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Implementation of vessel’s steering command

recognition system based on DTW

Eun Kyu Nam

Department of Computer Engineering, Graduate School,

Korea Maritime University, Busan, Korea
Advised by Prof. Ok Keun Shin

Abstract

In this dissertation, we present an implementation of automatic speech
recognition system designed to recognize vessel’s steering command. The
system first detects the point where the speech starts and ends, and then
processes the acoustic signal to produce 13th order MFCC. The recognition
of steering command is conducted in 2 steps: the calculation of similarity in
word level, and then the selection of the final steering command from the
set of feasible commands. The word level similarity between test and
reference MFCC vectors is calculated by DTW (Dynamic Time Warping)
method. Then a word lattice is made to aid the selection of the steering
command. Steering commands considered in this study consist of one to
four words chosen from 23 words including numbers. Three kinds of

recognition experiments are conducted to test the performance of the



presented system. In the first two cases which are speaker-independent
command-level and word-level experiments, the recognition rate was around
70%. In the last experiment, which is speaker-dependent command-level
recognition, the recognition rate is more than 97%, which encourages the

application of the system in real environment.
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AA, &4 Al °%(endpoint constraints) X1 & ojo] oigh w3} A7k
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a9 3.2 Warping 4 =.
Fig. 3.2 Warping path.
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Fig. 3.3 Global path constraint condition.
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Table 4.1 Example of steering command.

A T 3 5 o] A8 g
starboard(or port) B 7ts (ke #Fd)e=
easy 7~8 FAL
starboard(or port) g7 (ke #d)o=
ten 10" FA] 2.
starboard(or port) B S $d(EE #Fd)o=

Rudderwt o & | fifteen 15" FA 2.
o] Fo] A = starboard(or port) g7 (ke #d)o=
ZE} twenty 20° T Al &
hard starboard H4s SdEEs #HA)o=
(or port) 30°~35°(H ) TAL
midship Els T2 AL
Btz S Bol & AEj oA
easy to ten
1002 F0]A] L

Rudder<}
compass=
o] o] 2] &=

ZE}

steady three one five

HAEE 315°2 AHGA L.

steady zero six two

W22 62°2 AAA L.

steady

CEERE EERES

course again

CEERE EERES

_30_




# 42 =¥ SAHES T

o,
ol

b sl

Table 4.2 Word of steering command.

word 1id.

g Wy ol

=

1 /L/ 0

2 /A =2/ 0

3 /4/ 1

4 /5 2

5 /2~2]/ 3

6 JE/ 4

7 /3ol B/ 5

8 /A 2=/ 6

9 /A2 7

10 /ol s/ 8

11 /L 9

12 /El/ 10

13 /3| ZEl/ b

14 /5 olEl/ 20

15 [ EFE By starboard
16 YXE/ port
17 a2 hard
18 /a3 midship
19 /o] A/ easy
20 /2" Y]/ steady
21 /32=/ course
22 /o1 AR/ again
23 /ol A &/ easy to
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ZElEH O o] M2 A Mol 19 413 2o v 29l A ge
Z71%H eI, eI RS FASkE 23718 dols T T/vte] v AH=E A
K

e g4 we g el

( N\
s : starboard no: 0
e : easy n2:0~2
p : port n3:3
h : hard n5: 0~5
m : Midship nG : 6
et:easyto n :1~10,15,20
C : course nn:0~9
a:again
st : steady
. J

a9 41 e Y] A Hol=.

Fig. 4.1 State transition diagram of vessel’s steering command.
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Fig. 4.2 State diagram of vessel’s command recognition.
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# 51 54 dolEek dAe =4,

Table 5.1 Speech data preprocessing conditions.

R S
o A g o] Sampling R.ate 16@2
Sample% bit 16bit
Pre-emphasis 0.95
Hamming 20
ms
AAE =4 Window size
AgE 54 MFCC
SAMY Ay 132}

52 3aA =Y do] 94 49

¥ oAgelAE 28E3E FHHE BB AN/ AN F A9 a4

AP FdstA =, sty MFCCR

d
filo
|

)

£
AN
fu

>
>
ofo
oA,
i1t
o2
o,
=

I

ofr
o

U= MFCC9 Delta-MFECCE= SAMH=Z ARG Aot Q4 A9 Ay=
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¥ 52 SAWY R zuWY o A48,

Table 5.2 Recognition rates of two different feature

vectors.
MFCC +
Word id. MFCC (%)
Delta-MFCC (%)

1(oh) 96.6 83.3
2(zero) 90 90
3(one) 80 93.3
4(two) 80 80
5(three) 56.6 60
6(four) 20 26.6
7(five) 30 30
8(six) 96.6 96.6
9(seven) 86.6 86.6
10(eight) 83.3 83.3
11(nine) 93.3 93.3
12(ten) 33.3 36.6
13(fifteen) 83.3 80
14(twenty) 70 70
15(starboard) 46.6 33.3
16(port) 90 90
17(hard) 73.3 73.3
18(midship) 53.3 53.3
19(easy) 30 36.6
20(steady) 46.6 43.3
21(course) 76.6 50
22(again) 50 36.6
23(easy to) 100 100
T A 72.7 70.7

53 AEY zehw W A4 A

Fafol AS-=

rr

ZEFHH S A Awe 23719 "olEY xFoR FAH



W, ey el @ 5 ol 2Fe 599744 ol o,

of APelME wolwrs] A4 APNM A ol SHUIHS Tl

3£ 5.3 Word lattices AH83 HE TS 4 A7
Table 5.3 Result of command level recognition
experiments.
R A2 E (%)
word lattice ®]A}-& 67
word lattice+ i ¥ A} & 70

® 54% E 539 3 @o) B ARFA 094 BHGH ol ofE
F SR B A gojol A A Fol o}F dghtd, 1 ol ik e 2ol
FAAY. WA “four’s] A% Al wel AL //E oFhn #A @]

“oh"® Q9%+ A7 Bt “easy’d A4 wSA e “easy-to’o} EH

i
o
T

o
o

—_

| "= “three”= Bo] 2AHM, o= “starboard’& /s/%a9 1

o @4ol A% “hard’Z 091, FHE wgol FAF “port’Ze 29le] 9l
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Table 5.4 Analysis of mis-recognition in word-level

recognition experiment.

word id. MFCC (%) 25 QAF do] S5
1(oh) 96.6 four
2(zero) 90 four, two, seven
3(one) 80 port, five, nine
4(two) 80 seven, port
5(three) 56.6 eight, seven, six
6(four) 20 oh
7(five) 80 hard, ten
8(six) 96.6 three
9(seven) 86.6 ten, eight
10(eight) 83.3 three
11(nine) 93.3 five, seven
12(ten) 83.3 two, seven
13(fifteen) 83.3 zero, three
14(twenty) 70 eight, three
15(starboard) 46.6 hard, port
16(port) 90 oh, two, seven
17(hard) 73.3 five
18(midship) 53.3 easy to
19(easy) 30 easy to, three
20(steady) 46.6 ten, eight
21(course) 76.6 port, hard
22(again) 50 ten, five
23(easy to) 100
T B 72.7
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# 55 sAFTH 2EHE IYE.

Table 5.5 Recognition rate of speaker dependent recognition experiment.

%67 AN E(%) | HE AX T 9 e
easy to <n> 979 hard port n:1~10,15,20
course again 81.8 port 8, port 10

hard <starboard | port> 98.4 hard port
midship 98.4 steady
port 100
starboard 100
steady 98.4 port
starboard <easy | n> 97.8 hard port n:1~10,15,20
port <easy | n> 97.6 hard port, hard | n:1~10,15,20
steady <000~ 360> 97.2 oh, four
iy 97.2
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