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(Learning of the Recurrent Neural Networks with
Additional Feedback Connections and Application to the
Recognition of Korean Spoken Digits)
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Abstract

We propose a new learning method of recurrent neural networks as an effort to solve
local minima problem. In this method the network with fixed connection weights is run
for a given period time under given time-variant external inputs and initial conditions.
The weights are changed in the direction that the total error is maximally decreased by
using the steepest gradient method. If the obtained error is not sufficiently small even
after iterating this procedure. additional feedback connections are introduced. Then, the
external input signal is redefined. And we execute experiments on the recognition of
Korean spoken digits as an application of the proposed network .
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Table 1. Data of spoken digit "7 after

speech detection.

Frame|F1 F2 F3 F4 F5 F6 F7 |Total
1 1148 4 3 40 73 69 531337
2 |65 21 0 28 6 37 30313
3 (149 24 0 38 91 102 153|404
4 1148 13 0 53 112 110 68| 436
5 (107 22 0 33 108 99 48| 369
6 1120 56 0 35 102 122 157|435
7 190 45 0 35 99 100 50| 369
26 |157 110 0 53 87 53 55]460
27 |192 107 0 43 74 37 81453
28 (202 104 3 61 101 55 101|526
29 1200 59 0 49 73 59 55| 440
30 1145 0 0 21 47 30 0] 243
31 {116 5 0 32 59 38 0250
32 |82 3 0 43 59 38 0225
33 |47 22 0 38 60 47 0|24
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Table 2. Data of spoken digit 7" after
preprocessing.

e B S

‘lk'rdmei F} F2 F3 F4 F5 Fé6 F71»

0.583 0.016 0.012 0.157 0.287 0.272 0.209
0.650 0.083 0.000 0.110 0.244 0.146 0.118
0.583 0.051 0.000 0.207 0.441 0.433 0.268
0.421 0.087 0.020 0.130 0.425 0.390 0.224
0.472 0.220 0.000 0.138 0.401 0.481 0.213
0.339 0.275 0.000 0.173 0.441 0.335 0.213

[ 2B 31 N~ WO (v I

18 |0.520 0.366 0.000 0.228 0.327 0.201 0.161
13 10.756 0.421 0.000 0.169 0.281 0.146 0.318
20 10.795 0.403 0.012 0.240 0.398 0.217 0.398
21 10.787 0.232 0.000 0.193 0.287 0.232 0.217
22 10.457 0.020 0.000 0.126 0.232 0.149 0.000
23 10.323 0.012 0.000 0.169 0.232 0.150 0.000
24 0.185 0.087 0.000 0.150 0.236 0.185 0.000|
25 10.173 0.000 0.060 0.122 0.189 0.114 0,000‘
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Fig. 2. Learning data of spoken digit 7" at
channel 1.
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Fig. 3. Desired output defined in Fig. 2.
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Table 3. The result of learning at each
step.

EStep Total Error
0 28.236
1 26571
2 24.542
3 26.394
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