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Robot Vision to Audio Description Based on Deep
Learning for Effective Human-Robot Interaction

aE AL R A YT

Dongkeon Park', Kyeong-Min Kang?, Jin-Woo Bae®, Ji-Hyeong Han '

Abstract: For effective human-robot interaction, robots need to understand the current situation
context well, but also the robots need to transfer its understanding to the human participant in efficient
way. The most convenient way to deliver robot’s understanding to the human participant is that the
robot expresses its understanding using voice and natural language. Recently, the artificial intelligence
for video understanding and natural language process has been developed very rapidly especially based
on deep learning. Thus, this paper proposes robot vision to audio description method using deep
learning. The applied deep learning model is a pipeline of two deep learning models for generating
natural language sentence from robot vision and generating voice from the generated natural language
sentence. Also, we conduct the real robot experiment to show the effectiveness of our method in

human-robot interaction.

Keuwords: Human-Robot Interaction, Video To Audio Description, Video Captioning, Speech Synthesis,
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[Fig. 1] Overall structure which incorporates video description and speech synthesis model.



24 23] =8A Al4E A5 (2019.3)

AT} Seq2Seq SN A attentionS- 4185171
wAle] 2y el E ARETE B A
o

glelo] A 9]x]of] gl tro] Aol ke v X7 % 314
Tk gukA o g A4 Ak &Y AFE|E 117 3t attention
o =
=

3171 wiiZoll local
attention®] i global attention=- 283}

B =Tl A 283l global attentione- -8-3F S2VT 5.
3k AR R v 2 vt 2Tk S2VT 2 MY Q.
Azlek g A A 918l 7 el LsTM! o=
o] 9ltk. 7 719 LST™M 3 5, WA LST™ 3
o] FHA LSTMel| 1] 0.5 F=olx|=t], 314 LSTM
skt ARS-E AL
< FEQ1 dol9 f_‘—%% L st *}"Q“Q‘jr il
AlellA] 31AA LSTM -2 CNN& AR o]u|x] Ze3)
Yol A|7ke] B 5o whet 1%315“:} [Fig. 11914 = 5= 950l
d @Al A A LSTM T2 3UH A LSTMS-9] &2
Y @AM e LSTM F9] B 297 HE areeh
global attention ©.= A8 ¥ context vectors “5All] §1=©.
Wol o] 7]F o w S AT ZF ARE G ol wht
A EPle] SYAFEIE b, olal BE Q=Y B9k el
o) WA 9] source] 5] YA EN= b, oItk b, 2} b,
o =2 g 1=l o] oo} 7+ alignment vector & T30}
HE % © = global context vectori=a,2] 7}53He] P o2 A
AT

Q
=2

o 1%

{

lo,
rlo
Ky

HJ of fel
of, % Mo et ox

= O
E—Lzﬂolg] /\]71—7901 6%%

I

LAY ofje |
mlo

e
Nl

&M O

P

>

L7

rTN

S

a(s) = align(h,, h_5>
exp(score(h,, h,)) M
B Es,exp(score(ht, E))

37| 913t score= 2(2)<
W, S 73l content 7]7H]

] 2l A alignment vectorS-
o] h,, b} ol S5 7RIS
general B2 ARSI,

score(h,, h,) = h! W, h, @

S2VT= HIH @ 0] AJZHAQ] 545 F+5ato] 7P A<l <)
2 2 Qls At A el s s S S5
o} ZIAH S 3} ARl Fo1% §) 5
ol & FA4staL, 1593 v g WAl A T LSTM= At
&sto] gl e & Erei

TR LSTME-2] & 2-2 softmax & o83l H g &
=M TolE Aestal, <E0S> Bl 17} v wi7hA] wolE

vH=o] Wick oS g A i8S 0] 83l log-likelihood
2 =285 A2kl Adam Optimizer!'81 S AFg-31 214 &+
djo]E Aol ozl 2 4] s}t

23 23 A HY @ Apd o] v A Ee] e
dlelH

o] leQl Zhzhe] o d 3918 256x256 7] = 7%
Ha F2AQ) 2 227x2277]12 A2 L CNN @] 9ldo =g &
o]7F}. CNN-2 ImageNet dataset 5 ILSVRC-2012 =3 -
o] 1.2M efn|xJel] taf vle] eh<53k VGG-16 s l%?&
t}. VGG-169] "4 fully connected (FC) - 5= |73}
3L 500 A o8 e e A2 HY T
5002H1€] CNNZE2E& S2vTe] AHA LSTMS¢] Y8 o=
AREERAL Al Al 71 HlE F9] T Al e
Alof| shzEiTh

L eo] 229l ol one-hot WE 17 Y-S AME3lO] 3
AF T} one-hot HE|= ol o] - 757} WlE o] 7] o], &
== TRk 10] a1 Y 2= 091 WE]E ettt o] = 9o
A Age G Qs Al e T gksS E3l 500
2o 2 g gel Al LSTMS] S22 o uo € ol
HEP7} EA A A LSTM O] 13 0 & Sof3ith

b
u i)

Y

528 A8, Tacotron> -8 2422 §HAJ51H=end-to-end
dHoz il
Aoz ~HER TS FHo R sl TPA Bt
Tacotron<> encoder®} attention 7]7+] decoder®] Seq2Seq<}
post processing WIE ] & o] o] ] glejli>,
5t o] HAL o] 553 gtetah= Aot tacotron
] 1At = S2VTell A U £ Bl = A S Weth
Q151 9] 2} A<= one-hot HEJol| A continuous HWE = 1H]
etk 22]31 2 e gE FARE pre-neto] 2= WA S
3HA Tk pre-net FC 53 rectified linear unit (ReLU) &
A3} e & F/Lo],g\ﬁl] o 7 A o] 9t} =olg-& At

o] B AI7F 358 33 sequence Aol 215} tacotron
3|
generative text-to-speech =@ 24| A4
J

olfl o

O.

o

O

s 8 5 FANR oIS Qs e o
Toll A < *ﬂﬂ e o] A 5 Q7] W] =5t

ﬂ

oS T3l ol& WAl 2 50 & S A gk i
A FC layeri= 3 W4 ZHT} 2HH g % %jﬁ A1~9~6}71 |7
of el FHI dniglE ¥ =



CBHG™ =50l o3l %5421 encoder E2o] Hr}. ouf
CBHG9] 2]7]+= 1-D convolution bank (CB), Highway network
(H)?' and a bidirectional gated recurrent unit (G)*°]t}. 1-D
convolution E] 2] K S5 convolution bankS /3 5}=1]
ARE-ETE K= HH I 7Hk Y] CZEE X33t o] 725 -3
/9 unigram, bigram, k-gram< 2% & = 1T} o] 5 CNNOJ|
A didog A8EE max-pooling®] AFE-EITE  max
pooling<e locally invariantE- S}531= 7] St} locally
invariant<= local gramol| 4] H3}A4] &= 3-S5 A4
O 2 Bs uf EHo] A WEHA| & wAFE S Heikth
T2l AR S A5 98] stride S 12 AHE-STE CBHG
9] XL convolutional T4 $1] HlolE 9] 4 ~A|U3}
5 ShEste] A7) PR s 717 Sl

batch normalization”-&- AF8-3HC}. Max-pooling 5 ©]-0l| +
712} 1-D convolutional &) AF&-¥ T}, Residual 4212 3]
9] 9123} F N A convolutional 34 s A= 03. Eisy
g} Residual 148 F3) Hde
ZFJdgE 4= vk Highway HIE
gjofof sh= My Akt 51’”3‘} AAS 3HA] L W=7

ARt 8= 93] 25 vhEo] WE I5s =

23k CBHG 7|1} encoder= T &3S Eoi& ¥l ol
2} YA Q] T RNNETE 2 8154 e go] Whass
A& HoA A gt

)3 A+ content7]HF] attention "jHYSS ©]-8-3F

t}. Context ™E]$} attention RNN cell 3-8 314A] =0
RNN®] 9jg o =t} 3k5o] £E =o]7] 913 gated
recurrent unit (GRU)Z vertical residual connection®"ol| AR&-3F
o). Y =ZH 7, 5 Seq2Seq EFI-2 80-band mel-scale 2=FE
2o 7 Jih MZH g AdEZ 7O 7] x| ke A
HE 2 30| )3l HgFo] A4k, 80-band mel-scale 2~
EZT9e 549 g5 A5 AR E Ts] ST

D3 BAE A5 al7] 91514 FC 3 A8, 4714 5
B R CREEREEE RS E
& oS TR Zlolck, Sl el 2e19) S oS s vl
o Wb ke 0 ZolEe] wel 27), #3084
RHE Zol BT, 2}t zejgle ol gl 2ele)a)
7 Flofgla 7 FAE-E o] o] Zelele] Lituo] QLo

B attention HIAHAUSS A3 Alol] @4 w2 A Sh5S- st

T Utk A HA H 5] WAl A= <GOo> ZH|d, F 008
AR ZH Q& ARSI FEEANA = A Tl A
Az Le T3 292 7 92 0w A8, s o
AN B rlle] A AR kg s Yol
] ] 229l Q150 oF R FA] 2 pre-net O = A&

ok

A mel-~HE 2 1208 25 PR &
A o]t} CBHG EE-E decoder THA o] %
of| = A}8-%] =] bidirectional GRUZ 213} %45 EAHES
= Rk olue} oS3k 2|9l o] . 7-E §lole A= &
th HFA 5 CBHG RES §3] 2~ E= 10| o5+
o}~ 548 TEE7] o] Zo o] x| uk 94
| oh 'J;ﬁﬂﬂ'l?—éﬁ ] wiol] 2 E 9] oS A
= 12]52] Griffin-Lim™E&- AR8-5}1
A 93 d5E 4 ATk STFT A719 e ~FER T

o] AAsH= WS e 5 LS WA 02 Sk

fud

w
Ik
ol

1 k5 dlolE] A, stolwuteii]g Bl = Au 27

S2VT 8k5oll= Microsoft Video Description Corpus
(MSVD)*& AH&- gt} MSVDE slute] a)s-S drdahe &
< frE 2 9S KokE HlolHo|th MSVDe] ) Hlo]E
Aol = of 2] oj &2 A E] o] IR I =Fel A= o] b
OJERE ARSI}, S S BT ATANRE B gl s
Estatal S AHAlehE A 8-S AR 29
2 10Zg|Qdel shp AE 3.

Tacotron 859l LJ Speech H|o[EJA1-S- ARE-3lT). o] Hlo]
H= 371802 A8 7F531o] | text to speech (TTS) 22!

oA wilx|nk 24 Fe] AR AL QT o] HlolH = g ] A
AR =N K 0007H @S ere FHom o] glor
S| o= 1204 102 Abo] 2 Z- Aol oF24ATel ok

7z} md G—,L%Oﬂ A2 hyper-parameteri= [Table 113}
[Table 219} 2t} =7 4B 2] GPUE= NVIDIA GTX 1080Ti,
CPUE AMD Ryzen 7 1700X 12]3l RAMS 44 DDR4
16GB*2-& AH&-3t}. Shgoll A7 A7 wi x| =717} 324 o
gk 2~gllof] oF 1127} A8 £ 397K =518 X1 8§k A7 oF 121
}‘]Zl’i 0_"t 5o1£o} 6]—]/56-],0#14_

F

32 59900 e 4 97h 9 4 e 97

AHE T3] A, 3.1 855 vloly A} s d g
MSVD &7l ek Apedo] AW A4 3 = Al

[Table 1] S2VT model hyperparameter

Image embedding dimension 4096
LSTM dimension 1000
The Number of Encoding Time Step 80
The Number of Decoding Time Step 20
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[Table 2] Tacotron model hyperparameter

[Table 3] Voice quality and situation explanation evaluation scores

Pre-emphasis:0.97, Frame length: 50ms Subjective speech | Context explanation
Spectral analysis , : ' Data Set evaluation evaluation
Overlap length: 12.5ms, Window: Hann
Character embedding MSVD & LJ Speech 3.07+£0.73 2.84+0.67
. 256
dimension
ConviD bank : K=16. conv-k-128-ReL.U [Table 4] Situation explanation evaluation by the NLP metric
Max pooling : stride=1, width=2 METEOR 0.289
Encoder CBHG Conv1D projections : conY-3-128-ReLU - BLEU | 0.678
conv-3-128-Linear BLEU 2 0,558
Highway network : 4 layers of FC-128-ReLU = -
Bidirectional GRU : 128 cells BLEU_3 0.462
FC-256-ReLU — Dropout (0.5) — BLEU_4 0.365
Encoder pre-net
FC-128-ReL.U — Dropout (0.5) ROUGE L 0.646
Decoder pre-net FC-256-ReL.U — Dropout (0.5) — CIDEr 0.554
P FC-128-ReLU — Dropout (0.5)
Decoder RNN 2-layer residual GRU (256 cells) A A 22 98 157 © 2 Ar] 3 7bah o]t o] ), A}
Attention RNN 1-layer GRU (256 cells) aha} W] SEhThs Ml ofof uke. 48 59 malalgith vt
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[Table 5] Voice quality and situation explanation evaluation
scores on robot experiment

Context explanation evaluation
2.86+1.43

Subjective speech evaluation
3.37+0.97
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Correct Description

A man is talking on a phone.

Incorrect Description
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A man is playing a guitar.

A man is doing a woman is playing a board

[Fig. 5] Audio descriptions resulted in robot environment
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