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ABSTRACT

ABSTRACT

Point-of-care testing (POCT) plays an important role in medical diagnosis, food safety,
environmental monitoring and public safety due to its advantages of high real-time detection,
no need to rely on professional equipment, and low comprehensive cost. Among them, digital
image colorimetry is widely used in real-time detection technology because of its simple
operation and quick results. The widespread popularity and performance improvement of
smartphones have opened up new ideas for POCT based on digital image colorimetry. However,
in practical application, the digital image colorimetric analysis system based on smartphone
still has some shortcomings: (1) The unstable external lighting environment and different
mobile phone models lead to differences in the obtained colorimetric images, which in turn
affects the accuracy of the colorimetric analysis results. This is the key problem to be solved
urgently in the colorimetric analysis of digital images of smartphones. (2) In the multi-index
colorimetric reaction system, the color information is usually converted into gray value to
realize the detection, which leads to the problem of low detection accuracy. (3) In the portable
paper-based fluorescence detection system, such as insufficient excitation light source intensity,
non-uniformity of excitation light source, and inherent fluorescence background of paper-based
fluorescence analysis are the pain points that affect the sensitivity and accuracy of paper-based
fluorescence analysis, and these are also the biggest challenges to improve the signal-to-noise
ratio of paper-based fluorescence analysis. In this research, we work from the aspects of
colorimetric system, biochemical sensor preparation, biochip design, detection hardware
system and software system to solve the problems of smartphone digital image colorimetry and
realize its application in point-of-care detection technology. The specific research contents are
as follows:

1. According to research, pH color development belongs to the color development system
in which the color tone changes. Taking pH detection as an example, a new colorimetric analysis
index of color "dominant wavelength" is proposed for the color rendering system with changing
hue. In view of the influence of different factors such as external ambient light and mobile
phone model on the colorimetric analysis of smartphone digital images, an integrated optical
system was designed, and a color correction algorithm was developed. Aiming at the low
detection accuracy of pH test paper, the cumbersome operation of traditional pH meter, and the

large amount of reagents, a new method for pH measurement that combines smartphones and
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pH test strips is proposed. By establishing the corresponding relationship between the pH value
and the dominant wavelength value, the high-precision measurement of the pH value is realized,
and the detection accuracy reaches 0.05 pH units. The actual samples were measured by the
detection system and the pH meter respectively, and the detection results of the two were
analyzed by constructing a Bland-Altman diagram. The difference between the measured values
of the two detection methods is within the range of +£1.96SD, which verifies the accuracy and
reliability of the system in the determination of pH value. The detection system cleverly
combines commercial test strips with smartphone digital image colorimetric analysis, providing
a new platform for fast and high-precision on-site pH measurement in immediate medical
diagnosis, environmental monitoring and other fields.

2. The influence of factors such as external light environment in the application process of
smartphone digital image colorimetry is solved. By establishing an accurate analysis method
for multi-index multi-colorimetric parameters, a smartphone-based array test strip urine multi-
index quantitative detection system was developed. Routine urine examination is one of the
"three routines" items of medical examination. It is of great significance to the clinical diagnosis,
treatment judgment and long-term monitoring of chronic diseases such as metabolic system
diseases and kidney diseases. It is imperative to develop a home urine routine detection system.
In this chapter, a smartphone-based array test strip urine multi-index quantitative detection
system is innovatively developed by combining smartphones with commercial urine test strips.
Through the layout design of the 3x3 array test strips, it can not only quantify multiple
indicators at the same time, but also make it easier to obtain uniform illumination required for
colorimetric analysis while reducing the size of the device. According to the color change
characteristics of 9 urine indicators, the optimal chromaticity value was selected for "one-click"
quantitative detection. Taking the spiked samples of glucose, microalbumin, and creatinine as
an example, the results were compared with the detection results of UV spectrophotometer, and
the consistency reached more than 98%. In order to evaluate the reliability and practicality of
the system, urine routine indexes of 100 actual samples were detected by the detection system
and H-800 Urine Analyser in the hospital, respectively. The ROC curve was used to analyze the
high consistency of the detection results of the two methods. As a urinalysis screening
technology based on mobile platform, the system provides a new scheme and means for urine
indicators home detection, and has great practical application value.

3. To further improve the detection sensitivity, the ZnO nanowire paper-based fluorescence
sensing platform for smartphones was developed. Compared with ordinary filter paper, the low

fluorescence background of glass fiber filter paper makes it more suitable for quantitative
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fluorescence analysis. In this study, ZnO nanowires were synthesized on glass filter paper for
the first time by "hydrothermal method", which achieved fluorescence enhancement and solved
the problem of low signal-to-noise ratio in paper-based fluorescence detection. Combined with
paper-based microfluidic technology, a high-throughput array fluorescent biochip was
successfully prepared. A portable fluorescence sensing analyzer has been developed. By
cleverly designing a ring-shaped patch-type excitation light source, the pain points of the
portable fluorescence sensing platform such as insufficient excitation light source intensity and
uneven excitation have been solved. At the same time, the smartphone fluorescence array
detection software “H-T Fluorescence Detect” was developed to achieve accurate acquisition
and analysis of fluorescence images. The high-throughput fluorescence detection system was
validated using polymer quantum dots CN-PPV, which demonstrated the feasibility of
fluorescence enhancement of ZnO nanowires to improve the detection sensitivity. Finally, the
quantitative detection of rabbit IgG was realized by using the developed smartphone-based
high-throughput paper-based microfluidic fluorescence analysis device. The experimental
results show that the detection limit of rabbit IgG on the ZnO nanowire paper is 10 times higher
than that of pure glass filter paper, which verifies the reliability of the detection system. This
smartphone-based paper-based immunofluorescence sensing platform does not require
complicated preparation procedures. The low background and fluorescence enhancement of
ZnO nanowires on glass filter paper provide a new method for high signal-to-noise ratio and
high sensitivity biochemical molecular detection, which has broad application prospects in the

fields of medical diagnosis, food safety and environmental monitoring.

Keywords: POCT; Digital image colorimetry; pH determination; Urine routine
test; Paper-based fluorescent immunosensing; Smartphone
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WA R SE T AR AT R B, R IE R T BRI B = 1 E K A X
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1.2 ETEEFIRNFEEEILIER
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FHLERA IR 6, R RN AFTUARIEH S FRKHWS App: & AT LUEE %
PG 2 At i 77 N n N N Bz vl fmdicts,  SEIEER IR, AAAd T e L

BRe T ZESh K R4 POCT BoRM K 1B LS, MHHETIE#3) POCT £
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BRI 7 AORIL =, [FINHAS IS SR AT DL E S IR AE = IS5 45 b, S H T8 Bk
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BEE XS R R I FE R G, BRETHAERFIZH . &g e,
WS, A AR s B EREAE, Wl 1-1 PR, BEFREEFINANS
TR AL IR AR 20T DLy R B AR i JEiE AT, BREDAL . gt ok
rHTEE . T ORVEA AR R THLAE AL BT & 1 Bk N H

URINALYSIS VETERINARY

/ Pregnancy,
[ glucose, protein,
ketone,

i, bfrabin

and drug abuse

RAPID
DIAGNOSTICS

BIOTERRORISM

Anthrax, plague,
tularemia, ricin,
botulinum toxin,
. orthopox, brucella
' and nerve agents

N
\\,

1-1 FRETHPCE IS WU b, IR, BB, Bhga. M. BV
X #i FHE
Fig. 1-1 The array of rapid diagnostics: immunoassays, urinalysis, veterinary medicine,

food safety, environmental monitoring, bioterrorism, drug abuse !
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PRFRETH FAE SCD A Ath i 40 A 1) i A T D8 (B 122 (o)) AU 52 245 0
5 (MODS) & —Ff H T2 b 45 4% 0 1 25 M GO A BRI 7 v, e R ik T X E R A 15
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CMOS sensor

Smartphone
lens

Smartphone

External lens
Z stage
f=26m

Blood
smear slide

«— Diffusers
«— LEDs

B 12 B RET AL EOR R, (a0 AR h 2L 4R AT 40 T 4508, (b) TR ASE
AP X 55T, (o) M etk 4n o i o 18]

Fig. 1-2 Smartphone cell identification and counting microscope, (a) red and white blood cell counts in

Attachment unit Smartphone
1

XY translational
stage

Diffusers
LEDs

human blood [*2, (b) distinction and counting of live and dead cells [*7], (¢) sickle cells in blood

screening[1€l
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FEZSIOTRE T — RFIWT T TAE. 2011 4 Ozean WA A& 1 — A T 7K B2 Hr i
BRTIZOCKBE RS, WK 1-3 (a), MATIEE 3T R4 kAR B Xl SR B R AT
B 5 5 A BERAR m  HE R, IR & 9OE R 10 I PRCBE 28 48 B IR AT D9 AR A
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FHLIOC AR RGAFAERIBREE, 2015 SR SOT R T — M RE T ALK
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I 2 CHEE UKL (FMNPs) (XU EINRE, 8RG8 FHLRAG R 728 F B3k
g BTN . 8 S LS A1 FMNPs, 78 5 il 40 BRI BB REAS i e 33k 4
REWEFERE. 75 10 280 N BN AEYRE AU RS AR A Bk, B
TR, BN EIRE 10 cfu/mL. 448 H45H HAhm R 5 R 5 i A
MPPEREVER, WA KAEHEMAREFEGI . B, 28 e FHL R E &R ARG
-6 0] LASEIURT A B IR, A B TAE R S AT . 12 WA ) AR M
AR R, 5L ERORERZISL, 2019 4E Wang [IFIBAR T — R T BB

MU CRE % it /24, W 1-3 (o), FTEL R UGN RGP ITRE (ST).

N Bkl I HERR R, A FHORREER S A 2 R IR 3 5 ST. B EEFHLBE K
AEFRH AT, DMEPEAEZATIN . X RAREAE 1.4x10°~1.4x10° cfu/mL BG4 5L
DL ST M mr R A I, A IIFR Jy 58 cfu/mLEl,



KRR TR A A8

separation
 —
p
P’
“ <
& Fluorescent
Smartphone App for real TSN / copic system
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§ 7 ~
’/ Salmonella typhimurium ° MNP S MAb PABb

1-3 FHe TR WEMAEY T, () DUEHEE R, (b) WEIREER, (o) HFEDTTRER
Fig. 1-3 Smartphone microscope microbial counts, (a) Giardial®l, (b) Cyanocystis?!], (¢) Salmonella
typhil?®l
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I3 66 E 3 W o — i i A [R) AR A 23 B D AE R 8 KT B FE SR E AL 1 M ik
FER—M%, B 1-4 BEE 73T R BT HLRDOEIE R G LG . &4,
KEDGIE (KERAT FHLTFHEEEHG KOCHRE S B RS 5 EER.
NG, ERE S BSOS ot GEF MBS B HHDE OB E6ESD, JF
BEAARHOGRE, X5 TP CMOS fZREGHHIE. D6k DLENMR IR B R 1E R BETHL
R R goo b, REXOGCIEFAT B F AT, ERURER BB R R, DASRASAH R IR
TGIE-B K2 e, & RRFETI ST e mBI R E. K, DL
Joft (i pRgE. Jutlh) mT LA here e i B RIS, SCZR AT LLE 3D T B
FEEBIE R TALE . SRMBOT EERR T IR R RE T AL A B X — 2
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I PEROL T 6, IR T EATEA R A A 7 A A wT AT 1
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Fig. 1-4 Overview of possible configurations used in different smartphone spectroscopic systems[?4

2008 £F, Wang S5l £ GE FHUMNLEE Sk b2 3G@ SO v ik oo, &
N TR RE T T O 1 7y T T ORI L P R R TR SRR S AN E
Bk oo, MR MR R ERML RS Uk, TR e TG S m i #17
o o B E FHURGCR AT, DUMERBROHE . Smith S8 F IR J5 22
TR THOCAUR A NP, BEJS, Long 5548 F 8L BOR HEAT BE I
GRS (ELISA), ELISA X5 A (U PLAR-DU AR FLAR I 20 AR FEA P 2R El AR
s BRI AE ] SR AR G B rh ™ ARG e, AR SEE K Akt 2 7 AR ORI IR O BE A 270
SRT, B RE TG 132 2 B i M LAR 2 R BUZ 52, S BOLE A HER 1
2018 4 Ding 55K 1 BN 58 BE RS IE PR R AR SR oA 5, 8k 2 M8 B
K152 ' 1 AR SO 55 b o R R DG 5 SCGEEAT PR, X At I ) e T AL I A e 4T
WA FIIN, SE WU e S A, TER T ik BAE BT S S o e r AT e
FEFHOCTESEEE T, SRR o ARG Bl = m ek i) e Bk, O 1 SEaliliot
THTE T WGV A (R SE AR AN 511, 2019 4F Jian S48 H T — R T HOLM TR BE
FHOEEA WA 1-5 ) Pron, W& EEIERRDE, TN, BT
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Jei B, RAGE, RAHRB R TIERE S DR. AT S R se T LA
BE—E, PLERN TN 140.2 mm X 67.4 mm X 80.5 mm T4, A, IR T
BEeFINHET, AT aIGEREE. il 2 fEs. 5E6k06 S IREMX
RITAHLG, BHOGAEEEA T WOGIETSHE A A5 Ak, 13 B R4 1 98 s
AR R B I R . oK FE N I AE S RUB 88 HTNO AU [R5 2 BUPiaR i 7y
T, UFBIZ & B A s I R R 20 Sl v £ RIS Bl 2% i 2 1] () 40040 A5 v 52
TR FIRNEREE. HAl, £4 (OTG) @EHAL M. =W
B & BdE ik, SR, IRAE NEL OTG b UK 6 & 4 58 G T AL R i
Ko 2022 4F Wang S K T —AEHE GO A%, 7En] W-1E £ B (400~1000 nm)
G IE D R 204 12 nm. B Al UEE USB-OTG i FHEZ IR e T-HL, 8T ATl
VO RS (SoC) MFYEIE(E S, E B A T LB HE s B SRR AR 1 SE I Y6 1A
% (B 1-5 (b)) [FHTFREN (SVM) X & FSZIGHEA (RSEMERD K6k
BT 25, BRI R L8 90%. Xt — D iE B T & B F LG G IS T 3%
A DN S RE AT B 1) T SE RO,

1-5 B TR BETHLRESE OG- G . (a) Jian S TF R 8 BLH DG AOGIR I T35 8 R LG
(29, (b) Wang Z5JT K] OTG it L EL R BE T HLGIE (X EY

Fig. 1-5 Smartphone-based portable spectroscopy platform. (a) A handheld smartphone spectrometer
developed by Jian et al.[?°l, using sunlight as the light source, (b) OTG port online smartphone spectrometer
developed by Wang et al.[3%

1.2.3 BREFNIME AR R
508 FHLEAR S 2 OB R BRI B AR 7 S W BORA G, R B e LAY
WEICARIRA: (ALS) EFEARE/DN . 5T i HliG Mo 27 B fay 8058 05 i B AT — € 1
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# . H5EEEFHHRAE LT CMOS BB AL RIEREL, B EETHLH ALS & — MmN
BAGIRES, I ' 5 RA M AN 3 A AN R SR ) 3 ), T RAR AL I
FIRMEHIL 2.

Park Z54RiE T —MEET B BT ALV RPN #r 5 AR B ML s T —
R RS, BT ERT REEWEN . M0 TS, 3t LED 1k
FVR, B EET ML AL B A B IR 28 . HRP BE 5 SR 11 BMIEJR C ik
(uCTX 1D ANEPHEVTEIR =4, XLy IEYIRE A 7 Bk BE G o 3 0, X 26yt
W RS NS E, FEOCE SmERZN. FEE uCTX-I #K T E M
0~10 ng/mL 4k, JeidfE R AW R, SGRAGFHETRESHER. MiE, ZiREH
B BRIE T MR T BTN ELISA 258, HTE X & mEWRS 1R C
sk CaCTX 1D A3l SR7, S AikiER TAEMR, BT aFHL0 ALS sef%
FEAR B8 RS B P o 2, T AN R AN B Bl 2 (oY . A&l 1-6 (a) TR,
AR R AL (PDMS) HlE A Ytk BodiE, XFE ST 72 &P, Chen
SRS T PSR BRI ALS SRR Lb il seas, WKl 1-6 (b), HFiEd ELISA
W E B R R SOKAREIREE, XU TAET, W LSEIU AR A 1) il Sk I, A I PR
9 2.01 ng/mLB, 2018 4 Zhao %5 B A H T —Fhi% B AORE BN, 4B B T4
RETF WL A B AL IR ES, T A I B 40 R B PR AL R o 1% & T (R N U) 2: fg e 2 R
e PE, DA AR 5B R T4 B WL B AR S 38 A I R Ge B0 E T 3L
FEAEA T TR R AT AT, SR, BT TR S ARSI — U Al . Gul S5 HRIE T
—ANETHBETFIAT AL L (ALS) MZ &SN 3D EFE (3D-PMA), Bk
A8 FH R W RO AR IR AE 1%V &,  BE S AT F BRI S 2 W B 5256 (ELISA) MRk
Bl €TI0 35 305 2 A M A DA A A 25 28 D0 s o QT Ot o<l Pl i Mt E P LS I g A 1, 3-
ZA-2-EE (1, 3-DCP) HYSEBRAE ks I e, InFRIE K o RS AR 101.95~109.70%
26, FEUERRIE T T2 5, FIF 3D-PMA T8 FH 357 385 45 2 EAG 0 1, 3-DCP
BEAT 7O, ATAEH 10 pL ARACHEAT AN, Al (8] 0y 2 708, A DUBRIEE] T 80 pM.
ZF BN, FEACSA R RGN T A R AE P RIER SR i (0 A% I b B BRI )

[33]
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(a) Ambient light Precipitation assay Ambient Ambient
light light
Increase in

chromogen
T e

Decrease in
light intensity

Lux meter
application

Lux meter
application

(b)

TMB substrate

Ambient light sensor

1-6 HEFH LI IE AL IS AL AL R 2255 . (a) Park 2518020 DL ES Y6 A GIETE & 10 5 26
REREY uCTX A IR e K832, (b) Chen 253 T ELISA J5 8 SEIR T K v 7k 250 i As il
) el A R AR TR R 439

Fig. 1-6 Figure 1-6 Smartphone ambient light sensor biochemical detection system. (a) An ALS developed
by Park et al. group using ambient light as the light source for the detection of the osteoarthritis marker
uCTX IIB2, (b) Chen et al. realized a high-throughput ALS system for the detection of zearalenone in
maize based on ELISA principle*®]

124 HFERLEAER

LU ik —Fh DL e RO SR, l i @ B R S IR E 2 MR R R
ROy T AR 4 43 B B ARSI 7 o AR BRI LU 3243 B A B £ 36 TR Y Hia L (2,7 88,
SN . H A E 2 i i R A N R U 5% 5 b o £ 1 6 L St 0 Wi 135 0 4 i 5 S ) o A
Tk, HEREWR, RNGEREDR, AT ANIRZE R SBOX 5 E 2 E WK R EeR,
WU T XA A o Ve B 8 RS A . G R B B — B T R B E T,
FIFH 't H A S 28 a3E AT V8 VR O R A W T A5 U 40 s B Ll 6 07 v . AR T AL EL (2
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2, JCHECEIE R T HER 7 R R AR R S AR . A 1-7 D9 LR
F AL EE i A He b 2 i) B RUARER

K 1-7 (a) BME AT (b) BEFRX

Fig.1-7 (a) Visual Colorimeter; (b) Microplate reader

IR, BE%E CCD. CMOS 25 EURALIERER I AR R, ML A BaeTHl
LSRG RAER LI H s F & it —fir itk tafgidort — i etk
L0421 A flo A8 B AT 132 B FH OB 7 o B0 IR A Bl ik 2 48 R R 2 4% S TR
o EMGERE, Lol ER AL EE R CHL i Photoshop Y Imagel) 8¢ H 371 & 1
B o T A AT 200, R RS B A B 15 B AT 2 s A7 i S AR S i) — b o Al
Jiik. AEXTEG M fES, FTLIE RGB. CMYK. HSV. Lab. CIE XYZ. YUV %
Z PP 0 T 2 (B AN A R B S 0 2 S U TR o0 SR M & SRR il . AR 23X L
T LI 6 25 (R VR A4

RGB Fi 1  3 F Thomas Young Al Hermann von Helmholtz 7£ 19 tt 0 47) 2 3
R = A Young-Helmholtz 12, DL #) 1860 4F James Clerk Maxwell [ ik (1) 5t
=ML, Rk e R, g, SRR DL R T B e —
g, HRREFEEN S, ZER ARk E MR AN A4S, BPR. GRIB, W
K] 1-8 A& BT RIS TR RGB (R F (A4 . RGB & — Pl T & gt isi iy, &
AT, AR B PR AT R R . SR, AR B ) RGB {8 B i1 i 2
FAEAE LA A )77 SR B, - BRlit, E?ﬁﬁ%%*?ﬁéﬁfiﬁﬁ‘f%ﬁT RGB HA SR
Z 1B SCAH RN B . HH ARG, AT —Fh BT o] DL 21 =R LIRS
iM%, ik, #JH RGB é}?g:lﬂ%ﬁéﬁ}iﬂ’ﬁjﬂﬁj\*ﬁﬁ%%t[:éﬁﬂ‘ﬁ?i/%f“{zﬁ“ﬂi?i
o farill A
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1-8 RGB £t /& 7% ] 451 7Y

Fig.1-8 The RGB color model

5 RGB B E A AR, CMYK BT — Pk asisy, FEHTE
FTEl. CMYK ZIETER GRS R 4 MEit: C (FfE). M (R4, Y GEf)
MK (), i 1-9 fin CMYK Bt s B A . B8 B, 100%17 t LR
2 A % T8 2 RSO I WO, R B AR R R B A, AR, SEBRATER T
R R E AR EA R B, Fbgl AR, REERR . IReErER. £
FH CMYK o [ AT RIS, 5 26 75 20K R BB (15 B RGB H¥%# 8 CMYK
fH, RGB 5 CMYK Z [A| S H 4 A= T

R=255x(100-C)x*(100-K)/10000
G=255%(100-M)x(100-K)/10000
B=255x%(100-Y)x(100-K)/10000

1-9 CMYK &y /i 25 [a] #i A

Fig.1-9 The CMYK color model

HSV Bt i 1938 4F Georges Valensi N HEAL &K IR — M =S m], 5LL EA -4
[PRITH] ) AR 1Y) RGBL CMYK BB R ERAN [F] 2, HSV e Y & — i (m) FH 2 (R
s E], W 1-10 fios, HSV Bt 2 Ei4ER , 2B h B S8 0 n2: H
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CEf), HUEVEHE 0° ~360° , MAGIELEWRE#ENE, S M), HUEIEH
N 0~1, FoRPtEaoei R H CRED: BUEEREINIY 0~1, FoRBit =
FEE

K 1-10 HSV {43 25 R #5i A4

Fig.1-10 The HSV color model

CIELAB Bita 73 [BtHFR Ay L*a*b*, 2 PR ZE 5122 7E 1976 408 I —Fh i 2
B W 1-11, EREOERN=ME: LEORRASE, a* M b*Rom AR i Y
PRI 2, G, HEMEG. 5 RGBM CMYK SEBERURFRZ, Ba—
Pl 5% & o R B E A ], L*a*b* it 5 N B 420, L &5 N0
EENAEFE WA, BIEAERA— AN — 8 2 (0], Forgh e 08Ul 728 4 5 BT AH B F J%
B A AL . Lra*b*E B il b3 S PR 22, (] A TR 0 06 1R /s 22 7
L*a*b* ) =AMARR R : L— ORISR a*— LM 2 R B (A E
N -128~127, H i RoRngkth, IEEFRLAMO) & b*—m OGO B AL E
(BUETEHE . -128~127, HA iR d, EEERRER).

+* H

+a* g]:

—L* g

Taen

] 1-11 Lab 7/ 75 [] 58
Fig.1-11 The Lab color model
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CIE 1931 XYZ i 7% [A] 2 HH E PR i B 25 01 22 T 1931 001, 15 08 S T Bl n]
MGG H R A 5 NS s b AR FI B R E B R . CIE 1931 XYZ R4tA]
DI IR P o ke 1, 2 /E RGB RGUHEAN -, Riea ta B 4k B CIE 1931
R R AR ER o AR — B G ET AT LLA CIE 1931 i BERIR, 2O &R
GRS ZINAT ARR B AR — P ARG, EE 1129, BERL L& SR 380
nm~780 nm Z[AI P M REOG, KK GIGHIE; ERD AN mr BEL —
“CERLR” RFIEIE LATA IR B A 10,

K 1-12 CIE 1931 XYZ {05 2% [a) f 7Y
Fig. 1-12 The CIE 1931 XYZ color space model
YUV AR E - NTESHESHANCESE, SR RGB B, YUV
FE AR B FER L AR S B i S8 . il 1-13, 78 YUV Fita s a i, YRR =E &=
U B RGO ENsE, VEROTE S E. YUV EE—KEH Tiash  Hbrfime,

K 1-13 YUV {85 25 () f AU [47]

Fig. 1-13 The YUV color space model®]
BRETHLA MO S Z MRS, HE TIE L P it m LB BCR 3Tt
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AR ON 1 o it i o N BTz I — A AR s . AR S IRTIAER) CMOS [
BAL KA EE S e B a5 BAR N, JF HRA — R 511 B sh i BB LTh g,
. RDGAT BB B3 RESIIRE. B T IR AL e 04 H B AT LUE D9
BRI ARG R N 0] AR N EAR T R G 456 B R THL 0 R 50 2 &b 0 B2 22 73 ]
WRENIER T 2R e FIET B e EEEA S TR AR, i 1-14
B o

CIE1931 5 B 25 (a]

B 5 E 2 534 )f b
)

§ﬁ¥mM$mEiE:::::j

RE. O FiE pp——
Bigsk
HFuH O énanﬁ&ﬁl‘ﬁl Qﬁw
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RARET

ETEERN., WEFHEMERREER CMYK &=
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K 1-14 BRET-HLEC T B A B s IR

Fig. 1-14 The detection process of smart phone digital picture colorimetry

ETHRTINEFE R Okl T AR, HrEf SR o 7 RS,
B2 A PRBEIR IS S0 A0 ATk N 03 1)) 32 R e, R R AT B In A B
BTG EE A, Lt i S 8 N ZEA ) RGB (5% 4 (B IZ W 7 2 3] HSV,
CMYK. Lab. YUV. CIE XYZ £t JE 2= (8 2 S 85 0 hT

H TR e TR JG ) J7 . P, ETERETIL Lt RE v
LIRS IR PR AL T 9% 1. FLZE 2008 4FE Martinez 25451 FH & 68 T M1 20 i SR ECH 225 0 A 2
1515 32 (a0 S B 5 B S SIS, FF R R 4 e E BOR N A iEAT A3, DASE
B i RE S, il 1-15 Ca), {H. WERA. DA AR AR B TR B R
RIE O IME SR EIZ R A R X, EE B PRk 51k 18 78 E 11
]2 K4E . 2013 4F Ozean WA K T — 3K BATHER BETHL LE “ Albumin Tester” 1%
PG, ATRLSEHURE T B B S 8 OGS A B B A, EG I RO PRI A
MIPRIEF] T 5~10 pg/mL, FGIRARANRIIER GG 3 520 B0, 2017 45 Wang 42 H
TR R R R TR R, W 1-15 (b), ETREBMIES IR T1E
ANIA] NaCl B2 LU AEAAAEA [FM S 8 s S O R tH AR SR8 AT 8, AT ™
A AN TR B S SR IX 43 PRV HP 1 12 FhBE (R BY, Bl S, David Erickson BREEZHA 7T T
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— MR B AEIEXIZM RS “ironPhone”, 1Kl 1-15 (o), HITIE)L7r8h A AFRRIL
e B E LS R AR R R, A AR G B RETHLEC AR B HIRE e b R 1) O
BN EATIRAR SR AR, AT T B M BT R & =ML, XF 20 445 IR
BEAT AR AT, A5 SR 5 SRR S R UE Y IMMULITE 2000 23 HT XS5 R BE—50 % TAEX
TR R A B P 2020 4R, BATREAPIE IR 7 E TR BTN
96 AL T4, SEEL T ANMLE A E A (HSA) MEndE s e & . 4058 it
S BE B4 B S A AT AN 12 44 583 TSRS HAS WREEHEATINSE , —H K45
KRS 90%LL b, AT R 2 IR IN A 75K, BT AR SigE. ARG
RIPREA T iz e 3 R BT MU, R ST BEUE R T RA R .

(a) The entrance to the . j (b)

microfluidic device - m Prot

is dipped into urine. = l

urine

10000
3

4

Urine wicks into - | ‘ 5
the assay zones. 6

e
NaCl increaseing

An imaging device

digitizes the results - " ‘
and transmits them pR—
to an expert. smartphone -
\

3 P LFIA test strip
An expert interprets 2 in a cartridge
the results, and ‘ .
replies with /

a treatment. ~ ~ Test strip reader

Bl 1-15 BReFHLLL e B A s I iR A . (a) 2008 4 Martinez 55 AT R [MFHLLL (A% 18k
RGHAEREL, (b)) WHEE A PRE N REFERAFERX 2 JRIE R 12 FEE B, (o)
David Erickson IR @ LA 7L 5% 21 & AE#E S R “ironPhone”,  Fil H — PR A) 38 20 G 2 A5 I
AR, DURSESRI ML v] Sk 8 Ik FE e =152

Fig. 1-15 Application of smartphone colorimetric analysis in protein detection. (a) In 2008, the mobile
phone colorimetric sensing system operation process developed by Martinez et al.[*%], (b) Distinguishing 12
proteins in urine according to their different aggregation effects on gold nanoparticles®Y, (c) “ironPhone”, a

portable diagnostic system for mobile devices reported by David Erickson’s research group, uses
disposable lateral flow immunoassay test strips to quantify ferritin concentration only by collecting
fingertip blood [

HEPEE NI — P EZ ALY B, HAE PRI i) & B 2 /D ] DLk
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N AR P A FEPR e 54, S Rl A A YR R A D o W PR S M 1 R
B2 W L i i i 2250 2. 2018 4F Wang 54l & 7 — Mol 52 SR M . R A5 AR ik
ANPIlE (HRP). JRERMEE. % MEELEE (GOD) 25454 [l e 2 ZEocEilat, K
M Tttt &G, A RTFIENE SRS & &, #id it 55 oK
G0 B AR SR I T A7 v PR TR R4 267 40 10 8 PP IR IR R AN 1) ST 1 5l L £ 5y
FrertE BRI &, | 1-16 (a) 1, 2021 FERA TR IT & 7 —Fh I T 45 X34
PRI BTSSRIt At R, RS 5058 € BB BRI T L
M RVERAPE RN T B AR, T A M = g S (O AR T S I 2 AN RE A [ I R B R A
SN WA i R e AR N AL S e = B ] D S SR T = R Y 2 S i B
X 14 AN NIE A 200 € BT SR GIERTEL, BRI 1z Al R S AR Im K2 W
et s FPEDSL O T T AR AR AR3E T T 33 0 5 € R0 B R A IR 22, 2019 4F
Zhang S5y 1 — PR SR T B R AR RIS 8 0Tl 1-16 (b)), HRIEAUE E
W G B K PR R, AR 5 AEAL IR i XA T BN 72 28 . TMB MR VRS Y0¥ TR CRL A5
A SR I Sl ), Hodr, R ER O ZEEAE AR RSE I B B Ak R
EAAREAG AT B0 7 VEBRAR T B I BT I S, $ i 7  us Sg e L A DU e
FEG M. b A R 2 B A R TN R, sl et — 851
MRS, SREL TR S R T B, RARKIPRER T 0.01 mg/mLP, AR
056 26 B DR 4R A T B RSCARAIR S A e 8 R | B FH A = 2 BV IR Aar il o, SR, E
FAa A M AR KRR e 5, Al d ik o 4R E 22 7 RE. H
I, ZURAE LR 2 BT AR B A b e s i 2 s R A A SR X TR S LK
LML) SR, JF H 3D ATED 7 BTG T G AT Ee s I g2, SEIR
T A MAFEAR A E R L AT, ARDIPRIAR] T 5 mg/dL (0.28 mMD . @ % A R4 i
FEAKTN, 5060 BEEMEL, MXTIRZETE 4.37%~14.41%2 18], 5576 FH IR L,
FHXTRZELE 3.83%~14.53% 0. ZRAEE TIRA . malSFEEM G R &R s, f
B A IR M0 5 4 2 11 18
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1-16 B REFHLECT B L BiRAE R AR I TP N o () AT T R e i S
BRET IS ALt RSP, (b) Zhang %5 A it (19514 BE THLAOWE S8 4T B (U ARIE Rl
P20 A bl e T

Fig. 1-16 Application of smartphone digital picture colorimetry in glucose detection. (a) a colorimetric
analysis system combining a portable scanner with a smartphone developed by our research groupl®®l, (b)
Smartphone-based inkjet-printed chromogenic paper-based microfluidics for glucose quantification
reported by Zhang et al.l>’]

B B 0T 5 A B SR R AR B 2 A, R RE AL B i) R AR
PR bR S . 2018 4F Chen 254 75 1 —Fi FH T 10 71 i A= Wb 25 A0 RS
) 7o R AT AR LU (AR SRR A, N 1-17 (a), %44 Z rb i A 4 5 A0 5 R e vl P e
DNA J7 51 Rl B 25 A1 25 -B0R 1 S AL P B0 I & 9K kL T SL LRSS 358, [FIBS e mT
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Fig. 1-17 Application of smart phone digital picture colorimetry in the detection of other disease markers.

(a) Smartphone colorimetry for prostate cancer biomarker detection %, (b) Principle of detection of the

anthrax biomarker dipicolinic acid (DPA) [
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Fig. 1-18 The application of smart phone colorimetry in the field of food safety testing. (a) Detection of
organophosphorus pesticides 64, (b) Aflatoxin B1 assay [%, (c) Histamine levels in deep-sea fish and their

canned foods [, (d) Detection of pyrophosphate in canned meat(’]
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Fig. 1-19 Smartphone paper-based fluorescence sensing platform. (a) Nucleic acid hybridization
quantification on a paper-based platform developed by Noor et al. based on the principle of fluorescent
FRET [, (b) The paper-based microarray fluorescence detection platform realizes the detection of three
heavy metal ions (Hg?", Pb?" and Cu?")[*l

24



B1E ik

AR DL AREE O AL IR R B s A I 7 TS T R, R, AT
EDBIERIBARFIR B0, REBERCERALIE . TP AL B4 5 K%k
FEEUE F . Bl o g8f TAEREFIRAREK N A R 2O, @ik HEK KK, 5
UHELLAN (NIRD BREZLAh (IRD, AT LUBE G 4Rk It H R 5806049 yu Al WhitelhH 42
2, EMNERMIBG RN SRR T E D FHE 6G. A LB D h R, s R AT
REIET, A 785 nm UK AR T ARGK I S B R . Fith, Ju SR APRLREL, (A
S 20 A1 B 2T A0 AR SO IR AT LS B R 5 BA RS TR B o AT T4 45
RIUE M) LiYFs FEIRGUKTRL AR 5 27 T 3.6 fmol DNA Fa Ml #iFR . Doughan
S50 ] 980 nm T LT AMHUK SK BRI 5 5 A BT DL SR AR R L ) S . {H
&, T FAGESOLRIMIG S, @A E MBI IR R R aE T SRR R
AT R AU . B B MO 2D

1.3 AXHEEAR

TR BT L T I A REORAE R A2 W SAETIEIN . A f 2 4 5 U
WA TN, AR, HE b A R HER VRl 2 2SN OGRS . B RET ALK
BAL KA M PEREE 2y RR T, RE R G T HLEE LI B 3h BT D fg Al LA
RRREE BN G IR B PR B i m . SR, AESERs Rl o, ANFEIREL, AN
bR RIS R R S IR A S S PEHE ARSI S ) 5 50— eAh, BRETFHLRG
JFEE G A JCRIRAN, ARG KN ER R AP0 G E. Bk,
MECEA DA FHLE S5 O Al T30, e B RETALEL o Ak I 44 £ 1
HEBA PEATAR 5 M Ay AR DR B R . BT RX — R, AR SO SRR AR AR I
wilg . ARt DRI RGN RGEZ AT TR T
HRAER RO R, RUFRAHERRE 73t “ BRK” e friifats, If
T CIE1931 (s a7 B IR, it 1l DU AL SOBIR B SR BOL 2 &
gt, WEEAFFIEAE P TT HA SHEE# AT A IE . 3B, BEB I, X T 2R
bt S itk &, AR SCHE 2 R A S MRS ik, ok DRSS B
e K FEAB R N AERA PFEAR A R R, B E RN EOR A R, O 1 B iy 2B A 7 1Al R B
FE, T REBETHH PO LT G REsm A, SR, JOCK AR IR ZAF LA L AUR
REVFBR. B, ARIEFOCHRA L] TIRICALKIIEE A KK 6. AW ET
PORIEANRIOCTH R S AR A, A OKBIE” B IRAE BB AREE F & R 1 A AL e
AOKER, ST VOGS, R T ARIE SO AR E R AR R . ZR B pTiR, Sk
TR BT LRI B K H TAEAE 1 J= BRI 8 () BARBIT 7 AR R

B Sl 7RI I A AR R T R R T AL A

25



KR TR A A8 S

A AN R BUREAT T 047

P RSP LA Windows RGN &, #H8E T Android B2 I RIS, NJE
W BE TN AR T R 252 TR, pH SOOI B AR, RiEH
T SEIE AR pH e L e EER . ARZLL pH I AH], AR EAR
R REEREH T “FHEK” o triiets: S0 T B A e s
PRI FHLEL S SEAN A R 3R B s 55 n) d, Wt 1Rl LSRR S 00 BR A S Rk
HERG, WK TR BETFIEOMIES L, £ Bl pH 4R I B L4t pH
TR E LB, WA ERE NS, et TS REFIE pH 4SS E 1 pH I
R WIS pH S KA Z HAIX RO RSLI T pH BN EREENE, &
MRS R R T 0.05 B4 pHo BRI AR RS pH TH0 SEbrbE AR AT e, @it
% Bland-Altman B #5045 SR FEAT 408, PRSI 7 925 A 1) 22 7 fE£1.96SD
W, B0IE 7 AR RGENE pH E I (I HER S T EEE.

B {ERR T R R FHLECT A L N I AR A A SO IR B AR IR R AR,
IS LN Z AR AT 2 A S HNRE I A T, R BTN I A PR AR %
FREE G R R K 1 5T B e F ULV RE S SR AR IR 2 HR br o A R 4. 18I 3
X 3 BEFN FARGAT R TE, AN AT L F5 b [F] s 5 B0 v] DA 4 /N385 B 1) () s o 52 3R
Lot o3BT BT TR X S0 R . AR O TR VA A o R AR pt ) 1 g B e O € P A AT
B, ST OTURE MR EE R C—a” wEAI. DA, MEOEA.
LB 3 Ahdabm BRSSO TR I 45 SR BT X b, — B S T
98%UA o N TIHEZ RGN AN S HYE, 73R R iz R 455 B e ) H-800
Urine Analyser JRT402% 73 Hr AT 100 51 55 BRAE AR IR PR RUFR bR b AT A, @it ROC i
LRI T T PR Rh T VR AG I 5 SR v P — B

FIE: N7 PR S A TR RS, AER THEEFHL ZnO 9
KEGARIERNALE TG S @EIEAM L, PR 4Ry s E R EH T
SERRICHHT . ARFERH “OKIE” B IR PIRIELEE EA 78 Br gk 4, Sl
TAHRIEH TR, R T ARG AT AT RS e LU AR ) s 45 S AREE R R BOR B
Hil4% 1 il B RS TOCEYE s B T O A A, i G ik ER
TN R GIR, e 7 % SO AR BT S AR AE BB L IRBREE A R WUR AT
SIEETR R R . R, JFER T R RETHLROGEESAR I EAE “H-T Fluorescence Detect”
ST R EUR RS HE SR BN 43 . AT B G Y& T 21 CN-PPV X il & 25O
GuitAT T ISR, GEBH 7RI R G A B K AR O B SRR R R I R R R AT AT . B
Jei s R R 5 T8 e F AL &l S AR R AR 2O i 3 B Sl T R e BREE
[ BATI, SEI0EE R EIR, FALER PR ACES b F G e Bk AR 1 (A I PR b 4 33 3
AR PR FE R 7 10 £5%, BGAE 7AiZAI R GEAE A4k 2T A I J T B A v ) SR A8 A ]

26



B1E ik

145

i

AL ARSI LN B BT 45, X R B T LT A L R A 4
AR TG AXER I A Jim B A Joe AR AR AT 1 IR A 2

27



KRR TR A A8

28

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



B2w ETERETHUMBIO ERK O pH sk € SA il

F£28 ETEHEREFIMNMEIEKILASN pH SHEEEE

ol

2.1 finE=

pH FRFBE KB BT IRE RN ARPT AL, MR A FE . s el iR 955 &
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Bk, ASRESCILAERRE) pH AEIME . MR TR NS S, & TAEM. Bmeess
QU i A BRI 7 vk . AR, AR R R BB A L PR Ok AR R E T
ey e, HAER AT B HE, HAEPRECONE Ak, [, S0 R R
INf o> M AR R PERE o IR Ah, AR AR BR L SR AR A it 1 H AV I B AN eI B
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. pH 42K 7 € £ i Bl ), FEr AR B s, ddnd B0 f5 4R % 2
OSRMELL RO AR pH E. 2B, i B2 SRR pH 4tk (W
¥ 2-1), Bk v LUAE] 0.2 B4 pHe pH iR 40E 2 N AR 5 Lt R T E
BRSNS R, o Wi o AR R R DG B2, Al 45 RATI 98 =2 2 NER B iR
2RSS MR R AR . Rk, pH W4WER et e 'Eal g, RIEH TR
W b, 75 55 17 ¥ LAFH T =0k pH A
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Table 2-1 pH test papers of different brands

N Rl
e A pH BT B rRL
K
0~14. 0~6.0. 0.8~2.0. 1.4~2.8.
Hydrion EH 2.8~4.6. 2.9~5.2. 5.5~8.0. 6.0~7.4. 0.2

6.0~9.5. 7.9~9.7. 10.2~12.3

» 0~14. 0.5~5.5. 1.0~12.0- 1.8~3.8-
BN
Whatman — 5E[H 0 o 0700 452100, 5.2-6.8 0.2
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Bk
Mach 0~6.0. 0~14. 1~12. 0.3~2.3.
acherey ~ g N ~
Nagel i 1.0~4.3. 3.5~6.8. 4.5~10.0. 5.0~8.0. 0.2

5.1~7.2. 7.0~10.0. 7.9~9.8. 9.5~14.0
1~14, 0.5~5.0. 1.4~3.0. 2.7~4.7.
WywEme  E 3.8~5.4. 4.0~10.0. 5.5~9.0. 6.4~8.0. 0.4
8.2~10.0. 9.0~14.0
0~14. 0~6.0. 0~7.0. 0.5~5.0.
RIR rh [ 2.0~9.0. 3.8~5.4. 4.0~7.0. 4.5~9.0. 0.25
5.5~9.0. 4.5~10

FESLIERN b, NIRRT &P 2 pH A2 548 T pH SR FE & . 2015 4F Dutta
LRTEREFIITR T — kK F R0 OH TR AR K K pH (A A RS, H2,
XS TR 2] pH RAAF], G POER RGN T #2014 4 Hossain
ERH A4 HEZE RO BIE N pH AR AR, TT K TR T 26K pH Al R4,
A “RGB Android” SRBL T 5 1H G E M H % pH A4, 2017 4F Gotor
SIS ) A& SO GYRHIERE K pH ¥ O IR RE S b, IR B R RE ML AR 7 3R EX
WICREF IR R B H A, )5 % 7RG 2R EURM T FEAL IR, e 2159 45
FEA pH (EMS, DLEJURME 2253 BT 0 7 80 LR A, A LU 2 A (4% 4t 7510 5 18]
G, iR, R, mFXerikd pH B0OH). WL E QTR H, Bilisk
P e S IE 5 S R I R A I

T, BEREATERH T R A R R AR AR 45 A R RE AL B pH {1 = kS B 2 24
M. 2012 4 Shen ZEAE4H1 pH MK EUE RS, @37 T pH{ES CIE 1931 B =S [a] -
EREEEAR (x, y) Z IR SSPETE, 2013 4E Onescu Z542 H 1AM 1A T & BE FHLKI
JEX 5.0~9.0 F1 1~14 pH R4GHATRUE, @K SLEUH) RGB [E## sk HSV {H, &7
pH EE HAEMXT R KR, AT RAMER K pH (EME. 2014 4 Yetisen R T —
Pl REFHLEEEA B ) 2 MR 2%, DASZEINT PRI pH B ks B2 A m] 28 &) sz 11,
REWAF T EIRTFOMERE R, HETR T UL EREEE pH 0 A7 s Py > S sk AR .
ORI R 2 e BRI FBUR IS RAE: A—J7 1, pH S
BT R EA R, BRI E IR B s G, M B
FRIREHE i 2 36T pH e E O 2,

R, AF TAEF, £ pH R aERKAEBMP R EAREH T “FHK” W
TR AEbs: R, X R T T By L i 24 A B TS5
AFRE R, Wik TEBOGCF RS, TR TEBGBMIERERE, #E TETHRETH
SEA T AR S 2B pH R FE 8 BAG I R . BE6 pH AR ZCAS I VEE ff B A S A% 45 pH
R B, WA ERER M, #H TR RTILS pH AU &1 pH &
Biomik. I EST pH (S F KA Z AT RO RILHL T pH (H I s B &, A
FEIEIRF] T 0.05 B4 pHe 23 AR AR RS S pH TR SERrFE AR BT E , it 1)
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i Bland-Altman B0 & A il 45 RBEAT 70 b, PURREIN 5 32 Il (V) 22 57 £ £1.96SD i
N, BRIE VAR RGENE pH B FHERPE S TSR E . A R Gk i AR 5 2 RE
FHE T E R e I as &, NBIIN EETrisWr. PR8I0 S 40080 pH (B 37 PR vy
R MBS TR 5.

2.2 BRFHIMNARZENI LS

2.2.1 Android #B{ER LN 4B

BTN A VAR 5 PO A B s . 2R IRAT A . R RRE m AL
Mo BEITZAER . B EEFHLRHEF RIS AT AU SR KR E R Gz B, ER
P1#/E R4 A Android. Symbian OS. Mac OS. BlackBerry &5, HA{ERERTT A%
24 2 M2 Android #E1E R %5 . 38 2018 4F 4 H 3 R4S iR+ o8, Android
RGP E LT 86%MTT M AL, /- UEM Android F 4848 %F S5 I S A2
Android 24t i AR DAHA W4 K144 5, T Andy Rubin &1 2003 4 10 H 6
Ir, JFHRFRE “AREEER T MR RS Android BOATFIESRFE TH . 44
B A FEIIW 2 J5, Android BN Exclipse I — IR B %, 5 E ADT MWL L
A B SRR 7 AR . BEE R RE THLE T LR R, AT AL A
FRHITE SRANBTIG N, TF RN GO0 B BE T AL AR PP (R i AH A W2 7+, Android R4t
T 2013 4 5 H 16 HfEH 757 T Android 7% 1°F & Android Studio, il Android
MBI RE ARG ENHBET I RER SRS, wE 2-1 s, — &Ko 8z
M8l WKEZE mERIOE S HRTE, NMARTERE, ZOFREMIF Linux Z02,

2-1 Android &Gt ZEH)

Fig. 2-1 Android system architecture

Android F& — Bl [a) 2L B #% Bl S T R 84, He b A% O H B B AR R A2 0 B))
(Activity)s k% (Service). WAFEMLEE (Content Provider). |~ #5#:i#% (Broadcast
Receiver) X PUKZ 211221, Android 2 G0 4T & D e i K I 8 2 e S AOHE 77 i
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AOFR RN BE S T LA, AHF AT & Android AERE R S UL Windows NFF & F- & 5L
BT =8N AR A
222 NBAEFA.

K Android B HFRT 5 1SR 2-2 Frosi T A
%% 2-2 Android V& H K T E

Table 2-2 Android platform development tools

FRIE TR
JDK FEfit Java gn PRFAES
Eclipse/Android Studio Java ) IDE £k T A
Android SDK FEAE Android A R IAEE & T A
ADT Android JF & T HAfGfF, %4 SDK A Eclipse

FRABRMEEZETFFRNE L. Bh, RINFETH IDK, sl jdk-8u9l-
windows-x64 11T HIE PR % HE . %3 IDK 25, WE REAFHH =N EELE:
JAVA_HOME, PATH, CLASSPATH /574 R]LMEH. WA JIDK &7 2,
AOLAH D, FHA A “emd” 2 RTERIE EABH TR, fEH T
I 24T “java-version”, WIFXIPIEHEH BoxnE 2-2 FronfE R, MIRPIBITHE
PRI e T TF R 5, il Id 22 %¢ Android Studio B Eclipse #EF v LLIEAT
HARI R R 09 & TAE.

Bl Chwindows\system32\cmd.exe |i‘£|—g—hj

soft Windows [fi 6.1.76811 N
{c> 2089 Microsoft Corporation. {RE5FT-

IC=“Users wangxiaoyuan>java —version

java version "1.8.8_91"

Java(IM> SE Runtime Environment <(build 1.8.8_91-bhi4d)>

Wava HotSpot{TH> 64-Bit Server UM C(huild 25.91-bhl4, mixed mode?>

e

2-2 M\ IEH 423 IDK
Fig. 2-2 The verification that JDK was installed correctly
23 BEEFH pH SHEEBRMNRLIHIE I SH 2

2.3.1 EF CIE 1931 g RN E R KETERED

AP S, pH AR bt S N B BRI LS . IRIE, @ H R Lt 24,
140 RGB 8¢ HSV {8, RAEAEMH “E40” B pH (ERM SR G, fE, A1
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WRMAHMNE A pH R4 #E R KAE o) BUEANEKE (W RIELDUAR R
VRN SERRRE S pH AR SRS S . B =il

f£ CIE1931 (7S (alHy, B0k o SR I W A4k — 5 Eu A9l VR & DL G H & A 3
o, H AR AT R A% T B B oS KBRS, Dy TR B K
B AN KA, BT EA PP S CIE1931 2 E h AL bR . FEARBFFF,
HHEFHL App “Smart-pH-Reader” SKEE B )G, B &dRAHEEFR “ kD580
HREEENME RS SEE R Gy B = MAEEE R . EIREH RGB B (S S LA
byl AKX 2-D. (2-2)0 (2-3) [BEFERT rvogv b, REFEK R, G, B H
AR, B2 )5 . g b Nk RGB EH.

7E S 4w ItEIL R, Ry G BHEUEE 0~255:

R =R /255
G =G/255 (2-1)
B =B /255

MR, G, B' < 0.04045k}
r=R /12.92
g=G /12.92 (2-2)
b=B/12.92

MR, G, B'>0.04045 i}

r=[(R +0.055)/ 1.0s5] "

—[(G +0.055) /1.055]"*  (2:3)
' 2.4

b=[(B +0.055) / 1.055]

K ERARNAR L OEE RN TER, RATEMIE, HYEERER
B, DLECR AR B b AT I B 1 925, # AN HR 5t (1) S B0 A SR LAt
CIE XYZ (0 J& 7% A5 — ] DRI IRAR 50 R 1 AR TS (8], 4 RGB (2 1] (1) (]
5EHAE] CIE XYZ 25 [0 b a] Lo AR SE B T 2 B . B PR vy g.
b SEFE R TE R & ot 2 D65 At REIA T/ CIE XYZ B, FAb kR
1:[125] .

X 0.4124 0.3576 0.1805] rr
Y =(0.2126 0.7152 0.0722 Igl (2-4)
Zlpes 10.0193 0.1192 0.95051 b

i =HSIE XYZ T LA B ARRR x, yo FTA BUE I &S ARARx, yITE L T —
SEETE R ], X AR B T DUARER B ) € i 11200,
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X X
yi=|Y [/[(X+Y+2) (2-5)
z Z

REGUE RAE CIE1931 it I AR S, ECHIEH A O (xor yo) HIHTHET,
A LUE A 2 07 SO SR e =K. i 2-3 for, MWASHR, St g s
Ci (xns yn) 9l — KL BEIE GBS T — 5, Z s A BIPAE 2 B 55 C
W FERKAE. ERFEET, @ EA A SHE R EERZER T, SCHEE
MAGWAAE R — XN, TR AR IR, BN BAAEX N — AR A ol A 4R
R RIS, 15 2R B R TR .

X0-X
k= (0~4n
Yo Yn

(2-6)

K] 2-3 CIE 1931 € B Hh KA I X

Fig. 2-3 Definition of dominant wavelength value in CIE 1931 chromaticity diagram

SR, A EY, AR OHEE TRKE, W& 23 Por, £HEAS
O T B8 R i 1) BT 8 PR 21 0 = g DX 3 ) 6, R R KA B AN i KA R R R .
wl, Co MK RN C HBIE R T — % EL, HEREKL SIS AE i) F
BRKAE R Co REAMEEKAE . FRIFEERE, SFEFRNTE, RES5FEKE
CHMEPERAED BIULED, YRR BETFHIN AT “Smart-pH-Reader” H 17,

232 BHEEFH pH SHEEEERVICLFRERIT

AFFE e B T H e B LA SR pH ks B E BRI, MR I AER SR IS 7
B S A NG B S HE R I B AT R S, Rt TR, AR FOLIRA ST R B R
Joi e T S M S 6 2 SR Y G BRE TR 3R
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N T RFAFD GRS L5 45 R g, AR BHR AL B A Photoshop 15
TFRGBE4 N (255, 0, 0). (255, 165, 0). (255, 255, 0). (0, 255, 0). (0,
255, 255). (0, 0, 255), MM FEFEKTHIA 611 nm. 584 nm. 570 nm. 549 nm. 491
nm H1 464 nm (/S FEUE T, FRR AT S BB AFTED . 23 A7E 2 Lux DGR
63 Lux sUGYEAT 805 Lux & 4T JEIRIX —FAS A OB FR RS N A & 6 FHL “ Smart-pH-
Reader” il /N FHEEA ) F KA, A KB 2-4 Frox, @ 5% =FEiem)
FRUEPAAE XS EE AT BRI, 7E 2 Lux MDGIRIRR T Rl o S 5 b s K AH o — 38
I, B2 H 2 Lux B9/ THDGIRAE A I )G R 8

700
mmmm Standard

- = Flat 2lux
g 650 === Dot 63lux
Z —— Desk 805lux
S 600
C
[} p—
2 _
Z 550 -
=
g 500 o
£
g
O 450 +

400 - = =

?*eg‘a‘\ge\( OO e® oy e
Different Colors
F 2-4 ANFEDEIEIAEE XS FP e Kl &g 8 -, 03078 2 Lux [YGIR. 63 Lux 0GR
805 Lux &% = MA A MG BRI T & DA B S P £ KA (n=3)

Fig. 2-4 The measurement results of the dominant wavelengths of the six colors under different lighting
environments. The dominant wavelengths of the above six colors are measured under three different

lighting environments: 2 Lux surface light source, 63 Lux point light source, and 805 Lux desk lamp (n=3)

R T RIS 0 R HERR SR SRR B G S, R BE AT 2 IR I ) R L, SK
L pH M SRS BRI, AT 3D £ B SOLIDWORKS it FHilfE 7 —3k vl LU s
BEeTFHES A AL pH R E#H O ERE, WK 2-5 () Pong A0t E K
GEME, BAREERRSTN 69X54X40 mm, FEHPANUHEOGE ., —NHEibE
(NEE AR AT IR — pH WARKIER Ot IRFFAEIE 47
B M MEEE RN TR O AR A AN ISR LED AT RSN
2X3X4mm, HERENIV, IFEHN 60 mW.

AR HE S Hydrion s pH ARACK H R0, Seeid A2 o 1 kil 5 &8
HARFFRR AT I — 8, B R4 BT 5x10 mm? IR, 8 A O R Ak s 18
G, WE 2-5 (b) Fim. N TSI —RAEZAMEN, HERET R = N
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—ZHAHEE 5 mm HEFIFERAR L, HIPE T SR8 T BT TR pH k4R

Switch

(a) Phone shooting port

Macro lens

placement hole
Small surface

light source

pH test strip slot

(b)

Imm

10mm _ Smm

[~ SSmm I

Kl 2-5 (a) FETRGEFHN pH NP =gz’ (b BEHABIR pH 4t nT B
Smart-pH-Reader #4770 4. KB IRET pH MXSF DI SATEN o (5X 10 mm?), 38 BUI s A W 7
BRKAHAR o BEAS CEHFHES” ISR AR L A =AM AR 5 mm KBTI

Fig. 2-5 (a) Schematic illustration of the construction of the optical attachment for the smartphone-based
pH reading system, namely, Smart-pH-Reader. (b) Rearranged pH test strip that can be directly analyzed
with the Smart-pH-Reader. A rolled pH test strip was cut into rectangular patches (5x10 mm?) that affixed
on a hydrophobic photo paper using double-sided adhesive tape. Each of this “rearranged” test strip
contains three rectangular patches with a length of 10 mm and 5 mm apart from each other

2.3.3 BEREFINEGITEENRRZEFEM

AW 5T A R H 4N honor 7i B BETFHLX BT FF & 1 “ Smart-pH-Reader” N2 7 34T
AT . MR T A mmE 2-6 Fias. K 2-6 (a) EF I EFS: Start.
History~ Help. Quit /% pH test strip selection FLME . 5, 76N R TR EF 1,
sy pH YERIAT T R4, BN pH Yo, SRR N3O N R A S e, B AT
FaawERfIl & pH {H. Hk, i “Start” NHBEREHFEIRG LB %R E, IF
fE i “Capture” 4281 J5 3R BLE G RFAET LY, A 2-6 (b) s,
e, I AT “Analyse” PGB AE KON M pHAR B EFHLEE R b, anfE 2-
6 (¢) Fiam. BEAb, H P b LLsi o “History” 24K & kG &5 R 3R
“Help” #%#l T f# “Smart-pH-Reader” #AFH/E IS EE; Ay “Quit” %4118 H
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AR o
o . O ¢ M
Smart-pH-Reader Coptiire o | Result
- &
o o

2
{ siywan Univervity of Techuology Copture  Analyse

K 2-6 F T4 pH {E 1Y) Android M FIAEFPF IUFHIH E. (a) ESHE RITAS, Jisidss, #Hh, 18
AN pH VB RE: (b)) F P SREC pH R4 X R ER ;s (o) TS R Bon e B RE L% L

Fig. 2-6 The user interface and operation of the “Smart-pH-Reader” app. (a) shows the main interface,
which displays five options for the user to select: Start, History, Help, Quit and pH range selection. (b)
shows the results upon selecting the corresponding test strip and clicking the “Start”, i.e., a preview with a

black box is displayed on the screen. (c) shows the results upon clicking the "Analyze" button

DAL R A SR A R B AR 5 PR B e i 1, RS R b B B T 55
FEEE R BE ARSI . G, AR SRAT B MR R S RGB fH, &
JER A UG R AU RGB AE R IIME Rmeans Gmeans Bmeano Z8JFIHIE 2.3.1 #1401 A 0
(2-1), (2-2), (2-3) BHL, &, B MEERSERT gy be 234 (2-4),
(2-5) B EHE RS B\ RGB (HE#: 3 CIE 1931 LT8R (x, y)o ZJG,
THHEBUE S5 A S BELRRE, N Xielve e, B RERSHEKAER—— XM
KA NLHE PEORAFAEAND o AR 5 R 200 B A R A RS 40 o«

if(x1<=0.31272){
if(XielvI<=MJ[0][1]&Xielv1>=1){

double I[][=new double[99];

for(int h=0;h<99;h++){
m[h]=M22[h][1]-Xielv2;
I[h]=Math.abs(m[h]);

b

w=getmin(l);

wave=M22[w][0];

2.3.4 BREF pH SEEE BN RETMN

TESERE T N HREF “Smart-pH-Reader” W& f5, 75 28 ik X Am B 202 % KA 1
W BRI IEZ N AR 7 T AT M S HERYE . A SO R B AL BE#AH Photoshop 15 11
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RGB {4374 (255, 0, 0). (255, 165, 0). (255, 255, 0). (0, 255, 0). (0,

255, 255). (0, 0, 255) ANMEUEREF, eTHEATE B 537 840 (600~770 nm)
P& (580~600 nm) . # (550~580 nm). %k (530~500 nm). & (470~500 nm). ¥
(430~470 nm) 121271 )] 2-7 A LAE HY, 4 BT WA I 28 G0 43 AT R 7S P €2 1) 3 9
KA 58 611, 584 570, 549, 491. 464 nm, 1% FGeill#5 A ) 1 KA #B
EFrtEE 5

584 nm 579 nm
549 nm

600 - ] — 491 nm
46

700 - 611.11m

nim

500 ~ —
400
300 ~

200 ~

Dominant Wavelength (nm)

100

Sample No.
2-7 “Smart-pH-Reader” |73 ] Photoshop &1 175 FhiE € ) 32 9% KA

Fig. 2-7 Dominant wavelength values of six colors designed by Photoshop measured by “Smart-pH-
Reader”

N T 5AE “Smart-pH-Reader” fa il RGAEA R A5 R G FHL L&, EEUE
N 10Plus. HNM% = TPlus. 402K 10X, VIVO Y31s. VIVO IQOO0 iX Ti ik & A FHIAE
TN G Bt R N R “Smart-pH-Reader” 73 1) 22 3 7E 1% A GE FAHL L. [F)
I, K TR AE G R, PR RGBAE Ay (240, 141, 138). (247, 176, 106).
(255, 232, 133). (113, 201, 115). (63, 201, 230). (66, 164, 228). (165,
150, 206) (-GFEEARAE D RIEN RS FHIE pH ARSI 71200 0 R BT DD RG
WiEAHAR b, 7£ Smart-pH-reader fill R4 P AT, 15 BGFEIOMFHEKE. ©
Pl 45 ) PG R B 45 AT 21 R K AE A P 2-8 o A iT s AT DL H, ASChr
TER BB Be T HLSLFH AR P 38 A7 7£ Tk AN [F) 5t R B AL b, JHORE [R) — 60 1) 3 KA )
ML RIEAR R —F K. UERH “Smart-pH-reader” 7] PLN FH TS R AL H 0T PARE IE
ARG FIAEL AP SR ARE, HER TR BT LA S R 52,
I, B REINEFEF “Smart-pH-Reader” HA @& .
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(a) Huawei 10Plus . . ' . . . .
Huawei 7Plus . . - . . . -
Redmi 10X ..Lic .ﬁ..
VIVO Y31s .......
VIVO 1Q00 .......

B Huawei 10Plus
(b) 700 + B Huawei 7Plus
[ Hongmi 10X
I VO Y31s
I VO IQ00

600

500

400 +

Dominant Wavelength (nm)

1 2 3 4 5 6
Sample No.

2-8 (a) AFRS KT GETHL0 A EREUA —HHt 7 KB RAIEE; (b 5B RETFHLEBKAE
£ 7 3Kt BRI SRS (n=3)

Fig. 2-8 (a) Five smart phones of different models respectively obtained images of the same batch of 7
color cards; (b) Comparison of the detection results of dominant wavelength values of 5 smart phones on 7
color cards (n=3)

2.4 SRIGERSGY

2.4.1 SEWIAFISILER

pH fH N 1.4~2.8. 2.9~52. 7.9~9.7 1 pH ik 4K % (Hydrion, Micro Essential
Laboratory, Inc). HCI (36-38%), NaCl, NaOH #J N7r#r4li, W H Aladdin 2 &,
NapHPOs (7K, =99.5%, Aladdin 5] ); NaHCOs (=99.5%), KCl (=99.5%),
Na;CO3 (=99.8%) M H Kermel Ar]; IR (=99.5%, ACS, Sigma-Aldrich 2 H]);
SZI6 K OREEAEK (RPN 1820 MQ » cm); FEE C(LPEZEEEH AR AT, 77
1K, FriK. FHEIET Windows 8 RGEICAHNN. Eclipse i, HAMHK &M
# 2-3 PR:

K 2-3 SIS

Tab.2-3 Experimental instruments

XA AR ]
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4°CUKAS SRIESRETIN
STARTER 3100 pH it AR (EED
N TS FHL R AF CRED
N WA (EED
R SR TG4 iR
HAiK &G FEER KRB AR (GEED
TR MR TRZ Gt
3D FTEIHL B =4 (Rl
SK-1 HRig IR 5] #5 BT AR A (D

2.4.2 pHiB&RRECHI S KIGIETE

£ pH VLRI R b R E R B pH i, BRIk, E5EX% pH tHiEAT . pH TH)
RHESHRE: fEER (25°C) T, pH iHARHEM I pHAE A 4.00 (0.05 mol/L KHCgH404)+
6.86 (0.025 mol/L KH,PO4 F1 0.025 mol/L Na,HPO4 RFILL A 1:1). 9.18 (0.01 mol/L
Na;B4O7 * 10H20) pH HEMRASEVE TR . 1 M RURHE T VR AT R . B S AR
pH=6.86 HIAREER A, LA pH HHEA N 6.86, TETEHMIG, HRIEFFIIE
TP R IR TR 2 AR HE LR vl RSP VS BONER T, 1EFF pH=4.00 FIRZ1HELZ M
W A0SR BONTRE, Tk FE pH=9.18 MIRHELE M. F VO iR HE R4, ff pH
THHMEAE 9 4.00 57 9.18, FLHETER.

pHEM 1.4 2 2.35 ([8]F& 0.05) HWMECH]: & 560 AIEH] 0.2 mol/L [ KCli#H’
0.2 mol/L B HCUE W, FhJ5, H4ECHIEFH 0.2 mol/L #) KC1EHAN 0.2 mol/L ) HCI
WAL F L BR A 153 1.4~2.35 (HFE 0.05) IEl. HARMECHIAR L ank 2-4 Fr
TN

K 2-4 1.4~2.1 Ju BN pH Z2 M I e i)

Table 2-4 Configuration of pH buffer solution in the range of 1.4~2.1

pH Value 0.20 mol/L HCI (x mL) Water (y mL)
1.4 5.32 14.68
1.5 4.14 15.86
1.6 3.24 16.76
1.7 2.60 17.40
1.8 2.04 17.96
1.9 1.62 18.38
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Bk
2.0 1.30 18.70
2.1 1.02 18.98

pHEM 2.9 3] 5.2 ([aIRE 0.05) ¥&H S pHAEM 7.9 2 8.9 ([8]FF 0.1) & IHECH -
%%, Efl 0.2 mol/L 1) NayHPO4 ¥ 55 0.1 mol/L MIFFEERRIE T HAk, # 0.2 mol/L
(1) NaaHPO4 ¥R AN 0.1 mol/L HIFT AR R I W% A R EL TR & 15 21 2.9~5.2 ([H]F 0.05) ¥
W% 7.9~8.9 CIAIRG 0.1) . EARMEHMAR LR 2-5 Fis.
F 2-522~5.2 JE N pH 22 MV C |

Table 2-5 Configuration of pH buffer solution in the range of 2.2~5.2

pH Value 0.2 mol/L. Na,HPO4 (x mL) 0.1 mol/L Citric acid (y mL)
2.2 0.4 19.6
2.4 1.24 18.76
2.6 2.18 17.82
2.8 3.17 16.83
3.0 4.11 15.89
3.2 4.94 15.06
3.4 5.70 14.30
3.6 6.44 13.56
3.8 7.10 12.90
4.0 7.71 12.29
4.2 8.28 11.72
4.4 8.82 11.18
4.6 9.35 10.65
4.8 9.86 10.14
5.0 10.30 9.70
5.2 10.72 9.28
7.8 19.15 0.85
8.0 19.45 0.55
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pH {EAM 9.0 ] 9.7 ([EIR&E 0.1) ¥ HARLLAIE] 0.1 mol/L ) NaCOs AN 0.1
mol/L ff] NaHCO: AR &5 3]  FEARKIEC HAFR L i€ 2-6 FTaR .
% 2-67.9~9.7 U N pH MR 11

Table 2-6 Configuration of pH buffer solution in the range of 7.9 ~ 9.7

0.1 mol/L Na;CO3 0.1 mol/L NaHCO3
pH Value (xmL) (v mL)
9.16 1.0 9.0
9.40 2.0 8.0
9.51 3.0 7.0
9.78 4.0 6.0

B W) pH {3 STARTER 3100 pH 11l & o

2.5 ZER51T8

2.5.1 ETEEFHNNARESEE pH ENSHEEEERN

N T BRI R SR R R, AR T = AN HA R pH JEHE M
Hydrion iX4%: 1.40~2.35 (3RER). 2.9~5.2 (F3MR). 7.9~9.7 (Hgit) SkeikiTsLLs.

£ 1.40~2.35 JulE[ N, FRATLL 0.05 HEIFEECE 1 20 1 pH PR, 7EfIAE Btk
AT 725 . “ Smart-pH-Reader” £l R RAF I EUZ W 2-9 (a) Fras. FATATLA
REEREL, BE pH ERZHRN, WA Pie s assarzmai. st
TREESIRU, —BEN NS R HEENESRNSE. WE 29 (b Fafbl
FE|, W& pHEMIEMN, R EHRIH YR INES, HHAZRIEN, HiRzE
BK. XFRW, RIS pH E A BRI R, Joik ka5 fh A ah i b i il
. M2, WK 29 (o) FTUER, FHEKMES pHEZ M2 RIFHILEXR,
[ A 75 FE W] AR 7R N y=-23.3x+635.8, MK RECH R*=0.996. Kl 2-9 (¢ M2 A4t
Lot kI B, FTRUE S, OREGMIEREZ 0.2 467 pH, 1/ TiZill R4t 0.05
AL pH IR IIRS B . HXTRI 1.4 174 210 2.4 XM 78 R SLE bn i ph 26
XA UE B T s it i 2R v s
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Dominant Wavelength (nm)

2-9 F|H “Smart-pH-Reader” 24t X Hydrion iR4% 1.4~2.35 Ju [ pH AR =k & . (a) “Smart-
pH-Reader” RGRHLN 20 MRiE pH 2P iE R B EIE: (b) pHAE S G REE{A R X R C &
(o) pHES EWKMAERIX N KR FHEF N pH Rt RE A, B aafids SRmmgt
R F pHAEX N EREKAE (n=3)

Fig. 2-9 High-precision measurement of pH value in the range of 1.4~2.35 of Hydrion test paper using the
"Smart-pH-Reader" system. (a) Captured images of the 20 standards using the Smart-pH-Reader. (b) The
relationship between the R value and the pH. (c) The relationship between the determined Aq and the pH

value. The inset is a scanned image of the color chart; the red solid circles show their correspoind Aq (n=3)

BREE, RNy TR RS E VB, RAMEH 2.9~5.2 Y6 AN 1) pH
RAGHAT NP5 . 2R EARFET 1.40~2.35 WGEIR4, RN FEMF LG
Ao WK 2-10 (a) £ 2.90~4.80 Ju[H P, H TR & R~FIRAEAE, W4 H E A
NEESR; 2 pHAERE— 3G 03] 520 15, BT ROGFNIR PSR IAALE, WAk R A
ME AR N T W 028129 AR AR A B, (H [RIREAS AT B8 FH PR R A S A 11
pH{E. TEHTREEUER, Wk 2-10 (b) BT WA EEFIKGALE, £ pH il
N, pH EHE EWKMEZI B, Lt AMX RIS 0N 2.9~4.8 JEHA:
y=-8.20x+603.1, K ZH R?>=0.991; 4.9~5.2 JEHE K : y=-51.0x+809.1, R?>=0.988. H
SREATN 1.4~2.35 TG A I B — S AL IS 4 BRAR, (HIRATHSR AT LASEEL 0.05 #4755
PN pH E&E. T, KFRARH O REE M 17/ UME GG TR EE,  RIFRATTAT LA
SrEEH 0.3 MNRALR pH 2R [FIFEEAE, B pH A (4.0~5.2) MBI B3
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Hofw AL, ARAE T B ILES, X ATRE AL pH M H 5N RS R E . W 2-10
(c) Fron, FATTIEFRAFNRIE N pH (5 RGB AE Z AR AH KA o
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11111111
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pH

2-10 F|H “Smart-pH-Reader” Z&ZtX} Hydrion iK% 2.9~5.2 Ju [ pH E A &k & . (a)
“Smart-pH-Reader” RAILH 28 MrifE pH L2l B A E G (b) pHAES T3 KAR IR
KA, HEF N pHRIW LR E . BITP a5 s RoR 2 bR pH B M 3 K

fH; (c) pHIESG®EE RGB X NKR (n=3)

Fig. 2-10 High-precision measurement of pH values in the range of 2.9~5.2 with Hydrion test paper using
the "Smart-pH-Reader" system. (a) Captured images of the 28 standards using the Smart-pH-Reader. (b)
Corresponding relationship between pH value and Aq. The inset is the scanned color chart of this product,

for which the corresponding Aq values are shown as solid red circles. (c) The relationship between the R, G,

B value and the pH (n=3)

PATBEARFZATI R GEHI NI R ) 1 BEVA R 7.9~9.7 JEFE A pH AE R E . A&

2-11 (@) WTUER, dFHBRmiE R ORI e AR, w2670 BLEET I i Lk

AR IR (128 12 AT b TR pH (1L, RGB {HB LS, il 2-11
(¢) P, RGBAEAIAAGENE Dy pH B QKIS 8. FMeR), ik 2-11 (b P,

FEAZVE P E KA RES pH A MRt 25 BURIE G R, X2 H CIE1931 5 K

AHHFEO A SER, AP EROR SRR K. ZWREWE, FRKER
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TN A 2 SR R T B S 5038 o 7 B S B s mT DAl A 4R R A AR UL, y=-
13.80x+681.0 Al y=-30.21x+760.3, #H& ZE R*ME 5728 0.976 F10.973. @i 2-11 (b)
WA B PR, 2B R B, 0.3 MG SR —4H 7 Migith;  BIRAT LRI
B, HEAKIN RS ORI = 2] 0.1 pH HL07.

79 81 80 82 83 84 85 86 87

 EEEEEEEEE
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1982 8588 41 4
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o
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N
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N
o
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pH
K 2-11 FIH] “Smart-pH-Reader” F4i%} Hydrion iR4% 7.9~9.7 YL pH fE =ik B E . (a)
“Smart-pH-Reader” R GIRELAT 19 MriE pH L2 AR I 2 1S (b) pHAE S P KAB X B
KR, HEFA pH AW Lt RE v, B EsdE Sm g R b pH AR MR E R K
f; (o) pHIEGEE(H RGB XN KR (n=3)

Fig. 2-11 Quantitative determination of pH values with Hydrion 7.9~9.7 pH test strip using the
smartphone-based pH reading system. (a) Colored images of 19 standard pH buffer solutions acquired by
the "Smart-pH-Reader" system. (b) The determined A4 as a function of the pH value of the standard
solutions. The inset is the scanned color chart of this product, for which the corresponding A4 values are
shown as solid red circles. (c) The relationship between the R, G, B value and the pH (n=3)

2.5.2 SEPRAE AN K SHRERN 7 AR RS EE

A HT IR T R R A5 TS B8 o i S THE SeIR AR, BAIE @ iRk T TA
Al pH e B RN RS, o8 17Ol RS AERRPEATTT SEE, BRIk, 3% TORIARHE
AT L BT SEBR ARG 1) pH BEAT R BAR I . B 5, FRATTHRYE 9918 S AL HOm 10 T+ 550 & 1) 5
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T M pH 2R, 3R 2-7 B, BEATE H B pHAE P LA Henderson-Hasselhalch 77
TS sk, FEH pH iR HE. & 2-12 (a) TR 7 AHA RETHLA pH iHIE 1 pH 14
Z VA HIRA R, B & 77 2E 1.0040.05 ORER HA G R % R?=0.990, —HEHR
U — 8. EA—RNE, WTFHTEM A RS, WA OEZ BIRR K ZEEA 3.2%:;
I HLAT A HoA s 5 2 23/ F 1.3%, Wik 2-7 fiivs .

MRtz Ab, BAVEFZRI R G0 H & A E R LR EE. FEK. 75T K=H
SEBREE A pH E AT TIE, BN RE pH tHHHT T Hi. &g Ranl 2-
12 (b) Fias, WUER HERNGE R 2O RN —8E, 35, BAVTE Lhrft
K A S B M Bland-Altman FEIHEAT 70050, i 2-12 (o) A MG
D512 AT 0 25 S £1.96SD YU BBl N o DAL BRI 05 SEPRBEA FOAG I 45 51, BRAE T A
AR 2R L AEAS I S B B 10 ) S S v mf

(@ 45 (b) © .,
10 1 mEEE pH meter B
= [ Smart-pH-Reader 2
S 444 — §
g 8 1 o 02 Mean+1.96SD (+0.16)
: & .
s 407 2 61 5 o
b= T k] o
g 2 g 0.0 1 . Mean (-0.05)
% 3.6 S 4 T o ° °
E oy
g ., ] * 5 02
3.2 2 .
5 2 Mean-1.96SD (-0.26)
K=
28 : : : : 0 , . . 0.4 T T T
28 32 36 40 44 48 Vinegar Lemonade Soda 2 4 6 8
pH Value [pH meter] Sample Name (PHIsmart-pH-Reader PHIpH meter2

2-12 Smart-pH-Reader Al 2 45 (1) o] 514 5 #EFEIRUE. (a) pH 1H5 Smart-pH-Reader £l &4t
X 5 FhbniE pH 2P A il &5 Xt (b) pH 115 Smart-pH-Reader F U R G5 AES . A5 K
TAFT7K 3 PP FRAe A 25 SR x ;s (¢) Bland-Altman B 57K 7 Smart-pH-Reader #&ll 24t F1 pH 11
K 4R 2 [ i) —EE (n=3)
Fig. 2-12 Validation of the smart-pH reader with a standard pH meter. (a) Correlation between the results of
the smart-pH reader and the pH meter for five standard solutions. (b) The determined pH values of three

actual samples (vinegar, lemonade and soda) using the smart-pH-reader (grey bars) and the pH meter (black
bars). (¢) Bland-Altman plots showing the agreements between SPD and pH meter (n=3)

R 2-7 TR bRTE pH 2R pH B AE . pH &I & “ Smart-pH-Reader” 6 45 51X} b

Table 2-7 Comparison of pH theoretical value, pH meter detection value, and "Smart-pH-Reader" detection

value of five pH buffer solutions

Sample No. Theory value pH meter Smart-pH-Reader
1 3.00 2.93 2.97
2 3.40 3.41 3.30
3 3.80 3.73 3.77
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4 4.20 4.29 4.26

5 4.60 4.55 4.50

YEN—H pHAEBS POEN & R 58, FATFIR T “Smart-pH-Reader” Al 5 45 £10
HAEIR. 5 pH THAHEL, ASSCHri iR GE P HUR I R g e Wi & LA
EERAWERS . BRGNS SR e FIME SR E . B EERE
b IR AR SR B S, A2 R RE Py PN B S S v 2, A 00 T ) AR 995 470 9 4
RigFabe s MVEE . wiflfE 7 3D FTHDEE R BB S 1 AN AL, 1R
R ER . (A 1R, ERRKES RN, W BME N M A HE S,
M EAZ TR SRR G tesh, FriiE & UK R, O RATAT BUE A 24
BRI s RS AR AR [A] AR BT 2 RE R . VA IR H R
FEA R 1zl AR G ER PEAT R SEPE e, BRATIE AT LUK N VG BBl i 2 B 30 5
AT By 2 Wi O RE A B b flhn, EBR SRl pH E #5752 T BAE
A IS W RO HR bR, BEAT I . SCHERIRIE pH RAETHOA Y RIERE PR E, BIYK
2 B CRE R B BE B ARG N, EEAS R ARV VAL A I, Wi e B R
IR RZBEMEERIS, A6, ASOT RN RS R T FEHR, BT ARG
ARSEHL pH K AL, 38T LLSEE AR PR URT AL A At R AR A T2 134 2 0%, R
TEEEATI, R ASEIL A S T K IR e e S A e A (ST

2.6 REING

pH B2 ORAERUHEOKRR, SEHRODITSERIEEELE pH IE TilEE
JUEPEME . AT pH AR, NCIREAZR R EARRED T “EERK” i
TR IRRR: BN R BE PN R S A AN EDEI . TS S5 AE B R
RIsZmi S5 e, it 1A BLR B SRR SO R G, Wik 7 B RETALEG A IE
Bk AR B AT pH R0k MR AR S AL G pH TR IR R L ) A B R A i)
FEth TR RE TS pH AR S & 1) pH IS 3777 @ @S pHE S R KA
[AIFRIRE NG RSB T pH B s FE DN &, RIS AR 2 1 0.05 #07 pHo 3 Al A A
Kol 2405 pH T SERRAEEARBEATINE , 3853 147 Bland-Altman FF — 3 56 45 R AT
SN, PRSI 7 3 IR (9 22 S E+1.96SD Y Y, BOHIE T AR RGLENE pH {ER 1
HERTE S TSR (EE IR, AN AR SUR AR S B B TS 1 A Lt oy
Prgbshis, MR BRI e W, PREE I A5 pH B I PRIE ks BE I 3Rt 1 1

VAN
g o
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F£3F ETEREFINNEIRNKRFKRESIEREERN

3.1 iRE=

PRGOS —Fh e RAEAE TS B Y, F b s A B S 2 A R 38 199,
54 5 MEH RALDge A E VIR, NMmR LIRS E 0 EE, REY
& “=8 7 HZ—. BF S Yk & sl s ke & 55 7 R B A FE IR
BEHRE . pHE. ZLAMAN R A SR bR IR DA R 2 I (3 o bl PR AE B R G i g 1140
VL i e g AN AR 1 25 EL DI IR PRI Wy 1297 ) R A 0 M ) B A o i S 144
145]

B= e PR RS 3 B R ITE A A IR e A, A BB i AR
SEAXAR AT . EIRFE RS, JRUTER SR EEN T XN EORE R
PRI IATERR Sy, WA, ghih. B8, 0. 2 AL ST IR AR A iel, mThy
IGPRZ W J0Y7 . TS W 2 A SR A AR AR ). B AT R UTE R & A
FELLUF UM R RITE RS RE . JORITE RMERE. JRUTEE &I,

BEERS D, BRI EZ DR T iz T, HE sl asitesr
Pr2 BRaR IR TAC 23y, A R 8 7 5 AR 2% B 8 0570 A A B 00 S B T S 3
(RIS PRV T 10 2 DR AR AT RN PRS2 0 A — SR T B S Dt 300 5 B CCD
KGR R CIEBOVER, —BORRAN A E TR ST, 2O AHE B 4t b
I, MRS R, PRS2 0 A ARG B PRI B4 B SRR S, Rr IRk
RISt , RS G(E T iREg, 8 g IR B S IRIE 1) RS G 1E 5 15ROk R S
DURBARFRHE R J4h, N V&R RIAT EZMAFEBER R, 7] 5k AA
[F) A R ' v S BE AERA BOASN, PR A 52 0 BT A RS I 5 R PR e R LI 3-1 s .
W2 E R C@UR T 2 M U 9 VAL I RAS S8 2 R
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p R/ |:||:| P ER G

FE b \
ALK L FEENLH N VVEH
CPU =R
EoRBF FTER

3-1 SR A AT SRS I o B 5

Fig. 3-1 Schematic diagram of detection principle of urine dry chemical analyzer

DA b B 3 ) PR 3 AT A PR T A 2 o M A S A A IR FE v . ERf R 1, 2 0R
AR BRI A, (AT E LIRS N AR, Rl A LL i, A& T 337
PR . RS RRBORAG A . A A SR 2R TR
W AR TR A . B S E AR S E RS ST e T ILE, 535
PRV BT AR ZE S, Sl ib a2 B8 e MRS/ AR R T
P, FECTIAARSE RPN AU, J8T —Fog A i, AR L R RIS
(I R R FH 223K

BT DL B RBAL SR A I T iEAAAE A A L A . Rl (K25 R PR M, R TR
LU 8 A7 7E R ARG I &5 SRS HERf 25 1) 5L, (5] PN AT 7 23 45 5 8 e TP AL Y 38 1) 22 1 s
T R EEHF R T — R PR R IHT /7% . 2014 4F Hong S6WF 70 T —Fiof Ll &
LR BE S B e B A B AR Y, Hoh & MR S B AL B B B AL E 3R,
BT bR B AN O R E AR SR 0 B AT B AR O, Jd e T AR A s e
25 SCEL PR IR FE R IR BE BOAS T, 2016 4 Marios 2542 T — Rt RO AR T B 3h L
ST RETFHLARS, MBI LLEARY OB IESIBRNEI6, KES5hakE
WS HEEHAT R, USRS ik B ERE, 2017 4F Ye SR T —Fi/hEL
(ORI AIBTA s LA R A% SR B S B T 06 I 8 Ji5 RO 4R 25 B B SR, K 3R
GaE i AR R e FALEAT 0, FERAA SR — 8 SRS DB 5 2 =15
B AHRAZ S BT AT DA o B T AU SR AN R ) B SR 22 5149, 2018 4F Yang
LR T R R T N R Re FALEE, KA CIELab 88 2% (A HH 1] CIEDE2000 2
AT O ETN, WiEEORRS AR MGz, BTSRRI s
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#2021 4 Cristina K T — KNI AEDAEREE, FIAEARF] 7 S8R fES ] Y
S EH K AT B 51 IR PR B IR e o L R BT AR AR WA TR L BU B IR R R R, 2
PRIGREAS & RIGFF RN, AV e BRI Ptk 5 KIGFF g G Eaesk L e
PERL, SRJG A I SEm T SR 3R R I R S SRR Fe ot KT i AT Bk . (Rt
PRIBAARAG 2 R T3 AR, ANEEA RS R AT, 2017 4F Jalal 5552 T
— A H] PDMS 24 5 AT A ) U AR PR TR R I e B, 455 B e AL SE I
THIEME. EAB. pH DLAJRZ R MRS,

FEARTES, @7 METEETINIRBIT RS, ARG TEL |2 0HEF
SR AR TAAGRIRB s, 280 R G000 LS IUE KR A
UREES, ARYE O TURMAB bR W AR AR s BT 6 PE R R S AR (o S AT Ak, B “—
B BRI TR AR AR IR A . F BB H PRI, H “RK%” RIBGAAR
HHAGR AR 3x3 IR, AAT BLZ FE b (A I 5 B w] DALE 4 /2 B PR [R] IR B 2 3R A
EeE M T 5006, ORIE IR SE R Em . DU &0, E B E e WUE 3 5
TEAR AR RE SO B 5 KA G TR N 45 R BEAT X L, — Bk 2] T 98% LA L.
N TV Z R G A SRS SEE, 0 A A R AR St S R B 9 H-800 Urine
Analyser JRTALZ2IHTBCH 100 B SEBREA K PR BEATAIN, @3 ROC Hh£k 7 Hr
TR OTER IS R E B — B . ARG AT M TR R ST
BRI Z 3L

3.2 BREFHMEFIRIARKK RS ainE ERN A ST 5%

3.2.1 BREFHMEIIRIARKKRZIEIREERNLIT X

ARHFAVE T —FEHEXRB 2SS, SRR T, 78 i SRR 5T .
R MBI SDGR I GENE N RGN . iz &, —A 3.7 VA s A f il
(RF: 8x30x35 mm, FREREIE, FERID F—A/NUFEHEBER (TP4056, -
2x26x18 mm, Risym, H1EVRYID BB 8 — A FE AR BT, FaeFyLER
A EEAE R A . W 3-2 Fw, AT OGRS R AR (PLA)D
W 3D FTENHE . KIS E R A 50x60x50 mm (FExKx ). RAREREBET T
e Hr T R BORAC A, 7 E R LUBCE AT 5 AR, Al B8 B — B ]
T H5 K PR B 247 /N 485 B 2% ) RS IR 3RAS BEIE I 0 B, A2 a8 TR vl 1 ke Bt
Sk (RSP HA230mm, KFBIET, FEEID.
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K 3-2 (a) SEFEBETHIFEI IR RIBZ TR hrE BRI A4 R E R (o) BT
P a2 PR 45 e BUAS I 7 =

Fig. 3-2 (a) Schematic diagram of optical accessory structure for multi-indicator quantitative detection of
urine based on smart phone array type test strip; (b) Schematic diagram of the combination of smart phone

and optical accessory to realize detection

3.2.2 BEFIFGRKAENFH N RIZFIF LS

AR T A RETHN AR, it —HILE P RBGALE, HTEAK
BHRPRATEE b A 3-3 Pos,  IXRAE R 2 Wrid R R e A AT I i 2B 3R
R ATEGE I 3-3 (a) A (b) Eor B FH AT P EN 585, B 5,
B 3-3 (o) i “DETECT” BIbsRIT Rt #5E 3-3 () FRIEGE G
SBH 3x3 FEAIAARHEAT UL, 8 AEAS I I R o s B UMAE S5 AR AR 55, AR
FENE3-3 (o) T Fabr iy BARIREEAE, R as BT LLUEIE K 3-3 () seBLRAE, IR
fAd ] DUEE R e N TR A RO P 52 il 3-3 (@) P, @Ml el S
BEBilRA gt =, HEATER AR, RE&EE sl “Quit” B (h). ZERETHL
Ry 5 AE SR AU PR 1B € BRI, AE 7R 22 Wrink g Y 3 fHt S e 485 QR
TR o
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R PR RPREXR LR e ] MRS BWNERER

APREHER EBELZR BNERRTE, HRICRSHT

K 3-3 e AL AR App Al K

Fig. 3-3 Smart phone array test strip App detection flow chart

3.3 SLIGERY

3.3.1 SEWIRFI SN ES

TRHEREN (orirall, BFERAFD; WIEF (=98%, Gemic); JHZLZE (200 umol/L,
Gemic); 5 (20 mmol/L, Gemic); IMZLE A (20 mg/mL, LRI ), HE (=
99%, _ilgEHEiIKAEVRHEARAT); ANMEEEA (HSA, 96%~99%, ZEFEFEANF);
FFEER (=99.5%, ACS, FHERKAT); NaHPOs (/3#74l, FiHi T ) Tween-20 (3
[ Sigma-Aldrich A F]). X T A IR FEAR I il ,  FRATT32 48 A Mission 14 TR
SHTIRASE (B, WRERHEARAFD . SEIGH, Al 25 5 oK fil 25 AN [R) R B 1 0 i
b, WMEOEO. U, Baw. JRE. Ea. L0 E R & R bR S
FH AN [F] LG9 R Bl R A, — ANV MR AT AR BRI R & 4.5 22 8.0 1Y pH 2B R. HEEE
@Jﬁ?ﬂﬁ\ T 2 R A AR &3 0 BB VAR A TR A \] LB IR & B F
R F MR A RARH TN MEAES . A U =R s 47RO B e

FA#)3ET Windows 8 R4t LA . Eclipse 44, H AT &AM 3-1 fin:

* 3-1 LN

Table 3-1 Experimental instruments

X ARBHR AR
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Hi3k
4°CUKAS SRIESRETIN
DW-86W 100 FK 74 A Hh ] /K
STARTER 3100 pH i} WIS (B HIRAH
A% = TPlus F-AL RN CRED
HLF R BEE R (L) HIRAF
R BT RAR iR
K &5 FEER KRB AR (LD
TR HEREE-FER 2 (i)
3D FTEIHL B =4E (Rl
SK-1 PRI 514 BHTAGE AR AR CRED
UV-3100 73606 R T EIL (R
KQ-100DE 4%k 5 i e bl Bl A WA A A IR AR CR1lD

3.3.2 AR FRARE m A EC H)

S AIES T WRHEREN . MR AR A . BB R. RS, A, mak&am
HEPEIIARES, #4857 0.2 mol/L BEERE ANV 0.1 mol/L AT IRIAWR A T A
pH B Z& i R EL 1 -

(1) ERHER SR AR i R 1)

PRV AR VA B 6 A FE A I PR 2 NOo B T IOMRFE,  FRAT I FH S0 A R B ol A [ ik
FE R EAERR ER VAW . B2, JeFREN 6.9 mg WAHBREANIA T 100 mL #E4i/K A, FeHl% 1000
umol/L HIBHA T Ja Wifikt. BEJ5, K 1000 umol/L 3V AHER Th# R 50, 40, 20,
15, 10+ 8. 5. 2. 1 umol/L HIFRAE M FH T, WEZJy 0 pmol/L HIAFE M H 2 B 1 /KAR
o

(2) Tl AR A o PR T 1)

PRA B 1 E RIS AR AR o2 N ITE B ER 1, BRI 10 mg AL B & BB R
T 10 mL 28 7 /K FECHI A 1000 me/L FIRRE T 5 IR . 4% 1000 mg/L K9 I
EEAMPBER 100, 80, 50, 40. 25. 20. 15. 10 5. 2. 1 mg/L HbnviE s H T, 8K
B8 0 mg/L IRE i H £ BT /KARE

(3D JULEF o 4 ot P A

FREX 33.94 mg LI KA T 1 mL £ B /K EHI AL 300 mmol/L I WLEFBEE
T iR . 14 300 mmol/L FIVLEF M FERL 45+ 40 25, 18+ 15, 10, 5. 1 mmol/L
FRIbRAE SR TASI, Ry 0 mmol/L FRE 5 FH 2588 kAR B

(4)  HLLZ bR S T ]
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W SEI IR 2T 200 200 pmol/L M AR #E fh, H4 LA 18, 15, 10, 8. 5. 2. 1
umol/L FIARE S A TAE I, WRFE9 0 wmol/L [ 5 25 B Tk o

(5)  JREGHRHE &t L 1

WK PRES 9 20 mmol/L HUbRAES, HIHMEER 12, 10, 8. 5. 3. 2. 1 mmol/L
FRORRAE TR TASI, R EE Y 0 mmol/L YRR i FH 2588 Tk ACE:

(6) R E BTbRAE i T

FREX 100 mg (1) HE FARE T 5 mL #9587 /KHECHT L 20 /L 18 E i R
Tl HRRE . ¥ 20 g/L M A FUABRMRER 2.00 1.5 1.0, 0.8, 0.3, 0.2, 0.15. 0.1,
0.05 g/L [Pbrdtt i FH A0, WRBE N 0 g/L I i H 25 B ok AR

(7> IMATH A i R )

FREX 5 mg 208 A AR T 5 mL 22 87 /K A ECHI % 1000 mg/L 1) 121 85 Bk A
TE AR . #1000 mg/L B IMLL0 8 MR 5.0 4.00 3.0, 2.5, 2.0, 1.5, 1.0,
0.5+ 0.3 mg/L BAREM A TR, KR 0 mg/L BIFE S 251K

(8) i %] WEARAE i T ]

PREX 9.008 g i ) Hlkn AR T 50 mL £ 857K ECHI B 1 mol/L HIBEE FH T /5 Wi
Feo K5 1 mol/L F AT FEA M FE R 300 25+ 20+ 15, 10+ 8. 5. 2. 1 mmol/L fiAxitk
ARG, R IE A 0 mmol/L FRE 25 38 kAR B .

(9) pH1H 4.5~8.0 G2V T EC i)

pH BN 4.5~8.0 [H] &4 0.5 ML MR H 0.2 mol/L FUBFIRE — 8N4 5 0.1 mol/L
PTG TR T VA2 AN [R) A AR LT 761 17 i o

3.3.3 ARk FREM

(1) BEF) PR IBRAR K i

B, FHHERZEEM (CoreDRAW X4) it FEs SR 48 i oM e, I i
SEFT EAURE B T4 1 R AT EDFEAR B AR B /K T, AR5 1 FH BY ) 42 BELFT B0 4 1 %6 35 B
THREMEE. HEER 14 DURAK R Ao il#ey, KR, mEnEa.
BF. BHZLE . JRES. A MLEE. MARE. pH X 9 Metsi & A auuz i 3
X3 HFHA . BJa, HFEARRCE 9 MNMRACHE e fEAE AU KT, HIRARE T T
PR 2 0, WRGREIRE S 2T, A BB RAKAEE, BMANBOERIRT ZRANE
SIRAFEH

(2D I A0 53 6 FEE v 6 80 7 A 2 A 7 A

BUREE N 0. 1. 2. 5+ 10~ 20 mmol/L [ & HEbRERE T 10 pL, 25\ B ER
1000 pL, FIFREVESISESGEE TZIET 10 min, KN RERABRENITE.
PR VR A WA M EL 200 pL AN B, R A8 B EETHA R 200~900
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nm 2 BOCEEE, 15K 510 nm A RO REE .

(3) FIFHERAM LB e B 8 AT Rl

BURIE N O 1. 20 5. 10 20, 25. 40. 50. 100 200 pwmol/L [ [ F AR HERE i
10 uL, 23 AR 408 (57 2000 pl, PRSI SEAEE T=ET 30s,
I 25 R 5 B 5 IR I RIR SR IR 2 I\ S (0 2 G AR b . B Sk R
R AL 200 pL A LG L, R 284053 606 EE THA R 200~900 nm 435 B
JPEAE, 2EP% 621 nm AL FIROEEAE .

(4) FIFHER A3 60 BE T LT R AT Ao il

Bk RZ9 5. 10, 15, 20+ 30 mmol/L 1) H & EFRHERE M 50 ul, 23 A A VLS &
W~ WLEF Assay Buffer %% 225 uL, FIFPRERAZRIESIEE TEIR T 15min, KNER
JE IR G R IR R BRI G4 AL 200 pL A LA, FIH 4ok
JEFETHARE R 200~900 nm AP BIROGEEAE, 1331 0E 510 nm AL B AR .

(5) FI A G T HLEE S SOXARR I 2 48 b5 EATIACR 9 TR AR it iZE 47 A

O B ARARE it AT U2 20 Al AT (), 58 9 TEAR i t HRAE B 51 Gt 6z
B ER, R FEAERE B 10 pL AN AR BE A AR o S e Btk B, R 60s
W B 5 BRI AT A A, FT TR BE T WA B, 52 oA I 46 A ) &85 SR A
1%

3.4 ER5S

3.4.1 BB EEKASIE

PRIBARAR S AT 0F A A4 PRV 1) SR T EY 22 T 22 48 b 0 AT 58 P/ s A, 6 DL 1Y
Rl fa b G EAS RS (NIT). fiEEER (MA). AU (CR). JHZLER (BIL). JR
5 (Ca). A (PRO). IMZLEA (BLD). Hi#&f (GLU). BT (pH). itk
(KET). JRIHJE (URO). H4M (WBC). 4i/E&K C (VC) £, Al AR I
Wittt Z2% . JRARAKTEIRIR ) 2, |Rm), IR o W, st
AREFEIETE « SR SR R B 3-4 iR, R4CHN BB T — e . g
2 WKZE RZE 4 HR. BRI — Bz R EVN R uir N+
i, FHIERA TN, SR ERBAE RS IER, Bk K725 R S
gy B RYHE: xR S R R AR, R 2R 2 TR T
B ) S R [ e AR Z R, E B R BT IE Y K A B RS, 7R A
Bk HEEROKE: ZERARG RN, FLBRAE )RR R 35 SR
RN IR IR BBV E S —RERBKER, Wik 8p K 4
B FAAE DA b =2 0 SRR T ] e Fg (RS, (LG ) RIS 6 8 gk 9 Bk
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Sk 11 HRSE. 12 BRSR. 14 BRARSEZAPALRS, B TREIE. KR E ] EAAAE R
FRRIE. 55—, MK, 75 HIaRBieAY, HAEZHFRKLEOERET 275
R PTG, A5k, ERKERARE 2R KR AER R, ] fe = Dyl a5 2
AL 45 R AR H SX L BRI T DA AR B B RS R

[ESIUEER

RaiEE R

R romar. S CRIRRIRAS

WL T

---------------------------------------------------------

P 3-4 LR PR T4 AR AR R 2

Fig. 3-4 The structure of a typical urine dry chemical test strip

kel 3-5 (a) fw, AWFFUR RGO R K S, S0E Ty, TR
BAE, $Rm RIS R HES L. BRI A PR, R R R B K 3Z
R, TR NEA)EFRAER. RZETEE 9 NMTELGF 3X3 A, FESIBIIR N A
5X5 mm?, PEANHESIIRARER I X3, B RRK N B OX ik, HPRESER
A ST 60 mm KAIFAR. TUZHEFFHRLRER KN 4 X5 mm?, Al fE
PREGHEZINR P A0 3-5 (b) Bron, MWASIA, RE=fabedlf—510, i, JHIER,
WU A—51; R EEA. FaE. pH A5 EEF. WHRHE. 9585,

(a)
- t & }‘_’I“mm e

Reaction Layer
e e

Base Layer ~ / /’

15mm

60mm =%

(b)
LD /MA _/PRO
Z BI]/GL[Z /Nlr/ /
CR / pH / Ca /

3-5 (a) 3X3 A RBRASF IR ERLRE: (b)) 3 X3 BEF R gt & A 4R bR I HE1 I

Fig. 3-5 (a) Manufacturing process of 3x3 array urine test strips; (b) Arrangement order of each test index

on 3x3 array test paper
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3.4.2 NIR&RIEFRFRE RN E SN
3.4.2.1 &N R18

AW AR RN . E A E A U, R RS, EA. MmaE
F. H&HE . pH X 9 TSR AR iR B8 LE e /Ao AR B B g Al I 2 A 2 i),
R AR e ARk B 2 B T )i, HIBE TR S SR N IR A 5%, K
JEE sy i 26 S A ) BB o T I A B R AR B LR, Bt S
REHR PR IR 2R R 2R, R SEBE BARN . DL REPEANA 41 9 Tildadn & B Bt
o R

(1) EARSHE A& AR REG RS & 0 E AR EZREE, R Fi&
SRR GRS A E A4 S RE Y AR . RIMEAEAENZKREA
RIVEWIRBP D ERBER: RERKER, hRIEAEA, 2 24 MY IREAEE,
RARRTP A EALR.

(2) IRk TEEE SRR R, BEauUik BR 2, - AR RERH:
SRELLER AT R R N, JF S LD ER B EEAR X R AR AN R B

(3) ] AR PO 0 A 5 4 2 R SR A e L i 2, ) 2 R SR AL B S PR ALAE B-D-
wEE, ARG RERRAE AR, SRS ATAIBENEH T, R
GANRTAER

(4) PRHIR hAa I T BB ARG SO R B, PRV B 22 R 1 40 TR U AN IR 3638 )
JOLARIR &, MEAHBR EE 5 X R IR S N E B R &Y, ERN GV 3-F2dt-
1,2, 3, 4-WU SR JF iy 45 & R B G

(5) WUEFAZ I 2 AR U4 2 5 45 & 0 1) S Sl A 0 Bl i 1P A A 0 it it 2
W, A IR e AL 2

(6) pH {ERMEEL: T pH fa7m5flik, L HIRLL, IR A R A IR
fRRIERE A, A USRI pH AL TE -

C7) ¥ A S AR I 20 2R P i PRk SR B, 3l I 21 2 ) SR S A
e AL > e A, A R R IR R i S A S

(8) JREGECIAEE: RIEK G eRE T RO, KB H B & By iEn7,
585 TG R

3.42.2 NWIBUEIFREmAEERN

WRIE SRR E 9 WHEAR b RIREE, AT . H TR A2 RGB.
HSV 28], AFIKEER) 9 TRbrbriE bR & faldt b2 2 IAFZ AL,
BRETHIRBE GO R AL . fEseieid Ry, SRE T A BB Ry G,
B. H. S. VSRR, Horb R — bt B RE i v B 1) S BLAR A R 2 €8 S R AR A
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PRI, X AN ) PRSI FiE Aok 3 1 A R € RE AR

XAk, QR EREFREREEN. TR, BAESH—F %00
Tebr B RILE . Wl 3-6 Frox, X TIEMERH. MEAEH. EAM. pH. 4
BRI (0 S N, MR R AT DL 2R B O B R AR AR J S, BRI, AT Al I g3
PréefiE H LBl &R s IIA M & amkl, DearGhngassEs
R EE T ITTG 0, 8 E A G EH SR Z R RCBUE . T IRES
IR, MRt B AT DA BB E R L IR G 2GR R R R B &%,
f£ CIE1931 tofh b, REpsh s, FEE RO, SO IZEHmL
DR R B PR S IR L BTG N, G EZBHED, PIULFEFERTBOEE #5 G (H 5 R
FER SR R EHAI . SHIBLLR IR, BOEBR MR OBIRFEOMEL, S%EEG
SO EANABERM, w5 EOAECR T RETA SR, LGB HPrHAR
WS B EMRALIEERN . KPP R R R R AE GRS FE bR AR
NI IEHVEEE, A DU BIE R BUEAEE N, 9 el br iR 5 R AH
EIREFLNER R, KON R mARANER AL 7. AR AR i 2

(@ TAERE: 0pmol/L (b) MEEEZE: <20 mg/L (c) MLEF: 2.0~22.0 mmol/L

0 1 2 5 8 10 15 20 40 SOpmelL 0 1 2 5 10 15 20 25 40 50 80 100 mg/l. 0 1 5 10 '|5 rls 25 40 45
[

285 140 4 200
01 1201 180
3 255 H
S 3 w0 L e
T o] @ 1607
80 4
225 4 140 4
&
210 4
! T T T T — T r T T T 7 120 -
o 5 10 15 20 0 20 40 60 80 100
[Nitrite] (umoliL) [Albumin] (mgiL) [Creatinine] (mmoliL)
H=212.3997+3.8436Cy e H=53.5414+0.8994C , i G=200.1327-1.7259C ¢ easinine
(d) 242 &&G: <03 mg/L (6) Jfesr®: Opmol/l  (f) Jk%5: 1.0~10 mmol/L
0 0.3 0.5 1.0 1.5 2.0 2.5 3.0 4.0 5.0 D12 s 10 15 18 12 5 8 ﬂ 20mmol/L
o CEANNEER L EEE
4
210 4
180 4 200
. < 1954
3 £l 4 =
T 180 4 3 180 g 180 o
o s
- o 165 4
140 - 160
150 4 =
wl— % 140 135 —
uuuuuu 0 03 6 9 1215 18 2 00 5 10 15 20 25 30 35
[Hemaglobin] (mgiL) [BIL] (umoliL) Log [Ca] (mmolL)
G=192.9386-14.3782C yequugiotin B=217.9619-3.8737Cygyiruin G=207.4779-21.7242 Log [C |
(9) ZEwBm:<0159/L (h) pH: 5.5~7.0 (i) ##&#H: <55mmol/L
0 0.050.10.150.2 0.3 0.8 1.0 1.5 2.0 g/l 50 55 6.0 65 7.0 1.5 0 1 2 5 8 101520 25 30 mmall
‘ 3 HEECEE @ LLLL] L]
120 0 T
65 120
110
60 110
Bt 3 100
. 56 3
3 E Z w0
T 80 s % T
T a0
. 4
70
80 40
60
50 *
00 05 10 15 20 25 5055 60 65 7O 75 00z 4 8 8 10121418
[Protein] (g/L) pH [Glucose] (mmoliL)
H=55.7622+30.5366Cp, ,in H=-17.8717 + 10.8868 pH H=59.7147+4.427C g peone

K 3-6 JRIBFEFRpRAEAIIZS SR . () WEHHERER, (b) TEEEH, (o WE, (b MLHEH,
(e) JHZLE, (O JR¥S, (g) HEF, (h) pH, () FW&HE (n=3)
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Fig. 3-6 Urine index standard test results. (a) nitrite, (b) microalbumin, (c) creatinine, (d) hemoglobin, (e)

bilirubin, (f) urinary calcium, (g) protein, (h) pH, (i) glucose (n=3)
343 AR MEBHER. AEMARERENS RIS E AL

N T RAEARRI RF R AT ATE, ARG ARERFmERE. MEaEE. I
B =P e b N1, B INFREEALE % R Gkl 45 SR 5 5L A0 53 6 B v & SR gk AT 1 X
tt

ARHIFFE AR B S S A [ AR P R 2 R i S 0 SR VAR RO FE AT T ARSI, DA
POk Elan i 3-7 (ad Fras, W LAE H &0 W O RIS I AE 510 nm,  H FEE
B VAR FSE (RO 16 U BE AL T 1 s AT 3-7 (b) AT LUFE HA 8 46 R B 5 W0 0 B (il 52
WRFRLMERR, LEMKRECN 09961, FEH TIKEAN 8. 7. 6. 4. 3. 0.5
mmol/L MINIFRIEEREEfh, 23 FR Be AU I R 405 58 A0 o O BV AT R i,
DA R FE A 5 €8 B (BRI b 74 il 2 23 70 T 55045 R O 2 () 26 28 MR B A, 45 SR
3-7 (o) Fizn, BRI 7 20045 B FEMEAH ¢ REUA R 1 0.9976, A RIFH—2.

07 8
(a) 08 —— 0 mmoliL (b) (C)
| —— 1 mmoliL B
\ 2 mmol/L 08 =5
06 11 / 5 mmol/L - 2 54
\ / \ —— 10 mmol/l) B 05 E
8 \ 20mmor] 8 E
5 \ w 04 5
2 044\ = . 44
o o g
@ \ £ 03 g
2 3 i
02 < 02 3 2
(0]
01
r*=0.9976
0.0 - 0.0 T T T T 0 T T T
300 400 500 600 700 800 900 0 5 10 15 20 0 2 4 6 ]
Wavelength (nm) [Glucose] (mmol/L) GLU 106 petecy (MMO/L)

K 3-7 B 6 E LS “Urine Detect” ) & BERCIIA FEXT L. (a) 0~20 mmol/L ¥4 7 % fi 2 th
HRWRROEE R (b)) BAPIRES 510 nm ARG 2 RIFI 2k 0 R 2R (c) RAMPIEIEETEL
Lj “Urine Detect” #ij & HEt A BEXT b, =3 2 R IF M —2E (n=3)

Fig. 3-7 Contrast between UV spectrophotometry and "Urine Detect" glucose detection concentration. (A)
The absorption spectrum of the color-developing solution of glucose with a concentration of 0~20
mmol/L;(B) The linear relationship curve between glucose concentration and absorbance at 510 nm; (C)
Contrast between UV spectrophotometry and "Urine Detect" glucose detection concentration, they show

good consistency (n=3)

K FT T ORXE AN FI R BE R AR W 2 60 5 VTR RO FE R AT TR, A5 1Y
WSO B 3-8 (a) o, 7T LR B E 8 B R O RAE 2GR BLA 420 nm 1 621
nm A&7 A AR IS, BB AR EREIE R, 621 nm ALRJIEEZEHIE R, 412
nm A FPIE(E BB/ . BT 621 nm AL BRIk B B 8 E 5 IR B I 4 2 (051 455 TE B
WE R EY, Fk, EFESHT 621 nm ARG ERE H & AR E R B . WK 3-
8 (b) AILIER], FEEAEAKEYS 621 nm WOGEME LI RIFHILMIERR, LML
RBUEB|T 0.9996. BEJGEEH] TIKEA 200, 100, 50. 40. 25, 20, 10. 5. 2. 1. 0
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umol/L I ANARSEPRFE 7075 F & BT AR IN AR 485 5 A0 YOt B THEAT R N, A
2R 3-8 (o) firaw, PRPCES ORI 45 2R 22 1a] B R4 i — Bk, MR R B0
0.9832,

(a) 0.20 (b) 0.08 (c) 180

—— 0 pmollL

1 pmollL 160 4

A —— 2umollL 0.05 +

d 5 umol/L 140
10 wmi'L

—— 20 ymaliL
— 25 ymaliL
40 pmaliL.

50 umaliL

—— 100 pmoliL

= 200 ymol/L

0.15 4

0.04 4 120

0.10 4

H Value

100

Absorbance
Absorbance

0.03 +

0.05 4 80

0.02
60

0.00 A

T T T T T 40 T T T T
300 400 500 600 700 800 900 0 50 100 150 200 250 001 002 003 004 005 006

Wavelength (nm) [Microalbumin] (amol /L) Absorbance

3-8 EHMr HOLE LY “Urine Detect” fillfE H & FIAL IR EEXT L. (a) 0~200 pmol/L ¥Rl &
FHZEBERBBOCER; (b)) MEAERAKRES 621 nm AW E 2 R R Rk, (o) &
AN HIEEETE S “Urine Detect” & A& FALIIIREEXS tE, —#FH 2R GH—HMH (n=3)

Fig. 3-8 Contrast between UV spectrophotometry and "Urine Detect" microalbumin detection
concentration. (A) The absorption spectrum of the color-developing solution of microalbumin with a
concentration of 0~200 pmol/L;(B) The linear relationship curve between microalbumin concentration and
absorbance at 510 nm; (C) Contrast between UV spectrophotometry and "Urine Detect" microalbumin

detection concentration, they show good consistency (n=3)

B3¢ S R LT 2 €8 J5 VR B RO FEEAT T A, AR IR OGS B An & 3-9 (a) B

N, AT DL HBE A WLEFIR BE A2 K, 510 nm AR IR SO U Py D (BN T 386 s At P

3-9 (b) WLAEH, W 510 nm ARG EE S IR B2 M EA RIFRILMIER R, 2

PEAHOE RECH 0.9870. Tk, BCH| TIREEA 5. 104 15, 20 mmol/L FIINFRSEZBRFE &,

S RE AR R G 5 5840 O BETHEA TR, Al &5 SR an il 3-9 (o) Fiw,
PRSI 2% 7 7 A5 1 HAE S WO S E 200 R0 — 8, MOCRECN 0.9845.

(a) 3.0 (b) 24 (c) 62
—— 5mmoliL
25 4 10 mmol/L 21 A 60 -|
15 mmol/L
1.8 1
o 204 20 mmol/L o 58 -
o —— 30 mmol/L 1 .
= c @
s g 1.5 4 2
2 15 £ T 56
3 3 =
F-1 8 124 T
< 404 < 54
0.9
0.5 52 4
0.6 F r’=0.9845
0.0 T T T T T T T T T 50 T T T T T T
400 500 600 700 800 0 5 10 15 20 25 30 35 03 06 09 12 15 18 21 24

Wavelength (nm) Con[Cr] (mmol/L) Absorbance

3-9 KA MG EVE S “Urine Detect” LB EXF L. (a) 0~20 mmol/L & & ILET & (0 VA R
WIKOETERE ;s (b)) WIEFAKES 510 nm AW E 2 M2k R Lk (o) BAMI RS
“Urine Detect” JJLEFAGIIM FEXT L, —F BB RIFH—FME (n=3)

Fig. 3-9 Contrast between UV spectrophotometry and "Urine Detect” creatinine detection concentration.
(A) The absorption spectrum of the color-developing solution of creatinine with a concentration of 0~20
mmol/L; (B) The linear relationship curve between creatinine concentration and absorbance at 510 nm; (C)
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Contrast between UV spectrophotometry and "Urine Detect" creatinine detection concentration, they show

good consistency (n=3)

L _E3d s 5 5 A0 23 e BE T L S8 45 R AT LR, AT T A 1 RE T HLEE 51
R T bn 0 A AL R AR TN o BAT R (s e AT v 52 0k, th - AA %, 5
HRAE BRSO AL SR I 782 B T JE R BT R o

3.4.4 BREFNMEINARKEN RE SER R HFESI{IILE

N T VAR TR e THL A B 51 O 4R 2% PRI 2 48 b 8 A I RGeS A, AR Bt
FERF L 7 SR B B R AL 1K) 100 151 SEBRATE A i ar il 245 5 5 = e B4 FH B0 PR 46 22 20 A
AT T A BT B RIS R 4 U RS B RS R, X =
AMEPRE MG R I b B S Z A BRIk, R P RR 73520 et R A ) 2 5T
MmesEE. WAHRER. M4, MEOED. pH X 6 BRI R T T K.
FARRIRI R AL 3.4.2 th A TR 4

AT R A 2R E TAERE 2 (receiver operating characteristic curve, ROC
2 Ko EE TR e THLRIBE 2 sU 4Rk IR 2 465 € A I R 48 5 Be e Hh IR0
ORI S5 SR — F M. ROC Hh 22 LR MR CREED NP, BRIEMEZR
CL-H5 50 ) BRIl R i 2. 270 Hreh, ROC b SoBREEIT ARArah i) /2 b, ok
K fnERR e R, 2RI ROC M2 AN BE BB W R, SBHAE LT, A ROC 2%
N AUC (Area Under Curve) K/ E S 7 Ak I #ERAPE . R4 AUC EIIR
/INTT DK HER 1 W 23y 4 250540,

(a) X4 AUC=1 I, i R FHAZ TGS B Ik ) B ) A4 8 20 de v 11 5

(b) H0.5<AUC<I I, HikfEa &y BER, AW HE I RA —EmZ%n
18 ;

(c) X AUC=0.5 I, FIWri e R SEENENALE, 458 8ASHME:

(d) 4 AUC<0.51F, HIWres R pERPE LA IR 22, X T RS Wk ik A
AT Lo

INIUFE BRI 25 ST L an B 3-10 Pz 3@ I /S TUFE s (A I 45 SRt bb 22 ) 1)
ROC HiZrILAER], HEM. WHRE. MEBEE. pH. &b, M4 &K /NI
BFRH) AUC {H70AGLE 0.88~0.99 Z[A], Ut B PR ATR Il 7 v2: 0] 13X 75 T4 A F o i 445 R
HA R —8M, Wik 7 AT7 T SEBRAE il FR 8 22 F8 b ar il ) m] 5 14 5 A 41
NS 25 SR 0T LU FRATTE AT LA S 2, T 4L FpAil, AUC BIfEN 0.88, Ak
Fe Ut P ARSI 7 V2 AE AL I I 20 B X — 4R AR I — BUE AR AR IF o X2 T EE B AG I
iR MR AR E RS IR, — MO0 T DL I 2040 i 20 i K2 W i 2%
B A A AEA — @ R IR AT B I AL AR 401, XA B0 7 a4l A I
JTERG D25 BB 8 /N T 2L A S B AT BIE, X SR kg R —
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Bk Z= B R o (A PR A 2R — B R e . X G RAEW] T AR
FEIT R 2T BE T BB 21 s 28 2 SR T b s e Il 28 4 10 ml Sk 5 i 128
HAKE I 2R G /5 B0 Bl B AU ROARIR . AU 2R, A Bl ) Android & HETHL
AU SEHUATI, PRI B A S A I A
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K] 3-10 100 #FI5ZFRFEA “Urine Detect” RGALMILE R5 IR T Z 0 AGET T HEE ROC ik
K. MEER (a). THERE: (b). #EH (o). MEEEE (D). pH (o). MAEH () X6
TR AR A 25 B — B E AT T VR

Fig. 3-10 ROC curve chart comparing the test results of 100 actual samples with the “Urine Detect” system
and the urine dry chemistry analyzer. The consistency of the test results of the six indicators of protein (a),

nitrite (b), glucose (c¢), microalbumin (d), pH (e), and hemoglobin (f) was evaluated

3.5 KB

PSR PO LN R AN INAL S Ui R B TR EY SR L0 W R (SN ok [ P e
RIMERAREAG . RBUZZSE M, @37 2 ORAS RN O i, DURE M
SRR I 11 PR2 i e 1 B B SO R R, BT H R ES B P PR AR A7 A B AR I
Ko LN GHRAESERIRIE, KB RET LS i A IR BORAR SR 4 & SR e it A 1
T B THLIIRE S A MK IR 2 Fbr € AT R 4E. IE 3x3 [R5l gt 7 i
vty AR B2 R AR R I R ks T LAAE 6 /I35 B A [ I B 5 S EE €8 73 i P 5 220 20
M ARYE 9 WURMAR bR B O RS R s P B L CUR A EAT A, SEBL T 9 WUR
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WIRbRE 8 EERN . DA MESEE. B3 PR RIS EE oA
15 55 053 e BE VR IN 25 AT L, —BUEIIE R T 98% LA F. N T I IZ RSt
PR SEPE S SE A, 3R A AT R g5 R Be Y H-800 Urine Analyser JRT162%5)
BT ACH 100 1 SEFRFEA [P PRE T bt AT R, @i ROC #IZ A 1 WA 7 v il 45
Bom i) — 3, R AR 7 A 2o AT OB T m R A I . AH G H Rl R _E R
PRI T73%, AT TC T WU SR 405 0 A A R BACES , ELAS TN PR
AR G41E, NIRRT RS HE 7T 5, HA IR N H A&
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E4E FEEFH ZnO PRERET A RFENLE

41 finE=

ARIE T BRI KR LR I — R UL S B R, 404D —Fh 5 A 1)
BAEA R, BARUbE . (85 RE. HERHED. Sk, TR A =S50 150,
NI ISEAE TARKHIER]. B 2007 FE0E 66 K221 Whitesides 0% IR 1 IR H
AIEFRIE T4 E (WPADs) LRI, T H 5 Fiilid (fEff, is8AE D,
RN, ETEMERDN S S TEHERESSE, 5hE 7 2R LEE
)32 SRy I8 1000 - 5 e R AR S ARl AL 7 A 2 T 3 oA FH i K e 3R A et 1024
FIBELRR ARSI 27 P S ik M ARk kel 2 o U0 H AT, AREERRIE O &2 N
FHAE T A4 IR AR oo

DI ITBOR BAT R LR . REUE = RS R, PO R I Re BEOR IR T30
[FIgER, WORFLE, RISHEZA%1E, FOGHEAAN IR BRI mRDe], 52 /M AR 5 4%
FERREAE AR5 B AR DG T A RAG TN AL Wb S AT V8, AR DA
B REAT P @ e oG B R BT A AR B TEE SOGIRE A T AR
PR Ty BSOS N T AR J

SRIN, AR EBEAT 0TI, USIRAFAEARIE B R UOUAN R A A T, BRI A
b, PHAS 1 AREED G T SERR R o 8IS R 2 AR S R 5 9O, TR
JTZBE T T RIS, KK 1R eI e . Mei S5EJT K 1 — Rl gk
(GNR) FEFIADE Fry SEENLHESI )@ 2KFRAR L, FE SRR I b 3 BT 7 1 4
KA TGN K LT~ 22 [ 1A 2 T 58 2 R SR S 25 i, SR ' S O T 9 K R AL AR
A SR TR AL Ot S UK RS R T 2 R . BEAh, A GNR [E5)
TR EIHT DNA AW Y SEBr R, i T35 T RBoTi & 9O 98, 75
AN ) SRR 3 B v OT) e L S R ILAE B 0 R 5 2 ) P it R 2 THT P B (SAWD
LA RS SRR, SeERE, R AR . B SAW s ERE L
GATEN 50 nm ERYKIL T (AgNCs), 5 i Il i 45 25 TR 5 . 00K A4 Ba
RS 1 6 1, IR IRPUR ZOCh I A I PR B K2 1 ng/mL BLF. X AGNCs
IR AT 7, DU AR KB ot 5m, WIMPRHAE S om R w1 — 4
UL, Bif5, Ventura S5IFR T —Fh A&y, Lt I SAL SRR ™ A ) 5
JefE SR S AV D Re L ik BEE AR S &, DU AR FERBURR R M AT 5 1 2 B S
BRI S B R AR, ZO6GURRICH) DNA SR HR 5 &K 46 C
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Wz TR 2 TR KR ER . Botequim Z5 @7~ T IhAEAL IR 260 T 528 3 T 4
GUREE I RRHP G SR B G E . 5 S AYRH EE, 38 i B K YR o B
B B gk b, BT DU Rk Gk i) A S B 0 10 £ LA BBTOL, Btz A, giREAAL
BEEARRENE R RGBS, 2 g iR H, Zno 91KZEH
KR TRFR LA AR L AT DR K M 5 e s I3 174 55 4 S 40 oRop R s AN R 1 2
BPfsio 0 A B e, HsmC R ARARE, WAR KRR . BT, AEE9KE7on
SRR UINLE M AE R, T EH PR TRERIG R AL LR A — A
AR SR> T A R ) LR B B AR TS TRl S — AN RO e R MR A T RE SR B 4
Ji A P % T s 4 5 N 5 P 12T

BT, BHIRERAMEIIKLE (ZnO NWs) AT DUIE 58 5 Fl AR W) 2= 24 40 A R 1 5%l
SRS, AN SEILCUEEFEAR EW I iR il B A D), Guo % IF K T 5 ZnO NWs £ R f¥1fl
WIS R, H TR RE AR iE, AR o-FRE B Se8l 782 1 pg/mL 1)
KPR, 7ESE REPTE Ak B T 100 fg/mL FIRGIIBRET, A2 g £ B —Fh ) LA B i
AT, HTIHRTMHERM. Lin S0 7 — FRBAR R AEAE YL RS, BERS
L-22 DR B W (R AR o SR R A B /K B, FEANE] 90 73 B it [a] W 7E 4R E-& R
T ZnO GKZ. ZnO PIKLTBIOR GRS T LASgm L-dopa AT R BB, AN E
KN 475/537 nm, SREERIAGKAHLE, iR ZnO 9KL4RTK A V1% I 2% 1 4%
O T4 3 15, A ieZ ERIRIR A 24 nM,  RFE 184800 B35 I I C g 2 T
I R L SR 11801,

KREREFEUR TN H 2] 75O B &, e A o 1Rl i R B
TR T —FE TR GETFH ZnO GPK&AELTOERT-&, it 7R A
BRI R BRARRE . ABTK B & T Android Studio JF & T “H-T
Fluorescence Detect” App FI FH T-5%F 5 AT — MG HE R SE M M. B IR 45 1 3%
JEAVA M BEG K E ARSI, FF ol T 4RI B 7K A A BE Rl T R o % HH AR S 45 8 v 9 HL sk
W7o, o T AETOUE BRIV RIR, FIHREME T A CN-PPV SZHL T
Rl RE VAT VRS UE . B o, FFIF R 0 28 T8 e AL v il B AR O 4% 6 40 i
FeESI T RAEREOREERN, LRERER, FACEEPIRELIE | R ek
AR PR EE 2B B BE AR AT I BR B2 =1 1 10 £, ik 1 A I R G ) AT SE A .

42 BEEFISBETCENRGRIEE

4.2.1 FREMAF RERILTSHIE

N T AEZ I A SZ S0 FE ] WIEHE 2, SRAGRSE Al 5 1 5 AN BURO LR Kot
RIASE, BBt 7T E AT 2O R 88, WA 4-1 . ZRGNE
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A5 3D ATH R E . IR v SR ANEUROGIR (KA 395 nm) KB (LP
400 nm). @I ORISR 2 PP T E ). HIEH . e (12 V). 4K
B RBIFES] . W 4-2 (2) B N8RS B EZ LR E R 3D Wit i, 4-
2 (b) iR A BRI, B REA RSN 100 mm X 100 mm X 80 mm (X %
XD, REMN BRI MR TS, B R (HTIRE 400 nm MBI ).
DC BELRAE (TSR EMEE . FeE (TR BT TS ).

BB %
% SMLE

S E) HRIEAA

FTREWM TN EES]

Bl 4-1 B RETHLENE RSO I R LD BT

Fig. 4-1 The optical path design diagram of the smart phone high-throughput fluorescence detection system

Kl 4-2 3D T ED G2 2 BB S

Fig. 4-2 Design drawing and physical drawing of 3D printing optical device
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FES AT I, PO ICUR XS AR I XI5 I 73 (K0 23 SO 0 & DR AIEAGE Y 435 SR Affy 14
KRBT AWFFCH, EHSEMADERREON 2228475 b LED AT B3 E 16 M I X I3
FOOCEBEATINE, EEITIESN LED SUOGHE, Reusm RISk 7075 B+ A BBt
e B 16 M X3, JFidsk 395 nm AL ROEIR(E, 4R WK 4-3 (a) Fiom. W]
LIE S, fE 16 AN XIS Ot 3 5 (Ve B 4E 250~450 2 18], HOtsmm A A5,
B, AEFAR R 0 SRR AT X AT 70 8 A AR I Fr sRBCROCIRAE 16 AN X 45k
FGam P ATHEATINE . ZR WA 4-3 (o) Fhos, ATRUE B 16 Al DX sz i 3 1 0t
8T 655~660 ZIAFF5), FA—E. METEER LED ZAMIEIR, HIBM AR
MK IR GRS I DX S8k A S 415, HLOROG R BE SR, BB FH 5 Al o

(a) (a)

450 — 250 660 650
= 400 — 300 S 0 655
3 = 350 = 650 = 660
> 400 > 645
g 380 450 :% 640
2 300 £ 635

630 .

250 625 5

3 2
x 2 3

43 SOGHIEEL 16 MRS INIOROLIRE A A, () LED KTk, (b) BRI 141
AP el
Fig. 4-3 Distribution of UV excitation light intensity values in 16 detection areas of the fluorescence
detection device, (a) LED lamp beads, (b) annular patch type UV light source

9T i RE SR GIIR 16 M DRSO HOR I 5, 2 16 MU 853
BRI LR, HIRVKIE FITC ARIZH) antilgG, BOR T AT SLIER 07 MR 2
B A F LRI G L, KIS R 4-4 TR, TTRLRE) 16 Mol
b G AR B, ELRFE T LU B0 DO I B A — B 50
GERRY, BRI TORIE B T DL IR R SR AR SR T B A 5O R
MER.
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240

220 ~

tllt‘II‘IIIIIEII
210

G Value

200 ~

190 +

180

T T T T T T

—
0 2 4 6 8 10 12 14 16

Sample No.
4-4 TR E T 16 Ml KIRZOE IR G A4k (n=3)

Fig. 4-3 Analysis results of G value of fluorescence images of 16 detection areas under the fluorescence
detection device (n=3)

422 RIAESBEEKMN Android X AIEFHIF XS

W 4-5 frs RiE TS Android Studio V-5 &) “H-T Fluorescence Detect” 1,
I AN 10Plus B A AL T2 AT . N R AT A& 4-3 s, s
R BETFHL LN R BIAR BT AN W E 4-5 (a) B R £ 5000, 500 R
BWFEHAIEIN: Detect. Files Quite %G, fENHEFMERMY, s “Detect” %
%ﬂlﬁ)\@@?ﬁ%ﬁﬁ il 4-5 (b) Fis, SRS H TR 4 X4 BITERES],
Fahm B FHFRRE, BT 2O BB ITT &, N T SREUR T I B 53k
BUSR f?ﬁ”kgqﬁB’J}E‘Eﬂuﬁﬁimﬁﬁ%ﬂﬁﬁﬁr#%ﬂ FH T8 5 0 B ) 5%
B2, ARG sl PO S (A ) BRAG ML ARA IR L B i “Next” #4H Bhfs 245 R 5
ANFEL, W 4-5 (o) Fis, ISR LR E BN U EE S8, k8 T
ZHUE M 4-5 (D) FEIR TR 16 MBI EE . BE2S5UE LAWK EAE,
s A EAE “Save” FZEINART IS SRORAF, I —UGR [E1 3 32 A s “File” %
HIW DLAE B P sk, wild 4-5 (o) fir.

K 4-5 B RET LG il E A App Rl e K

Fig. 4-5 The flow chart of the H-T fluorescence detection App for smartphones
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4.3 SLOwin 5 K SERE (N RS

4.3.1 SLIGIRF

ARSI Y B 2 BRI 24 i N3 4-1 PR
R 4-1 S a7 1R

Table 4-1 List of reagents used in the experiment

S0 R | HepE 5K
1E Sk vaxiELt o A T A7k 7
VA vaiEL [GETAIRE W
= AR 95% (e AN %]
TR EE N K EY) =99% Damas-beta
751 F DU i vaiEL [ 244 [4]
R OIFH =99% Damas-beta
LEREE ZIKEW) SATAE, =99% General-Reagent
A srrat JUmL
CN-PPV sy AT et i T RHR 2
3-45i 7K Tk 5 T o
N VALt (GE VA
AR R TR 4 I G hr 4l R AR
A iE A E A A AR 7 AT A TR
IgG iR A AR 7 B g R AR
FITC #7121 anti-IgG A AR 7 b B S R
TR Eh2Z M R A AR 7 ERERE
0.05% Tween-20 (TR
o A AR 7 H il
ERGE IR
fatiK 18.2 MQ-cm /

ASEEGAE F A 8L Whatman EATACKIE TS AT (GE) BEITERA mRl2EE .
4.3.2 SLIG{LER
A SEIGAd 1) S B NER 4-2 FiToR
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R 4-2 SR P T SR IR AR B R

Table 4-2 List of experimental instruments used in the experiment

e RS iR CIIE
Mgt 52 4T EIAL L810 EPSON
3 mm FTFL#% 0093C G/

Gty Ky El BSC-1100 11 A2-X ek ANiTa Y|
PRI 25 / RIA s
B17] 170 mm 57

FE A A I =AY VCA optima AST

A T R JSM-7100F HAE 7Rt
3D FTEIHL A8S 6Kk
RN ME Mettler-Toledo
AR DZF-6020 T E AR
7 P R DL KQ-400VDE ELL TR P A A
BRETHL %= 10Plus R ARA R T

433 FEENRERENRIESE

AT 19 R S R X 1) PR SR B A DK S AR I AT R T 45 R RV ARIOUL A 300 R AL

AR SR H AR F AR 1858 ISM-7100F FIHER ST RIE. TAEREA
10 KV, e EROR NG SRR & B, BT BORer 4EIE A B S idE, 8
T RARBOTEMW R BB AT I T, AN HT, B AR A R BT A B

4.4 BR5THL

4.4.1 FIBBRFREIUHFNRENE K

AAEFYURE AL — P2 IIREMPUORM R, BATER RS/ HERIAR L N
PESRIIRF i, AEHR T, SRR AR 8 AL 3.37 eV I, i1 R ReH
] UER] 60 meV, HHER T HIARICHE 12 HAR - FARPREAE LLELILR . Fin gk
SAEEMRLE I kL, AR Juse KAEYISE 2SR R R4
HRAAL SRR 1 AR NK L B AT R SR VOLINRE T, A SCE I AEARHE B4 AL
PRANR L ST PO 98, AT i e I R B

H B 2 A B AR ZR R IR S Bk . TTRTR . KBRS TR, RS
AR GRS, EAE KA BEANR A . AER AR GOR A AE KT RE A NHS™RT LAWK PR 7E
ZnO FAZR T M ZnO KL, 2 MFEB A (4-1) Fror:
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Zn**+4NH,-H,0=2Zn(NH,),(OH),+2H*2H,0 2ZnO0+2NH,*+2NH+3H,0 (4-1)

HAd®HKE zZn® K% &% Zn(NH3)4(OH),, 1E/K ¥ &4 T, B K4
Zn(NH3)4(OH) i 1 it 7K S MW AE i) ZnO PTVE, B E FE R IEARANE: b o HAR i £ 5250
BRI (D EAEERh P ARSI & KNS ) Whatman IS IEAUR N E A
BERD VI 60 Fb, SRJEHUHAE 100 °C FIBLFE T 1 /NN, 15 BIE LB GR T
UL (2) FALEEGRRAE KI5 HERGFREL 0.372 g AIREE/S/K G, 0.088 g
FNIEFFEEDURZ . 0.0912 ¢ BRAIGWIE, ¥ =F T So0mL B2k, SREWHEL 1.306 mL
UK Bk, G A RIS — A, R KIE WG (3 K E b
PERDFARE R AR K, HBTEAE S, 1E 90 °C AR ik E 4 /M), 850 RN G
o, FEEAKIERMYE, 90 °C T, HAMFEIAIEAPREAE . Bk mMH &
Wik 4-6 FTw o

EX

peiy
F4%1h 90°CF 4%
B A LRI P e SR IR R AL

Z#1 min 90°C 4 h

4-6 BIHIEACAER PR L ARIE ) 2 AT RE

Fig. 4-6 Flow chart of preparation of glass filter paper ZnO nanowire paper base

44.1.1 RNBERELRMIZEE

N T IR BEAE ALK R SO TE, DA m kil i R B, #8987 Whatman 3MM
JE4%. Whatman 1 ‘5JE4%. Whatman 3 5 €45 /2 Whatman 3358 407E L8 AMT B R AR
Ao WA 4-7 BXTLL T AE H, fER—24MTHUR T, Whatman 3MM JE4L. Whatman
1 SJE4L. Whatman 3 SJE4CGRHMBIFEE R KOG, KA @R EREAC T Rl #2
HERERELL, XROGE S R NIE R 7T, e - ERNEIRE, X%
JCM BEAAAE— E IR, i AR SRIn g5 . A2 T, Whatman 3¢ 35 8 403 111 5
KB BERKDG, B, 53 s AR K E A T O8] LSR5 e bb ARl R %
.

GF/A

K] 4-7 Whatman 3MM JE4%. Whatman | SJE4%. Whatman 3 S JE4% & Whatman 3K TS JEACEE % 6T
WEI N B R e X B

Fig. 4-7 Comparison of the autofluorescence intensity of Whatman 3MM filter paper, Whatman No. 1 filter
paper, Whatman No. 3 filter paper and Whatman glass filter paper under fluorescent light irradiation
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4.4.1.2 SULFFENHKEAE Whatman FIEEAR _EE K EHHIMIL

H T %A TAERE B IEAC B & ALK A, 7R Z0 B g oK 2 A
Whatman 3¢ FJEAR B4 K EAFEAT AL . TEEALEEGRZE A IR FE ARG K
LTI IIIRE . ROIGHTRE (PED B EE Je A= K] 18] 34 2 52 i S AL B 9 R 2R I
SE TR F, RATRA T A GOREA TR . PEL R J AR K ()X &
FALEE K LR 52

(1) FAEPOREF T IEBIRE AL

B i) AN [F 9 B (0.1 mol/L+ 0.15 mol/L. 0.2 mol/L. 0.25 mol/L. 0.3 mol/L. 0.35
mol/L. 0.4 mol/L. 0.5 mol/L) FIEAEF G KLFhFIEW, K S N FH B B I ARIR 1%
TEASEVR FE B AR IR 1 min, HUHBZEMAEF 100 °CFHE 1 h, BEEHLLLE
FALEF R T AR N KR, BT 90 CCRIMAR SN 3he WK 4-8 (a). (b). (¢)
Fim, EEALER AN KL R P EE N 0.1 mol/L. 0.15 mol/L. 0.2 mol/L [R5 T, M
SLRNACEE BAE R i AR > B3R AR B RORIR , XS A IR R A 4
K 4-8 (d) fizn, PR E N 0.25 mol/L I, 483 AR T BUs i EAL e gk 26 .
K 4-8 (). (D, (g (h) PR, FEEM FEBOREZEIG N, A0 E kg2
ELATS SR D9 AL A PR R AR o AT b AT T e 38 1) e D0 SR A B A K A T IS WL 2 0.25
mol/L.

1, 10 um N .

10 pm

5 &7 10 pm “ 10 pm

Bl 4-8 AN IR S SR B AN oK A7 A B B BB B DR AR T F A B U o (a-h) 0.1 0,15,
0.2, 025. 0.3. 0.35. 0.4 10.5 mol/L

Fig. 4-8 SEM images of glass filter paper surfaces obtained from ZnO nanowire seed solutions with
different concentrations. (a-h) 0.1, 0.15, 0.2, 0.25, 0.3, 0.35, 0.4 and 0.5 mol/L
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(2) AKEF R AR

¥ 0.25 molVL HIEAEERT TR IO I T 5 IR AU N A KB 5, BT
90 °CHIMLAE Th 2> B S BRIt E] (1 he 2 he 3 h A4 h), WE 49 (a) s, 24
K 1 h B, ARKFEELERD, XEHEDEIKRELE 1 h BT RIFFEEKPPIRES:
b AR A ZEK S 2 hy 3hINF, A DU EE R B FE R BURCIR A B i, I Hg A %
(E4-9 (b) FIE 49 (c))o MM 4h i, ATLUE BB IIEACR AW T 30 AL
BEYIKLR, WK 4-9 (D). Kk, FRATERE 4 h /ERABFEIEAR LS PR R I A K )
[H] o

K 4-9 A[E A KT TR B S pE AR B BIE AL BRI T I . (@) EK 1h, (b) K2
h, (¢) AK3hHfl (d) K 4h

Fig. 4-9 SEM images of ZnO nanowires on glass filter paper were obtained at different growth times. (a) 1

h, (b) 2 h, (¢)3hand (d)4h

(3) PEIRERRM

ROIFHWNE (PED 2&—MAEWMEERAEY), AN REE KRS, il
i PSR R FH R B AE B T I 508 3K 26 5 THT PR 3R TR EH e A AR R B2, AT i) 484k
BRI R K, 2R m PR L LB gk R0 BTk, R0 T AR
FE PELS EAGEF K TS 52 o K AP 1 ARIE TN 530 &8 AN [FR FE PET 1A=
Kt (0mM. 1 mM. 2mM. 3mM. 4 mM. 5mM.) HBHERKES, &T 90 °CHY
MEAR RS 4 he W& 4-10 fios, 7B PELRITESL T, A RS MR BAREOR;
a5 PELIRFEMRIEIN, SAALEr SR KA 2 PELIRIE N 3 mM I, 7] BUULEE
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B EKFIEA PR LB HEAR /N 2 PEIIRE ARS8 hne), 7] DUE B4R
HIEA B e > HoOWEARE, XK NI =R PEL /] LIMH| E L s i 45 el [
I, SEIS R PEL BB NI E & 3 mM.

100 nm 3 100 nm

K 4-10 IINAFR B PEL 5, FACE R EE K. (@) 0mM. (b) 1mM. (¢) 2
mM. (d) 3mM. (e) 4mMFl (f) 5mM

Fig. 4-10 SEM images of ZnO nanowire paper bases with different concentrations of PEI added. (a) 0
mM. (b) I mM. (c¢)2mM. (d) 3 mM. (¢)4 mM and (f) 5 mM

4.4.1.3 Whatman ZIBIEAR _EE KA FLEEMNRLKRIE

TERAE RPN, RAKMGETE Whatman BEFUELR 1A T 2L BEGOK 2.
K 4-11 (a) 5 (b) Frax, MAEIHE JE 4RI 3 1 B B 1 7w DAL 52 314 e 1) O 21 4
Pk M 4-11 (o) 5 (d) ] DL (97 208 ) A A B 40K 2 5 4278 o £E 0
TEARET HEI 2R 1
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Bl 4-11 BEEIEAR A AR AF PR MR BERIEE . (a) A (b) RABIEIEAR M 5L
MR (o) M (d) RAACERAUR L B IEAR T B I

Fig. 4-11 SEM images of the presence or absence of growth of zinc oxide nanowires on glass filter paper.
(a) and (b) are SEM pictures of pure glass filter paper; (c) and (d) are SEM pictures of ZnO nanowire glass
filter paper

4.4.2 FUFARENRAE SERIERAIIE

WL UL B SEES, CAfEBIIEAUE R b I 45 T SRR LR . N T IR A BEAR
RIME B GOKLR TR ROE S HAREIEN, W 4-12 B, AR RRER
(200. 100, 50. 40. 20. 10. 5. 2ppm) EA&WE T 15 CN-PPV IilE T EALEEGK 2R
frmeetsiE . MEHRRTLEH, 5K 4-12 (a) WPaiBas e i LA FIR ) CN-
PPV fEEAL BRI KR 40HE | (B 4-12 (b) FoR) A S5 6H 8.

200 100 50 40 20 10 5 2 ppm

] 4-12 SEAL B YR ZR 5 et am AR B . A3 AR AR B S AR 5 SE AL B A K 2R B 3 e 4K 3 AN TRl ik
FEH] CN-PPV, (a) ZiBIEUEAR; (b) FEALBEGK LB 4k

Fig. 4-12 Fluorescence enhancement effect of zinc oxide nanowires. Different concentrations of CN-PPV
were added dropwise to pure glass filter paper and zinc oxide nanowire glass filter paper respectively, (a)
pure glass filter paper; (b) zinc oxide nanowire glass filter paper
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IR, FHBERETHL App X AU A 3T HAIROF o Hr LB R, A 4-13 (a) By
79 Whatman B8 2T 4E AT GF/A R I TEAEEANR L IO 15 5 70 REHUSE,
HAp 2Lt s oA SR POUE S R ETrE R, B s R 2l 3R IE
KIOUET RAEDPER M2 T BES, EMFRRIKE S, AR
3 B R ESRTABIEEAR L R ERHrai R, WA KA T BRI 40 H
B IIGIERPCR . B 4-13 (b) ATRLEH, CN-PPV IRERIXHS R EHZI R IFHIZE
SRR, SEACEF AR AREE v] DUR T e AT 52 56

(a) 300 @ Glass Fiber - ZnO (b)
® Class Fiber 250
250 4 e ——
/*"-—
200 - ‘?(/ /‘_,#——-"—"———' 200 -
S /o Et
S 150 ¥ ,.’ £ 150 -
i / x
E 23
100 4 &7 100 4
SU_ﬁf y=40.86+90.78x
4 50 1 R2=0.9848
0 50 100 150 200 250 0.0 05 1.0 15 2.0 25
[CN-PPV] (ppm) [CN-PPV] (ppm)
Kl 4-13 (a) Whatman BEIEUEART IG5 AT /5 RAEBUSE, (b) ROGIG9E/E CN-PPV IKEE X H S
RE PSS

Fig. 4-13 (a) Scatter plot of R value before and after fluorescence enhancement of Whatman glass filter
paper, (b) relationship between the logarithm of CN-PPV concentration and R value after fluorescence
enhancement

443 SEBREEREXTHIHIE

O3 P Bt 3 S 00 S AR 9ol SR B 2, B ) FH il 1 45 A E BT O TR BRCRE /N (1)
et v EAERC TR B TRAL B, Ay A . WP A, AR, IR A AN [
A 57 BRAE ) SO ) i 24 5 AT S P N 73 AT s Dl 2 A AR AR AL & A Al R A AR {53 455 12
flg s 7 E B TTRERIs

H Whitesides PR fx /et wPADs HIREEBIIAE, WHAENTCEM 7 RENSF
JIR & AR A, BFER A ARG i, DL EARA iR gk AT
S e . SRR TE P AR O i TRARAT AN 2B ok %0 1B s S %)
P asel itk ENIST E R S8 S TR . SRR EDRIRN 4R R S, RERSRAL IR
Hl&E T2, TR AR S . (B2, XETEAMUTESENE
WA, WOEZIE AR COBOE. BEaFTEINL. BOLEZEIIENLA:, 1 HIEFHEINNGA
£ DGR 17 ey 1 VS N1 AN (259 N7/ VS 1 T Dy P ) Wt s = 2
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(TOS) NEFYE G/ H 5 G PEAREE . RARD BROWRE e Bt 4 i AR FE 54T 5L
SNIRGUKACEE, FRRESRKIIIEAR 3 mm /NLIRA C 2 58 BREUK AL AL BRI 4828 |, AT 5¢
FRARIEA A O P A 2 o N TR PR R AR R O A i A

4431 BES RN SHE

W 4-14 Fros, FIA PPT it T 4X4 (1 3 mm EFLFES], 8T w47 EPHLLE
Whatman 1 5848 LT EI DA IHIFRIRESETE (K/NA 27 mmX27 mm), $TEISERK

FHEY I3 B R AE HTE TR, SRJGFIH 3 mm FTFLESAE IR AR B HEATFT FLALHE, M S
Uﬁi%%&?ﬁJo

o T Fama
0000 B
= 8 O s T 00 oo He
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| X 2o o/ (5555 emd e,
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sAMRIES R M5 RHA

FEl 4-14 4 4 B REACIERE 51 BT 500 6 0 7
Fig. 4-14 Design and fabrication of 4x4 high-throughput paper-based arrays

4432 KEFEHRKMLLIE

£ 50 mL B P EBUECH 30mL, BE 50mL A, BEEHBR ) EBE
B 1.5mL ZFR 2B 1.26 mL = HF & FrE e (TOS) E _LiRBetrrh,; FB e 516+
30 s, ARJEBIANBIEEFRIA; ¥ O 256 RIT FLA A ACERE A N BB B R L, A
HIEARE; 12 1 min J5 HEFBCHE FE R R I, B8 H B H e e )T
[189]

A5 FH 2 o A U SO0) 56 BB K A IR AR AT B A U . B — /N B K AL I S T
Whatman 1 5848, {FHFMBAGRIN 2 nL Foksid B S8k EIE4RER T, BTl A
. ki 4-15 Fras, 4358 st /K AL i Whatman 1 -5 8483 TH i #% ik /1 4 135.8°,
PEARH KA AL B SR B T SR K I RBCR -
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K] 4-15 Whatman 1 58405 K A0 AL ER 5 32 fd A /)N

Fig. 4-15 Contact angle of Whatman No. 1 filter paper after hydrophobization treatment

4433 £ RNBEERTATRML

N T SEDHER I AR R I B AB U B, AW S8 AREIL 20 15 HIZ05R7K
BOTHARIREEE, 0 B INAE 2l & 1 R ARIE AR o A 38 B b, i LR 41 s KA
P 2% PR R LR R 1 DR e e 3 IR AR, T 22 Ja RN % 6 ek AT A
I R R IR Wl 4-16 Fos, BT GUKAC AL B A AREL RS 51 E iR A SRR TR
AFPEARN 3 mm [H L, B BRI B EAREEEMN 0.5 pL KK 0.5 uL % 4.0 L, 18
MG R, KBy 3 pl i, SRRt R 5] HRA 2 R 108K H .
b, AU AT 328 HA) foe AR TR AA R D 3 uo

0.5 puL ; |
1.0 pL ; |
1.5 uL | & @
2.0 pL. Byl Aol
2.5 uL TXY)
3.0 uL XYy
3.5l 9000
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Kl 4-16 BELCR/KIBIE AR AFRILAL

Fig. 4-16 Optimization of liquid volume in filter paper hydrophilic channels
444 BETBREFINNEUFNRERERESHTEENERRRKERD (1gG)
4441 SHERREREIIEN R 1gG RIS IERITIE
AT VPR E AR K LR AREETE G KA R b (5 G 58 AE /), DA PBS ZEMNATR
YENXTHR, H FITC-labeled anti-IgG RIS IE A ZRAIKR L 10 e sRlE A » Wik 4-17 fir
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e AN UOR R AL F R 1gG R BRI N 7 e md AL B 9K e AU SR B
BPUARRIRE ST, B AR AR R AR I & 4% 3-Fi7K Hih A R T 2 = R
Lt (GPTMS) B ZEEERA 20 min, 2AJ5 5 H QBRI AUKIG TR, Shiaisr
YKLk EASBIPREIEA] . 254 3 uL — @R ER i 1gG UM AR IINIX I8, 5 GPTMS
B EABEPOR R AR AN 5, FIIFE 30 min, HH 1%H) AR 2 R
AR FE 20 min B A N IR EZER, B 1%FMEAEA (BSA) A 10 min H L
BAARGHOL A, DB IEE AR IER . AR5, K 3 pL —EIKIEZI FITC-
labeled anti-IgG JIAZ M [X, &I 30 min, A PBST &MU R MVIX, WK 400K
Wi B IR R IR . B S, R ONIRES BT B 4 A s RO A R
i A RE AR BOE o A o sl (AE .

GPTMS ) )
—— //L\u\ /a/,l,\u\
Vs ZnO [ 3

Surface modification
- < / ¢
®-L® @
i Blocking

ZnO NWs/paper
¢ 1gG BSA FITC-labeled anti-IgG

B 4-17 SAACER AR ZR AT A 5 K ot S el id Feos = 1A

Fig. 4-17 Schematic diagram of the paper-based preparation and fluorescence immunodetection of ZnO

nanowires

WK 4-18 (a) Ml (o) Fron, (EAEIIEAR EAELBEGKR & AU BRI PBS 1Y
POETHANE, HERAKR, WHERESEIEBRF 8. XA 4-18 (b)
(d) ATULEH, AR &LtSE BRI 1 ug/mL #) FITC-labeled anti-IgG )% St &
B2 T A g B PR AR o Gom T . SRIR AR, AR PR Z Re A A0 0 O Ot o
FE, eI RBEAEEELL, ARG 1gG € Skl fd it ks R E .
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K] 4-18 FALEF PR R AGEE SR, (a) ZHEBIEIEAC FATI 3 Wl PBS,  (b) Al B4t Al
3 uL RN 1 pg/mL ) FITC-labeled anti-1gG &,  (c) AALEEGNK LR AL FAGI 3 L PBS,
(d) FACEEYR AL EAGI 3 pL (IR FE N 1 ug/mL ) FITC-labeled anti-1gG VAV 1) 5¢ G 5 FE
R Gl BAAEIR EARRT R 28 6 B A, n=3)

Fig. 4-18 Signal enhancement of ZnO nanowire paper-based. (a) 3 L of PBS on pure glass filter paper, (b)

3 L of FITC-labeled anti-IgG solution at a concentration of 1 pg/mL on pure glass filter paper, (c) 3 L of

ZnO nanowire paper L PBS, (d) Fluorescence intensity histogram of 3 pL of 1 pg/mL FITC-labeled anti-

1gG solution detected on zinc oxide nanowire paper substrate (inset is the fluorescence photo corresponding
to the histogram, n=3)

4.4.42 % 1gG MR EHIRIL

T ARSI BE AR, TR e ECEAT AL, 3 pL WY 10 pg/mL )
FITC-labeled anti-1gG ¥ i in Z Al X ) B 30 min, #RJ518H 3 uL ) PBST 73l
R e LIk 2 Ik 34k 4R 5. MK 4-19 ATLLE Y, BEAE B B 3
T0, R X 2 5 B IR PR, FE SRS 3 IR 2 G Bl & Pl IR B B 3G 0% Y nm B Ve 6 B (2
BEAG. PRI, 34 3 UMMMk I EL .
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P 4-19 A B o kB AL o ZERGIN X IO 3 L Y PBST 43 JIWE5 19k, 2% 3k, 41k, 5
I3 IEIE A G AT, n=3

Fig. 4-19 Optimization of the number of flushes during detection. Add 3 uL of PBST to the detection area
towash 1, 2, 3, 4, and 5 times respectively. G value from the analysis of fluorescence photos, n=3

4.4.4.3 FITC-labeled anti-IgG iR BRI AL

N T A4k FITC-labeled anti-IgG FIHEE, #4 3 L RN 1 mg/mL B4 1gG I 2k
WX AN E5E 30 ming (A 1% FARER 2 R EE 20 min, 3 HELEEPIKER
R AR EIER, BEEFH 1% MEAEA (BSA) 4 10 min T 5#E Ak
SEMN R, PIEEEMIERE RS S A5, AN X 35 m 3 uL WEN 0.4
mg/mL. 0.6 mg/mL. 0.8 mg/mL. 1.0 mg/mL. 1.2 mg/mL '] FITC-labeled anti-IgG, =
I E 30 min; £ FORAAMIX IO 3 uL 1 PBST ¥ 3 K, AWK 4RI IS & vk
GRORMMUETG BRJa, PR RE T v 0 D ar 2 B IR I 23 b A N DX 3B ) 2 O R
(1) Green {i. M 4-20 7] LLE H B E ) G {FE# FITC-labeled anti-IgG # 5 3
g, RN 1.0 mg/mL BB 25 RKME. Bk, &NV A IEFER FITC-labeled anti-
1gG R AEKEZ Y 1.0 mg/mL.
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] 4-20 FITC-labeled anti-IgG ¥ B AR . ZERTINIX 43 73038 0 3 uL ¥R 0.4 mg/mL. 0.6
mg/mL0.8 mg/mL. 1.0 mg/mL. 1.2 mg/mL [¥J FITC-labeled anti-IgG %68 GE 45 R, n=3

Fig. 4-20 Optimization of FITC-labeled anti-IgG concentrations. 3 pL of FITC-labeled anti-IgG with
concentrations of 0.4 mg/mL, 0.6 mg/mL, 0.8 mg/mL, 1.0 mg/mL, and 1.2 mg/mL were added dropwise to
the detection area respectively. The results of the fluorescence photo G value analysis, n= 3

4444 BRFINSBERAENRELIR [gGC EEEN

TE FIR SEIR I € IR AR SR A N, 20 M FH 20 BB IE AR 5 SE A A AR K R B B iR AR gk
TR I1gG ERRN. WK 4-21 (@) M (b) fivw, (RIS UEAR EAN A AL EE N K 4R B 1
JEAR EATUVR BE A 0~500 ng/mL (M4 1gG, BEZE % 1gG R EEIZHG i, kil X 55
FESE N, MMM G HiBHE K. SHE 421 (@ 5 (b) XA & 4-
21 (o) G HAMEERATUESR], HFEKR g K TR EEYUR L ARSI X 5% 55
FEBR S i T AU B IR AR I UOGEREE, G EWIEER, X [RIR L — P IE T A RN
KE I 563G 5 R
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[19G] (ng/mL)

4-21 (a) ZEPIHPEACA (b) ZnO YKL PIEIEARAEA IR E e 1gG FAHUG I 2200 KR
(¢) ZUPLIHYEANH ZnO PIKLLIIEIEAR G EBE S 1gG WK EERAL KIS, e 1gG HITKEEN 0
pg/mL. 0.1 pg/mL. 1 pg/mL. 10 pug/mL. 100 pg/mL. 200 pg/mL. 500 pg/mL

Fig. 4-21 The relationship between (a) pure glass filter paper and (b) ZnO nanowire glass filter paper with
different concentrations of rabbit IgG and G value (inset: fluorescent images), the concentration of rabbit
IgG is 0 pg/mL, 0.1 pg/mL, 1 pg/mL, 10 ug/mL, 100 pg/mL, 200 pg/mL, 500 pg/mL

N T I A AR B IR AR I Y R, fERESLI AT, R IR
[ () S5 9 20 BRAE AU R DR AV AL BE QK B B DR AR B XK FE I S 1gG 147 € B4
W, RwWE 4-22 fros. B 4-22 (a) HER T EMATEIELAR L 0~0.15 pg/mL K E 2
RAFHIZtt, TR, R B PR A I IS IEAR R 1gG HIAIIFR Y 11.25 ng/mL.
K 4-22 (b) FRE/R T EEAFFBIEIELR L 0~0.15 ng/mL iR 20 R UFAI2ePE, ity
FEN y=2.2783+71.1922x, R?>=0.9928. 1 36 ANAT AT, EENEE QK LR L 4K
A TgG BIATINBR A 1.29 ng/mL, AHEGEC T 2B pe 4t bRk gs &, Al fR$E s 7oK
2910 f5. 25 BRTR, FEeTFHLEE =T CRI%E B o] DLl 1gG e A, Al
A4k 1 e R BOE BRI R AL AT RE
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4-22 (a) AFIEAR LS (b) FAEFPRESIEIEA EARIREN % 1gG 5 A G E PR
28, % IgG IR N 0 pg/mL. 0.02 pg/mL. 0.04 pg/mL. 0.06 ug/mL. 0.08 pg/mL. 0.10 pug/mL.
0.12 pg/mL. 0.15 pg/mL

Fig. 4-22 The curve between (a) pure glass filter paper and (b) ZnO nanowire glass filter paper with
different concentrations of rabbit IgG and A G value, the concentration of rabbit IgG is 0 pg/mL, 0.02
pg/mL, 0.04 png/mL, 0.06 ng/mL, 0.08 ug/mL, 0.10 pg/mL, 0.12 pg/mL, 0.15 pg/mL

4.5 KRB

N TR s A TR RS, AEIR TR GETHL ZnO K4t
RN G . HIEmEEAUHI, BEEA eI AR 2O s R EH T &5k
M. AWFRIH “OKIGE” HIRE PRI IEAUE B SR T Ak 4, SKIl 79Ok
W, e T ARERROCAT MIAA (S R EUARI 1) s 45 & AREE R HOR, BTl 4% 1
eIl B PRSI OGS s B A SO B A A, 1@ T IR I B
RO, Rk 7 XTGBT S AR NBUOCIR R EA L . BRI %R
U . RIS, R TR LR OGEESIAT I 2K “H-T Fluorescence Detect” SEHL T
PGB B HERER 4. G E T 5 CN-PPV ShZzd kil R4 it 47 17 5%
WE, R A R G EALERGUOK Z RO I SR R ATE . e, R O A
AR, SEUL T lgG ER, SRIESRERY], FALFFAR A A % 1gG HIR PR LE
R AR PR SR = T 10 £, E A R SR R T TR A SR
BRI SEME . 2O RGE BAERZ W, B2 A AR I AU T R 1)
N 5.
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5.1 THERLE

AN FHETENERETHFZE R ESITE, EER TR T — RV
R Ao R ST T AHRACER BIWIE A o 5E R 7 BA R LA TAE:

1 R 7 ET R e FARR RIS 456 SCI pH Sk B E BRI RS . N
RAEDBH B EARIEN T “FWK” LEDIHTENR . &R R S DAE AR
J7 OB B oaE R o e it T AR T =, AP R e TS R R et i 2
SPRAREDCR . FHESEAFB RSN, Wil 7 LA 56 & L
HFRG, R TR TIB O IERE KN “Smart-pH-Reader”. #8 GE Tl
5 H pHRARFAHZE &, 1@t 857 pH -5 3 KAR 2 (R RLOC SR SEIE T pH AL &
FEEEME . 7 MR ARN RS S pH T SEPRAEAEATINE, 1#id i E Bland-Altman
B0F 3 R 25 S AT o i, PRI 7 2 R B 22 R AE£1.96SD JE I N, BRI 1A
RGN E pH (N HETRIE S TSN 2R REERAER B, PR 555 H &L,
BEMNHTHERN . BT 12 WS ik .

2. DURH FUTE b M AR s RS W vb 0 51 22 5 SON R R, 1508 B A& B vh PR A
R EAAAEFERT K. &L AR R RN, KRR T L5 i IR BRI R A ES &
CEFT R A 1 2 TR B F WL RS ARk IR TR 2 fe A Al R4t . il 3X3 [
F AR AAT Ry seit, AMUAT LA 2 e br [R5 8 30 mT DLAE 4 /N34 B[R] I 5 2 SR EL 2
SATRT TR LI . MR 9 IURMFE bR O AR P sk B L e (A T =
b, SEELVEAR. MaEH. MEAES. WHREE. DI, #EbE. JRE. Ha
R E K& pHAH 9 BURE B R0 € &Rl . DIz, MEnEa. U 3 fMfads
NSRSt 9B 5 58 A4 SO FETH R I 45 SR BEAT X b, — B35k 3] 17 98% UL F.
TV Z RGP S, 510700 AR BERGE, SEL T 100 5] SEBRFE AR
R, RS 2 R 5 15 e BLA F ) H-800 Urine Analyser JR T4 2% 50 Hr43CiE i ROC #2845
M, Rl R EA R — 8, Bk 1T se FHLRIBE S R AR R 2 48 b5 E
M ARRHEFRES T EMN . ZENAREAZ TR SRS, Al g 5 n] S 17 i
ME4, NJE R ST R4 T TSR IR

3.8 T — P A TR REBUE, TR TR RETHL ZnO 9K AEE R
JAB IR G5 . BT IR AURTOUTE | IR AL R “OKBGE” B IRIE B IR IE LR AL
AT BB AOR L, SCIL T POGIG AR, MR T AREE SO A LE S R LA A )
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SRR EEOR, Bl T @B RS OGNS s B T RO
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Rl B bR AR R, AR T RS2 W AU 2 M A 1 R EOE =

52 H—SMTIEFRE
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WA T — B R . (AR IRAFAE DL () AR A i e«

1 BB, FHAS . RIS S R S A2 s B R 0L B L ek e
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FAEREAT T Y — b3 JEid CIE1931 (8 23 [ AL T AR A5 F AL G5 Hr 1)
—Hb. EWERTFHIS BB EE L, VIS IME S, BNt Ra s, R
IR A SR 1 5 SR I B B A b s i (R R 2 1E 5 R B 3 3R 2 H AT
— R, DRn] DA gt —Fi 58 o (R A A =

2. JRE R PR A 30 e L o HATERATSEIL T 9 TR MR bR 1S
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