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ABSTRACT :The goal of this paper is to develop the speech recognition system which can control the ship’s auto pilot. The

feature parameters predicting the speaker’s intention was extracted from the sample wheel orders written in SMCP(IMO

Standard Marine Communication Phrases). And we designed the post-recognition procedure based on the parameters which

could make a final decision from the list of candidate words. To evaluate the effectiveness of these parameters and the

procedure, the basic experiment was conducted with total 525 wheel orders. From the experimental resuits, the proposed

pattern recognition procedure has enhanced about 42.3% over the pre-recognition procedure.

KEY WORDS : Auto pilot, Speech recognition, Wheel Orders, Speaker intention, Standard pattern
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Fig. 1. Block Diagram of Recognition System.

Table 1. Specifications of AD Converter

Maker TiePie Engineering, Netherlands
Model Handyscope 3
Interface USB 20 & USB 1.1
Channels AD : 2 DA 1
Input Sensitivity 200mV-80V full scale
Input Impedance 1Mohm/30pF
Resolution 12bits
Sampling Frequency 8kHz
/Ssafﬁngiiﬁ 3.75sec / 30,000samples

A AE-E43204(Continuous Speech Recognition) & & 1}
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Table 2. Words used for Wheel Orders

- Rk .

Hag

olg st e & yehd Folth JE €W ‘Midships'2

== oA 1go] BERANT wE = ] Wl 180} FHES A
kA A Midships, Port, Starboard, Hard, s 433151"%“%%, 1A -43}“]‘?1-4 grol 022 gt
Ease-to, Ten, Fifteen, Twenty E]x ‘Five, ‘Ten, ‘TFifteen' ¥ ‘Twenty'® A9 A=
T = Five agto] WaE AT B4R 5 9)7) Wo] 4vke] Weia] A
N2 One, Two, Three, Four, Six, w SeulE e g 12 ARG} Table 6& ZEH Y T8
Seven, Fight, Nine, Zero, Steer oA wole] 91X wet 14 g dojde Rojg wnlE
Table 3. Normalized Euclidean Distance Matrix between the Order’s Patterns
word | One | Two |Three| Four | Five | Six |Seven|Eight | Nine | Ten | Zerol |Fifteen Tv;f;n— ggé Port | Hard gﬁlg; Steer | Ease-to
One 0.0 | 0071 0291 | 0.132 | 0.059 | 0.376 | 0.195 | 0.556 [ 0.086 |0.285| 0.161 | 0.374 { 0.275 | 0.073 | 0.103 | 0.137 | 0.352 | 0680 | 0.420
Two {0071} 00 |0.199]0.076|0.194 | 0.262 | 0.211 | 0.429 | 0.196 |0.258| 0.144 | 0.256 | 0.206 | 0.148 | 0.068 | 0.176 | 0.255 | 0522 | 0.306
Three (0201 | 0.199 1 00 | 0274|0377 [ 0.117 | 0.130 { 0.168 | 0.254 |0.093| 0.100 | 0.099 | 0.081 | 0.200 | 0295 | 0.344 | 0.137 [ 0.280 | 0.151
Four 0132|007 | 0274} 00 {0.240|0273|0.212 0425|0267 |0.277{ 0218 | 0291 | 0.258 | 0.163 | 0.051 | 0.216 | 0.293 | 0543 | 0.390
Five (0059|0194 [0377]0.240| 00 |0.497 | 0.199|0.720 | 0.035 [0.282]| 0.196 | 0514 | 0364 | 0.060 | 0.175 | 0.132 | 0475 [ 0903 | 0.550
Six 0376 | 0262 | 0.117 | 0.273 | 0.497 | 00 [0.138|0.082| 0401 |0.113|0.149 | 0.052 | 0.061 | 0.337 | 0389 | 0.533 | 0.026 | 0.167 | 0.095
Seven [0.195] 0211 [ 0130|0212 |0.199|0.138| 00 |0.305|0.132[0.050(0.036| 0.198 | 0.098 | 0.116 | 0.255 | 0.289 | 0.146 | 0462 | 0.251
Eight 0556 0429 | 0.168 | 0425 |0.720 [ 0.082 | 0.305| 0.0 |0594|0.246|0.339 | 0.077 | 0.167 | 0.490 | 0565 | 0.737 | 0.143 | 0.058 | 0.136
Nine 0.086 | 0.196 | 0254 | 026700350401 | 0132|054 | 00 ]0.192|0.129| 0420 | 0276 | 0.044 | 0.207 | 0.155 | 0.378 [ 0.764 | 0.445
Ten 0.285] 0258 [0.098 | 0277102820113 0050 | 0.246 | 0.192| 0.0 10.080| 0.157 | 0.093 | 0.189 | 0.301 | 0313 | 0.135 {0416 | 0211
Zero 10161} 0.144 | 0.100|0.218 | 0.196 | 0.149 | 0.036 | 0.339 | 0.129 |0.080} 0.0 | 0.192 | 0.092 | 0.119 | 0228 | 0.252 | 0.138 | 0480 | 0232
Fifteen |0.374 | 0256 | 0.099 10291 | 0514 | 0.052 | 0.198 | 0.077 | 0.420 |0.157{ 0.192 | 0.0 0.039 | 0.331 | 0401 | 0556 | 0.050 | 0.116 | 0.025
Twenty [0.275| 0206 | 0.081 [ 0258 [ 0.364 | 0.061 | 0.098 | 0.167 | 0.276 |0.093| 0.092 | 0.039 0.0 0.220 | 0.341 | 0441 | 0.031 {0235 0.048
Starboard| 0.073 | 0.148 | 0.200 | 0.163 | 0.060 | 0.337 [ 0.116 | 0.490 | 0.044 [0.189| 0.119 | 0.331 | 0.220 00 |0123 | 0115 | 0325 | 0663 0334
Port 0.103 | 0.068 | 0.295| 0.051 | 0.175 | 0.389 | 0.255 | 0.565 | 0.207 [0.301| 0.228 | 0.401 | 0.341 | 0123 | 00 | 0073 | 0412 |0.742| 0506
Hard [0.137| 0.176 | 0.344 | 0.216 | 0.132 | 0.533 | 0.289 | 0.737 | 0.155 |0.313| 0.252 | 0.556 { 0441 | 0.115 | 0073 | 00 | 0558 | 1.000| 0.663
Midships | 0.352 | 0.255 | 0.137 | 0.293 | 0.475 | 0.026 | 0.146 | 0.143 | 0.378 |0.135| 0.138 | 0.050 | 0.031 | 0.325 | 0.412 | 0558 | 0.0 0.187| 0.060
Steer |0.680| 0522 [0.289 | 0.543 | 0.903 | 0.167 | 0.462 | 0.058 | 0.764 |0.416| 0.480 | 0.116 | 0.235 | 0.663 | 0.742 | 1.000 | 0.187 | 0.0 0.135
Ease-to | 0.420 | 0.306 | 0.151 | 0.390 | 0550 | 0.095 { 0.251 | 0.136 | 0.445 [0.211] 0.232 | 0.025 | 0.048 | 0.384 | 0506 | 0663 | 0.060 | 0.135 0.0
‘Six'¢} ‘Twenty’s= ‘Midships’, ‘Seven'? ‘Zero, ‘Eight'e #& "}‘E]"{“_ Aolt}, £3] AZAA HHEHZAA HAZZh2 360°
‘Steer’, ‘Nine'2 ‘Five, ‘Ten'®} Zero'= ‘Seven’, Tifteen' > FHoz x|AHH7] wjiol] QoA 7R 2 S| A Zero,
‘East-to’, ‘Port'= ‘Four, ‘Steer’ = ‘Fight’, ‘Ease-to’= ‘Fifteen’ ‘One, ‘Two, “Three' & A12]3}F Four', ‘Six, ‘Sevent, ‘Eight’, ‘Nine’
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Table 4. Standard Structure of Wheel Orders

B o $4U4 Axde WEIRE 5B B2
e fFes As F485, 4 BolHE 479 1

T T e
5 T oy A Fugol Y{e AANES SArk 4714 Fudo] ¥
Midships 1 9] A4 e Table 2914 FFH= A8)7F 00101312 &3
Port five 2 d ASe 5 HFe ol 415790]7] o) FEole] 5=
Port ten 2 = 2 AASEY a8l Fugke] Fgel tiste] Table 5
Port fifteen 2 St Table 69 ZE/E® 7% £4 sulE e 272 9%
Port twenty 2 Table 6. Parameters Depending on Word Positi
Hard port 9 able 6. Parameters Depending on Word Position
Starboard five 2 o) ARA | F A | A AR | d A
Y] 7 Starboard ten 2 @l ol @l @l
ERZR A A ¥ . One 0 1 1 1
Starboard fifteen 2 T 1
Starboard twenty 2 Th‘;v o 8 1 } i
Hard Starboard 2 ==
Ease-to fi 5 Four 0 0 1 1
ase~to hve Five 0 1 1 1
Ease-to ten 2 Six 0 0 1 1
Ease-to fifteen 2 Seven 0 0 1 1
Port twenty five 3 Eight 0 0 1 1
Starboard twenty five 3 Nine 0 0 1 1
Steer zero seven zero 4 Ten 0 1 0 0
AEAAY Y Steer one two five 4 Zero 0 1 1 1
Steer two four nine 4 Fifteen 0 1 0 0
Steer three six eight 4 Twenty 0 1 0 0
Starboard 1 1 0 0
Table 5. Parameters Depending on Word Number Port 1 1 0 0
Hard 1 0 0 0
o] 15Ho] 2 3] 4] Midships 1 0 0 0
HEE HHEE HHT BEE Steer 1 0 0 0
One 0 0 0 1 Ease-to 1 0 0 0
Two 0 0 0 1
Three 0 0 0 ! % F2#Hol £Aso] AFH o Auolr}t FYHES
Four 0 0 0 1 o -
Five O 1 1 1 }\]v}—\-%‘é‘ .‘iiﬂ-iﬁ‘j&d‘ﬁ‘:}
Six 0 0 0 1
Seven 0 0 0 1 42 ol olE ujElolA] M3 3]
Eight 0 0 0 1
Nine 0 0 0 1 shajel =g A2 + e 54 RerEE SAZ o4
Ten 0 L 0 0 AHe Syt A Hgo] 84 AZe] Astol
. 0 : : EEANET Ao fApETte s dolg AYse 14 o)
Twenty 0 1 1 0 |14 A vudHS Fstgal 1 A3 Table 7%
Starboard 0 1 1 0 2.
Port 0 1 1 0 A 12 Q1A Aol o HF QAEL Table 604
i | 0 0 5 S el of 329962 o1 A et QA sl 2E)E
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Table 7. Recognition Results
- e gwE £7
cow HelQlA | e el
Midships 100% 100%
Port five 44% 100%
Port ten 28% 80%
Port fifteen 20% 9%%
Port twenty 24% 48%
Hard port 8% 84%
Starboard five 32% 100%
Starboard ten 16% 36%%
Starboard fifteen 28% 63%
Starboard twenty 44% 80%
Hard Starboard 40% 2%
Ease-to five 8% 100%
Ease-to ten 76% 76%
Ease-to fifteen 68% %%
Ease-to twenty 6096 92%
Port twenty five 4% 60%
Starboard twenty five 8% 80%
Steer zero seven zero 20% 60%
Steer one two five 44% 72%
Steer two four nine 12% 44%
Steer three six eight 8% 36%%
Ht 32.9% 75.2%
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