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d Quantization allows representing of continuous-amplitude signals T.\Wz#qu quantzer | —> = (x) o — Af -1 For the task of iinite IAGESENNE mterfqgnce (IS1) charmel estlmat|on,. ks
with discrete values e - > (%), | oo cquantizr| | o) T ;,, parameter vector s represents the coefficients of a multipath channel with K
Sampled physical signal Digital representation U : : = .
_ | _ o _ , A \ || Aveog | oatat || taps. The received signal x has the following form:
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Input Task =
L . . a) Conventional quantizer - 3  Analog processing: z = Ax, with 4 € RF*N denoting the analog combiner
3 We propose a task-based quantization approach implemented in (@) d (b) Task-based quantizer 9P J ’ J J

hardware, which guarantees the recovery performance with low-bit || A quantizer consists of Encoder (analog—bits) Simple scalar ADCs + Analog combiner O Quantization and digital processing: § = BQ(z), where Q(-) denotes the low-bit

representation and Decoder (bits —digital representation) quantization operation, and B € RX¥*N denotes the digital combiner

A Jointly optimize the combiner and the ADCs
1 The developed low-bit quantization board is applied to a specific d Performance measures: balsedy onptrlleltzask ! 0 The channel estimation distortion:

task of channel estimation
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Quantization rate R = —log M Q Task dimension (k) < input dimension (n) D = E{|ls — 8]|*}

Expected distortion D = E{||x — X||*}

Task-Based Quantizer Desigm Hardware
The optimal hardware-limited task-based quantizer includesl!'!:
O Analog domain: “Waterfilling” + rotation Carrier frequency f = 1 GHz
[ Quantization: Overload free support Baseband bandwidth BW = 125 MHz
 Digital domain: MMSE estimation DAC 4 channels, each f, = 125MHz
- ] e ADC 4 channels, each 250 MSPS
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quantization,” IEEE Trans. Signal Process., vol. 67, no. 20, pp. 5223-5238, 2019.
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Hardware-Limited Task-Based Quantization S/ MPL

Channel Estimation Simulation sigau) Acquistion. Modeling y Distortion for Fixed SNR vs. Number of bits (Logz M) Distortion for Fixed Number of bits vs. SNR D We evaluate the aChlevable MSE In estlmatlng a SCaIar ISI Channel, US|ng the developed
Distorton for Fixed SNR ve. Number of bits (Loga M 1 T s —— T e - No quanizalion hardware prototype. Figs (a) and (b) consider two different multipath channels with K=2
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- - e & Optmal, upper bound < Scalar ADC, Thm. 1, w dither |
Mode and Display Panel == EUBE < Scalar ADC, Thm. 1, w dther —B'—ScalarADd Thm‘ 1‘wfndither
e Q) simu ———————— % | _E’_ggz:zmggg?"';ﬂ?ls::‘” sear 0, Cor 3 waiter 2 (] From Figs (a) and (b), it can be observed that the proposed task-based low bit quantizer
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Pa,'ampm. I 2057 Scalar ADC, Cor. 3 wio diter e approaches the optimal performance as the quantization bit M increases.
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