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THE NEAR FIELD: DEFINED

&S MANY DEFINITIONS:

A \/21 FRADIANSPHEREOD

A 2D2/ )\ FPLANE WAVED X /26)

A 5 M2n iFAR-FIELD IMPEDANCE

_(877Q) LimiTo

A MANY OTHERSEé

Q. NFER® TECHNOLOGY USES WiFi | 2 4GHy

PHASE BEHAVIOR WITHIN ~A /3

Service | Freq. A
RFID | 125kHz | 2400m
AM 0.6MHz | 500m
ISM | 13.6MHz | 23m
FM 100MHz 3m
LPC 433MHz | 70cm
ISM 915MHz | 33cm
12cm
ISM 5.8GHz acm

M CHARLES CAPPS, "NEAR FIELD OR FAR FIELD," EDN, AuGgUST 16, 2001 pp. 95-102
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THE NEAR FIELD: PHASE
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HANS SCHANTZ, HARIFIELD PHASE BEHAVIOR, @005 IEEE ANTENNAS AND PROPAGATION
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P (kr)= Rx — BTxCRx 4
unfike( ) PTX 4 ((kr)z (k!’)4J
SCHANTZ, ANEAR FI ELD PROPAGATI ON

NEAR FIELD CHANNELMODEL
(LIKE AND UNLIKEANTENNAS

70
60 —— LIKEANTENNAS
28 UNLIKEANTENNA
-=-= FARFIELD
28 | | |
AM2w
Sl /
18 - 2odB/DE%EI .\..s ‘//
-10 + -
-20
-30 TT.I
0.01 0.1 1
RANGE(A)

L AWé 0OPA®ATIGN | EEE A

SOCIETY INTERNATIONAL SYMPOSIUM, 3-8 JULY, 2005, VOL. 3A, PP. 237-240.
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THE NEAR FIELD: PROPAGATION

PARAETER: e NEAR FIELD PROPAGATION ¢ PH Dva
TRANSMIT GAIN 60 — (0BY)
G;=1|-51dB = -70 _ N (PDEBI\E;\TA
E RECEIVE ANTENNA @ go + JEREn | o PH Ty
GAINGLy=|-53 dB E.:-J/ 90 £ \ g (DBV)
H RECEIVE ANTENNA 2 100 | o T T e
GAINGg,,= | -71 dB O 110 & ’00%
TRANSMIT POWER 120 £ vy iy
arE R 0.01 0.1 1
RANGE (A)

SCHANTZ. ANEAR FIELD PROPAGATI ON L AWé OOPR®ATION | EEE Al
M SOCIETY INTERNATIONAL SYMPOSIUM. 3-8 JULY, 2005, VOL. 3A. PP. 237-240.
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THE NEAR FIELD: NOISE

% Low GAIN RX OK, NOISEVERSUSFREQUENCY
IF GAIN > -NOISE 160

AA: ATMOSPHERIC

EXCEEDED 0.5% = 140 _f
AB: ATMOSPHERIC = 120 +
EXCEEDED 99.5% S
A C: MaN-MaDE (QUIET) z 100 N
D: GALACTIC = 80 +
E: MAN-MADE (URBAN) ?93, 60 N
Q. ANTENNA DESIGN & °° F
DEPENDS ON: S 1
A FrequENCY 20 ¢ I .
NOISE FLOOR : | L L1 1i1l] | | III}I ’I/'IIIIIII \\.I LI 1i1
RANGE 0 | T | |
A CoupLING (E vs H) 1.E+04 1.E+05 1.E+06 1.E+07 1.E+08
FREQUENCYHZ2)

INTERNATIONAL TELECOMMUNICATION UNION, RECOMMENDATION ITU-R P.372-8: RADIO NOISE, 2003, AS CITED IN
m NATO RTO TECHNICAL REPORT, i H INTERFERENCE, PROCEDURES, AND TOOLS, &®TO-TR-IST-050, JuNE 2007,
PP. 2-11 TO 2-12.
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THE NEAR FIELD: ANTENNAS

RN B )

C%ELECTRIC ELEMENT O%MAGNETIC ELEMENT
AVERTICAL POLARIZATION AHORIZONTAL POLARIZATION
AOMNI-DIRECTIONAL A OMNI-DIRECTIONAL

M HEINRICH HERTZ, ELECTRIC WAVES, 1893, P. 152.
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THE NEAR FIELD: ANTENNAS

L ]

L4 E Lt L

The Current Superposition...

JuUS.1IN7) 38BW|

O O | LEIYAV L |
O\ VERTICAL POLARIZATION

...Looks Like a Loop - <
kOUPLES TO FLOOR-CEILING N WVEGUIDEO
/&?ROPAGATES WELL

Antenna Current

QG ELECTRIC ELEMENT

ACOUPLES TO BODY
ANOT OMNI-DIRECTIONAL

C%HORIZONTAL POLARIZATION
HORTED BY FLOOR-CEILING A \WVEGUIDEO

m /&?ROPAGATES POORLY
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THE NEAR FIELD: ANTENNAS

QS QRTHOGONAL MAGNETIC ELEMENTS

UADRATURE FED
AVERTICAL POLARIZATION
A}UASI—ISOTROPIC PATTERN
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THE NEAR FIELD: ADVANTAGES

QLONG RANGE
- SUPERIOR PENETRATION
AND DIFFRACTION
- BETTER IN COMPLICATED
NLOS ENVIRONMENTS

QO HIGH ACCURACY Near-Field Far-Field

. Amplitude | T—___
= M ORE ﬁ.I_RAC KABLE Horizontal Electric Phase Horizontal Amplitude
N Polarization Masneti Amplitude Polarization Phase
PARAMETERSO neHc [ Phase
- . Amplitude | T~~__
MULTIPATH RESISTANT [ .. | ecric [Ameit ——
% Polarization M i Amplitude [ in Far Fleld |
LOW COST agnetic Phase '_'__,,--""_ ____________
B E I M P II_:E ! H W Vertical Electric Arl;[;\izgde Vertical Amplitude
OW R EQ U EN CY Polarization Magnetic Amplitude Polarization Phase
Phase | —
- LONG RANGE = LESS
12 Near-Field RF Parameters 4 Far-Field RF Parameters
INFRASTRUCTURE

7\
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NFER® VERSUS CLASSIC RTLS

ATIME OF FLIGHT/TIME DIFFERENCE OF ARRIVAL (TDOA)
- LIGHT TRAVELS 1FT/NS (30CM/NS)
- NEED 1-2NS PRECISION TO TRACK W 1FT (30CM) ACCURACY

ANEER® TECHNOLOGY

- DOWN-CONVERT TO BASEBAND (1.5MHz TO 1.5kHZ)
- 1 BOWS DOWNONS TO us
- TIME VERSUS 40MHZ CLOCK FOR HIGH PRECISION

7\
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|. THE NEAR FIELD
A. DEFINITION
B. PHASE
C. PROPAGATION
D. NOISE
E. ANTENNAS
F. ADVANTAGES

I[l. IMPLEMENTATION
A. OPEN-FIELD
B. IN BUILDINGS

C. THE QTE -500 SYSTEM EE

D. ACCURACY

[11. APPLICATIONS
A. SOFTWARE
B. PRODUCTS

AGENDA

A $ARTUP Q-TRACK CORP. HAS HOMED IN ON AN OFT-
IGNORED PHENOMENON OF RF TRANSMISSIONS AND
LEVERAGED IT AS THE BASIS OF WHAT HAS BEEN
DEMONSTRATED TO BE AN ACCURATE BUT RELATIVELY
SIMPLE TRACKING SCHEME. CALLED NEAR FIELD
ELECTROMAGNETIC RANGING (NFER), THE TECHNOLOGY
HAS A RESOLUTION OF 30 cM AT 300 METERS. THAT'S
ACCURATE ENOUGH TO RIVAL ULTRAWIDEBAND (UWB)
AND CONVENTIONAL TIME-OF-FLIGHT AND TIME-DISTANCE-
OF-ARRIVAL SCHEMES, WITH THEIR RESPECTIVE
SHORTFALLS. 0O

Times

M C. OTHER APPLICATIONS

MTT-S°
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IN BUILDING NFER® RTLS
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¥ ACTUALVS PREDICTED
RANGE
70 -
o | ST |
o B Hy e
50 | 4
= -
w40 |
O B
é 30 |
o u'GJ 20 i xxx)f': x NE Rw DATA
AFREQ. 1295 KHZ; 210 | " SE RWDATA
nd - = NW Raw DATA
ARANGE~7OM(210FT); D_ O \H\}\H\}\\H}HH}HH}HH}HH,
AMEAN ERROR 3.8M (13FT) O 10 20 30 40 50 60 70
ACTUALRANGE(M)
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IN BUILDING NFER® RTLS

TE -500 LOCATOR
0 i

File ‘iew Data Solution Solution Type

s

, | D4
Do A,
= A i

#= 99341 Y = 54, 20928 RM =458 Y=1072 4

QTE -500 TAG

M Q T ESERVER
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IN BUILDING NFER® RTLS

QTE -500 LOCATOR
-/

File Yiew Data Solution Solu tion Type

QTE -500 TAG

X =99.341Y = 84.20828 RN X = BTV =107.2

M Q T ESERVER
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IN BUILDING NFER® RTLS

nix

File View Data Solution Solution Type

- 6\ a1 | = 4
LI | l L | ‘ .E% . [. .
A C 4
_.' L ]
[ |

] .

LEAST SQUARE ERROR
YIELDS PREDICTION.

Q. ERROR CONTOURS YIELD

j fBLOBO
R, - fi IBHTOGOOD SOLUTION

- 1 BRAWLINGOQUESTIONABLE
SOLUTION

7\
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IN BUILDING NFER® RTLS

ix

File View Data Solution Solution Type

&\ LEAST SQUARE ERROR
YIELDS PREDICTION.

Q. ERROR CONTOURS YIELD
BLOBO
- A IBHTOGOOD SOLUTION

- 1 BRAWLINGOQUESTIONABLE
SOLUTION

(K =99.347 = 94 20928 AN K = 45,81 Y = 107.2 4

7\
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NFER® RTLS ACCURACY

UwB NFER RSSI
profile: 50-100% BW 1 MHz band | | no add’l cost |

LOS clear 10-30m £0.3m :30-60m +0.3-1 m| 10-15% of PAN
area " 1-4% of range | 3-5% of range range
NLOS 10-20m #0.3-1m | (30-60m £0.3-1m 10-15% of PAN

4-7% of range . 3-5% of range | range
indoors 30m £1.5-2m (30-60m £0.3-1m| | 10-15% of PAN
cluttered 4-7% ofrange | |_3-5% of range | range
outdoor — [ 75m £2-3m | | 10-15% of PAN
cluttered . 4-5% of range | range
mines and - " 150m #3m -
shafts . 4-5% of range

NEAR-FIELD VERSUS UWB RANGING K.SIwIAK, 2009 IEEE RFID SympPosium, 27 APRIL 2009

7\
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NFER® RTLS ACCURACY

Q. EXPERIMENTAL SETUP e — u
AOFFICE/LAB ENVIRONMENT 16M X 36M _
A IVE RECEIVERS: ~15M SPACING
AEVALUATE ACCURACY AT 82 POINTS

CHARACTERIZATION OF ERROR IN A NFER REAL-TIME LOCATION SYSTEM, H. SCHANTZ, C. WEIL, J. UNDEN,
M 2011 IEEE RADIO AND WIRELESS SYMPOSIUM, 16-20 JAN., 2011
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NFER® RTLS ACCURACY

QL ANALYSIS

AMEASURET OTAL LOCATIONERRORFOREACH RXAT
EACH POINT

ARESOLVE[NTO
TRANSVERSEND
RANGEERROR

ADETERMlNEAVERAGE

AR_OT HISTOGRAM

AR_OT VERSUSRANGE

5t = \/é‘tot2 -9, i

r

| ‘i‘or = \/(Y — X )2 + (.V o .Vr)j

5, =l ) +( P - e+ = )
O, =\ \X=Xpy ) F YV =Vpy ) —J\X =X )+ =iy
CHARACTERIZATION OF ERROR IN A NFER REAL-TIME LOCATION SYSTEM, H. SCHANTZ, C. WEIL, J. UNDEN,
m 2011 IEEE RADIO AND WIRELESS SYMPOSIUM, 16-20 JAN., 2011
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