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Introduction

Personal Location and Navigation System

The emergency vehicles
and personnel carry an
ad-hoc transceiver device

The signals received on
the receivers installed on
the vehicles are used to
calculate the relative
position of the fire
fighters in and around
the building

The location of the fire
fighter is displayed at a
command and control
display
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Signal Structure
MC-UWB

MC-UWSB Signal:
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RF Prototype

| :> Transmitter | :> /]/
Digital Back End Analog Front End l
(High Speed Memory ——» (RF Amplifiers, Mixer,
and DAC) Filters, Oscillators)
Digital Back End Analog Front End l
(High Speed Memory, |[4—— (RF Amplifiers, Mixer,
ADC and PC) Filters, Oscillators)
]

" | Receiver
Custom MC-UWB RF Prototype Design Required
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RF Prototype - Transmitter

SSB Transmitter Output Frequency Range SSOMHz — 698MHz (BW: 148MH?z)
Fractional Bandwidth: 24%
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RF Prototype - Transmitter

Transmitter Output =-10dBm/SC

Reqd. LPF Design
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Reqd. BPF Design
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RF Prototype - Transmitter

Spurious Emissions at Transmitter Output: LO, LSB
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' RF Chain Losses Post Mixer =18dB E 8
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SSB Transmitter Architecture 9 Total RF Chain Gain = 50dB =9
DA LPF MIXER BPF B?:'c?t m n'i;‘«l-.-':c BPF Jl:;l'n
Mixer LO-RF Y
Isolation = 40dB LO is 22dB higher than the Subcarriers
LO = 10dBm
Spectral Mask
82dB Atten A rf: ....... —— 22 dBm
Reqd: By BEF 5 ‘A:—Passhand—ka
vy A 'T' Mk 71l “.‘ —— =10 dBm
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Mk ||| |WomAmennay | ¥ — — — 70dBm ADS Simulations
e 30MHz—— »le—— 30MHz— 2] oo
e A mm— Sensitive to even 0.2pF
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RF Prototype - Receiver

Total Maximum Receiver Gain = 54.5dB

-90.5 to -50.5 94t0-54  TTto-37 60to-20  -63to-23 66 t0 -26 56 to +4
dBmISC dBmISC dBm/SC  dBm/SC  dBmiSC dBm/SC dBm/SC
XL
A DA O
Y| i-0508 |-1d8 | -248 18dB  -1dB 18dB -1dB| -3dB -2dB | -1dB |10 to 30dB
ANT S/IW BPF LNAT LNAZ2 Mixer LPF VGA ADC
Hittite Lark Engg. RFMD RFMD Linear Tegth Lark Engg. Linear Tech
HMC241  XMS625-150 RF2361  RF2361  LT5526 XMS105-150 LT5514
-10 dBm .
Sirenza 730MHz i .
& | ADFa106 | | o ian. (High Side LO System Parameter Achieved
T— PLL 744T Injection)
System G (dB) 50
Direct Downconversion Receiver Architecture System NF (dB) 4.5
System 7/P3 (dBm) -19
Rx. Sensitivity (dBm) -87

Rx. SFDR (dB) 45.3
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RF Prototype - Receiver

Direct Downconversion Receiver Output Frequency Range
30MHz - 178MHz (BW: 148MHz)
Fractional Bandwidth: 24%
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NLOS Positioning Test Setup

148MHz RF System 148MHz RF System
Transmitter Qutput Receiver Output
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NLOS Positioning Test Setup

Test Setup:

> 20mx20m brick building & SeE
» 1 Transmitter inside

» 16 Receiving antennas
outside, covering 3 sides

12



cailirn

NLOS Positioning Test Results

Test Results:
» Min Error: 0.22m

» Max Error: 6.6m
» Mean Error: 2.84m
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NLOS Positioning Error Sources

Error Sources

|

Radio
Hardware

Sampling Clock
L ocal Oscillator
Antenna response

|

Algorithm

Receiver Geometry
Block Averaging

|

Channel
Impariments

Path Loss
Narrowband Interference
NLOS

Multipath
Building Dielectric Properties
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NLOS Positioning Error Sources

Error Source

Sampling CLK Shift
Sampling CLKDrift

Local Oscillator Shift
Local Oscillator Drift
Receiver Geometry
Antenna Type

Software Processing

Path Loss / Shadow Fading
Narrowband Interference
NLOS

Multipath

Building Dielectric Properties

Total RSS Error

Error (meter)
0.003
0.003
0.010
0.010
0.30
0.30
0.10
0.10
0.30
0.50
0.50
21N

2?7

Design Constraints / Comments

<10 ppm: Sampling CLK frequency error

<10 ppm: Sampling CLK frequency error

< 2.5 ppm: Local oscillator frequency error

< 2.5 ppm: Local oscillator frequency error
Optimum receiver geometry very important

Need to use directional antennas at receivers
Optimum selection of the useful spectrum

AGC implementation at the transmitter and receiver
Optimum selection of the useful spectrum

Better geometry, antenna, transmit power required
Need for channel models specific to indoor positioning

Characterize delays induced by various building materials

15
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NLOS Positioning Error Sources

No Multipath, Effect of Dielectric Properties Only

Error = 0.93m Error = 3.48m 16
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NLOS Positioning Error Sources

Total Wall Thickness vs. Total Signal Delay / Total Error

7

Total Delay - nSec
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=
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| | | |
0.4 0.5 0.6 0.7
Total Wall Thickness - meters

0.8
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NLOS Positioning Error Sources

Error Source Error (meter) Design Constraints / Comments

Sampling CLK Shift 0.003 <10 ppm: Sampling CLK frequency error

Sampling CLKDrift 0.003 <10 ppm: Sampling CLK frequency error

Local Oscillator Shift 0.010 < 2.5 ppm: Local oscillator frequency error

Local Oscillator Drift 0.010 < 2.5 ppm: Local oscillator frequency error

Receiver Geometry 0.30 Optimum receiver geometryVery important

Antenna Type 0.30 Need to use directional antennas at receivers
Software Processing 0.10 Optimum selection of the useful spectrum

Path Loss / Shadow Fading 0.10 AGC implementation at the transmitter and receiver
Narrowband Interference 0.30 Optimum selection of the useful spectrum

NLOS 0.50 Better geometry, antenna,transmit power required
Multipath 0.50 Need for channel modelsspecific to indoor positioning
Building Dielectric Properties > 0.5 Characterize delays induced by various building materials
Total RSS Error >2.626
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NLOS Positioning Error

<1%

11%

- Sampling Gk Shitt
- Sampling Clk Dritt
- Loca Oscillator Drift
- Loca Oscillator Shift

|:| Software Processing
[ ]Patn Loss/Fading 4%
I:I Narowband Interference
I neos 4%
I Muitipatn

Building Dielectric
Properties

1%

Individual Error Contributions

19%
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Conclusion

- Dielectric properties of the building materials add to
the positioning error.

- The indoor environment typically has more than two
walls and this could lead to indoor positioning errors
of the order of 2 to 3m.

- This not so well characterized source of error needs
to be considered independently in indoor positioning
systems

- There 1s a need to calibrate the positioning system
thus minimizing the errors due to building dielectric
material properties

20



cairn

Center for Advanced
Integrated Radio Navigation

21





