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Abstract

This paper deals with the study of speech recognition and deep learning algorithm apply to IoT wearable devices
for people with visual impairment. This technology aims to improve difficulties visually impaired faces in everyday
life. The device proposed in this paper has various functions faces recognition, object detection, optical character
recognition, barcode recognition, bill classification and IoT wallpad menu recognition. We connect smart phone
application and IoT wearable device to implement these functions. Voice commands are analyzed by Google's voice
recognition API and anlalyze input images through deep learning algorithm. As a result, We got more than 90%
recognition rate from every functions. It is expected that these technologies can provide convenience and actively
used in everyday life for visually impaired.

Keywords

machine learning, deep learning, obiect detection, IoT

* Gefol A A7 s 0ot Fash AHE T DA @AAA)

- ORCID'": https://orcid.org/0000-0001-9343-9482 - ORCID: https://orcid.org/0000-0001-9343-9482

- ORCID?  https://orcid.org/0009-0007-2562-2614

- ORCID: https://orcid.org/0009-0003-7708-8434 * Received: Apr. 07, 2023, Revised: Apr. 17, 2023, Accepted: Apr. 20, 2023
- ORCID": https://orcid.org/0009-0008-5217-8595 » Corresponding Author: Jiseung Nam

- ORCID™: https://orcid.org/0009-0006-5989-1129 Dept. of Chonnam National University

- ORCID": https://orcid.org/0009-0004-6037-0844 Tel: +82-62-530-1982, Email;jsnam@jnu.ac.kr

# (F)duolofo] tisEe|4
- ORCID: https://orcid.org/0009-0004-1162-8845


https://crossmark.crossref.org/dialog/?doi=10.14801/jkiit.2023.21.4.57&domain=http://ki-it.com/&uri_scheme=http:&cm_version=v1.5

58 AZ4NS A% loT W2l SHANS ol §% Feid dofel tuto]

AL 0T 71&EL AEEF ALE 719 A53H8
< b HYsl el e VIER B olEd
A BefE AFsta Aok

SHAIRE, FAlOl AR ARSI dYs FA
Xole ASE Aok IFdAE AR dE
10T 7]719] ARgol B Al ALe Adsta
Qom, o5& YT Hx 7|&o] HLd oE
93, 7129 10T 71EES ANZHQl A
o %= FjAle] Basi),

B =10 AZtAo)eE0] Ao A Hiels)

[e)

of 719 &t} gt
II. 2I3X|s 2& JHut

21 s 7|5 oA =Y

o [
N
off

YOLOvS &
T317] 913 Mediapipe handsE ©]-&-3tATH.

2.1.1 YOLOvS

a8 12 (1ol Ak YOLOvSe Fxoltt.
YOLOVSE You Only Look Once®] ¢FAMZ 502
one-stage-detection W& 13| HAIZFSZ Object

Detection®] 7Fs3F E@o]th GoogleNet architecture

A FEE WROH Inception EF thal T3
AEFAHOZ FAEo] Yt

% 2% [1]91A4 AlkE YOLOvS €E]Ed A
5S¢ Hwd g Zola, YOLOVS EagEY YE
39 A719 W} von, vSs, vom, VSl vSxE U
o, 7P 2RER vixe UESD 7 A &5
7F LElA gt ABET) w3, vino® A4S A%
7F & woAE gial B4 &850} Sk B

< HAZTH2)

o Focus | 18] comw |—
1|__com | 17
2_16__ Cancat
3[cow J}’%’['-'Pﬂ.a'mle] |
+ (ST + [_cow )% Concat )

Sljl 13 2-_ -

) 12{_Coneat J2{_ Gom )
7[ Conv
8 SPPF
o (G o conv A concer - NGNS - SN
&l 1. YOLOvS 23 =
Fig. 1. YOLOv5 model architecture

11 | Upsample

55 Better

YOLOVSX6

wn
=

=
o

=
=

—— YOLOV3nG
=+ YOLOV5s6
—— YOLOVSmM6
== YOLOV3IB
—+— YOLOVS5x6
»— EfficientDet

COCO AP val
[
o

w
=1

YOLOvSnG

]
]

10 20 30 4 50
Faster e GPU Speed (msfimg)

% 2 YOLOvS 23 Ms d|ul
Fig. 2. Performance comparison by YOLOV5 models

2.1.2 Mediapipe hands

MediaPipe?t T34 Agshs Al ZHUYYAE
HIT 2§ 2] Hlo]HE o] &3 thefgt HIA Al 7%
O gA wolzeR]l FeHE AFHM A AHEE
T Uth

Mediapipe hands?t Mediapipe®] HIH Al &FA4
T ShE A ojw Ao tigf &5 AT 19
3 [3]olA Awslhe & derka mdojt



Journal of KIIT. Vol. 21, No. 4, pp. 57-65, Apr. 30, 2023. pISSN 1598-8619, elSSN 2093-7571 59

8® *16 0. WRIST 11. MIDDLE_FINGER_DIP
e 1Tl 1. THUMB_CMC 12. MIDDLE_FINGER_TIP
. |15 2. THUMB_MCP 13. RING_FINGER_MCP
6% 107 ¢ #20 3 THUMB_IP 14. RING_FINGER_PIP
. ol 19 4. THUMB_TIP 15. RING_FINGER_DIP
4 519 95 Me 5. INDEX_FINGER_.MCP  16. RING_FINGER_TIP
3® 17 6. INDEX_FINGER_PIP 17. PINKY_MCP
- 7. INDEX_FINGER_DIP 18. PINKY_PIP
2 8. INDEX_FINGER_TIP 19. PINKY_DIP
e\ 9. MIDDLE_FINGER_MCP  20. PINKY_TIP
Yo 10. MIDDLE_FINGER_PIP

% 3 & HEolm =E
Fig. 3. Hand landmark model

& dena 292 2% B4 58 AHE &
49 YollA 21709 3D & ergoﬂ st a3
7] ZE A& wotd 4 k. 1Y 32 &9

landmark &S|t} &
e 7 WA &

213 74

YOLOvs 2H9| S5 HolEjAl Q2thd duf

To AT Y5 vtEe e oY 4=
oA Aol 10 ZHPER o] oJwA = A28}
At 2aEe e s A Efo] EsH
Bounding boxZ #]2]3}90.1 3142 Z2f 2x(Tablet)
2 g3}

24 8% A3} Precision 0.999, Recall 1, mAP50
09952 =& AeoR ARtk 18 45 YOLOVS
H2E Zio|t}. gEHS 71 JAE detectionH
Bounding box7} & U A& & & k.

a9 5 oA whel dujEe] A8 277}
S B R on|A| e e 5o HEE 5
7] Sl AA oW Ao WE 75| YA HlES
FAZ T8t YERd Aol

a1z 12

18 4. YOLOVS HAE Z1}
Fig. 4. YOLOVS test result

J% 5 e 7|50l mhE H[E
Fig. 5 Percentage according to wallpad function

J8 6. 2 E 7|5 QA HAE 3HH
Fig. 6. Wallpad function recognition test screen

I8 6= 99t 7% 22 HAE ddHo|th AF
S 9 ES e 771 Sle olHATE
Zdo] 50j2™ YOLOVSZE €I =9 bounding box
o] HxE T3ty 183 Mediapipe handsZ 7}g]
713 Je &t 3 HEE 7

bounding box®] FHEZ 17 4o Yehd 7|59l
OE HIEE oJrA|Y 75 HXE HEE 3T
+ &7k B4 &} Hlwsty 7% UERd

I8 68 W YOLOVSZE EjE3l0] 0979 &&
2 detect7} =©] bounding box7} YEI}IL &7 =
Mediapipe handsZ Z+A|7} H9lom i HWE F
3l BVeEle 7%e] AEE As g4I Utk

a9 72 E9E J)s 4 BEdoA HE Sk
(Train) H°oJE 2} HF(Val) TlolElS] &2(Loss) 4k
3} AU (Precision) 1811 A H L(recall)2] HIES
ag=zE yepd Aotk vhA £A(Box loss) a-e
Stgol s S oo R X, AYE
o AR e FHFOE FPEE ZoE Hot
0] BAAOE PHI Y55 HoFTH]4)



train/box_loss train/obj_loss

0.030 —e— results

0.04

0.025
0.02

0.020
0.00

0.015
—0.02

0.010

0.005 —0.04

(o] 50 100 o 50 100

val/box_loss val/obj_loss

0.030 0.0150

0.025 0.0125
0.020 0.0100

0.015 0.0075

0.010 0.0050
0.005 0.0025

0.000 0.0000

o
o

ERE EEER- R

train/cls_loss

50

val/cls_loss

metrics/precision metrics/recall

=

metrics/mAP_0.5

-

1.0 1.0

0.8 0.9

0.6
0.8
0.4

0.7
0.2

0.6
(o]

0.0

100 50 100

metrics/mAP_0.5:0.95
1.0

0.8
0.6
0.4
0.2

0.0

o

100

2431 mAP

Fig. 7. Tra|n|ng loss and mAP

oA ARES YOLOVS A
2 Esigion, dgd =y
6]-1‘4-

8/“0]

°;1J~, oHEL H”ﬂ = o]&al THA
ZPatal k<5 HolHE T53HATHo).
2 2o A|AE YOLOVSE o]&3l #
g, AH e EAHA REE pEFT ojn]A
2,200 Shs HolH=E o] &3ttt I1d 8 AT
oA & el 3 Aot

Learning rates= 0.01, ©]7|A| Z7]& 640x640, Hi
2| A7]&= 32, optimizer= SGD, epocht 100 O 2
Sttt HlI2E tlolHAlE 12008 3}49] 3D
Depth 7hl2t2 st wjgolx &Y 4579
A oA 297745 o] g3 FAg.

o @ R
ot

olu]z] HolHE YOLOVSIIAl A|F3tE Data
augmentation®] Mz A 75 o]g3dtd, ve}r]

HE A =02 HA Jhsv h:0.015, hsv_

s:0.7, hsv v:0.4) 3k53 A3 H 98% o|Ate] A
52 AT £ AT & 1 AR BF 2
BR

2 8 Al ofo|X| izl oAl
Fig. 8. Example of labeling a bill image

1L AH 2F 22 test 21}
Table 1. Model test resuits
Figure 0 Average
Bill ype Total | Accuracy(%) —
KRW 50000 70/71 985
KRW 10000 76/76 100 99.39%
KRW 5000 75/76 986 ’
KRW 1000 74(74 100




Journal of KIIT. Vol. 21, No. 4, pp. 57-65, Apr. 30, 2023. pISSN 1598-8619, eISSN 2093-7571 61

2.3 d=2l4
231 €= 25

2 479 d= 94 7 HAdA cNNed
(MobileNetV3, VGGNet-16), Eigen, Fisher FaceRecognizer
&312]E, Dlib Face Recogniton &S Hlu HAE
o 7 Asol i £57F ME Dlib Face
Recognition =52 AR

MobileNetV3, VGG169} 22 CNNEZ 2 ConvNet
o7|E M9 Zo] ZHE UE EdEAN 27 2 ¥
28k Aol E3he 2do|th[7]. AbSssE CNN
=9 MobileNetV3, VGGI6 & 7128 d= HoE4
class) S 2+t train(200), valid (404)<S 3 8t
FAZHOU 60%9] AFEE oAl ot

CNN Ed& A 4= o|u|A|idt ofle}t d=
TR AT A 5 ARl add FIFS B
Hro} Ay} Wolx A AgtebA] Pria At

Eigen, Fisher FaceRecognizer ¥12]52 WA o]
nRo A dF FERE R A Fofof A
haarcascade 9= AZ< ©|E4IT I8 92 Haar
ZH dAolth. Haar ZEE AA 353 SAUE
HIE O g ofuAE {3

AL AH AHEsHA 1 SAFE Aeete
olfr= EAZo] onA] PAS It HTo
3, B3 7IHE HE Alaglo] Al 7|0 A2 Hl R
o &4 wWE Ho] QUTHS]. E3F Eigenfaces YILE]
& A8 AY gEtolEHE a4, oHAE
do|~AY A & dYdHE A3 1FHES
3l d= THI9)

E:

C E D

3%l 9. Ul 7HX| Haar ZE| OfA|
Fig. 9. Four Haar filter examples

mee 7} 4ye] Zo2 g 20049 o|FAZ
‘__]: 1

W Qao] F HA e dFe FrhHo|

FaceRecognizer—
&0l 243 GBo|aL FEARI] 19%24 2,

Fisher FaceRecognizer= E2-&%o] 11.6MBo|1L
FEAZFo] 0.1%Z FEigen FaceRecognizer2t} W2
U A5} 82:00% Hholl WAl skt

A 02 Eigend H A= vlg| mdo
o] UF AN Z-EAdo] "olA| 1, Fishere A2
S0 WE FE ARt HIg) BFET} WobA T
Mo dagEe AdaiA gota #egioh

Dlib Face Recognition< ResNet-34 7|RFO.E T
H diibe] =4 7]€ZA T3l Face recognition
< Labeled Faces in the Wild WIX|m}=o) A 99.38%
o ARxg Hom AN it tEYE T}
T BEO|th EHORE dF oW oA 1287)
o hlde FAst A= AFSITH10].

O

232 74
HZEZ oju|A g Jioe F 48@8)elH d=

al &
th H2EQ] ojuA 9 o] AR &9

v — . %
128709 WEge T3 gt A 4 ()
Zrjd] A4de d=3e A o

< Y JIEE Wt

K
N

d=/(a,—b,)* +(a,—b,)? (1)

=4 BE Wrhs 4 Fg2 dEmT 30

S ZYYEE o] ZE gl gFe] F
AER WEHEA FAYrh F 16028 %]
ojmA| ME He 9% FEE LU o] He A



62 AZgNS A% loT W= £4ANL o8 Feld

a2 10. AAE o[o[X|E Sof &

Fig. 10. Return values of 128 encodings

E 2 H2AE Z3}

Table 2. Test results
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