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e R T
2 | ;e\ S N Table 1I: C_omparison of the proposed framework against
1 other baseline frameworks.
e ¥ Model Accuracy
T e P L e = Single-layer SNN and SVM (Tavanaei and Maida 2017b) 91.00%
R s I e ot Spiking CNN and HMM (Tavanaei and Maida 2017a) 96.00%
e M"‘w’ ~ N g AER Silicon Cochlea and SVM (Abdollahi and Liu 2011)  95.58%
A Sl Sl S Auditory Spectrogram and SVM (Abdollahi and Liu 2011)  78.73%
R AER Silicon Cochlea and Deep RNN (Neil and Liu 2016) 96.10%
0 T Liquid State Machine (Zhang et al. 2015) 92.30%
6 T prresee e 7 MPD-AL with N; =3 95.35%
' N ,JI |'<\ MPD-AL with Dynamic Decoding 97.52%
= \_J 'y I{\w I" | Vit tle
* oo _Jﬂ\'r b Y L\ e
Mot N

Tima (ms)

"MPD-AL: an efficient membrane potential driven learning algorithm for SN." 44A41-2019.
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[2] "An efficient and perceptually motivated auditory neural encoding and decoding algorithm for spiking neural networks." Frontiers in
neuroscience 13 (2020): 1420.
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Multi-Tone Phase Coding of Interaural Time Difference for Sound Source Localization With Spiking Neural Networks. IEEE/ACM
Transactions on Audio, Speech, and Language Processing, 29, 2656-2670.
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TABLE VII
A COMPARISON OF MAE BETWEEN MTPC-SNN AND OTHER COMPETITIVE
SOUND SOURCE LOCALIZATION TECHNIQUES

aw Computational model MAE (1.5m) | MAE (1.0m)
MTPC-CSNN [55] 1.61 4.84
MTPC-RSNN [44] 1.02 4.09
MTPC-CNN [56] 1.20 4.06
MTPC-LSTM [57] 0.41 3.89
GCC-Phat + CNN [52] 157 4.38
MUSIC [54] 2:35 3.79
N 1 90
o FEER 120 3 60 ——CSNN
. RSNN
> lnput newron K xN,
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"Progressive tandem learning for pattern recognition with deep spiking neural networks." IEEE Transactions on Pattern Analysis and Machine
Intelligence (2021).
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TABLE 1
i i%gn % CLASSIFICATION ACCURACIES OF EXISTING SPIKE-DRIVEN LEARNING ALGORITHMS ON THE MNIST DATASET. WE U SE THE FOLLOWING

NOTATION TO INDICATE THE SNN ARCHITECTURE. LAYERS ARE SEPARATED BY—AND SPATIAL DIMENSIONS ARE SEPARATED BY x.
THE CONVOLUTION LAYER AND POOLING LAYER ARE REPRESENTED BY C AND P, RESPECTIVELY

Model Coding Network Architecture Additional Strategy Ace. (%)
Mostafa [36] Temporal 784-800-10 Weight and Gradient Constraint  97.5
Tavanaei et al [67] Rate 784-1000-10 None 96.6
Comsa et al [49] Temporal  784-340-10 Weight and Gradient Constraint  97.9
Kheradpisheh et al [48] Temporal 784-400-10 ‘Weight Constraint 974
ANN Rate 784-800-10 None 98.6
STDBP (This work) Temporal 784-340-10 None 98.0
STDBP (This work) Temporal  784-400-10 None 98.1
STDBP (This work) Temporal  784-800-10 None 98.5
STDBP (This work) Temporal  784-1000-10 None 98.5
CNN Rate ERHBLIOESEI0C None 99.5

-P2-800-128-10

28x28-16C5-P2-32C5
o
STDBP (This work) Temporal P2-800-128-10 None 99.4

[ MANORY INTERFACE ]

(b)
Accelerator Coding Acc. (%) fps Tech Power uJ/frame
SNNwt [76] Rate 91.82 - 65 - 214.700
TrueNorth-a [24] Rate 92.70 1000 28 0.268 0.268
TrueNorth-b [24] Rate 99.42 1000 28 108.000 108.000
Loihi-a [77] Rate 98.79 120 14 - -
Loihi-b [78] Rate 99.21 150 14 99.248 660
Spinnaker [56] Rate 95.01 77 130 300.000 3896.000
Tianji [57] Rate 96.59 - 120 120.000 -
Shenjing [55] Rate 96.11 40 28 1.260 38.000
STDBP+YOSO (This work)  Temp. 98.45 21 22 (0.878%) 0.751 (41.93%) 35.839

**Scaled for 28 nm process (x1.17 for half a generation)

"Rectified linear postsynaptic potential function for backpropagation in deep spiking neural networks." IEEE Transactions on Neural
Networks and Learning Systems (2021).
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