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Hyperconnect

[Chat]

A

<N | jve chat

Social , Real-time

A

3 Live streaming Hakuna Video

[Entertainment]

Discovery

and more...

* * *

WebRTC Video + Mobile Optimized Al
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HYPERCONNECT
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Hyperconnect

2017 : 9th 2018 : 7th

Google Play Revenue

Tower Data That Drives App Growth

1 0 Tinder 1 o Tinder

2 ¢ Google Drive 2 . Google Drive
3 @ LINE 3 P Pandora

4 P Pandora 4 @ LINE

5 HBO NOW 5 (3 BIGOLVE
6 @ netix 6 (@ Netix

7 {5 BIGOLIVE (7 8o Azar

8 @ KakaoTalk 8 @ KakaoTalk
(9 8¢ Azar ) 9 LINE Manga
10 }: LINE Manga 10 1 Google One

Note: Does not include revenue from third-party Android stores in China or other regions.

\—/

2019 1Q : 5th

Tinder
Google One
Pandora

BIGO LIVE

Azar >

3@&\10’@&&»&

co@™2ow -0

3

LINE

Netflix

LINE Manga
KakaoTalk

Google Drive

sensortower.com
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Keyword Spotting

el =k

Hey Siri

o CV2Io LHeleZ9| =
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o« 22 BEHl= MO Z 2L low hanging
fruit O[2} ErEt

.- - |
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A neural attention model for speech command recognition
Effective Combination of DenseNet and BiLSTM for Keyword Spotting
Short utterance based speech language identification in intelligent vehicles with {

Low-bit quantization and quantization-awaretraining for small-footprint keyword
spotting
Stochastic Adaptive Neural Architecture Search for Keyword Spotting

Keyword Spotting Based on Hypothesis Boundary Realignment and State-Level
Confidence Weighting

Efficient Voice Trigger Detection for Low Resource Hardware

End-to-End Speech Command Recognition with Capsule Network

Data Augmentation for Robust Keyword Spotting under Playback Interference

Efficient keyword spotting using time delay neural networks

Attention-based End-to-End Models for Small-Footprint Keyword Spotting

Deep Residual Learning for Small-Footprint Keyword Spotting

Sungjoo Ha (shurain.net)

Literature Survey

2018-09-27 https://arxiv.org/abs/1808.08929
2019-01-10 https://ieee Mengjun Zeng ; Nanf

- Google Speech Command2 SOTA &4

2018-11-02 https://ieee Zhanyu Ma, Hong Yu, IEEE Transactions on Vehicular Technology 2018

2018-11-01 https://ope! Yuriy Mishchenko, Yu NIPS 2018 workshop

2018-11-01 https://arxir Tom Véniat 1, Olivier Arxiv
2018-10-22 http://robot Hong Liu, Yuezhao CI CSAE
2018-09-02

Siddharth Sigtia, Rob Interspeech 2018

2018-09-01 https://wwv Jaesung Bae, Dae-St Interspeech2018

2018-08-01 https://arxi» Anirudh Raju, Sankar: ArXiv

- o}2}H0|E{ AFO|= 50K

- Google Speech CommandZ NAS A=

- SAE UFE DHO| UCH= 7PYsto ofEA O ZNE E
ZEEX[0) cht =2

-SADYUSASH UL EHE X

- Apple SIRI Research

- 2-phaseZ FHE 2

- window = 25 ms & 13-dimensional MFCCs

Google Spe

- Capsule Net 22 Pose relationship between low-level
relationship 28|Z iZ
- Clean/Noisy dataset 0| A EIAE

- Alex, Google Team Of|A] ZIgist o172
- LLO|Z/E XSt o2 ZEY B SloM E2 458 UES
G|O|E] O{ 2 HIE|O|M F2FS H|otst : Al ALIFHZE S2tg ECHt
AlexaZ B2= Mg 71y

megy WS Dl s Ty cpiwen =
AL el e D= WL
(LN B Y I ECR ) B
- DNN gives acoustic scores + HMM Decoder

- Weighted Cross-entropy #=7{ XfoiA 2

Google Spe
Google Speech Commands dataset

3000 Hour datasets

- 2-stage : phone-NN + word-NN
- transfer learning: phone 22 MK C}2 G|0|E{2 &t&st
0|0 IHAIHFD word-NNS &t&%

2018-07-11

https://arxi* Samuel Myer, Vikrant Interspeech 2018

2018-05-29 https://arxi Changhao Shan, Junt Interspeech2018

2018-04-15 https://arxi Raphael Tang, Jimmy ICASSP 2018

- & J§ME 23t OLO|C|0]: Frame Skipping & Caching to
reduce computation

- loss/regularization/batchsize S0l 25t AH0| 12

- https://www.fluent.ai/

- 1.02% false rejection rate at 1.0 false alarm(FA) per
hour

- OFF 712X ¢l 2ES Mi speaker 2 H&dli=

- CRNN + Soft attention + GRU is best

- phone-NN: LVCSR dataset (132

phone targets)

- word-NN: keyword datasets : Google spe
QC|R HEH20{M Y In-house de

Mi Al Speaker(188.0K positive
examples(~99.8h) / 1007.4K
negative examples(~1581.8h))  same as tre

Google speech commands
dataset
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Name
ResNet8Model/log_mel_spectrogram_3010_0.001_mom_I1/test

ResNet8Model/log_mel_spectrogram_3010_0.0005_mom_|1/test

ResNet8Model/log_mel_spectrogram_3010_0.001_mom_s1/test
ResNet8Model/log_mel_spectrogram_3010_0.001_adam_I3/test
ResNet8Model/log_mel_spectrogram_3010_0.001_adam_I2/test
ResNet8Model/mfcc_4020_0.001_mom_I1/test
DSCNNLModel/mfcc_4020_0.0_adam_|2_dropout/test
DSCNNLModel/mfcc_4020_0.0_mom_I1_dropout/test
DSCNNLModel/mfcc_4020_0.0_mom_I1/test
DSCNNLModel/mfcc_4020_0.0_adam_|2/test
ResNet8Model/log_mel_spectrogram_3010_0.005_mom_I1/test
DSCNNMModel/mfcc_4020_0.0_mom_I1/test
DSCNNMModel/mfcc_4020_0.0_adam_I2/test
DSCNNSModel/mfcc_4020_0.0_mom_I1/test
DSCNNSModel/mfcc_4020_0.0_adam_I2/test

Sungjoo Ha (shurain.net)

Smoothed Value

0.9630
0.9623
0.9611
0.9591
0.9555
0.9552
0.9539
0.9536
0.9523
0.9510
0.9484
0.9455
0.9445
0.9422
0.9026

0.9630
0.9623
0.9611
0.9591
0.9555
0.9552
0.9539
0.9536
0.9523
0.9510
0.9484
0.9455
0.9445
0.9422
0.9026

Time
Wed Mar 13, 17:56:11

Wed Mar 13, 19:19:47
Wed Mar 13, 17:49:26
Wed Mar 13, 17:57:12
Wed Mar 13, 17:03:51
Wed Mar 13, 19:19:50
Wed Mar 13, 19:19:44
Wed Mar 13, 19:19:38
Wed Mar 13, 18:52:40
Wed Mar 13, 17:07:13
Wed Mar 13, 18:49:53
Wed Mar 13, 18:50:25
Wed Mar 13, 17:05:08
Wed Mar 13, 18:49:08
Wed Mar 13, 18:24:22

Relative
21m 37s

19m 10s
15m 9s
22m 26s
20m 23s
18m 28s
15m 43s
16m 3s
23m 15s
23m 56s
19m 6s
21m 22s
22m 3s
20m 19s
Tm 46s

Baseline

W O 0| &= 2ZO| L0{0F 70| 2|0
o]
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0 CiQsst HEHES B
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Modified code from https://github.com/tensorflow/tensorflow/blob/master/tensorflow/examples/speech_commands/models.py
We tried to exactly implement model from 'Convolutional Neural Networks for Small-footprint Keyword Spotting' paper

Rl e XiSO| NICIER A7t A= QUS

Our implemented models have same # of flops as 'Hello Edge: Keyword Spotting on Microcontrollers' paper reported

= |:—IA01| -| -| | 1|otx7 2 O f f':'
import math -
import tensorflow as tf —*—6'—5X|
=1
def create_model(fingerprint_input, model_settings, model_architecture, :2
is_training, runtime_settings=None): |-O I CPU O-” -| AI | 7 A%H |-—I_ 7
""Builds a model of the requested architecture compatible with the settinags. ¢ EH E A EA I_I- | o 7 o .

2 Convolutional Neural Networks for Small-Footprint Keyword Spotting
(CNN)

Hello Edge: Keyword Spotting on Microcontrollers (DS-CNN)
Deep Residual Learning for Small-Footprint Keyword Spotting (Res)

Sungjoo Ha (shurain.net)
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2

00:15.904 / 00:15.904

Transcription

4.200s

5.100s

5.300s

5.500s

6.100:

|

6.300:
]

~5.100s

~5.300s

~5.500s

~6.100s

s ~ 6.300s

s ~ 6.600s
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False reject rate (false negative)

O

o

o
1

O

o

o
|

0.04 -

0.02 -

0.00 .

CNN-1 (AUC: 5.22e-03)

---- DS-CNN-L (AUC: 1.68e-03)

Resl15 (AUC: 1.13e-03)

—— TC-ResNetl14-1.5 (AUC: 9.02e-04)

0.00 0.0

1 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
False alarm rate (false positive)
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Evaluation

Hd
|
ﬂ
|
LOL
_O,ﬂ
rr
Rl
o
10
v
0%
L
il
1
T
4>

e Flops vs. 2| latency
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Research

o B2 AMH|O[0|AM RESHERIE K AHeistE A OF0|C|0] &7
o C}E =O[QIS] OIO|L[0] 22X L7
o BHESIEEE

Sungjoo Ha (shurain.net)
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KWS Research Progress

o 7|& AJ1E HLIHEL| ResNet=2 &&ot F1ed=0| O|E5HA 22|X|E
ResNet2f CHE 1

. 0|2 M| WA Z|CHt 7|Z DU} BI251H TR/ HL| Z0p} 0|25
Zo}x
o CIOF ST} S25| WEX| L0t 0| 7448 S 1ol

o 7|20 2HIZE BFE H[E SA0|ML T =d= (et XEIZE &€&

Sungjoo Ha (shurain.net) 18
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Audio Processing

» AEO| QIX|ol= EA= et F2(of H
Speech signal = — _ o
< » - st M2 O|afsh e RHt
4@ Time iL \ MEC

Coefficient Y Aljl-_j:ll_JI\_Q_l Jélg E”OlE—Ijl— II:I_§'|_|-EEIJ

u —
1

I o 00 n(
Time

MFCC

Vi | " |||| e (==1)
|'|| q‘h II nn“m I.HIII ||| ”ﬂll I ||\|J||Jn

BRI T

Tume

MFC Coefficients
(represent frequency)

Sungjoo Ha (shurain.net) 19
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MFC Coefficients (f)

WZd € R3X3X1XC

)

MACs =

Time (t) . M 1
Input feature map
de € Rtxfxl

Sungjoo Ha (shurain.net)

3X3X1XfXtXc

o
v -~ C

Output feature map
de € Rtxfxc

CNN-Based KWS

« MFCCE 1-x{'2 2D-0|0]X]| F|&

. 7|Zo| H|H ¥ojo| CNNE Iri2 XL

Im

o ZX|= S25| 512 receptive fieldE ZF
7| leliM= 42 HELRIIE AOI0F et
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2D convolutution
t

1 r A

~
S~
~
()
=
-]
]
N 19}
QL

WZd (= R3X3X1XC

Input feature map X,4 € R/ *1

= 5,644,800

l@MACs=3x3x1><fxtxc

/A

f 3

Output feature map v,4 € R&/¢

(b)

Sungjoo Ha (shurain.net)

MFCC

(a)

W 1d (= R3X1Xf)((,‘

Input feature map X4 € ROV

MACs=3x1xfxtx1xc' @
= 141,120

t

A

Output feature map v, € REx1x¢’

(c)

Temporal Convolution
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conv 3 x 1, conv 3 x1,
s=1,c=16k s=1,c=16k

\ 4

v

y
conv9 x 1,
s=1

Block, s = 2, c = 24k

Block, s = 2, c = 24k

\4

v

Block, s = 1, c = 24k

A\ 4

Block, s =2, ¢ = 32k

Block, s =2, c = 32k

\ 4

\ 4

Block, s =1, c = 32k

\ 4

Block, s =2, c = 48k

Block, s =2, c = 48k

convI x 1,
s=2
\ 4
BN conv1xil,
il s=2
RelLU 4
! BN
conv9 x 1, A 4
s=1 RelLU
\ 4
BN
RelLU

v

\ 4

Block, s =1, c = 48k

\ 4

Average pooling

Average pooling

A

v

(a) Block (s=1)

(b) Block (s = 2)

Sungjoo Ha (shurain.net)

FC FC
\ 4 \4
Softmax Softmax

(c) TC-ResNet8

(d) TC-ResNet14

TC-ResNet

7HHE ResNet 2E0|

e Temporal convolution 8 &

. OfF

o EO[A H2H}Z CPU I}O| =212

=
1l A
Hf
7

ZHEtst ofo| |0

ARM ()-|MI='E| .LLE_,EH
TE0f cHet Olsl7t 5=l
2| A Oloie

20 A HHHE

70| Al

== T AAA

= =0

Io

A 1

= o0 &2
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Acc. Time FLOPs Params

Model (%) (ms)

CNN-1 90.7* 32 76.1M 524K
CNN-2 84.6™ 1.2 1.5M 148K
DS-CNN-S 04 .4* 1.6 5.4M 24K
DS-CNN-M 94.9* 52 19.8M 140K
DS-CNN-L 95.4* 16.8 56.9M 420K
Res8-Narrow 90.1* 47 143.2M 20K
Res8 04.1* 174 795.3M 111K
Res15-Narrow 94.0* 107 348.7TM 43K
Res15 95.8° 424 1950.0M 239K
TC-ResNet8 96.1 1.1 3.0M 66K
TC-ResNet8-1.5 96.2 2.8 6.6M 145K
TC-ResNet14 96.2 2.5 6.1M 137K
TC-ResNet14-1.5 96.6 5.7 13.4M 305K

Sungjoo Ha (shurain.net)

Result

4T B2 YR T
7|1E HEHT SotA R ChH| 385x WS

7|& 5k SotA 22 ChH| 11.5%p H=tE 7

e https:/github.com/hyperconnect/TC-
ResNet/

e https:/arxiv.org/abs/1904.03814

23
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Publishing

Sungjoo Ha (shurain.net)
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Ablation Test

+ FZEHOI DHOA CIFol= 00|17t AL 0J4 o|n| gl BEO0| US

o Aol HSUE BEHEVAME B2 S5 b= 28t 78 =5t
Lt

Sungjoo Ha (shurain.net) 25
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HYPERCONNECT

1. Motivation

o

Sungjoo Ha (shurain.net)

Temporal Convolution for Real-time
Keyword Spotting on Mobile Devicesial

Seungwoo Choi’, Seokjun Seo’, Beomjun Shin’,

Retrospection

T2 M E AIEF 374 £ SotA 7|& 7Y
Y o2eM T

Hl @

= 1—

]

=
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Production + Research

. HZHS BAOR sh= BIANEIOM HBHQI 7| AES &

o N=ZE9| 7|CHZ %3/ 0F ot 1l

110
d
[
<
(<]

o N2 3-3let = U= positive-sum A

Sungjoo Ha (shurain.net)
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Expectation Management

ML # Magic
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Positive-Sum Game

o M=o AYOILF HAHEEY AYECHE =X E[E4 AR0] KLt

o« ARt B 2|7} S| 16+ 0F

Sungjoo Ha (shurain.net) 29
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Reenactment of Portrait Images (One-shot)

Sungjoo Ha (shurain.net)

Ownership
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Sungjoo Ha (shurain.net)

We Are Hiring!*

e Mobile Deep Learning

ML Platform Software Engineering
e Computer Vision

e Speech Recognition

e Natural Language

e Generative Modeling

e Recommender Systems

*https:/hyperconnect.com/career/
career@hpcnt.com
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