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R 205E 83 1,036 1,119
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2 BIERAZRUWBDHMTEEESIIAR UV THERETRILO RGN
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TRRISEEDNERIZEWLNT, UWBII3FEEZBRICZEOERKREICHLTERMTMEHEDRELZH S
LESNTULNS, CD1=H . UWBDE RIKRIZDWTRAEZ1THOT-,

ERQIEERIZCBVNT. B R OHATESHIEE518,6208 2B F->THY . YEDFTAIZHERERAEA
TLWVEW, EENEFLVNVERELT, ERELELAN(IEEE802.11n) R D HIE L (FRL194E) . UWBDERN
REFEHAPEREREADEGEVS-FHELOHNLGEENEZLONS,

WiFi (IEEE 802.11n) EUWB&E D LLER

IR 2.4GHz. 5GHz 3.4~4.8GHz. 7.25~10.25GHz
F R )LIE 20MHz QF ¥R JILET/A\VKR)LE] 500MHz
BE,
EEBN 10mW/MHz -41.3dBm/MHz
T RE B K600Mbps (F¥RILIR T4  ExK480Mbps
+MIMOBF)
1B{S ER B 100m (ZEHRLAN) 10m (ZEHEPAN)
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——EE
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3—1 oY —FHBUWBER AT LDIEE
o —RARUWBER AT LIE. U7 ILAALBISIS AT L . RTLS (Real Time Location System)
BRI AT LELTHD=Z—ADNEL FRKEEDODEAKENS, BABEICEVWTHLEICREERVRE
XIZBLWTYREEBORELX A TAVATLELTEASNSEEEINSD,

wem | LERBEROLT OSBRI —FEREMRALTEERFOMERL, FRELE DR,
FYBELZAMHS D FlH%E % ER

-BFRICEESN-BER (&>
HY—). BEIR(2Y). HEHS AT L |
':J:U*ﬁms EE%(iXUILE/ﬁ&U 7 —
B{E RTLS'U'|—/\— WMS/MESH —/{— THR— R
CBIGIFERE (L, 20 ~ 30cm, UWBE | Ac—®&# Hus \ ‘ f AN
S(LE IR BB DA< EF | I L
' . Z;E}ﬂ-&ryh
+ AMHS (B B L 7H455) . WMS 5 S B R I lietd
(BEEXEEYRATL) . MES(EE EER <tom~3om> EER EER_ - -~ R
RITVRTL)ELEE I \ \\:\\,\ FELLAN
I m~30m
~ izﬁb%_@ o @E B W &
(] e inys W) s E* %ﬁb?ﬁ ﬁ
TR T8 **f“ L h—k ﬁw
NI IACEV REIV7.BEIUTZ(REE. ). F£T)7

AMHS : Automated Material Handling System WMS:Warehouse Management System,

MES : Manufacturing Execution System
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IEEE802. 15. 4a

« |IEEE802.15.4al%. #1Hh TUWBZEFLV-{EL—FWPANMDIZAEIRIR T BRI =M, FRK194E3 AIC
3L,

o [EEIR K EIER MG R E R I -5t CTE=HBPSK+BPMZESAZ1% A,

o BENGRORIE-BMESR—FT B0, BHA3REODTIT7UTILEER,

INSA—H BE
F—AaL—k 850 Kbps
o I—kLAXRaY ALY
INILRER A—ILA27EH 0.6
FEH BPM&EBPSKDFAEHE
o RSFF S +EBHRAAFE
RUETERHS =1L, 2EH#ITERT
S I9PRF 15.6 MHz & 3.9 MHz
(9"'::‘1_771/');'; 499.2MHz
FUFLILGEE 31E vk
FrRILTIER ALOHA




3 U—HEZEUWBERI AT A 10

3—2 IEEEDFFA |
IEEE 802.15.4a)UWBF¥ A JL

FrR)L b ERE  -3dBEHIEINE

55 (MHz) (MHz)
1 3494.4 499.2 AT
2 3993.6 499.2 73>

O—/\

‘ 3 4492.8 499.2 ;lZ(Z,E/ |
4 3993.6 1331.2 . WAV
5 6489.6 499.2 73>
6 6988.8 499.2 AT
7 6489.6 1081.6 73>
8 7488.0 499.2 AT 3>
\f/\R
9 7987.2 499.2 / ,'!\'gﬁ"‘
10 8486.4 499.2 73>
11 7987.2 1331.2 73y
12 8985.6 499.2 A7
13 9484.8 499.2 AT
14 9984.0 499.2 73y
15 9484.8 1354.97 b

\

- A
T—3L—kD
FIEALZ TN

E R TEATRE
\ J

v
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3—2 IEEED A |

IEEE Std 802.15.6™

« |EEE802.15.6(%. Body Area Network (BAN)D7=6H DIZZEFRIE, FFRL24F2 A IZHKER. FR24F2R8 2981217,
o ATANINT —BEATAHIARUIDMBET VEATEDLSIZHESN ., thDIZERF BRI,
o HBEBDOMACEL3DDPHYMLIER(T—2L—bF 970kbps~12Mbps),

« UWBDO—/N\URENANUREFERL. ENETNHERILE(ICHEA ST v+ )LEmandatory& L TRE . TRITHI
EIZBIT5T—42L—FD&IRALEMES . BRTIEA—N\UR2FvRIL NAINURSFvRILDFE AN EE,

Band Channel frce:gtr;terr?(lzy Bandwidth
group number (MHz) (MHZz)
1 3494 .4 499.2
Low band 2 Mandatory 3993.6 499.2
3 4492.8 499.2 —
4 6489.6 499.2 7—3L—+D
RN TR
5 6988.8 499.2 & P C s AT AL
6 7488.0 499.2 —
, 7 Mandatory 7987.2 499.2
High band 8 8486.4 499.2
9 8985.6 499.2
10 9484.8 499.2
11 9984.0 499.2
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'3—2 IEEEQEM

IEEE Std 802.15.4f

12

« |IEEE802.15.4f(X. Active RFIDD 1= MDIZAEFRIE, TER24FE2 B 2H&EE . FER245F4H20H

[ZFE1T,

« IEEE802.15.4MMACZFFLY, 3SDDPHYZE -
¢« UWB PHYIZIELVPRFL—k&ESD DT ILIEZE SR A XAV

250%1=1£1000 kbps (OOK)

\31.25 kbps (PPM). )

TGA4f
UWB UHF 2.4 GHz
PHY PHY PHY
//i‘>l4‘:6289.6 — 9185.6MH2\ /({>I<‘:433.05 — 434.79 MH? /(ﬁ“/lf: 2400 —2483 MH)
T : OOKZET=IEPPM FFER : MSK &R : MSK
T—HL—F: T—HL—}: F—HL—F:

31.25, 100, or 250 kbps

\ J

250F1=1%1000 kbps

\250 kbps W,

PRF: Pulse Repetition Frequency , OOK: On Off Keying, PPM: Pulse Position Modulation , MSK: Minimum Shift Keying
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RTLSODE K&

EW@UT)L’)‘M.L\ AL AT LTHIGMIIE ENYDDHS
WiFi/UWBA—X . 20184 $0.25bilioni35 (IDTechEX$t F8l)
— WIFICHNERMBEEINEE > PREEFICIIFEZLZL
— HI1ImOISADGBERAIZUWBIZLYER TEAMNARMNERDRYY
— IEEE802.154aEMlDF VT H AR IN - EF IS ERRITIBE EADED LTINS
— BETE HEEEX SN, B FES) TS/ UEE-RKEERE. FAITEEEE

RTLSD A R LR

|ARLAN UWB e
NERE ~3miZE ~30cmfZE BREE
A 5 #i B ~30mi2E ~30miZE EBREE
BitmFan ~14 ~34 HA G FIKIRIZT
maA N TDOAfth TDOAfth

TDOA: Time difference of arrival
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EERITIZHIEZRI—L7 YT LT
Ubisensett M POSCO. Zebratt M7 I 5 E 25 ik
2011/119 > 7 )L H T (decaWavett /74 ILSUR)

KIFREFI&HY -
|EEE802.15.4a2EMLDFv TRAF :

= UWBDIXFDEEMERRINNIL, B/ TIZUWBHARTLSD EEHMICHIELDEHFEIND

R ANE 1 FA 5] w5
Ubisense CHE, B EARUE BMW. AirBus, POSCO((&E, #45). 2011/8 HE TR

+5.8~7.2GHz(6.4~7.6GHz)
-TDOA+AOA, ¥E10~30cm

Cummins(:K. BB E&RMm). KEEE

Zebra KE., BEAVY R EMEMTE
-5.94~7.12GHz (6.35~6.75GHz) Voestalplne( /f%fﬂﬂ[ll)\
-TDOA, ¥E ~30cm, L2 ~200m Washington Hospital Center(# . #%&R5%)

TimeDomain | -KE., FyIRUH UWAB radar fence detects, tracks,
-3.1~5.3GHz TDOA? locations, classifies targets.

decaWave "TFAITUR  FITRUHE 2011/11 #V7 L.

-|[EEE802.15.4aZ#£#lFvJ (DW1000)

2012/Q3 EEFTTE

Ubisenseft DUWBHIERENS AT LREAFEFVE

-« bbb

ol

e
(D bisen
‘

http://www.ubisense.net/en/rtls-solutions/research-
packages.html

Uss milions

3,000

2,500

2,000

1,500

1,000

TDOA: Time difference of arrival. AOA: Angle of arrival

a| SUE T
Ci---.

2008 2005 2010 2011 2012 2013 2014 2015 2006 2017 2018

IDTechEx Forecast of Global RTLS Market
by Value 2008-2018
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3—4 Y —RARUWBERVATLOERTFA. EREEF
L Y —FRUWBERS RTLOER TR |

1THAVRTL)HEYDE S —UWBT NS RE, BNEDOFAY—UEBFEASHE, F1150~
2007 NARRRETHY. KRBEGITHETHoTHL500T /A ANRKEBESND,

U —RARUWBER AT LAOEARIL., FIARBISAOIL EYERIZEWTIE, FEMEVSE
HERIENDA, HEBELZRLVED . [RIFHEENIKELLDEEZOND,

ERY—4vrDFEEZEELIIGE. TEOT /NAARBREHE A0FRICTIKI6FT /NI X, 155#
[2ENTIEX 900V AT L EKI8BTNAANERTHELDEFHSND,

18 /‘/'*4 1800
- 7_:/ f’fxﬂjﬁﬁ%mi\ 5@%)‘—ﬁ£%§(I&LT 1 6 - _ . -I 600
BEER) K/ BAZRELLE, ERY—7 Y 4'_u' - YATLHE
(FELCHREER) £ERLCHE o 14 1499
12 1200 &
I IEHFYDENTFNANARBILENEE. BN 'E% 10 1000 &
BRaE S E LU HER
B SE StE &L U HERI E 3 300 f\
REIEVEDE R T/ R = 180,000 T34 R :& 6 600 R
N4 400
CRRFVEOERSRTFL = 900 oxFL  HE ) 200
0 0

2013 2015 2017 2019 2021 2023 2025 2027
FE
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BV —ARUWBERS R T LDEREE |
RTLSIE. TIHZETORRAICRESNSEZEZONSI=H. BEFARUWBERE L ATLDEIIZTA
LFUDTNARBER—RELTERFZFEDEEEITOEITELETIIEWN, COD=H., VATLE
BATAIEOMFHET LITEZERM E1VATLBEYDEH—UWBT /INA RSB T/INA R
MERD. AEMEDEIE TR I AEIZIVIOFERDERZRE (T/INMRA/km)EZEH LT,
WMERETHEEMIBBEXERUVRBEELL, HEXEDEHS.RILSZERICERATESDIEIHHIE
EHREOREVNTIHRICEONBZIEND, HEE100Z L LOBEMERNERELE, LU —AR
UWBEELR L AT LD AR EDEHENS, PATLDRAERFZHEEERVTEE D20%, 1A T
LHYDTNARYBERBETSECTHERAINSEEZZ 5N S500T /N1 RELT=,

. 2023F =5 T 5

HEE | 7Bk | &% | WEE | ek | af HEE | RBE | &
2H (7969) | (2501 | (5170)| (148) | (110) | (259) | 3779501 | 341| 253|583
R Qo | o | @sn|  an|  an|  @y| 21875| 4503| 4434|807
MR ks | 07| @3] @] @] | 24159| 2080 3084| 6064
EHR @50 | | @] @)| ()| 51650 2101| 1433| 3533
R ) Al @ o & A | 116363| 103| 026| 129
AR @ | @G| @ @| am| @n| 1885| 3924| 5873| 9797

X1 BAFNRFDE K EZHQ20%E 1R F UIFIBE LN2023FEDEEHE T * - SERE 1 8% H X EH SRS H S ) 2 4iE %138 FH
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EUY—ARUWBERS X T LOFBEEE |

1 FPEEDEZRS

BEARUWBERATLOFAZEL. EaRVb*1)DBRICE>TIkMH=YDEELILELLT
HEELT 1EQRYEEBRT 5T /N\ARAEE 2T /INA REATINA RELTHEZEITOTLV =, ZD
. KETFICEWNWTIE. 2T N\AM RADGEEI202FE S, 4T /A ADIHE(X2014FE F(210007 7\
ARKMIZET B EEZBRELTLV . BEXTAORELZBEA-BTELZ T,

o —FABUWBER AT LIZEWTIE, BNEOKERUVEAED THFOSMEIEN S, B
REITOIEIL(*2)ELTEHIOEILAERINAEDEREL-, BH. BILAIZIE., 1L E-Ys0T
INAADEET HEEELT,

1 Btk RAOBEE R-TBEBEFPLEL T, EROBRBENISATUNLYREICSBIEET >R VET—2
2L BEEBICSNTBRBEBDRELTS-ORESN=T IL—T DEE
2 FIREE
2023FIZHBITH S —HERUWBEIR AT LDFARELLT. TREEDOEZL S i (X
R) & ET HE97.97T INAR/km RS, -, BIERARUWBEE L ATLDERFHZREL-&E
B 10EZD2023FIZHITHERFEIFIOTNNAR/kMEL S,
UEhs, 2o —ABRUWBEIE AT LLEBERERUWBER AT LZELE-FEBEREL
107.97 T /M R /kmiEhE 3,

3 ERBICEITAFHARE

o —RARUWBER L AT LDHAZREI7I7TNAR/kMIE, TN/ ADEBELIKELTODIE
THY. ZEEIF1EILICERHD T NAZANFEL, BT N\AADREIFICERERTTHEITENL L
= > T RRBICHITAFAZEEL 97.97T7 /M R/km 1LY -YDRE T /\ 1 AETRLT-
[ELHD1-0. SHITIBFELLS,
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EUY—ARUWBERS X T LOREE |

£ —FRUWBER Y AT LOEBBIE |

-UWBIEB ZRIRBIICH 7 (TUWBT M ANUWBIEB b T 5A VEFREIDZEI&1£0.63% K2 U1.25%) .
-UWB Y AT LIZEE A ECLNFIESN TS H. 120TIVA TR HEERBICBLVTI 20T /M ADHMEBEEIE,

' *’Ezﬂl@t)bh‘n

HULBVLICEIERMRENTVSIE S EB2 I TRIFICEReEFNTIEEHD.
UWBT I\ ABEDDF iR |

e o 1)7\7_'A%7’“ 00)$i’3t)lx§&’é10t)b FHUWBT N A% E500, VAT LS 245l & iz E

18

BN}, UWBIESH TS TRERICHEITIIR LTI 2DESLMEE NG, F

FIA AR EBREMKUEERFERY
20234 &(16 1
WHRFLBUR | Ty ABnal” spspeim | 2028128195 IRBEEMKLIZ2023F 1285175
W\ m s | GBRRES | @k | BREE | 00FEREE) - LEE
ONERELTAB) | 20be AR L1 8 [FWAR/km?] | [FWAR/km?] [t)b/km?]
$¥Fﬁ;&oﬂ)§i&)
2[F 4,486 (5,170) 224 (259) | 377,950.1 5.93 0.0015 0.119
R AR 391 (451) 20 (23) 2,187.5 89.37 0.0223 1.787
)R 293 (338) 15(17) 2.415.9 60.64 0.0152 1.213
=8 365 (421) 18 (21) 5,165.0 35.33 0.0088 0.707
FREHE 30 (35) 2 (2) 11,636.3 1.29 0.0003 0.026
KB FF 372 (429) 19 (21) 1,898.5 97.97 0.0245 1.959
X1 FAFIRF DE R ZFEN20% € UIZIELD2023 EDNEZHEE (DB EMFTERERA)
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