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Aim of the eCULTS project is to localize mobile objects by - .
ultrasonic communication. This require a robust Quantization noise Wpuc, Wanc
communication system without medium access control. * Linear no fading channel
The_ communication moglel is_ derived and the hardware « Additive white Gaussian noise w,,~N (0, d,,2)
design Is shown. The simulation results demonstrate the . L
.  Modulation by fi0a == fstqr+ @nd decimation
performance of the communication system. | | |
e Matching Filter correlation
e Correlation sha e for up slope
Communication pup (t)] = 7oy /1 = cos(4mtcfi)
e Chirp Spread Spectrum (CSS) with constant slope .
° 8 Blt TransmiSSiOn | Signal Transmission
 Binary coding of the chirp slope: : T R e— ———— W) W)
° POS|t|Ve Slope 9 b|nary 1 | Spgta® Binﬁ:%{:hirp —»@—» Transmitter —»{ Channel —»@—» Receiver —»@
: : | > oPe (), Hr Q) hen(n), Hen(€) hex(n), Hex(Q)
 Negative slope - binary O | Mm‘i;nata}
o osewwlm) oo |
Mappin Matchin Decimation
N f2 - MData® F’eaksiﬁBiEﬁr ﬂ . ieatb.c Filterthwu{gn}, and I:::wt]ass
S 1 1 0 1 1 Mo Sync) etection HueuQ) filtering
g - fMDd{: }
L fl‘ f Matching
- Filter hyep(n),
Digital Signal Processing Mol Q)
> t Figure 4: Discrete Transmission model.
Figure 1: Chirp Spread Spectrum for binary coding of 5 bits.
Simulation results
Design of Transmitter » Envelope of correlation for different frequency
 Simple Low Power pC with PWM Output modulation
1,2 — Drrealinnn | - cuwln- ir Iwi c:nul noisel | | |
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] Correlation with modulated sin(trt/T) without noise
14==2= Correlation with modulated sin(1rt/T) without with -3dB SNR
| Correlation without frequency modulation without noise
| —— Correlation without frequency/modulation with -3dB SJMJ/X,

 Low cost design

 Energy autarctic operation possible
 No need of synchronization between receivers

normalized correlation corr(a,b)/(N/2)
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—lgure 2: Schematic of the Transmitter. Figure 3: Schematic of the Recelver.

Future Work
| | * Analyze logarithmic amplifier
Design of Receiver » Implement algorithms in C++ on ARM

* Wide Dynamic range « Measurements in noisy environment
o variable gain amplifier (VGA) =2 0 - 46 dB

o Analog-to-Digital-Converter (ADC) - 70 dB SINAD
* Digital Signal processing on dual-core ARM Cortex-A9
« ADC with 12 Bit and up to 3 MSps > Oversampling
 Network interface for data forwarding
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