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Purpose & Development of fundamental technology for checking a status of driver’s
Contents drowsiness accurately based on smartphone measurement system

Design of a strip biosensor

Fabrication of a prototype of the smartphone holder

Development of application based on android

Development of strip biosensors via microfluidic control system

Results Fabrication of paper—-based smartphone holders and strip biosensors to
measure multiple biomarkers

Refinement of biosensor—-smartphone collaborated system considering drivers
Enhancement of reliability between driver’'s EEG and invented strip biosensor
through a pilot study

Because drivers are able to find out their drowsiness level accurately via our
drowsiness measurement system, they can recognize their fatigue status and
avoid further fatal accidents.

In addition, our research is still in an unexplored field. In other words, we will
have an opportunity that creates blue oceans of uncontested market space.
Therefore, we expect that our products will generate an enormous profit via
the monopolization of a biosensor market in the future.

Expected
Contribution

Keywords fatigue index saliva drowsy driving smar tphone application
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Abst . W8-S ofgfel 7S (Choi et al 2014, Yamaguchi et al 2006, Ashrafi et al
2010, Chihara et al 1976).
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Cortisol &
C-reactive protein, DHEA, Serotonin©.= competitive assay+ Cortisol =&

Ab-g-8HA AL,

AE AZsEd+.

BB

Apo] zof]

o2} Sandwich assay—

Az 2 A
{3 o] 4] ok ZHE
p2s
[e] OH ‘1’]:’!;” O Z:}-/b]-/‘\j_ﬂ]-
ERAS S7h Lt s N A5t
3] A=A 7 o0 A1 A} E| A0 °© °F;
0'1‘& ']Eo AL =% o-Eﬂ‘—l, X_]%OJ, }‘\jr/]- H]W%‘—
71 4 et 9, '
TXt
B2 gy, | spazepds | T T
. = = = = O o,
cushing Al & Z LA E 3 seee
=7k
A5
A =F 362.46 Da 55.4 kDa 232Da 23-24 kDa 320kDa
High
secretor
(night) 27 = @
2 F: 4.30~22.4 54-75
fdl N 1t
u m 0
A4 89 8 20-120 UL | % ng/mL.
2% 3.09~16.6 Low o & 4mg/mL
ug/dl secretor | /Tni 'O] &
[e)
(night) &
18-40
pg/mL
£ EfSY, & EfY, 3] E}SY E} <Y B}
o B AFdAME AREATE AR sty AHe R Ay BEAS IS F e &

2E7 Hlo] @Al += Backing card, Nitrocellulose membrane (Satorius Unistar 140,
Millipore 135, 180), Sample pad (Glass fiber, 8964), Absorbent pad (222)Z F4do] = o]
A 2EY vlo]AlA 9 AZhE2al2 Bl Lo Eoj9lE IEE AFXY U]

g2} % 7FA] W] (Sandwich assay : kDa Z7]e] A EE A2}, Competitive assay : Da

kA B A3xxe 2% X7 Alpha-amylase, C-reactive protein, DHEA, Serotonin,
Alpha-amylase,
Hlo] @ Al
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Conjugation pad itrocellulose membrane
| /
! I
Sample pad e . Absorbent pad
e il - TR -
- Ly “-"‘"-.._‘__
s
_.-—"".f -
Y Yor .
'y - TaY -
1% BSA | Alpha-amylase ! ]
T L
* AuNP-antibody Y Puolyclonal alpha-amylase antibody Y Goat anti-mouse g
& Alpha-amylase Bovineserum albumin (BSA)

(ZEY nlo]lAdA Az FA i 2=

1)

Gold nanoparticles 30nm (OD 1,

i S, 3 H Z=Z2 2|5] 0.1 M sodium
stabilized suspension in 0.1 mM P e
hydroxide (DUKSAN)Z ZFH|Zt,
PBS, Sigma) 30ml2 ZH|[& B 2 k | 2.
4)

Monoclonal antibody 1 mg/ml (30ul)

) . 234 52 5 4=
10 % bovine serum albumin (BSA, ;Z,ggﬂzrﬁn,:o:: :Ob:{:e:()ﬁa'—l"_oiﬂdgﬂl

42 5, RotatorS 0| 39] speedd, 1Al Sigma) solution 100ul= U3 305 bt s 9 e

7t 59t M0y HeAZ. 242 =88

=3 o-

7t ~ERe] ZEYEE 99 19

2o o= AZE Gold nanoparticles (30
nm) 30 ml ¥H] & pH 782 =& % 7}

+ u}71E Monoclonal antibody 1 mg/ml (30 ul)
Yo & AR FeoA] v-sAZ. H8 3 10% BSA solution 100 ulE ¥i 308 42
o A4 ¥kg-AlZl H, 12,000 rpm, 4°C, 30% centrifuge Ed.

:Jd

29 A A % storage bufferd] o] 4C o R #3. Gold nanoparticle¥} |9 34 7
T2 otgfel 2™ o] 0.1 M9 NaCle A&3hH, 0.1 M| NaCl& 2le o <Hg3t
A red, B¢F43A black == purpleZ WA FH. B¢ Aejold oA AL A
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0.1 M Nacl 0.1 M Nacl

e

W

b 2o

<(A) Gold nanoparticle® antibody ¥4 % A3 AZ. B) 24>

Pen holder

) = = A% 2
AeAAE NG FRRA Wze] A fUBlel A IEE ARE AAG 5
ol BAL S0l glor, MY FUFAE AN FHHL, ANYE FREo 2
Aelo], MY FUFATL FRY] F2E W AL oF JMsetuA, WY 2YR
o) Lol B A 2EY ulo] QMM FAES Mo FeE LTS o] oA
IR
FUAA AU E AAGE Y Byl FHIHL, 4] Bl NG FAGA 27
HES o]Fold glom, FURAE AN 9Zo] WAL ZREH, 4] A
zRe 47 B30 JXNHES o|Tojd, NG FURANE FYAA ANl 243
WA FAG MY FYGA Y Bl 24 AFsetA AL

2E viol A9 A (MEE AFZE AT F Je 54 I8 W93 2 0.5 mm
o], control¥} test linee] A 0.5cmz A AZ (Control line : IZ2% X 7E7}F §lo]
T 4 UeE g9 test line : o] ES B YEES £ ZHSE FE) ol
I383 o] 3l fgAH:MAE o] &38| control line, test lineo| &S A3 H, 1AL
37 CAAA HHE. o W F71 AAE sl Ag7HAE AHE3 8 % 1% BSA
solutiong g ¥ 1A7F B9 37 ColA 2EHS =Y. nx]9} S F conjugation pad
9} absorbent pad, sample pad &2 & Az 253}

N
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Backing card0| nitrocellulose membrane2 H%HA]
Backing card (6cmX30cm)E FH| & 71 5 SH= XN

3) 4) 5)

i
\L""’ael Blue

&7 MAHE 9 silicagel, silica gel= v|X|5t0 &H|7F M2l card2t

blue (Duksan)2 Z=H|Z gold nanoparticles-antibody 7t | 2| &

37°C, 14|17t dry A|Z.

conjugation pad (Glass fiber)Z2 S0 23.
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o (n=8)

0.8 T -

0.6

0.4 -

0.2

Cortisol concentraiton (ng/ml)

9 10 11 12 13 14 15 s 17 18

Detection time (hour)

w3 22 =9 pilot testE dl7] A, AEA AFE AFS AP AY
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=
o
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-
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.« AzHom Eolo AP AH U o] $uW F e AH o] AE 2EY AA
of At AR 2EY MAY FHRI ] FHH B0 3] e AH Tinto]
2o ZAATL HAWA SAE geo] 2EY AN FYol 5

RRFEZo|E 74t o FEA ol AL

o 71 £SO olnA Z2AYE Tol 2EHY test lined| AMFS FE3HS ¢lojL
+ YRS T2 line® RGB#<S pixel &9 = ¢jojWl & R,GB & & 74 sensitivity 7}
w2 @= Agste B nlolerntA o wEE Aldtste e AR

o SHARE 2 A7 FET RCBEe AHEstd Zhdet gle) WAtz sl A7]= dlo]
Bl 228 £°]7] #s HSV, HSL, HSL o2 W&ANA 24335 F=ERojE 7
W2 2R A4S fd ZEES ARESEY ofdl ad o]l f8 WHSV,

Color_datal.bxt

Colorimeter DATA

(R:90, G:56, B:24)
> (H:28°, 5:73% , V:35%)
(H:28° , 5:58% , L:22%)
(H:28°, 5:57% , 1:22%)

Light source from cell phone used. No ambient light.
Distance between a sample and cell-phone was ~6cm.
20 images were taken and analyzed.

Analysis can be done with RGB values.

Hue, Brightness values were computed.

SR A KR

o Ot=EFolt y|ul A 2T AL 93 HU & 2EH test lines
— _g-
j=4
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AZg Aol T2l A4t AEHEs AAEH I FdoA 2EHS o FACHAM G
71ZE )l AP EHE RS »E A HF RGB Hlo|HE F#3t1, RGB #2 A WHE &
218 B3 AAMF 7)ZAM A HSV(Hue: MAF, Saturation: # %, Value: B%) Z+& zhzt
AArstE A4 Y
ZF o AAEHA AsiAd, do] AAAQl Red, Green, BluezZ AA3] %3stH ZE A
S X8 & 4 7)o M (Hue)S 0FE 360° Rede= 0° , Greene 120° , Blues240)E 7]
Fo82 FHste] Mg

HSV H = Gk

Saturation G-8B if A= max( .G 8)

]
3 — 0
a4 f : if & =max{R.G,8B)

i
i
1.”

H with & = max( R B) = min( .G 8. If H < 00 then & = H + 360.
e 6,8 < 0,1 and & = 0,360 except when 5 =0, 5.V 2 [0, 1].

if B =max(R, G 2)

Value

ol#A RGB# = HSVEe= W7l H8L 294 4 A2d ddol= Al A¥T =
ojz AAel o} A3 MREI A7}t TheAH A k= Y] F=E0] s

mebr 2PEE Fde ol&ste 2EYS s AFT F U AEdAIdE NEst
of Z2ES A grlel o3 wEE fitste]l AR FAE ofet 2o Aol
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2 WEELI0N
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Fo 2EYS YolFd ZER ] Wb #ele] uehd. 3) w3t #ele AnEE
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Check Drowsy Status

4. OlH gtlo| Nz Yl
S St = AEL CH
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beta2, gammayt +AE gusta, Y& uV? 2 AZ9 A7)

o ol AF A= IFA 1We AS$ 2¥ 3o ®le) A O Z delta, alpha 37}
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Electroencephalography
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Primarily Architecture
modifications p-PAD
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Hute] 25 A2
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AP , 2
—— = pressure gradient p

Ax V(.i") = vm

n = viscosity

Velocity profile
HAl A A FAY &= BAD

webd Thedt ge BAE HAsH] A8 B AR fA Ade TEE Hol
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Standard RGB Screenshots of obtained RGB

Calibration curve of RGB

R value variation

Result e
% 100 /}__4__4—’.
(a) RED: 255.0 = e »
E s /‘/. v=-um13‘f:§:;nafa-e.sael
GREEN: 0.0 £ n 2,
o rSPand
BLUE 00 200 0 100 150 00 250
Expected R value
Result - o
£ _ ‘;_,,4»)
3 é [ ’ . ol
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GREEN: 255.0 Sw ¥ W
BLUE 0{] ’ E E;::mzdﬁ \rl::! o e
Resu It j: ¥ 0-W03;: : i;::zﬂ LS
™
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_g 40 :.’_ _:__. "-_'
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BLUE: 255.0 i o 0 ]:,.,,m“‘.,.‘.w 2m %0
. B AT 2EY dolegdel A4 BAe FHAEE Bol7] 9s 27 Red,
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AYstFa, A== 22 98%, 99%, 2%E LS
<Smartphone diagnostic kit>
Cotfch Pwab

(A)

Smartphone  diagnostic assist box

Smartphone diagnostic

Serip serior —
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i /
Fountain pen

assist unit

<Fabrication of sensor> <Origami

{B}
P
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T Antibody

P

0 Saliva

’ l I-.Ia
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& @7l ATF FolHA4 Y 2

ZEY Hpol 244>
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<(A) Cortisol &4 dlo]¥], (B) Alpha-amylase &3 ©l°]€, (C) C-reactive protein A wlo]€], (D) DHEA &% dloE>

o 7] AMEE FolEHE o] &3l 99 A B 5 %ol R 4% (Cortisol :
0.9571, Alpha-amylase : 0.9589, C-reactive protein : 0.971, DHEA : 0.975) 25
B%%E JAS. =3 LOD (Limit of detection)e] 7-$ Cortisol : 0.1 ng/ml,
Alpha-amylase : 1 U/ml, C-reactive protein : 0.01 ng/ml, DHEA : 1 ng/ml 2 &<1%
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