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The Problem

e American Sign Language (ASL)
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Existing Solutions

Method Class type # of class | # of subj. | Test w/ diff. Input Accur.(%)
Nagi et al. [¥] Gesture 6 - No Color 06
Van den Bergh et al. [14] Gesture 6 - No Color & Depth 09.54
Isaacs et al. [ 1] Alphabets 24 - - Color 99.9
Pugeault et al. [10] Alphabets 24 5 - Color 73
Pugeaultetal. [10] Alphabets 24 5 - Depth 69
Pugeault et al. [10] Alphabets 24 5 - Color & Depth 75
Kuznetsova et al. [6] (50/50)% Alphabets 24 5 No Depth 87
Kuznetsova et al. [6] (4/1) Alphabets 24 5 Yes Depth 57
Dong et al. [2] (50/50)% Alphabets 24 5 No Depth 90
Dong et al. [7] (4/1) Alphabets 24 5 Yes Depth 70
Ours (re-training) (50/25/25)% || Alph. & Digit 31 5 No Depth 09.99
Ours (re-training) (3/1/1) Alph. & Digit 31 5 Yes Depth 75.18
Ours (re-training) (4/1) Alph. & Digit 31 5 Yes Depth 78.39
Ours (fine-tuning) (3/1/1) Alph. & Digit 31 5 Yes Depth 83.58
Ours (fine-tuning) (4/1) Alph. & Digit 31 5 Yes Depth 85.49

e Kang, B., Tripathi, S., Nguyen, T.Q.: Real-time sign language fingerspelling recognition using convolutional neural
networks from depth map. In: Pattern Recognition (ACPR), 2015 3rd IAPR Asian Conference on, pp. 136-140. IEEE (2015)
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Existing Solutions

e Learning the American Sign Language (ASL)
with CNNs

L3 Faature
Maps 3 Featurs

C2 Feature ks oz
C1 Feature MJ’J-"'“. 52 Feature

. r i | _
] I L
Iinput ___-_-_-‘u, I — = il
Convolutions Sub Sampli —— s
L "~ 1 ,7’ B ‘D:H: 2
Stage 1 Corvalutions / —
| Sulb Sarmpling | / ‘X‘\__ >
Stage 2 Convelutions : st sampiing |
ICNN Architecture Diagram Stage 3

——————— R O e =

l HierarchicalFeature Extraction in stages

Image: Pixels 1%t Stage: Edges




The Proposal

e Learning the American Sign Language (ASL)
with Auto-encoders

— Simpler than CNN

— More efficient than CNN

— Faster to train than CNN

— Similar performance to a CNN

— CNNs are not the panacea in pattern recognition on
images or computer vision




The Proposal

e Lets talk about Auto-encoders
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Results

o Of the Auto-encoders

51 52 53 54 59 Avg.

ACC 09748 09923 0.9935 0.9929 0.9910 0.9889
SPC 0.9991 09997 0.9998 0.9998 0.9997  0.9996
MAE 0.1483 0.0640 0.0373 0.0347 0.0494 0.0667
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Results
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Chameleon Setup

e Resource type: bare metal/CHI@TACC
e Lease: GPU P100
e Image: CC-Ubuntul16.04-CUDAS

e Libraries:
— cuDNN
— libatlas-dev

G\f@meleon




Libraries: cuDNN

8 00 2 coc@fox: ~ — ssh — 9020 — 31
Connection closed by 129,114,109, 140

Fablos-MacBook-Alir:.ssh rivas_peread$ ssh cc@lz29.114.109. 140
Welcome to Ubuntu 16.04.2 LTS (GNUALinux 4.4.8-72-generic xao_od)

* Documentation:  https://help.ubuntu. com
* Mandgement: https://landscape. canonical . com
* Support: https:/Subuntu. com/advantage

Get cloud support with Ubuntu Advantage Cloud Guest:
http: /A, UubLntU. comSbusiness/services/cloud

@ packadges can be updated.
@ updotes are security updates.

Last login: Tue Sep 12 16:35:00 2017 from 284,210,149 1.2

cc@fox: % sudo cp cudofinclude/cudnn.h Jusr/local/cuda/include

cc@®fox: $ sudo cp cudaslibe4ds 1ibcudnn* susr/locals/cudas 11b64d

cc@®fox: $ sudo chmod a+r Jusr/local/cudasinclude/cudnn.h Ausrdlocal/cuda/ 11b64/ 1ibcudnn®
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Chameleon Setup

e Resource type: bare metal/CHI@TACC
e Lease: GPU P100

e Image: CC-Ubuntul16.04-CUDAS

e Packages:

— gcc, gfortran Cb"@meleon
- python-{numpy scipy matplotlib}

— tensorflow

- glances, nvidia-ml-py, screen




Packages: tensorflow

®& 00 & co@fox: ~ — ssh — B0x20 — 381
11.@%
Downloading funcsigs-1.0. Z-pyd. py3-none-any . whl
Collecting pbr==6.11 {from mock==Z.0.80-=tensorflow=—=0.11.0"
Downloading pbr-2.1.1-pyZ. py3-none-any.whl (29kB)

10@% | | 122kB 11.7MB/s
Feduirement already up-to-date: setuptools in Jusrdlocalslibspythons. F/dist-pack
ages (from protobuf==3.0.0-=tensorflow==6.11.0"
Installing collected packages: funcsigds, pbr, mock, protobuf, tensortlow
Found existing installation: funcsigs @.4
Uninstalling funcsigs-©.4:
Successfully uninstalled funcsigs-@.4
Found existing installation: pbr 1.58.@
Uninstalling pbr-1.5.0:
Successtully uminstalled pbr-1.8.0
Found existing installation: mock 1.3.@
Uninstalling mock-1.3.8:
Successfully uninstalled mock-1.3.8
Successtully tnstalled funcsigs-1.80.2 mock-2.0.80 pbr-3.1.1 protobuf-3.0.80 tensor
flow-B.11.@
cc@fox: ~%
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cCBfox:

I tensorflow/stream_executor/dso_lodder.
I tensorflow/stream_executor/dso_loader.
I tensorflow/stream_executor/dso_loader.
I tensorflow/stream_executor/dso_lodder.
I tensorflow/stream_executor/dso_lodder.

Starting TensorBoard 29 on port eREG

3 co@fox: ~ — ssh — 107%20 — 31
$ tensorboard --logdir=./

CC
CC
CC
CC
CC

:111]
:111]
:111]
:111]
:111]

(You can navigote to http:/ /127 0.0, 160060

successfully
successfully
successfully
successfully
successfully

openad CUDA library libcublos.so locally
opened CUDA library libcudnn.so locally
opened CUDA library libcufft.so locally
opened CUDA library libcuda.so.l locally
openad CUDA library libcurand.so locally
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# TensorBoard fox - Glances

C O ®129.114.109.14

TensorBoard EVENTS IMAGES AUDIO GRAPHS DISTRIBUTIONS HISTOGRAMS

Write a regex to create a tag group X pretrain_1 1
|:| Split on underscores pretrain_1/xentropy_loss/mul
[[] pata download links 4400844
Tooltip sorting method: default v 4.000e+4
3.6008+4 |
Smoothing
3.2008+4
e 0.6
2.800e+4

Horizontal Axis

2.400e+4
m RELATIVE WALL

2.0008+4 -
Runs

Write a regex to filter runs 0.000 500.0 1.000k 1.500k 2000k 2,500k

ra
ed

pretraining_1

TOGGLE ALL RUNS




# TensorBoard

C {1 © 129.114.109.140:6

TensorBoard IMAGES GRAPHS DISTRIBUTIONS HISTOGRAMS
ra =
kd —
Write a regex to create a tag group h.¢
[] split on underscores pretrain_2 L
[[] pata download links pretrain_2/xentropy_loss/mul
Tooltip sorting method: default - 4.00
350
3.00
Smoothing 550
0 2.00
1.80

Horizontal Axis

1.00
m RELATIVE WALL

0.500
Runs
Write a regex to filter runs

0.00 —e
pretraining_1 | 0.000 1.000k 2.000k 3.000k 4,000k 5,000k 6.000k 7.000k

pretraining_2

ra
(]

TOGGLE ALL RUNS




Packages: glances

& 00 3 co@fox: ~ — ssh — 80x20 — 381 e
fox - IP 12.40.0.23/24 Pub 129.114. 109, 143 Uptime: £:38:47
AWS ECZ
1.46/2 . 2A0H= CPU - 2.2% GPU Tesla M40 MEM - 4.5% SWAP - (A, A%
CFU [ 1 user: 1.4% proc: 0% total: 14600 total: (4
MEM [ ] =ystem: B mem: Q0% Used: 4 456G Lsead: 4
SWAF [ ] idle: Q9% frea: 121G free: (A
NE TWORK Ex/s  Tx/s  TASKS 455 (581 thry, 2 run, 456 slp, @ oth
anol
lo 1840 184b CPU%  MEMX PID USER NI 5 Command

2.2 Z2redy cc (A - autoenc
DISK I/0 Ris W/s SBF38 CC B F Susribind !
sdal B 21K @, @ o root @ % rcu_sched
S 1) (2 (2 @.60 .0 A7 root S kworkers20: 1H

B.0 .0 2260 root @ S kworker/dz:@

FILE S5YS Used Total I R B 132 root S~ kworker/Z24:0H
Ao sdal) 2150 @.0  ©.a 1171 root 5 bloset

AB17-09-172 19:19: /6 No warning or critical alert detected



& ® @ ¥ TensorBoard X fox - Glances X L

=
= C (Y ®129.114.109.140:61208 x @

fox (Linux 4.4.0-72-generic 64bit) - IP 10.40.0.33/24 Pub 129.114.109.149 Uptime: 1:24:18
EC2 baremetal instance 1-00007401 (climate:6c68e49e-8ff8-4233-8432-892a4alc4b9e)
Intel(R) Xeon(R) CPU E5-2670 v3 @ 2... CPU 2.4% nice: 0% ctx_sw: Tesla M4@ MEM 3.3% SWAP % LOAD 48-core
CPU 2% user: | 1.7% irq: 0% 1inter: 6989 proc: 65% total: 1266 total: 1 min: 0.67
MEM 3.3%  system:| B.4% iowait:0.1% sw_int: 681 mem: 96%  used: 4,16 used: 5 min:
SWAP 0% idle: 97.9% steal: free: 1226 free: 15 min: 0.37
NETWORK Rx/s Tx/s  No warning or critical alert detected
enol 26Kb 1019Kb
eno2 ob @b TASKS 459 (587 thr), 2 run, 457 slp, @ oth sorted automatically by cpu_percent, flat view
eno3 @b ob
enod @b @b
lo 104b 104b CPU%  MEM% VIRT RES PID USER NI S TIME+ IOR/s I0W/s Command
160G 3.23G 27647 cc 4] 06:30.38 7] 483K python

DISK I/0 R/s W/s 406M  45.9M 28019 cc %} 00:02.75 7} @ glances
sdal (4} 3.47M 2.73G 16eM 27946 cc [ I 00:04.59 4] @ tensorboard
sr@ ] ] 56.5M 18.5M 2259 root @ S 00:00.73 Q@ @ supervisord

%] %] 119 root 5 00:00.19 4] ® migration/22
FILE 5YS Used Total "] "} 160 root 9 S 00:00.00 [} @ ksoftirqd/30
/ (/dev/sdal) 2186 0 %] 69 root 5 00:00.19 4] @ migration/12

%] %] 479 root S 00:00.00 Q @ scsi_tmf_3
SENSORS 25eM  3.09M 2250 syslog @ S 00:00.10 7} @ rsyslogd
Physical id @ C 4] (4] 298 root [ I 00:00.00 4] @ kworker/42:1
Core 8 C ] %] 312 root S 00:00.00 Q@ @ acpi_thermal_pm
Core 9 C 4} 0 123 root [ I 00:00.00 4] @ watchdog/23
Core 10 C 0} %] 546 root 5 00:00.00 %] ® bnx2x_iov
Core 11 C 0 %] 104 root 5 00:00.19 4] ® migration/19
Core 12 C ] 4] 1512 root S 00:00.00 ] @ edac-poller
Core 13 C 0 (%] 94 root @ S 00:00.19 0 @ migration/17
Core @ C 0 %] 175 root ® 5 00:00.00 %] @ ksoftirqgd/33
Core 1 C 4} %] 1291 root 5 00:00.00 4] @ rdma_cm
Core 2 C %] %] 55 root 5 00:00.00 4] ® ksoftirqd/9
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. < co@fox: ~ — ssh — 80x20 — 31 |
fox - IP 10.400.6.33/24 Pub 129,114, 129, 146 Uptime: 2:21:41

AWS ECZ
2.0l 2, 2BGHz CPU / ol. % GPU Tesla M4Q MEM - S.U% SWAP - [, K%
CFU [ ] Lser: > .3% proc: 29% total: 1260 total: (A
MEM [ ] systamn: PIeL3E mem: Q0% used: 0240 Lsed: (A
SWAF [ ] 1dle: 29, A% free: 119G free: (A
NE TWORK. Fx/s  Tx/s  TASKS do2 (6a@ thry, 2 run, 4ol slp, @ oth
anol
lo 17/6b  176b CPU%  MEM PID USER NI % Command

31154 B S -U dutoenc
DISK 170 F/s WS 2.1 3214 cc @ S -U autoenc
sdal (A il 21306 cC @k Susrsbin/ /
S (A (2 @8 2071 root @ 5 kworker/uZon:

e 119 root @ S migrationdZe

FILE 5YS Used Total @.60  @.0 2952 root S kworker/Z26: 1H
£ (sdald 2180 @.6  ©.@ 220 root @ 5 kworker/d3:0
ZU17-09-12 2002 25 No warning or critical alert detected
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c@fox: ~ — ssh — 150x35 — 31

fox (lbuntu 16.84 &dbit / Linux 4.4.0-7Z-genericy - IP 10.40.@.33/24 Pub 179.114.102.148 lUptime: 3:22:721
ANS ECZ2 baremetal instance 1-B0007421 (climate:6cbBed@e-BffE-4233-5432-5920d0lcdb%e
2.61/2.300Hz CPU ™. 8. 1% nice: B.0% ctx_sw: GPU Tesla M4@ MEM - 5.1% active: 5.560G  SWAP - B.0%  LOAD 45-core
CPU [ 1 user: 43 9% 1rqg: B.0% 1nter: 186@8  proc: 62%  total: 1266 inactive: 1.90G6 total: B 1 mn: 31.31
MEM [ 1] system: P1Z.e% 1owalt: B sw_int: 11551 mem: 96%  used: 0.406 bufrfers: 97.5M  used: @A 5 omin:
SWAR [ ] idle: 43.5% steal: free: 119G cached: 2,746 free: @ 15 min: 4.69
NE TWORK RFx/z  Tx/s  TASKS 463 (682 thrd, 1 run, 462 slp, @ oth sorted outomotically by cpu_percent, flat wview
enol
lo 176b  176b CPU% MEM® WIRT  RES FPID USER ML S TIME+ R/ W/s Command
19,86 2,16 31154 cc 7 @4 05 @ ] -U autocencoder. py
DISK I70 Ris WS 2.1 1eBG Z2.676 30914 cc @ 5:41.78 @ BOAK -U autoencoder. py
sdal @ @ 411M 42.8M 31306 cc @ @:11.20 @ @ Jusr/bind Jusr/local/bin/glances
s @ 6] 19.3M Z.47M 2453 root @5 00476 @ @ fusrissbin/ --pid=Swar/runsirgbolance. pid
56.5M 18.5M 22529 root @5 0:@1.63 @ @ Jusrsbind Jusr/bindsupervisord -n -c fetc/super

FILE 5YS Used Total 0.0 @ B 371 root B 5 B:@21.88 @ B kworker/uZss:0
/o (sdaly 2180 0.0 0.9 @ B 2982 root 5 B:08.00 ] B kworker/z28:1H

2.0 0.2 @ ] 226 root @25 0:E0.00 @ B kworker/43:0
SENSORS B.0 8.9 @ ® 1372 root 5 B:00.00 ] B kworker/z24:0H
Physical 1id @ 2.0 2.2 @ @ 1171 root 5 BP0, @ @ bloset
Core 8 B.0 B.O @ 5] 138 root @S5 B:00.48 @ @ ksoftirgdsz4d
Core 9 2.0 0.2 @ B 22409 root @5 0:E0.16 @ @ kworker/uZs9:1
Core 18 2.8 2.2 @ ] 151 root 25 0:E0.00 @ B kworker/28:0
Core 11 0.0 8.9 @ B 2499 root 5 B:08.00 ] B kworker/14:1H
Core 12 2.0 2.2 @ B 2966 root 5 000,20 @ @ kworker/11:1H
Core 13 2.0 0.0 @ 6] ZB8 root @ s 000,28 @ @ watchdogd/ 4@
Core @ 2.0 2.2 @ @ 485 root @5 0:E0.00 @ @ scsi_eh_5
Core 1 2.0 2.2 5] ] 52 root 5 000,00 @ @ kworker/s:aH
Core 2 0.8 2.2 @ @ 5@ root @5 0:E0.00 @ @ ksoftirgdss
Core 3 2.0 2.2 @ ] 496 root 5 D00 @ B scsi_tmf_1@
Cora 4 0.0 2.9 @ B 493 root L N i I i ) ] B scsi_egh_9
Core 5 2.0 0.2 @ ] 89 root @?5 080,20 @ @ migrotion/1é
Physical 1d 1
Z017-09-12 20:03:05 No warning or critical alert detected
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Conclusions

e Learning the American Sign Language (ASL)
with Auto-encoders

Simpler than CNN

More efficient than CNN h‘@ m e I e 0 n
Faster to train than CNN

Similar performance to a CNN

CNNs are not the panacea in pattern recognition on
images or computer vision (no free lunch theorem)
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Unsupervised Deep Learning
with Stacked Autoencoders on
Chameleon

Interested in code? Check Deep’s repo:

https://github.com/DeepDand/research
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