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Photonic time stretch signiﬁcantly extends the eﬀective bandwidth of existing analog-to-digital convertors by
slowing down the input high-speed RF signals. Non-uniform photonic time stretch further enables time
bandwidth product reduction in RF signal detection by selectively stretching high-frequency features more.
However, it requires the prior knowledge of spectral-temporal distribution of the input RF signal and has to
reconﬁgure the time stretch ﬁlter for diﬀerent RF input signals. Here we propose for the ﬁrst time an adaptive
non-uniform photonic time stretch method based on microwave photonics pre-stretching that achieves blind
detection of high-speed RF signals with reduced time bandwidth product. Non-uniform photonic time stretch
using both quadratic and cubic group delay response has been demonstrated and time bandwidth product
compression ratios of 72% and 56% have been achieved respectively.

1. Introduction
Microwave photonics [1,2] studies interaction between microwave
and optical waves and has found rich applications in imaging,
instrumentation, and communications. Photonic time stretch (PTS),
also known as dispersive Fourier transform (DFT) [3], which converts
broadband spectrum of an ultrashort optical pulse into a time stretched
waveform using chromatic dispersion, has become an emerging and
enabling technique for various microwave photonics applications [4].
In particular, photonic time stretch analog-to-digital conversion (PTSADC) provides a promising solution to diﬃculties in conventional ADC
systems, such as jitter eﬀect and limited sampling bandwidth due to
electronic bottleneck [5,6]. This is made possible by using chromatic
dispersion to stretch the highly-stable RF-encoded optical pulses to
eﬀectively slow down the fast RF signal before being captured by
conventional ADCs [7]. Improving the jitter and speed performance
being one aspect, it is also of crucial importance to limit the overall
captured data volume, i.e., time bandwidth product (TBWP) of the
captured signal. Despite that PTS-ADC techniques oﬀer greatly reduced
eﬀective Nyquist sampling rate [7–10], the record time has been
increased by the same factor due to the signal stretching, resulting in
an unchanged TBWP.
Recently, non-uniform photonic time stretch, also known as
anamorphic stretch transform (AST) [11–13], has been proposed to
address this issue based on selective stretching: the information rich
(high-frequency) region of the input signal is stretched more with non-

⁎

Corresponding author.
E-mail address: c.wang@kent.ac.uk (C. Wang).

http://dx.doi.org/10.1016/j.optcom.2017.03.052
Received 7 March 2017; Accepted 23 March 2017
0030-4018/ © 2017 Elsevier B.V. All rights reserved.

linear group delay such that it can be sampled with ﬁner resolution
than the slower temporal features [14]. With a normal uniform
sampling at a back-end ADC, the total volume of recorded data for a
given RF signal, and hence TBWP of the ADC system, can be
signiﬁcantly compressed. However, AST-based methods need to have
the prior knowledge of the spectral-temporal proﬁle of the input RF
signal in order to design the signal-speciﬁc AST ﬁlter [15], which is
usually not feasible and practical in real-time detection of unknown
high-speed RF signals. Moreover, the AST ﬁlter needs to be reconﬁgured for new RF signals with diﬀerent instantaneous frequency
proﬁles, making the implementation of AST ﬁlter with engineered
nonlinear group delay response even more challenging. Therefore a
generalized adaptive non-uniform photonic time stretch design for
blind detection of arbitrary RF signals with TBWP reduction is highly
desired.
In this paper, we propose, for the ﬁrst time, an alternative system
which can overcome this limitation thanks to the joint use of a
microwave photonic phase ﬁlter for pre-chirping the input RF signal
and an AST ﬁlter to non-uniformly stretch the optical pulse carrying
transformed RF signal. The microwave photonic phase ﬁlter with
frequency-dependent time delay separates the high frequency (information-rich) part of an unknown RF signal from its low frequency
components across the entire duration of the time limited signal. A
following non-uniform photonic time stretch system (the AST ﬁlter) is
designed based on the spectral-spectral distribution pre-deﬁned by the
microwave photonic stretching ﬁlter. Without the needs of knowing the
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Fig. 1. Schematic diagram of the proposed adaptive non-uniform photonic time stretch system. AST: anamorphic stretch transform, ADC: analog-to-digital convertor, DSP: digital
signal processing.

photonic phase ﬁlter, the AST ﬁlter can be designed based on the time
delay response of the microwave photonic phase ﬁlter, which is
independent on the unknown RF signals.
Finally the non-uniformly stretched optical pulse, which carries the
selectively slowed RF signal is detected by a low-speed PD with a
reduced TBWP. RF signal recovery is implemented in the digital
domain. Signal recovery algorithm consists of two steps: inverse AST
processing and inverse RF phase ﬁltering. Note that an optical
calibration process, where an un-modulated optical pulse passes
through the same AST ﬁlter, is included to remove the eﬀect of
Gaussian envelope of the optical carrier, as shown in Fig. 1.

spectral-temporal distribution of the unknown RF signal in advance
and reconﬁguring the non-uniform stretch ﬁlter for diﬀerent RF
signals, the proposed approach enables reduction of TBWP in blind
detection of time-limited RF signals using non-uniform photonic time
stretch.
2. Principle
Schematic diagram of the proposed adaptive non-uniform photonic
time stretch system for blind detection of arbitrary RF signals with
compressed TBWP is shown in Fig. 1. Ultrashort optical pulses
generated from a passively mode-locked laser are pre-stretched by a
ﬁrst dispersive element. The initially time stretched optical pulse serves
as the quasi-continuous wave optical carrier. Diﬀerent from previous
PTS-ADC [7–10] and AST [11–15] systems, in the proposed method
the input RF signal is ﬁrst pre-stretched by a microwave photonic
phase ﬁlter with frequency-dependent time delay response before
direct modulation on the stretched optical carrier at an electro-optical
modulator. Thanks to the large microwave dispersion introduced by the
microwave photonic phase ﬁlter, the high frequency (information-rich)
components of the unknown RF signal is separated from its low
frequency elements in time, leading to a frequency-chirped RF signal
with its spectral-temporal proﬁle mainly determined by the microwave
photonic phase ﬁlter. The transformed RF signal then modulates the
optical carrier at the modulator.
A second dispersive element, serving as the AST ﬁlter, further
stretches the modulated optical pulse to slow down the high-speed RF
signal such that the high-speed RF signal can be captured using a
lower-speed photodetector (PD) and electronic ADCs. To achieve the
reduction of TBWP for the photonic RF signal detection system, the
AST ﬁlter has a non-uniform group delay response such that particular
part of the optical spectrum carrying high-frequency components (ﬁne
features) of the RF signal will be selectively stretched (slowed down)
more than those carrying low-frequency RF elements. Therefore,
TWBP of the detected RF signal can be greatly reduced. Design of
AST ﬁlter is usually signal-dependent in previous systems [11–15]. In
the proposed system, as the time frequency distribution of the
modulating RF signal is uniquely determined by the microwave

3. Results and discussions
Numerical simulations are implemented using a commercial simulation tool (VPIphotonics) to demonstrate the utility of the proposed
approach in TBWP-reduced blind detection of arbitrary RF signals. In
the proposed system, an input RF signal under test is ﬁrstly prestretched by a microwave photonic phase ﬁlter, which provides
deliberately designed nonlinear phase response corresponding to a
frequency-dependent time delay, or microwave dispersion. The prestretched RF signal then modulates an optical carrier at a MachZehnder Modulator (MZM), which is biased at quadrature point to
ensure linear intensity modulation. The optical carrier is obtained by
stretching ultrashort optical Gaussian pulses from a 50 MHz passively
mode-locked laser with full-width at half-maxim (FWHM) pulse width
of 800 fs using a ﬁrst dispersive element with total group velocity
dispersion (GVD) of 1050 ps/nm. An optical AST ﬁlter with deliberately designed nonlinear time delay response then selectively slows
down the RF-encoded optical pulse to compress the TBWP of the
detected RF signal.
3.1. AST ﬁlter with quadratic time delay
As a proof-of-the-concept demonstration, a time-limited RF signal
involving both high frequency features (a narrow Gaussian spike) and
low frequency components (a slow Gaussian envelope with limited time
duration) is used as the ﬁrst original input RF signal under test, as
222
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Fig. 2. Simulation results on the microwave photonic phase ﬁltering. (a) The original input RF signal under test. (b) Stretched RF signal by the microwave photonic phase ﬁlter with a
linear frequency-dependent time delay response. (c) Spectrogram of the original RF signal. (d) Spectrogram of the RF signal after microwave photonic ﬁltering, showing a frequency
chirp rate of 2 GHz/ns.

To achieve the desired TBWP compression through non-uniform
optical time stretch, an AST ﬁlter providing quadratic time delay is ﬁrst
designed according to the quadratic phase response of the microwave
photonic ﬁlter. The group delay response of the AST ﬁlter is given by

shown in Fig. 2(a). Fig. 2(c) shows the spectrogram of the input signal,
from which we can see that most RF frequency components are
conﬁned within a narrow time window.
The microwave photonic phase ﬁlter is designed to provide quadratic phase response corresponding to a linear frequency-dependent
group delay of 2 GHz/ns. Despite that microwave photonic ﬁlters
normally provide amplitude-only variation with linear phase response
or constant microwave delay [16], microwave photonic phase ﬁlters
with tunable highly nonlinear phase response, hence frequency-dependent group delay response up to several GHz/ns have been reported
based on nonlinear optical chromatic dispersion [17,18] and successfully applied in chirped microwave waveform compression [19].
Enabled by microwave frequency-dependent time delay, the high
frequency Gaussian spike in the original input RF signal is shifted with
longer delay and stretched as per the designed chirp rate. As a result,
the instantaneous frequency components of the transformed RF signal
are separated in ascending order as shown in Fig. 2(b). Fig. 2(d)
presents the spectrogram of the RF signal after microwave photonic
pre-stretching, clearly showing a frequency chirp rate of 2 GHz/ns.
Therefore, signiﬁcant microwave dispersion from the microwave
photonic phase ﬁlter has transformed the input RF signal with
unknown frequency proﬁle to a linearly chirped microwave waveform
with its spectral-temporal proﬁle determined by the microwave photonic ﬁlter. Note that despite the increased TBWP for the transformed
chirped microwave signal due to pre-stretching, overall TBWP compression will be achieved thanks to the following non-uniform optical
time stretch at the designed AST ﬁlter.
The pre-stretched RF signal then modulates an optical carrier at an
MZM. The stretched optical pulse carrier also has a temporal Gaussian
shape as shown in Fig. 3(a), which veriﬁes the dispersion-induced
wavelength-to-time mapping [20]. After intensity modulation at the
MZM, the observed modulated optical pulse is shown in Fig. 3(b) and
the corresponding optical spectrum is shown in Fig. 3(c). By comparing
the spectral and temporal representations of the modulated optical
pulse, a linear relationship between time and frequency is obtained as
shown in Fig. 3(d). Thanks to this one-to-one mapping, we can see that
the RF signal is encoded onto the optical spectrum of the pulse carrier.

Δτ ( f ) = K1 × ( f − f0 )2

(1)

where f is the instantaneous optical frequency, f0 denotes the central
optical frequency with zero time delay, and K1 is the second-order
dispersion coeﬃcient of the AST, which can be determined by the chirp
rate of the microwave photonic phase ﬁlter. The time delay characteristics of the designed AST ﬁlter is shown in Fig. 4(a). The central
frequency f0 is carefully selected such that the whole optical pulse
spectrum falls in the frequency region f > f0. Therefore, higher optical
frequency components of the modulated optical pulse, which also carry
higher RF frequency information, will experience higher chromatic
dispersion and hence being stretched more than those carrying lower
RF frequency. As a result, the modulated optical pulse is selectively
stretched due to nonuniform dispersion in the AST ﬁlter and TBWP of
the resulting signal can be greatly compressed.
Fig. 4(b) shows the non-uniformly stretched optical pulse by the
AST ﬁlter. The selectively stretched RF signal is detected using a highspeed PD and its spectrogram is shown in Fig. 4(d). We can clearly see
that RF frequency chirp becomes nonlinear and higher frequency
components have been stretched more compared to lower frequency
parts. TBWP of the captured RF signal is reduced in our proposed
system. Table 1 summaries TBWP of the original RF signal (#1) and
the non-uniformly stretched signal in our proposed system. We can see
that TBWP value has been reduced by 28%, corresponding to a
compression ratio of 72%.
Reconstruction of the original RF signal from the captured
stretched RF signal is implemented in digital domain following two
steps: (1) inverse AST processing, which recoveries the pre-stretched
RF signal before AST stretching; (2) inverse RF phase ﬁltering, which
transforms the pre-stretched RF signal back to the original one
according to the microwave photonics ﬁlter response. Note that a
small portion of pre-stretched optical pulse bypasses MZM but goes
through the same AST ﬁlter to allow an optical calibration process,
223

Optics Communications 396 (2017) 221–227

C.K. Mididoddi, C. Wang

Fig. 3. (a) Time stretched optical pulse by the ﬁrst dispersive element. (b) Optical pulse modulated with the pre-stretched RF signal. (c) Corresponding optical spectrum verifying that
the RF signal is also encoded in to spectral domain. (d) One-to-one mapping between time and frequency according to (b) and (c).

which removes the eﬀect of Gaussian envelope of the optical carrier.
The reconstructed RF signal is shown in Fig. 4(c). Compared to the
signal as shown in Fig. 2(a), a good match with the original RF signal
has been clearly evidenced.
To demonstrate that the proposed approach is valid for diﬀerent RF
signals with unknown instantaneous frequency proﬁle, a second RF
signal #2 with high frequency information occurring at diﬀerent
position is selected as the original input signal, as shown in Fig. 5(a).
Fig. 5(b) shows the pre-stretched RF signal by the same microwave

Table 1
TBWP Reduction for two different RF signals using AST filter with quadratic time delay.
Parameters

Original RF
signal #1

Stretched RF
signal #1

Original RF
signal #2

Stretched RF
signal #2

Time duration
Max frequency
Time-bandwidth
product

25 ns
15 GHz
375

45 ns
6 GHz
270

25 ns
15 GHz
375

40 ns
7 GHz
280

Fig. 4. (a) The time delay function of the designed AST ﬁlter with quadratic group delay. (b) Non-uniformly stretched optical pulse by the AST ﬁlter. (c) The reconstructed RF signal
following the signal recovery algorithm implemented in digital domain. (d) Spectrogram of AST stretched optical pulse after photo-detection showing the non-uniform photonic time
stretch.
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Fig. 5. (a) A second RF signal under test. (b) Pre-stretched RF signal by the same microwave photonic phase ﬁlter with linear frequency-dependent time delay response. (c) Spectrogram
of the original RF signal. (d) Spectrogram of the pre-stretched RF signal by the microwave photonic phase ﬁlter.

Fig. 6. (a) Modulated optical pulse carrier after non-uniform stretching at the AST ﬁlter. (b) The reconstructed RF signal after digital signal recovery.

photonic phase ﬁlter with a chirp rate of 2 GHz/ns. Fig. 5(c) and (d)
present the corresponding spectrograms for the original and ﬁltered RF
signals respectively. The recovery results for the second RF signal are
shown in Fig. 6. The reconstructed RF signal matches well with the
original signal as shown in Fig. 5(a). Characteristics of non-uniform
time stretch for the second RF signal are also summarized in Table 1,
and TBWP reduction by 25% has been achieved. It has been veriﬁed
that the proposed method works for time-limited RF signals with
diﬀerent spectra-temporal proﬁles.

modulated optical pulse carrying the transformed RF signal after being
non-uniformly stretched by the AST ﬁlter with cubic time delay
response. Its spectrogram is shown in Fig. 7(d). We can clearly see
that RF frequency chirp becomes nonlinear and higher frequency
components have been stretched more compared to lower frequency
parts.
Due to the large nonlinear time delay produced by the AST ﬁlter,
the resulting non-uniformly stretched optical pulse has a longer time
duration (140 ns). At the same time, the maximum RF frequency
carried by the stretched optical pulse has been reduced to 1.5 GHz.
Therefore, the overall eﬀect is that TBWP of the captured RF signal is
reduced in our proposed system thanks to the highly nonlinear time
delay at the AST ﬁlter. Table 2 summaries the TBWP of the original RF
signal and the corresponding non-uniformly stretched signal in the
case of an AST ﬁlter with cubic time delay response. We can see that
TBWP value has been reduced by 44%. Reconstruction of the original
RF signal is implemented in digital domain following the two abovementioned steps, with the result shown in Fig. 7(c), which matches well
with the original RF signal as shown in Fig. 2(a).
The AST ﬁlter with cubic time delay is also tested with a diﬀerent input
RF signal #2 as shown in Fig. 5(a) to demonstrate that the proposed system
is independent of the instantaneous frequency proﬁle of the input RF
signals. The same microwave photonic phase ﬁlter with a chirp rate of
2 GHz/ns is used to pre-stretch the input RF signal before modulating the

3.2. AST ﬁlter with cubic time delay
To explore the capability of the proposed approach for better TBWP
reduction in high-frequency RF signal detection, a second AST ﬁlter
providing cubic time delay response has been designed. The group
delay response of the AST ﬁlter is given by

Δτ ( f ) = K2 × ( f − f0 )3

(2)

where K2 is the third-order dispersion coeﬃcient of the AST ﬁlter,
which can be determined by the chirp rate of the microwave photonic
phase ﬁlter. The characteristic of the designed AST ﬁlter is shown in
Fig. 7(a). The central frequency is selected such that the whole pulse
spectrum falls in the region f > f0. The RF signal #1 as shown in
Fig. 2(a) is used again as the original input signal. Fig. 7(b) presents the
225
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Fig. 7. (a) Time delay as a function of optical frequency in the AST ﬁlter with cubic group delay response. (b) Non-uniformly stretched optical pulse carrying RF signal by the AST ﬁlter.
(c) The reconstructed RF signal following the signal recovery algorithm implemented in digital domain. (d) Spectrogram of non-uniformly stretched optical pulse conﬁrming TBWP
reduction of the captured RF signal.

transforms the spectra-temporal proﬁle of the RF signal. The designed
microwave photonic phase ﬁlter can be implemented based on nonlinear optical chromatic dispersion [17,18], optical delay to microwave
delay conversion [19], and non-uniformly spaced delay-line ﬁlter [21].
A second key element in the proposed system is the AST ﬁlter.
Despite extensive theoretical and simulation studies on the AST
approach including this work, quite little experimental study on this
topic has been reported so far, mainly due to the lack of good optical
ﬁlter oﬀering an engineered group delay or dispersion proﬁle. Potential
good candidates to achieve the particularly designed AST ﬁlter include
customized ﬁbre Bragg gratings [14,22,23], chromo-modal dispersion
mechanism [24] with the aid of mode-selective excitation [25], and
photonic crystal ﬁbre (PCF) with precisely controlled chromatic
dispersion proﬁle [26].
In the presented demonstrations, only time-limited RF signals have
been tested using the proposed method. This is due to the limited time
aperture of the photonic time stretch system, which is the reciprocal of
the pulse repetition rate. Passively mode-locked laser has a repetition
rate in the order of 10 MHz, corresponding to a time aperture of
100 ns, which would suﬃce for many high-frequency RF signals. Note
that our proposed system can also operate in continuous time using a

Table 2
TBWP Reduction for the first RF signals using an AST filter with cubic time delay.
Parameters

Original RF signal #1

Stretched RF signal #1

Time duration
Max frequency
Time-bandwidth product

25 ns
15 GHz
375

140 ns
1.5 GHz
210

optical carrier. Fig. 8(a) shows the modulated optical pulse after nonuniform stretching at the AST ﬁlter. We can see that the high frequency
components have been stretched further, evidenced by TBWP reduction of
44%. The recovery result for the second RF signal is shown in Fig. 8(b). It
can be seen that the proposed method works for RF signals with diﬀerent
time-frequency distributions.
3.3. Discussions
The utility of the proposed adaptive approach in RF signal detection
with reduced TBWP has been demonstrated using numerical simulations. The most important element in the system is the microwave
photonic phase ﬁlter with frequency dependent time delay, which

Fig. 8. (a) Modulated optical pulse after non-uniform stretching with the AST ﬁlter with cubic time delay. (b) The recovered RF signal #2 after digital signal processing.
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ultrafast analog-to-digital conversion, Opt. Photon. News (Special Issue on Optics
in 1998), 1998, pp. 31–32.
[8] F. Coppinger, A.S. Bhushan, B. Jalali, Photonic time stretch and its application to
analog-to-digital conversion, IEEE Trans. Microw. Theory Tech. 47 (7) (1999)
1309–1314.
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3085–3103.
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[13] B. Jalali, J. Chan, M.H. Asghari, Time-bandwidth engineering, Optica 1 (1) (2014)
23–31.
[14] M.H. Asghari, B. Jalali, Experimental demonstration of optical real-time data
compression, Appl. Phys. Lett. 104 (111101) (2014) 1–4.
[15] Ata Mahjoubfar, Claire Lifan Chen, Bahram Jalali, Design of warped stretch
transform, Sci. Rep. 5 (2015) 17148.
[16] J. Capmany, B. Ortega, D. Pastor, A tutorial on microwave photonic ﬁlters, J.
Lightwave Technol. 24 (1) (2006) 201–209.
[17] M. Bolea, J. Mora, L.R. Chen, J. Capmany, Highly chirped reconﬁgurable
microwave photonic ﬁlter, IEEE Photonics Technol. Lett. 23 (17) (2011)
1192–1194.
[18] M. Bolea, J. Mora, B. Ortega, J. Capmany, Highly chirped singlebandpass
microwave photonic ﬁlter with reconﬁguration capabilities, Opt. Express 19 (5)
(2011) 4566–4576.
[19] C. Wang, J.P. Yao, Chirped microwave pulse compression using a photonic
microwave ﬁlter with a nonlinear phase response, IEEE Trans. Microwave Theory
Tech. 57 (2) (2009) 496–504.
[20] C. Wang, F. Zeng, J. Yao, All-ﬁber ultrawideband pulse generation based on
spectral shaping and dispersion-induced frequency-to-time conversion, IEEE
Photonics Technol. Lett. 19 (3) (2007) 137–139.
[21] Y. Dai, J.P. Yao, Nonuniformly spaced photonic microwave delay-line ﬁlters and
applications, IEEE Trans. Microwave Theory Tech. 58 (11) (2010) 3279–3289.
[22] X. Dong, P. Shum, N. Ngo, C. Chan, J. Ng, C. Zhao, A largely tunable CFBG-based
dispersion compensator with ﬁxed center wavelength, Opt. Express 11 (22) (2003)
2970–2974.
[23] C. Wang, J.P. Yao, Photonic generation of chirped millimeter-wave pulses based on
nonlinear frequency-to-time mapping in a nonlinearly chirped ﬁber Bragg grating,
IEEE Trans. Microwave Theory Tech. 56 (2) (2008) 542–553.
[24] D. Diebold, N.K. Hon, Z. Tan, J. Chou, T. Sienicki, C. Wang, B. Jalali, Giant tunable
optical dispersion using chromo-modal excitation of a multimode waveguide, Opt.
Express 19 (24) (2011) 23809–23817.
[25] G. Stepniak, L. Maksymiuk, J. Siuzdak, Binary-phase spatial light ﬁlters for modeselective excitation of multimode ﬁbers, J. Lightwave Technol. 29 (13) (2011)
1980–1987.
[26] S.K. Varshney, T. Fujisawa, K. Saitoh, M. Koshiba, Design and analysis of a
broadband dispersion compensating photonic crystal ﬁber Raman ampliﬁer
operating in S-band, Opt. Express 14 (8) (2006) 3528–3540.
[27] Y. Han, B. Jalali, Continuous-time time-stretched analog-to-digital converter array
implemented using virtual time gating, IEEE Trans. Circuits-I 52 (8) (2005)
1502–1507.
[28] C. Wang, J.P. Yao, Large time-bandwidth product microwave arbitrary waveform
generation using a spatially discrete chirped ﬁber Bragg grating, J. Lightwave
Technol. 28 (11) (2010) 1652–1660.

segmentation-interleaving structure [27]. In such a case, a multiple
channel AST ﬁlter having deliberately designed group delay response
for individual channels is required, which can be implemented using a
spatially discrete chirped ﬁbre Bragg grating [28].
4. Conclusion
Non-uniform photonic time stretch enables time bandwidth product (TBWP) reduction in high-speed RF signal detection by selectively
stretching the RF spectrum of interest. However, prior knowledge of
the spectral-temporal proﬁle of the RF signal is always needed. In this
paper, a new adaptive photonic time stretch scheme by pre-chirping
the input RF signal using a microwave photonic phase shift is proposed
to overcome this limitation. Using the proposed approach, blind
detection of RF signals with diﬀerent spectra-temporal proﬁles have
been demonstrated. TBWP compression ratios of 72% and 56% have
been achieved using non-uniform time stretch ﬁlters with quadratic
and cubic time delays respectively. The proposed adaptive photonic
time-stretch system works without the knowledge of the unknown RF
signals, hence providing a more promising solution for real-time
detection of arbitrary RF signal with reduced TBWP. The concept
developed can be adapted to address data compression issues in wider
ﬁelds such as high-speed communications, ultrafast measurement and
massive sensor network.
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