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Composing General Audio Representation by Fusing 
Multi-layer Features of Pre-trained Model

D. Niizumi, D. Takeuchi, Y. Ohishi, N. Harada, and K. Kashino
Proc. of the 30th European Signal Processing Conference (EUSIP-

CO 2022), pp. 200–204, Belgrade, Serbia, August/September 2022.
Many application studies rely on audio DNN (deep neural net-

work) models pre-trained on a large-scale dataset as essential feature 
extractors, and they extract features from the last layers. In this study, 
we focus on our finding that the middle layer features of existing 
supervised pre-trained models are more effective than the late layer 
features for some tasks. We propose a simple approach to compose 
features effective for general-purpose applications, consisting of two 
steps: (1) calculating feature vectors along the time frame from 
middle/late layer outputs, and (2) fusing them. This approach 
improves the utility of frequency and channel information in down-
stream processes, and combines the effectiveness of middle and late 
layer features for different tasks. As a result, the feature vectors 

become effective for general purposes. In the experiments using 
VGGish, PANNs’CNN14, and AST on nine downstream tasks, we 
first show that each layer output of these models serves different 
tasks. Then, we demonstrate that the proposed approach significantly 
improves their performance and brings it to a level comparable to that 
of the state-of-the-art. In particular, the performance of the non-
semantic speech tasks greatly improves, especially on Speech com-
mands V2 with VGGish of +77.1 (14.3% to 91.4%).

  

Multiple Beat-noise Suppression in Polarization-multi-
plexed Pump Light for Forward-pumped Raman Amplifier

H. Kawakami, T. Kobayashi, and Y. Kisaka
Proc. of the 48th European Conference on Optical Communication 

(ECOC 2022), We4D.6, Basel, Switzerland, September 2022.
We show that orthogonally polarized pump light emitted from two 
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different laser sources in a forward-pumped Raman amplifier system 
induces beat noise on amplified signal light. Utilizing our proposed 
noise suppression technique, we improved the signal-to-noise ratio of 
a 36-QAM (quadrature amplitude modulation) signal after a  
1920-km transmission.

  

Quantifying Fermionic Nonlinearity of Quantum Circuits
S. Hakkaku, Y. Tashima, K. Mitarai, W. Mizukami, and K. Fujii
Physical Review Research, Vol. 4, 043100, November 2022.
Variational quantum algorithms (VQAs) have been proposed as 

one of the most promising approaches to demonstrate quantum 
advantage on noisy intermediate-scale quantum (NISQ) devices. 
However, it has been unclear whether VQAs can maintain quantum 
advantage under the intrinsic noise of the NISQ devices, which dete-
riorates the quantumness. Here we propose a measure, called fermi-

onic nonlinearity, to quantify the classical simulatability of quantum 
circuits designed for simulating fermionic Hamiltonians. Specifical-
ly, we construct a Monte Carlo type classical algorithm based on the 
classical simulatability of fermionic linear optics, whose sampling 
overhead is characterized by the fermionic nonlinearity. As a demon-
stration of these techniques, we calculate the upper bound of the 
fermionic nonlinearity of a rotation gate generated by four fermionic 
modes under the dephasing noise. Moreover, we estimate the sam-
pling costs of the unitary coupled cluster singles and doubles quan-
tum circuits for hydrogen chains subject to the dephasing noise. We 
find that, depending on the error probability and atomic spacing, 
there are regions where the fermionic nonlinearity becomes very 
small or unity, and hence the circuits are classically simulatable. We 
believe that our method and results help to design quantum circuits 
for fermionic systems with potential quantum advantages.

  


