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Table 1. The proposed algorithm procedures.
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a) EVIETE N, vi, By, &, @il (21) #1 (22) I pe f1 2,

b) i (25) F1 (26) T py, F1 X2,

c) T (31), (39), (42) H (46) EH A, i, B, & METEH
TRAREL A I O

findi: /|| 2|2

AR REAE (2) BT B 1-bit & 4 8 R A5
B AT E . FEAE ] DUTE I Sk BT
WA DA IR AT . M5 SR I E
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AL R0 RAL AR %, TESBRTE LR, ANKRIZ3)
KRB SE 2 I NB 3y 2E, J6IH 2 R Ziz 3 i
I EN P E 2 T T PPGAE S, M LT A& 1
Wi BRI, AR SCRHF Bk RE15 2 ) PPG S
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== EES
0.2 — HEfEY
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E

1 (MAEA) RAFZEMERSE, M =256 (a) PPGE5HEB; (b) PPG 5% 1-bit & 46 RAEEE 5 15;
(c) BIHT EH#AE; (d) QVMP EF MR, (e) R1I-BCS BN, (f) ASCH D (BH) HEME; (g) ALHIE
(DCT k) EMR

Fig. 1. (color online) Reconstruction of different algorithms: (a) PPG signal fragment; (b) distribution of
1-bit compressed samplings; (c) reconstruction of BIHT; (d) reconstruction of QVMP; (e) reconstruction
of R1-BCS; (f) reconstruction of the proposed algorithm (time domain); (g) reconstruction of the proposed
algorithm (DCT domain).
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PEREAINT A 22, B 1 (d) FIIE 1 (e) 2 R 7m QVMP
HILFIR1-BCS S 1 H AR, o #8UR
MF BIHT; B 1 (f) F1E 1 (g) FRoaRASCHIL EE
RO, B () AR B ACR, B (g) &1
RIZARH A R (0 E AR, SRIGSE R, AR
B AR B B T AR . B2 BOR
T A [RIECE (1) 1-bit Fe 47 RAFAE X B B I R
Somi, AT LA ) 1-bit IE4E K REEEUR M, 5k
B MR, 2%, M = 05N, N, -,
35N, AN, B M (3G, Frf EE P RERE
BRI, ASCHEAE DCT $8h A A S92k B
AR ST AR, BT ASCEILRESTE
IS sl OGS S AT E A, DAL, I e R AAUR
5 HAREIVEAE DCT 3 (1 5 @ U AT A, 52
o 4 SRAIE B, FEI I S S, ARSI AR IH

T HABEIVETE DOT W [ B AR, %50 K 46
AR EIFI RSN RIE, UE5HEUREE
&R R IR, A% G0 45 BN U7 0 @ RUR A,
RS 43 B i A% 2 ) FH o6 2 18] (1 A DG X5 5
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H, EEFIGE S, A% T eI 2,
M AEFG B G 5 A A E @M RE. AT M
LR b, A U R IF I R1-BCS &
LM, RSNRHES 1 1.5 dB, £ DCT 3k &
RSNRMRI1-BCS HiEM LI = T 3.9 dB. HHT1E
DCT A E (55, IENMLIE 1 B, R %5k
Sy HEP IR A St DRI R AE DCT 8k A 25 2 i R 4
HAER S i R RO TR, SR 45 FAE, A
L TCRTE R SO R M g3, #nT LAHE 53T =
#, I H 2455 X LU E S E RS B R IA B, AL
(AT LIRS bh H At Sy TR Ik i () 45 1.

16
14t
12+
o
g 10
Z 8t
!
= 6l
—A—Zlii’ﬁiifgﬂﬂ”iﬂi) i
44 ==L (DCTIE) |
BIHT
ol —*-R1-BCS
-©-QVMP

7100 150 200 250 300 350 400 450 500
M

B2 (TR E) AR BRI 1-bit H 45 RAF AR X S 1
RSN R &%
Fig. 2. (color online) The RSNR trend of different

1-bit compressed samplings.

B 3 72 AN [R] i 400 R B A 4B %) B 9 B VR AT
FIa]. A 3 KRG, A SCI B AE AT I () A0 A
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A7 3 2 B e B IR A R ) 4 HIORE R I, A 43
PRz HFHEELZ WA, K423 M = 2N
i, RESERSGERE. WK 4 (a) iR, BEEIE
PRIRFLIE N, A SRR ERIR BN 40 1, 5
Lk RS, T B I A R B £ 1k
VS, JoHE BIHT A1 QVMP 513, W 4 (b) fir
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Abstract

Data compression is crucial for resource-constrained signal acquisition and wireless transmission applications with
limited data bandwidth. In such applications, wireless data transmission dominates the energy consumption, and the
limited telemetry bandwidth could be overwhelmed by the large amount of data generated from multiple sensors. Con-
ventional data compression techniques are computationally intensive, consume large silicon area and offset the energy
benefits from reduced data transmission. Recently, compressed sensing (CS) has shown potential in achieving compres-
sion performance comparable to previous methods but it has simpler hardware. Especially, one-bit CS theory proves
that the signs of compressed measurements contain sufficient information about signal reconstruction, gives that the
signals are sparse or compressible in specific dictionaries, thus demonstrating its potential in energy-constrained signal
recording and wireless transmission applications. However, the sparsity assumption is too restrictive in many actual
scenarios, especially when it is difficult to seek sparse representation for signals. In this paper, a novel one-bit CS
method is proposed to reconstruct the signals that are difficult to represent with traditional sparse models. It is capable
of recovering signal with comparable compression ratio but avoiding the dictionary selection procedure.

The proposed method consists of two parts. 1) The block sparse model is adopted to enforce the structured sparsity
of the signals. It not only overcomes the drawbacks of conventional sparse models but also enhances the signal represen-
tation accuracy. 2) The probabilistic model of one-bit CS procedure is constructed. Because of the existence of logistic
function in probabilistic model of one-bit CS, the Bayesian inference cannot be used to proceed, and the variational
Bayesian inference algorithm is developed to reconstruct the original signals from one-bit measurements.

Various experiments on different quantities of compressed measurements and iterations are carried out to evaluate
the recovery performance of the proposed approach. The photoplethysmography (PPG) signals recorded from subject
wrist (dorsal locations) by using PPG sensors built in a wristband are selected as the validation data because they are
difficult to represent with traditional sparse dictionaries. The experimental results reveal that the proposed approach
outperforms the state-of-the-art one-bit CS method in terms of both reconstruction accuracy and convergence rate.

Compared with prior method on one-bit CS, the proposed method shows competitive or superior performance in
three aspects. Firstly, by adopting the block sparse model, the proposed method improves the capability to compress
signals that are difficult to represent with traditional sparse models, thus making it more practical for long term and
real applications. Secondly, by embedding the statistical properties of the one-bit measurements into the recovery al-
gorithm, the proposed method outperforms other one-bit CS methods in terms of both reconstruction performance and
convergence speed. Finally, energy and computational efficiency of the proposed method make it an ideal candidate for

resource-constrained, large scale, multiple channel signal acquisition and transmission applications.

Keywords: one-bit compressed sensing, variational Bayesian inference, block sparse
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