥ ¥

&éﬁﬁﬁunaéﬁihana&ﬁ-ﬁhah!a»ﬁ-ﬁnana»ﬁhnaaa»ﬁ-ﬁnni

¥ ¥ ¥
¥ ¥ ¥
¥ ¥ %
H # #
L ¥ %

;SR
# £
# ¥
¥ ¥ ¥
¥ %
* #

B R
¥ ¥
¥ ¥
# ¥
¥ ¥
¥ %
s e e e e o o o B e e e e o e e of

#
¥
¥
¥
#

&

—_—
O
~—

égcm e s

=
et

e R T R

b a o w t e d  w

o

e e e

e

¥
¥
S
¥
e e e sl

T T Ty
H
#

%
¥
I s s T T T TTTTYT

i

H
i
#
#

dn

3
¥
¥
¥
¥
i
0

(c

5 10

)

PCT/KR2013/002715



5/5

WO 2014/106969

[Fig. 6]

Output SINR

Output SINR

Output SINR

¥ ¥ ¥ % )
E ] % ¥ ¥ £ 3 H
ﬂﬁ P S R O,
¥

¥ ¥ ¥ ¥ £ ¥
¥ ¥ 3 3 £ ¥ ¥
k] % ¥ ¥ £ ¥ H
i ¥ % % ¥ ¥ i
gi.* M ,.'QH.*«@:;»****:****»}.»***w}\-**‘-*‘«»«*
& & &
¥ ¥ ¥ £
¥ 13 3 £ ¥
ﬁ ¥ ¥ ¥ £ ¥ H
e A T P T e e e e e
T ¥ ¥ ¥ % ¥ i
¥ ¥ & ¥ ¥ £
¥ ¥ ¥ ¥ i )
¥ ¥ ¥ ¥ ] %
4 (R T TR S S T SRS -
¥ ¥ ¥ ¥ £ ¥ ¥
¥ % ¥ ¥ £ ¥ ¥
¥ % ¥ ¥ £ ] ¥
¥ ¥ % % ¥ ¥ i
e ¥ % ¥ ¥ ¥ L %
2 g e L R T e
H [ ' ' % s '
¥ % ¥ ¥ £ ¥ ¥
¥ ¥ ¥ ¥ £ ¥ ¥
3 % ¥ ¥ £ ] H
ﬂ H H H i :
-1 0 1 2 3 4 5 & 7
H T T T T
¥ ¥ ¥ £ ¥ ¥ ¥
1ﬁ [P N S S ST T S
k] % ¥ E ¥ ¥ ¥
¥ ¥ ® ¥ e %
¥ % ¥ ¥ '
E ] % ¥ £ 3 H ?
e & e e b o o b e e o
3§" ¥ [ ¥ i [
3 £ ¥ ¥ ¥
k] ¥ £ ¥ H ¥
i % ¥ ¥ i ¥
¥ ¥ & ¥ % ¥
6?%%%*&& E3 B R e R
¥ & # i ¥
¥ [ ¥ P ¥ ' '
¥ % 3 ¥ ¥ ¥
¥ ¥ ¥ ¥ H ¥
rommedamonetecmmnbomnodeennehonnomhseendnon
H + i % [ l i
¥ ¥ & * ¥ £ ¥
¥ ¥ ¥ # i ) i
¥ ¥ ¥ § ] % 3
1 ¥ % ¥ L ¥ ¥ ¥
2 g S A g o o
¥ % ¥ £ ¥ ¥ ¥
¥ % ¥ £ ] ¥ ¥
¥ ¥ & § ¥ i ¥
¥ % ¥ & ¥ L ¥
ﬁ i 3 i i i
-1 0 1 2 3 4 5 & 7
) i * 3 i
H I’ ¥ £ ¥ i ¥
1ﬁ i o o o e o b el o
¥ i ¥ E & &
¥ % ¥ § k&
¥ ¥ ¥ £ ¥ ¥ ¥
¥ ¥ ¥ £ ¥ ¥ ¥
8 TR SN ST 8 LR R SRR
% 1) E ¥ H ¥
¥ ® ¥ ¥ i '
¥ ¥ & L % ¥
E ] ¥ £ ] H 3
¥ ¥ ¥ & ¥ i ¥
ﬁ*q—q«i«« % e o T R R
¥ ¥ £ ¥ ¥ ¥
k] % ¥ # ¥ H ¥
i ¥ % ¥ i ¥
¥ ¥ ¥ ¥ % ¥
@ o e B e o e e e e
¥ % ¥ & # i ¥
¥ [ ¥ £ ¥ ' '
¥ % 3 £ ¥ ¥ ¥
¥ ¥ ¥ £ ¥ H ¥
i 3 % ¥ k] ¥ ¥ ¥
2 R L T T I N .
¥ ¥ & * ¥ £ ¥
¥ ¥ ¥ # i ) i
¥ ¥ ¥ § ] % 3
¥ % ¥ 3 ¥ ¥ ¥
H N H

e
L
i
Iy

O B

—_~

4
£y
(o3}
o

PCT/KR2013/002715



INTERNATIONAL SEARCH REPORTY

ntemational application No.

PCT/KR2013/002715

A, CLASSIFICATION OF SUBJECT MATTER
HO04B 7/02(2006.01)i, GOIL 9/00(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Mintmum documentation scarched {classification system followed by clas

sification symbols)

HO04B 7/02; B60C 23/00; GO1L 17/00; GO1S 13/88; B60C 23/02; B60R 16/00; B60R 16/02; B60C 23/04; GO1S 13/93; GO1L 9/00

Korean Utility models and applications for Utility models: IPC as above
Japanese Utility models and applications for Utility models: IPC as above

Documentation searched other than minimum documentation to the exient that such documents are included i the ficlds searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS (KIPO internal) & Keywords: TPMS, AOA, MVDR, antenna, critical value, SNIR, event, switch

C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category*® Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X PARK, Cheol et al., "Hybrid TPMS Beamformer Based on Switching Beamforming and 1-7,9-16
MVDR", The Korea Institute of Electronic Communication Sciences, Spring Journal, vol. 6
no.1, June 2012, pp. 157-162
See page 157, left column, line 1 - page 159, right column, line 15; and figure 2.
A 8
A KR 10-2012-0010711 A (MANDO CORPORATION) 06 February 2012 1-16
See paragraphs 5, 9, 18; and figure 2.
A KR 10-2010-0039068 A (MANDO CORPORATION) 15 April 2010 1-16
See paragraphs 9, 22; and figure 12.
A JP 2010-0156566 A (TOYOTA MOTOR CORP.) 15 July 2010 1-16
See paragraphs 5, 9, 18; and figures 1, 5.
A KR 10-2012-0106142 A (HYUNDAI MOBIS CO., LTD. et al.) 26 September 2012 1-16
See paragraphs 8, 14; and figure 1.

D Further documents are listed in the continuation of Box C.

* See patent family annex.

* Special categories of cited documents:

“A"  document defining the general state o fth& art which is not considered

g ir

0 be of particular relevance

“E”  earlier applica ional
filing date

“L”  document which may throw doubts on pricrity claim(s) or “,mcn is
cited to establish the publication date of another citation or
special reason (35 specified)

tion or patent but published on or after the interna

“0F  document referring o an oral disclosure, use, exhibition or other
means

P document published prior to the international filing date but tater than
the priortty date claimed

“T7 ater document published after the international filing date or priority
date and not in contlict with the application but cited o understand
the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be

d novel or cannot be considered to involve an inventive

step when the document is taken alone

“Y”  document of particular relevance; the claimed invention cannot be
considered to mvolve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

i £

“&”7  document member of the same patent family

Date of the actual completion of the international search

03 JULY 2013 (03.07.2013)

Date of mailing of the international search report

03 JULY 2013 (03.07.2013)

[\'m’u: and mailing address of the [SA/KR

; Korean lntellectual Property Office
Government Complex-Daejeorn, 189 Seonsa-ro, Daejeon 302-701,
Republic of Korea

Facsirile No. 82-42-472-7140

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet} (July 2009)




INTERNATIONAL SEARCH REPORT

Informati I ) International application No.
nformation on patent family members

PCT/KR2013/002715

Patent document Publication Patent family Publication

cited in search report date member date

KR 10-2010-0039068 A 15.04.2010 NONE

KR 10-2012-0010711 A 06.02.2012 NONE

JP 2010156566 A 15.07.2010 NONE

KR 10-2012-0106142 A 26.09.2012 CN 102679953 A 19.09.2012
CN 102680952 A 19.09.2012
EP 2500745 A2 19.09.2012
JP 2012-194169 A 11.10.2012
KR 10-2012-0106143 A 26.09.2012
US 2012-0235851 A1 20.09.2012

Form PCT/ISA/210 (patent family annex) (fuly 2009}



TAZYAHE
A Z AR LA PCT/KR2013/002715

A, 290 £ VIS EFSAEH EFAPC)

HO04B 7/02(2006.01)i, GO1L 9/00(2006.01)i

B. ZALE Eof

ZAE A2 EAFAESEFE 71 A)

HO4B 7/02; BBOC 23/00; GOIL 17/00; GO1S 13/88; BEOC 23/02: BEOR 16/00: BSOR 16/02: BBOC 23/04: GO1S 13/93: GOIL
9/00

ZA E 7 e Boto £3lE HATEH o9 o B
@'%%%’é‘%ﬂ%%i ‘jxl @'i‘% H/‘.\E.l—%—/‘\_[?_l——g'—y_ }_/\I_%_ ‘%Ii%;:;% I 7IXHQ 1PC
%E‘%%Q%éq_%i ‘jﬁ] %E—%ﬂ}@—%—/‘\_q_—g’—y_ }_/\]_% ‘%]—/J\—E_:__% ] ]XHQ 1PC

AloJE o] 2~ 9] 75 B8l Ao Fat= 4 -1)

T A A ol o] &1 Ak (T
& 719 = TPMS, AOA, MVDR, <QFelv:, AAZk, SNIR, o|HE, »~9X

eKOMPASS(E-31 % W5 A A

7hel e Aderdd B gd FAEIFsE 499 71A 4 373

X ubd o) 19, 29 A WA MVDR 7|Wke] slolB = TPMS B A7, Fh=A 1-7,9-16
AZA18 8 A8t AeH A|15, 2012.06, pp. 157-162
#olz 157, 9% A®Y, #¢1 1 - #o]x 159, LE2% AdY, #9l 15 4 =¥ 2
27

A 3

A KR 10-2012-0010711 A (54 g A} whE) 2012.02.06 1-16
wek 5 9,18 9 =Y 2 #HE.

A KR 10-2010-0039068 A (F2]3A} wF&=) 2010.04.15 1-16
wek g 22, ¥ =y 12 ZF.

A JP 2010-0156566 A (EQE} A== F2413A1) 2010.07.15 1-16
w2t 5,9, 18 ¥ =9 1, 5 FE.

A KR 10-2012-0106142 A (FhRn]2= FA 8} 9 19) 2012.09.26 1-16
wek g, 14 2 =1 AR,

T FASAY B 909 Fol FAE A0, 2A} e
g o8 2wl 725k 9 Qe ol &g olaal] el A8 H
© ra
5.
Xt 2ue Bel 9t B4, 3% BE shiwo s A7 E wyge) 4
T EE AR o] gl Ao v
YU S8 wel Ak B, 3% Bdol 3t o] 4o e R
EqerE 7 42 1 x50 B Al AR A4 378 0
2 ARyl 9 AoE Bt
‘& B 5 Rl Hoh B

HAsPHE 82-42-481-8264

Qimisuunﬂm
A2 PCTASARLO (7 A 8-21) (2009d 79)




=83
A 2 AR T A SAEAN
U SE o] B AR PCT/KR2013/002715
Z AR T A o & . o o -
jjxjg_]% _;%%%OH ] M 553 EH s 7hd
KR 10-2010-0039068 A 2010.04.15 =
KR 10-2012-0010711 A 2012.02.06 =
JP 2010-156566 A 2010.07.15 =
KR 10-2012-0106142 A 2012.09.26 CN 102679953 A 2012.09.19
CN 102680952 A 2012.09.19
EP 2500745 A2 2012.09.19
JP 2012-194169 A 2012.10.11
KR 10-2012-0106143 A 2012.09.26
US 2012-0235851 Al 2012.09.20

A2 PCT/ISA/210 (U655 57187 (20091 7€)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - wo-search-report
	Page 24 - wo-search-report
	Page 25 - wo-search-report
	Page 26 - wo-search-report

