CHAPTER 5 RESULT AND EVALUATION

To evaluate the performance of a low complextity tone recognition for automatic tonal
speech recognizer (ATSR), we evaluate our architecture by three categories:

1. Recognition accuracy
2. Calculation complexity
3. Processing time

We evaluate tone recognition accuracy by comparing autocorrelation method with
proposed vowel-magnitude different function (Vypr). We also evaluate recognition
accuracy of automatic tonal speech recognizer (ATSR). We compare recognition
accuracy between ATSR with tone recognition and ATSR without tone recognition.
Processing time of tone recognition is tested with autocorrelation, series Vypr, and
parallel Vypr. Finally, power consumption is evaluated by power consumption between
autocorrelation, series Vypr, and parallel Vipr.

The evaluation is set by using the Thai voice command corpus database from the
National Electronics and Computer Technology Center (NECTEC), Thailand [62].

5.1 Recognition Accuracy

We test the tone recognition with 110 Thai words comprising 187 syllables selected
from voice activation for GPS systems and phone dialing options. The 110 test words
and its tone results, and tables of international phonetic alphabets are shown in
Appendix B. Each word is sampled at 11.025 kHz and 16-bit quantization. The frame
length and frame shift are 23.2 ms and 11.6 ms, respectively. The consonant and vowel
phonemes of the test words are illustrated by phonemic transcription [70].

In addition, we test the recognition accuracy of an automatic tonal speech recognizer
with the proposed tone modeling and without the tone modeling by the word hidden
Markov’s models (HMMs). The models are evaluated by 45 speech data comprising 35
words having the same phoneme but different tones and 10 words selected from voice
activation for GPS systems and phone dialing options. The models are trained on a
speech corpus of 2,250 words collected from 5 native Thai speakers.

The word models are set from 32-state HMMs. The feature vectors consist of 12
MFCCs, 12 delta MFCCs, 12 delta-delta MFCCs, delta log energy, and delta-delta log
energy. The total processing time and the power consumption are tested by 12 mW at
50 MHz.

The experimental results present the percentage improvement in frame reduction,
recognition accuracy, and power consumption. The percentage improvement 1is
calculated from

V1-V2 100%

Percentage Improvement =

where V1 is the value given from the conventional method, and F2 is the value from the
proposed method.
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The recognition accuracy is defined by:

number of correctly classified words

Accuracy = x100%

total classified words

To evaluate the tone recognition accuracy of autocorrelation (4C) and the proposed
Vupr, the vowel signals are used as the input of the system. We evaluate tone

recognition accuracy with 110 test words. All F trajectories are presented in Appendix
C.

The recognition accuracy in percentage is shown in Figure 5.1 — Figure 5.6. Table 5.1
compares recognition accuracy between autocorrelation (AC) and the proposed Vipr.
The result indicates 4.4% recognition accuracy improvement. AC generally uses the
whole input speech as an input signal. Since we use vowel signal as an input of tone
recognition, the 4C accuracy reduces.
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Figure 5.1 Comparison of tone recognition accuracy of the word 1-25
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Figure 5.2 Comparison of tone recognition accuracy of the word 26-50
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Tone Recognition Accuracy
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Figure 5.3 Comparison of tone recognition accuracy of the word 51-75
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Figure 5.4 Comparison of tone recognition accuracy of the word 76-100
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Figure 5.5 Comparison of tone recognition accuracy of the word 101-110



Table 5.1 Percentage improvement of tone recognition accuracy

Tone Recognition Method Recognition Accuracy
Autocorrelation 84.2%
Proposed Viipr 88.6%

Percentage Improvement 4.4%

Figure 5.6 and Figure 5.7 show speech recognition accuracy results comparing between
automatic tonal speech recognizer (ATSR) with tone recognition and without tone
recognition Table 5.2 shows the percentage improvement of recognition accuracy
between ATSR with tone recognition and without tone recognition. The results show
26.3% recognition accuracy improvement. The recognition accuracy of ATSR with tone
recognition is improved especially in the case of words having the same phoneme but
different tones.

Automatic Tonal Speech Recognizer (ATSR) Recognition Accuracy
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Figure 5.6 Comparison of ATSR recognition accuracy of the word 1-23
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Figure 5.7 Comparison of ATSR recognition accuracy of the word 24-45
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Table 5.2 Percentage improvement of speech recognition accuracy

Tone Recognition Method

Recognition Accuracy

ATSR without tone recognition 73.3%
ATSR with tone recognition 92.6%
Percentage Improvement 26.3%

5.2 Calculation complexity

Table 5.3 compares the number of frames between the autocorrelation method and the
proposed vowel-MDF (V)pr) method. Autocorrelation finds Fy features by using the
entire input syllable. The Vypr calculates F features by using only vowel signals. This
causes the Vypr method to decrease the number of frames by 44.6%, compared with

using the entire input syllable.

Since our architecture reduces the number input frame by using Vypr method, we
indicate the number of frame of the proposed method compared with using the entire

syllable in Table 5.3.

Table 5.3 Number of frames

Number of Frames
No. | Test Word | Thai Alphabet % Reduction
Entire Syllable Vyupr
1 | maa n 69 32 53.6%
2 | maa M 117 47 59.8%
3 | maa 1 74 27 63.5%
4 | mda n 85 39 54.1%
5 | maa ZE 58 53 8.6%
6 | mii 1l 84 46 45.2%
7 | mii Wil 84 56 33.3%
8 | mii i 63 34 46.0%
9 | mi'i 5 83 40 51.8%
10 | mii Nl 74 42 43.2%
11 | may 13y 74 50 32.4%




Table 5.3 Number of frames (cont.)
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Number of Frames

No. | Test Word | Thai Alphabet % Reduction
Entire Syllable Vupr
12 | may Tl 59 50 15.3%
13 | may T 51 27 47.1%
14 | ma'y i 74 33 55.4%
15 | may Ty 68 50 26.5%
16 | khay a3 67 16 76.1%
17 | klay i 89 39 56.2%
18 | khay 4 53 11 79.2%
19 | kha'y 18 83 17 79.5%
20 | khay T 82 25 69.5%
21 | kay 1na 68 37 45.6%
22 | kay n 70 47 32.9%
23 | kay 8 54 41 24.1%
24 | ka'y 15 57 46 19.3%
25 | kay A 69 46 33.3%
26 | khaa M 80 21 73.8%
27 | khaa U 85 20 76.5%
28 | khaa A1, 78 42 46.2%
29 | kha'a M 83 48 42.2%
30 | khaa U 89 37 58.4%
31 | naa 0 72 50 30.6%
32 | n'aa Wi 78 37 52.6%
33 | nda wih 60 36 40.0%
34 | na'a h 71 44 38.0%
35 | naa M 67 41 38.8%
36 | chim Jo 72 38 47.2%
37 | muu i 76 46 39.5%
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Number of Frames

No. Test Word Thai Alphabet % Reduction
Entire Syllable | Viypr
38 | s99Y Y00 88 44 50.0%
39 | kheet U@ 65 30 53.8%
40 | lam/phoon | §1Twa 92 73 20.7%
41 | hEen/ frii wauas 90 62 31.1%
42 | sian/riak (AN 75 57 24.0%
43 | pdat/sian Waides 78 60 23.1%
44 | pit/sian Fadea 82 49 40.2%
45 | tam/bon fua 67 60 10.4%
46 | ooam/phdo 9N 83 48 42.2%
47 | lom ad 59 44 25.4%
48 | khwaa U 83 46 44.6%
49 | that/ pay daly 55 32 41.8%
50 | hm#an Milou 78 35 55.1%
51 | thésw (o7 24 6 75.0%
52 | lhak 1aon 26 19 26.9%
53 | khaam 3l 70 44 37.1%
54 | fat da 77 47 39.0%
55 | pe ue 41 26 36.6%
56 | 224w /2939k | 91000 54 37 31.5%
57 | tok/loy ANy 26 13 50.0%
58 | siuup a9 79 27 65.8%
59 | fam N 76 56 35.7%
60 | lot an 44 28 36.4%
61 | chdon SN 60 34 43.3%
62 | téen/tii wnudi 41 14 65.9%
63 | maak /sut nngea 74 50 32.4%
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Number of Frames

No Test Word Algll::li)e ¢ Entire ¥ %Reduction
Syllable MDF
64 | ndoy/sut vooga 98 74 24.5%
65 | ral/dap/sian FLAUTOY 88 48 45.5%
66 | raup/beep giuuy 83 36 56.6%
67 | raay/kaan FRLIIRE] 88 55 37.5%
68 | sat/suan daaiu 88 62 29.5%
69 | hy'ut/ phap HYANIN 59 35 40.7%
70 | tam/sa'm ¥an 102 77 24.5%
71 | phzen/tii e 55 32 41.8%
72 | ciil phii/ooet Iea 78 35 55.1%
73 | plaay/thaan Uareng 24 6 75.0%
74 | nam/thaay W 98 74 24.5%
75 | pay/ii Tl 88 48 45.5%
76 | séen/thaan N1 88 44 50.0%
77 | roon/résm T5qus5u 85 56 34.1%
78 | ciit | phak | phdan ANNHDU 85 66 22.4%
79 | phat/taalkhaan NANIATT 98 40 59.2%
80 | khrian/prap/aa/kaat | @SeslSuerme 56 16 71.4%
81 | cut/tat 1960 92 57 38.0%
82 | citt/chom/wiw AU 81 30 63.0%
83 | rot/tit 5079 29 9 69.0%
84 | thoo/ra/sap Tnsemy 71 24 66.2%
85 | thoo/dian TnsaIu 40 21 47.5%
86 | raay/kaan/thoo 518015 1N3 51 23 54.9%
87 | waan/saay 1NEY 77 33 57.1%
88 | thoo Tns 99 63 36.4%
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Number of
No. Test Word Thai Alphabet En tfrléames %Reduction
Syllable Vior
89 | sraay GERN 90 71 21.1%
90 | pii pl 81 43 46.9%
91 :‘)(_:%gzam/man/ﬁ”—m/ UszyumaInsdnd 37 24 35.1%
92 | rap/saay Sy 50 8 84.0%
93 | may/rap/saay lsisvane 99 48 51.5%
94 | wee/laa/thoo na1lng 72 51 29.2%
95 | paan/klaay thunan 60 31 48.3%
96 | cut/ridy/1do 9030800 107 62 42.1%
97 | nay/mian Tuiiing 75 58 22.7%
98 i/fgj;)(gzgun/k(_zan/ca/ Fo1an1595193 90 42 53.3%
99 | duan AU 98 68 30.6%
100 | fir/vra/ kit 5309 180 104 42.2%
101 | th&w/saay/r3o 1081050 64 15 76.6%
102 | suan/tiaw AU 62 32 48.4%
103 | d#an 1AoU 77 54 29.9%
104 | pa/ti/thin Ugnu 65 32 50.8%
103 | d#an 1AoU 67 14 79.1%
104 | pa/ti/thin Ugnu 59 22 62.7%
105 | t&#an/khaam/cam HOUAIININ 91 30 67.0%
100 | 7 /ra/kit §3n9 77 57 26.0%
101 | thitw/saay/r3o 191950 62 18 71.0%
102 | siian/tuaw AU 61 31 49.2%
103 | d&an 1AoU 63 45 28.6%
104 | pa/ti/thin Ugnu 57 25 56.1%
105 | tétan/khaam/cam HoUANNT 62 32 48.4%
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Table 5.3 Number of frames (cont.)

Number of Frames
No. Test Word Thai Alphabet Entire %Reduction
Syllable Vior
106 | naan NU 77 54 29.9%
107 | wan/kaat Tuna 65 32 50.8%
108 | sap/daa o 67 14 79.1%
109 | geem AN 59 22 62.7%
110 | sa/miu/thoo/sap | ayaTnsdni 91 30 67.0%
Average 44.6%

5.3 Processing Time

We compare total processing time of the proposed method in data allocation (DA) of
PE1 and processing time in PE1 to PE3. Figure 5.8 indicates the reduction in processing
time between using the general data arrangement and the proposed data allocation (DA).
The proposed data allocation reduces the number of clock cycles by 50.2%. This
decreases the amount of processing time when the tone recognition requires input
signals.

The proposed tone recognition reduces the number of frames by using Vypr In
addition, the tone recognition executes the whole system by using pipeline and parallel
architecture. Therefore, this recognition system decreases total processing time and
consumes low power. Figure 5.9 shows the experimental result of total processing time
Note that 183 is the maximum frame of this paper. According to the results, the
proposed tone recognition is suitable for portable electronic equipment.
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