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Study of Speech Recognition System Operation for Voice-driven UAV Control
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ELLT Department, Hankuk University of Foreign Studies'

ABSTRACT

As unmanned aerial vehicle (UAV) has been utilized for military operation, efficient ways for
controlling UAV has been necessary. In particular, instead of conventional approach using console
control, speech recognition based UAV control is essential for military environments in which rapid
command operation is required. But research on this novel approach is not actively studied yet. In
this study, we introduce efficient ways of speech recognition system operation for voice-driven UAV
control, focusing on mission command control from manned aircraft rather than ground control
center. We propose an efficient way of system operation for UAV control in cooperation of aircraft
and UAV, and verify its efficiency via speech recognition experiment.
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Feat | Decoder
ca “‘;e transmission
parameter charmef
extraction - Speec':l{
Recognition
(a) Feature extraction by input speech stream
| Decoder
Encoder pransmission
channel
_| Feature parameter | Speech
- extraction Receognition

(b) Feature extraction by packet

fransmission
channel

Qutput Speech
Stream

Feature parameter ) Speech
extraction Recognition

Enceder Decoder

(c) Feature extraction by output speech stream

Fig. 2. Speech recognition operation schemes in wireless communication environments according
to feature parameter extraction
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Fig. 3. Speech recognition based UAV control schemes
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Table 1. Processes of Aircraft and UAV according to UAV

control schemes

Aircraft-centric recognition
scheme

Aircraft/UAV-distributed
recognition scheme

UAV-centric recognition
scheme

Processes
required to
aircraft

* Input speech stream
processing

* Voice activity detection

* Noise reduction

e Feature parameter
extraction
Speech recognition
execution

¢ Post-processing

¢ Packet generation and
encoding

e Packet transmission

¢ Input speech stream
processing

* Voice activity detection

* Noise reduction

* Feature parameter
extraction

e Parameter encoding and
packet generation

* Packet transmission

e Input speech stream
processing

* Voice activity detection

* Noise reduction

e Speech stream encoding

and packet generation

Packet transmission

Processes
required to
UAV

* Packet decoding
¢ Command operation

* Packet decoding

e Speech recognition
execution

e Post-processing

e Command operation

* Packet decoding

e Feature parameter
extraction

e Speech recognition

execution

Post—processing

Command operation

W%
2L ol o
>

o - NN
=

o jins
1 2
il
BN
3
Mr X
£ o o df
> Qo =

2 oo
I o g
e W,
fo o ot
B

2

Ao A o]

EEIEE K

B S va AR 3
Bssteh 2et 94 Ao aFHE B
Q7] Azeo] Adkshor mg, AT

Jo
-

45l

Y

Ho

2 (O oft o ok
N
o
ML
o

R
o
oo

>

2z J2=

i o ¥ T 4T 2 fo £ o

e
-
ro

° XN

_0|L
Kl
o
£

-

lo
2
i o
rr e
ok
>
o

W~

N
ofy
>
Lo
Ho
oo
rlo

N oo oo !
fru
I
Au)

oX,
o,
ulss
-d
ol
o |

=

o2 do
40 ox

i
= 4 o do

[*]
=
of

=L

I % A

o
2

oo
oX,
e
>

fo T

= o

Lo
= X
o
o

( mz
2
o
dgt
2

2
()
o,

e
td
rln
o
2
9
[
o
>
N
a
of»
_?ﬂ of

t
2
N,
Ef
—a
rO
N
i
™
ofy n:
i)
rlr

Lt
ol
i

te a7)2 o

N o
Jo
ro
N
1o
—a
rO
N
o
S
ich

o of

2
il Table 2= F-<¢17]

= ]

54 ¥ 2 A AgS BN

3ttt Table 1S AHA

A7 & & AAoY f/FU7] B4 &8 2 ] A
o] 8 WA A4 5% 54 gevEe 4

=

olHE HFstr] o

sedol B ebgE Qe Fol

W, f/5e07 B4k o8 AAe)
& A A% #27] Ax"e A
s Aol ok 2y ik o
A shebulE(f/ 7] BE

R

»

B J
ooE e o ¥0 ok

(TP

>
gl
o N g to ot © O (M N rlo >
1y
= [

&P o

u
(ol
of 2 g

| Holg 2718
Azt

4R 5 o8 876w HEe g A

2o
, ol meE Tzl Edo]l WAY 9F FEol

o I

fo
-
i}
Ir
)
ofy
&
P
in)
L
n
1o
u
N
i o
SiA

o]
AAE ol FEel WEo] 43
Gol2-5/e] AR wol) el T

23 B Qkth Table 3& ©|& A



M 47 # A 3 3, 2019 3. w4 718 79 g7 AoE HE SAUA AzE -

Table 2. Risk and constraint according to UAV control schemes

Aircraft-centric recognition
scheme

Aircraft/UAV—-distributed
recognition scheme

UAV-centric recognition
scheme

Type of |° Speech recognition results |e
packet data (text format)

Feature parameter (binary
format)

Input speech stream
(binary format)

Level of |° The small amount of .
packet loss packet data
risk e Low risk of packet loss .

Relatively small amount of
packet data
Medium risk of packet loss

e The large amount of
packet data
High risk of packet loss

e High performance load of
aircraft system

* Recognition algorithm .

Constraints decision according to
aircraft system

e Tolerable to packet loss

Performance load of
aircraft and UAV systems
Recognition algorithm
decision according to UAV
system

Not tolerable to packet loss

e High performance load of
UAV system

* Recognition algorithm

decision according to UAV

system

Disastrous to packet loss

Table 3. Packet size analysis according to UAV

control schemes

(a) Aircraft-centric recognition scheme

. Trans- Header Data Total Wireless -
Reczgﬂltlon mission size size size Systemy Network VAV System
protocol (byte) (byte) (byte)
UDP 8 015 10-23 Fig. 4. Speech recognition operation in aircraft
Word and UAV systems
TCP 20~60 2~15 22~75
Connected|  UDP 8 4~75 12~83 =2717¢ 7]';(]' Zka, %/—‘:1"01_7]_—5‘@ =& WA
words Top 2060 475 4135 7104 &4 FEvEw FEA FRAVZE A
3 FAr 101]/‘1 A2 & —r?%o}ﬂ HH%’: | sjH =7
(b) Aircraft/UAV-distributed scheme ta & 54S UEdt 222 5117 24 &+
WAL 717 Z2FARY F %"é—% FAE F<I
Recognition ;:;z_n Htseie;deer [s)?zt: L?thl 2 AFsta TV dAE et A4 fdFE 5
unit protocol (byte) (KB) (KB) StER, 54 2EdS Hujof 7] wiEol A
A} 3] 7] o = A& ¢© H &80
UbP 5 520 520 7V AT 'LH/\-] At+= A o] 1_1_ HE 0|
Word e Ag vy, dolg &4 A Ad gxXH
TP | A0 | S | o 2 Q2 A} Ay F o] APl Ak
Connected UDP 8 10~100 10~100 PR =2 od &Ag¢A Ao A A=
words TCP 2060 | 10-100 | 10~100 S R

=3
(c) UAV-centric recognition scheme o1l A|z~Ele 222H A 7]
Trans- Header Data Total Helrsh SHRIATR rol THAM, Fig. SelA
Reczgr;lﬂition mission size size size UERA Al 7EA] B R Fig 49k 22 AlEE el
protocol | (byte) (KB) (KB) AAS Azet A HE P ET AP AL
UDP 8 30~150 | 30~150 | AU HHoe FAY] FAS BdE BH
Word ) 3] A% oA 3] mWalolo
op 2060 | 30150 | 30-150 ol&, 3~57]¢] ojFE TAHE d2 014_ gd& ool
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Table 4. Error rate (%) according to packet loss

Packet | Aircraft- Aircraft/ UAV-
loss centric UAV-distributed | centric
10% 10% 15% 20%

20% 20% 28% 34%
30% 30% 41% 57%
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