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Portable biochemical detector based on smartphone image processing
Huang Jianwei,Zhan Chengsen,Lin Zhipeng,Xie Xiaona,Zhang Yeyu,Lai Changfei,Liu Ting
(Huagiao University 361000)

Abstract:As the most common detection method, spectral detection is widely used in various
fields. However, the current spectral detection instruments have deficiencies such as large size and
high cost, it is important to develop a miniaturized instrument based on spectral detection. Here,
we propose a portable biochemical detector based on smartphone to achieve quantitative detection

of biochemical substances by detecting absorbance and fluorescence intensity. The detector uses a
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small LED lamp as the light source, the sample detection light path is composed of a transmission
light path and a vertical light path. The transmission light and fluorescence signals are collected
and transmitted by optical fiber, the signal light is diffracted and divided by a reflection grating to
produce a spectrum, and the spectral image is collected by a smartphone camera. Finally, the
spectrums are calculated and plotted by the smartphone APP that written by Android studio, and
the quantitative detection is realized by calculating spectrum of absorbance and fluorescence
intensity. The detector measuring the absorption and emission spectrum of RhB and Rh110, which
successfully verified the biochemical quantitative detection can be achieved by detecting
absorbance and fluorescence intensity. In addition, the quantitative detection of nitrite can be
achieved by measuring the absorbance and fluorescence intensity, the detection limit can reach 1
mg/L. Compared with the traditional spectrometer, the detector mainly detects the absorbance and
fluorescence intensity to achieve the quantitative detection of biochemical substances. Due to the
advantages of small size and compact structure, the detector largely reduces the design
requirements and difficulties of detector optical path, and can realize site-on detect. Compared
with other smartphone spectrum detectors, the detector can obtain the resolution reach 0.140
nm/pixel by detecting the first-order spectrum and optical path collimation is not necessary. The
experiments prove that the detector is expected to achieve wide range applications in the fields of
biochemical detection and food monitoring.
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1 BB E RN AHNE
1.1 ®iFHER

RS MR B T SR AR 22 T B BB, g T AR
WEMRN . BT 2 WA AR, R EEOGIE AN T B AR R OB IED, RAHEIER. &
SPGB R OGIEUAT SPR GBS, EATRIE AN OB RO h i
ACRVEL AP T AN S50 K 5 B 25 S0 I o X B 7 FH A3 B B A T e AR WUARS E AN 43 8, (ELAAR AR
K, S8R, A E e, @E R SR s = SR G4 H, S
TR AT IR LA A AE LLAE N B AR 35 vh 8 Ao Dy 1 3 e AR AR i Py [ 5 0 S BT %
I3 HT SRR K, (% 2OGIEAGOIT K ok, RN T 457 S5O0 AR KRR R Abh 1%



TS F S ACAS 2 (BRI CE BV E AR G540 B A4 R 0 o R RETFAL S THRAE, (5,
R I B R B BE 0 (45 L REREAREE — IBUADG TS S SEBDGTE A 0 M er i, DRI T e TAL
e T AL (SCAPERIT % R

Vr 2 BT BA LU BE FHUT A 7S 2O ORI 7R, H BT CA0E 18 5e T
HUGHE SR ZR R BOLHE . 6. A6 . SPR OGIE AR 2 el ST R, o
T AT EER B AT 2O, AR BURF R T A0 WSEBLE SO G, Bk
KRR GIHFOGE LI, B TIRBOLIE N AR T, DR KRR TAR IR
JeE PSRBT FORIRGE o A G BRI 32 2R T ARIE ST 20, A el seke ik
TEAFSEEL eI, B G CLR A EEO T SO IS SIS I, RS A S e (KT LG R
TR TR ZRTHIETE OO 6 #% K BT R e 1 2R B se PR BRSO T 2 .
S G B R SN SOG R, A AR R T A SR e 7 ST, i RS oR R
KGRSO SEIUa I, AU 2 HRA RS iE, DIA R B R AmiRiE .
SPR 't 1 FRAS: I3 5 >R PR G SO %, R RGO AT 5 1 P S B8 6 Ol (1 € jic s 19, e i
BRI GOFTHEOCIE SCHUE I, (575 Z RSN 2 A2 B AU L TT, DA AR
SPR Jtilk (18 BE FHDEE ARG I AL o hr2 o6k e I 1 2R St O, AR — 5
CBLIERR IO, JOMPR 2 HUN e #2021, d B8 SRS BB IF THSROE I SE BRI, i
TG A H A B IRAR R TT, Rl 206 I FADE AT 7T 5 4kIE tEb . H Rl
BTG SO 2 BOR BRI — POl il B 32 20 T A AR 0, R i SEBL s e 2 DL LDl
RS e F LGS A B T, de Oliveira 55 N R2REEIE S U E vt lioeiF, RS
SECEESEIL T PRR T A I, RIS SR R BT AR IR, R R AR 2R R Kk
VERBROEIR, BB IREEREIF RO T Nat Al Fe? W AL . Arafat 55 A3
KA S BTt R REFHLNDEIT A1 LED X/ A SOL 38 A1 A ST 1106
Vs WO R T E SRS, A6 R IIR HI T EDG R, G CRREBRGIFT 5O1E
KL T pH AN Zn> (E ST . Zhang S8 NRPORAT S RARATESNFC A ouft, SRR =E/EA
RN ET, W SAMTEDEIR, b RE T LGk B RERE L G TOL IG5
T RSO EE AL A S, SRR T B B RR A (APL) KRR . SR I e A AR I T d
WA ' e AR A S8 D' M ARG U S B A 5 ARSI R B BE FATLDOG A, (HIEAFAE M RAR S AR
K GHBONEREA L, IR — RIS 5k BB S0 PR 0 2 s B Re FHLG S
AL A E R L.



1.2 MAHE

W1 VR 2 AR AR N S B A fi B 2 3 AR K SB35 » A% 4 (10 A A AL A 2 9 LA
PRl 38 V) 75 B R e 8 SEEL B A (0 A e I e A A W AT A TN o 6 N ARAT 5 (0 A2 AL
R0 VA PR e 368 A T ) 6 o BOE BRI R, R 1 AR I B IR R, R AR fi
JREA R B 2 —, PR A R R A B 52 3 T BRI SR s B2 25Kk B 115 Y /K B
RAEN B R 2 G ORI, 45 NRIERERR 1 BRI B, PRI 7 5 R el
AR A b EER o ARSI I T T G (8 BE T-HLE 385 XA AU A DI AR R 6 DR (58 e st E
AR, EIBLEN AT D e IS5 U A AR N A E

2 BIFTREHH

BA VB IF 5 T s e TR s P 5 S 3 P S B A A AR A 88 o TR LA AR T
SR /N LED JTVEROGUR, 378 59 0K A3 BB AG FORE Sk A SO et Sy
oL, T B TR (T A A BT, TR T RS R R ),
5 I e U IR 0 e 550 4 BEOE M SR T b, O R P45 52 4R T T 5K H
Bk, AN, VR E B DU MO R SEORTRIE,  TC R S S T AT 1 L
BT ZBFHOCEA, SRR EINT R, AR 7B, oG o P ml sk
0.140 nm/pixel; 52 J it % fE FHLEE G R4 1 I GO T 3% 38 AWt B A 5 e i
FESEHLE BRI . AEAX AR PSR T, SRR EACHT 3D T BN G5 R KA ol A U S e M D
WEREE IR, 55 8T LA B (088, AR RRE B AR 1 3R A A AR . s
ROB Al Rh110 (90 5 52 S Wb F B0 2 48 4% 26 M TR ' J35 15 9 698 3 07 T LA BLAF
VERE, IR D i W B R T I I R ST T AR R 1 R R, R PR RE A E 1
mg/L; ZBT R GAEBUN, OARRE, S, @ EmR, e g, AR
SRR B, A AR AR R A IS S SR A B R, B BRI
FIRIR & RiT 5t -
3 I RFEN
3.1 Bt R

ARSCHR T R BT SR R O P AR 5 R B AT A U P B T e LB (4 U
ARG, %A R 3D FT ET AR S5 HH B A IR R e B B AT S PR o BN K 5 5
L2 PG HERS 5 BRI, L S 6 R 08 T TR ORI, 11 T 16 K B 05 T 9Ok



ORI, 5 KRR BE ARG T RO ORI, 325 986 £ S A M ORI o S I 2T I T
£ O B S O AL RE B SR EF- 5 M SR IO S &, TRAEE IR, A/ MR IR, 72
AR A I B ) R ISR T T S5 M () S5« 0 5 5 R LR R SR AR 1 Wil P 1%
IS (KT A5l 3 3 B AR U
3.2 WithE

YA /NI LED ATV AR, 25 568 B AT ' 6 00 Bl R S AR I B B, T S 5ok
MHE N BT, HIEAT T X2 i A SOGB4, A5 I 0A 21 B 2R - B e FALI CMOS
B R T MR, B 5T YRRV FEE AT 23 6 A4 0 PR 38, 5 3R 3 (A

SEPLGERT I K Android studio 4’5 APP N2 SEIL G IE(S 5 AL FAI BoR .
3.3 SLIGIGUF TR
3.3.1 W5 A &

I 2iZ Rhodamine B (RhB) JH3E B4 T (1 ED, Ho't4 Rhodamine 110 (Rh110)
WS 5k, WK 100 mg/L HONEASER EhAs AU SE BT T, &8 36-38%[1) 43 Hral
AR (HCD 63K [ 2545 8, 288 T /K0 i st = (el AT 4 . =R &1
T, ¥ 0.01 g i) RhB A ARVEMEAE 20 mL 12 51K, SERLiee iR S S HE8 51 5 4321 0.5
g/L ) RhB BFR, FREBHRAS R E /358 0.5 mg/L. 1 mg/L. 2mg/L. 3mg/L. 4 mg/L-.
5 mg/L 1 6 mg/L ] RhB FRii 4% F . % 0.002 g ) Rh110 ¥y A B MAAE 20mL ()25 577K,
I IR VR ) B B PEE 2) SR A3 5 0.1 /L B9 Rh110 BRI, 58 5 BB BEAR BI040 50K 1
mg/L. 2mg/L. 3mg/L. 5mgL. 10 mg/L. 20 mg/L [ Rh110 FREH & FH . ¥ 3600 puL i E
N 0.1g/L 1 Rh110 B} 5 200 uL HC1 8415 21504 BR LA 7, 38 I 400 uL £ 85 -F7K
AR E 535149 10 mg/L. 20 mg/L 30 mg/L. 40 mg/L. 50 mg/L. 60 mg/L [ VHYER &b i
133 4 mL AS[F1REE AR SR AR A, HREE4r 708 1 mg/L. 2 mg/L. 3 mg/L. 4 mg/L.
5mg/L. 6 mg/L.

3.3.2 Jeefum T ik

BRI T I ET A I TR 7E SR YOI T T O B EL 8 o 1 P HH e 1 2
S E LU T R0, S BOGTE M SR T L fR BRI AR AR AR, B 2R A 3R 1 4
HEZR o N TS TGRS I 5] MRS FE SR Mt b 15 25 R 00 20 2R, X' 28 g [H0 16 7 26 AT
etk AR H EE . 50 FGETUIE DK e 2T v T V) 22 FUE A 5, SR P RIS 3 AT (¥ o B



SR S 10 B AL S F s T B AR 0 PO A0 B, 0 24 )49 LA AR T i T A0 £ 6 2,
520nm /N SARBOGERAE 9 GIE, LG LR (10 2 B H OGS DU KF OGS0 IR 147 40 4
DL 5 f5 HE 1 o T A o

3.3.3 kAL

JCBR S ZE R DG IR, ARG TE A SREE . R e Bk AR, XLk
ST AT v i 5 MBS 18 BE G 2F 5 Mt S T A S A AR e AR5 Sk 5 0l
SRS, N T RESIRAS IR AT R, 7 ZEXDEE S HOET I R A L 2 .
M3 TG AT 5 Ml s S T T F S AT B T ER S B SRR AN ] 18] B ' 1 P45 5 0 ]
BT LA 0 A, SR EIE A SEDDE LT 5 IS M B BE X G g SeBLARAL ;R OL AR S
IS5 S5 T PR A7 BB AT TR BSAN ] (405 A1, S0 B AN IR S S 6 P8 o P AT LR 0 A
PG GG EE 5 M S S T S A S A o it 1 795 8 B ML IR A7 B SO 38k 5o
Sl T SR A AR B KRR B AR BE (0 H 1, AN TR0 55 A1 R SR 6 I8 ot PR AT LE AN 20 #
WG MR IR A E SEBLAL

3.3.4 BEAF it R fEHE R A AR A 4 22

mE 1 (A For, o TARE AR A 3D SRR, Bt 1 X062
¥, G BAPIROGEE, 70 002 F TR IR 't B2 B B 2 35 55 D't AN T T A ¢ O i 1)
EOGHE, Horh DGR RS SO RO T H0, 3R E G wR R A HERf 1%, XA
LA I ARE SO R BP0, HAEDIHA R X 7o/ oo, R R4 AN R
For IV o e AN R e BURI OO GIRBI AT o JGIRCR I AUE D08 3W /N LED 1T, J6erE
AR TT, 3 MIAEPIAN DGR A GET A 1 B SR ARE B, A B B i SR AR IR THE 506
SREE, AR TGS S RIAI . SR S AT E S BT, 15 SO e L it
5] RS C MR T B BAS RI R B AT S 638, 205008 0 B AT S 6 g AN 1 AT ioti, o B
AT AR A IR m iR, ER 00wl TP A HE, PR A IR 1
AT el ARG HRIBAR, (F6A 8, X 1 AT 96 D wlk Ry ar I e % A 280 s A AL A4
o3 HER, PR 1 il BUR AT R M e 815 213 5 T X/ OGS 5 AN, HiTix
A T EETOHE T 5B AR REAT AN, G EE VT BRI AN, BRI 2T H it 1 G 75 4
I BLE R 2 R  TotE, BORREE AL 7GR, FRAR T Bt MEBEAIHIVE A . EIRCR &R
JefF i AEFHL (Nubia Z17mini) ff) CMOS f&i&2%, Hul B GkMERE K 1600 /5, H
A RIFHIASAERE . BEAh, SRR SR SGUR AN GBS IR RE S A AR e 5 8 Az Aot 21 Dl



' B AR Y 45 4 S SR 3D AT BN R, AR KRR FE AR T AR A AR o e 208 P B
S5ERET I G R — R E B2 RE T I A A Sey it I 5 i a1 (B-CO
B

T~ REHGAR b, BRI

Bl1 EEREREIHESER; (A) BiagHl; (B) EEAE; (C) EMMRE
3.3.5 UG AL PR K 3t

N TSP RE A, AT AR, SRA Android studio #1445 EUG AL LR 7 RIFHL
APP, X E R TR SRR G B R BEAT T AN AL B e 5 15 21 W WS e 0 R ' JRE R A S e
MITOCIREE . T 5E, XTRAGHIOE RS B REAT A R A . SE R RIS, tH5RD6E
KGO B MR R KA, T IR AR s B A . PSR R L B o
AARER, ARIR RN B SR FEAAE N ARAR, R ZOEIE 2, i SRR - KX
TR ZRBEAT B 58 2 ) HE BG4 B MR SO (R WROE B AT A S e P 9 S 9 o eSO i 5
PN 6L 7 A AN 2D BRAEAT AL B A REE A B, RO S RIAS Il 2 35S, =
(Ss—Sg)/(Sr—Se) LM, HAFSNE Tt SNt Se NS H il WOt . K
e Se A I A 1 A Sg = Sg — Spk LAY, Il BB AL W A3 BRSO T 5 R ST .



BAFRE b IE 2 (A o, EFEEZ S O E MOl ot A Thig, ik 2
(B) fizns s il b 15 LA SR E F I, BB BB R “brE”s “frArA
B ANBRRE B DA THRELL AR, s ol A8 P A AT AT HURH A b e 3 Pl P, N B 52 1
AN, mdi RO E R, WK 2 (O fis: RAEMDEHER S| =5k LRI AT
kbR B R SRR E . AR E BRI 2 (D) B, AR RUE ER - B A it 2
K2 (B fows sl BN 58 b Ja ml i 3 i i <o il 7 s gt N e fr i, &
BT RE AT IR oA A AN AL, Wl 2 (F) B s A e sy o ARl 5e
JRASIN, R DA BUAR R (1 B AR R DL R, T BAR I, Wl 2 (G Pk
SERAE NG, AT T R LRI AT HE G ORI, RS B RN txt S, (8T
JRERRIEARALEE, W 2 (H) Fios.

g%%mzm&gg

FEEITE

AR AL (nm) 525.17

mEEs

12000

900.0 EHRAX S . txt K
L
3000 ®RE

00
41379 467.12 520.45 573.77 627.10 680.4%

R[E

588.09 nm 1680.75
«

S

A\

B2 %H@EFAE; (A KEER; B) £F@E; (O HRESRE; (D) FEXKE; (BE) Hl&#hsk; (F) 2

-

iR

HAME; (G) ®MER; (H) FHAM
3.4 ZR5R
3.4.1 62 v AR AL
6T g AT 5 G 2 H A A AR R, el B I 23 B B e 1 o6k R



TEARFN T3 HE32, DR St £ s T 60 ) DA A2 AR EE 210 o SR F T IS AR AT DG 2T BF B LS D41
i TV AR AT RIF S, R4S 0 T A 490 9 35°, 45°, 60°, 70°, 85°MIJG4F, i#E#HE 520 nm I
Ot JE I T BT HEU AR 3 3 L HD S UK OB E . &l 3 (A-E), MIEH
HOCTEOKE , Wi 3500, JERIREMRAR, HRE> KA, SBCRSHEIFAY
s 45°RF, JGHITAR MRS, A G LI B EG 6001, JarTEAAR N — A EI R
ARG, 7B 50 HRCE DGR EG 7500, SGRITARIE R, (25 60°H) Hi a1 i b 5
Bl 85°m, JuRARARR B . i S e AR W R M AL, BB DG £ g A
WK, WA B I, eI AR IR T R ARG A8 Sy 5, 336 & K]y T 4 (0 28 4k 2
SUEG S AT R A AR, RIEE A iR ARX = 7T IR, Hid
RFCFNTRIOHTI R, BN TITH 2, SAGAER TR R AR, SRR
I 22 R AR A R o JEEF AR NI, ARBTG5 2 5ok
AT I A, B FENH R A, S MU AR, J2F it e s v
KA T TC RS N A, TR I DGR 55 FH G AT AR I s B DG 2T A 1 38 RN SfE
FURN, EZEEREE RSN, JERIUHEBELIR: A 4R SR, NG
JEAZAN, A8 AN, S RDEE e, HOURIRIT iR &R T . Wl 3 (F-1) Fios,
MRS G BR , BEFE PR RN, SeR ST AR B sORIZ R, B S 5
VI IN, X H T A RGNS 5 R I A, TR TN A, AR T
I M 2 FECREIC AT M %, @A s OL: BEE B IR, NS b
WK, BEZRGRE WA IR E B4R B TR ORNE IR, N T RIS S
JCR ST HU RS AE G 0 S T B, BEANRELE e TR R RURDE , A RELE G T2 i S B
FeIAR, IR EAA 60U I WA M6 A VE AR i 2 48 @ AR AR AR B IE 1

B3 ARENASEMANERLER; (A) 35°; (B) 45°; (C) 60°; (D) 75°; (E) 85°; AE



SEFBEMARKTERLER; (F) 35°; (G) 45°; (H) 60°; (I) 75°; (J) 85°
3.4.2 Y HIt AL

He AL 2 O RS M Rt 23 7= A BRI RS L, 32 B S e 65 6 3% R AR
SRR R SE R, ARAE PSRRI S B AR AF I I SObM RS I EESS L, HeLF 50k
S SRF TET £ e A 080 8 g T-HL S 0 B T AR Ay, il 4 (A) Fos. SGEF S50l
S T VW 2 0] Dl 0 i B RTAR ™ A — SE s, sl 4 (B) Fis, TELRIEIGEF 5 Mt i St
T PR 3 7 00 A1 S S T 41148 92 Ay 23 09 0°FN-1 50 AR (I [RT AN, 56 2115 0/ Ml S S T 1 B2 A
FEBELABHI A, FHESHN 10 mm, 8§ mm, 6mm, 4mm, 2mm 1 0mm, nfCARBIE
HE H, BEEEEERE N, etk BRI K, FR TR R, (G 5 s
AR, AR TR, I A& IR EE, 6 mm AR B G 2R
YRR, T ELRENS CRUE SR G SR R0 8 o DGR 55 M S T £ 5 A 0 Dl 1 e B2 A
SRk SRR AR, W 4 (O s, TELRUEYGCAT S0M s A T e B L ATFHLS &
ISR I Ay 3590 6 mm FH-15° AR (¥ [FJ I, 62755 Ml S 18T 7 9% £ DA T A 8 484
JEHO53 A A-10°, -5°, 0°, 5°, 10°F120°, AT LAMR B S 0042 S BEE Je A i3, ikt o
PR, AR TR T SRS (HBERE M RGN, 7E 1 i S5l 2 TR
S, [T IE S I 0 B, O Btk s R i v 2% B 51 AT I T BB R R B A . R
BEZ AN, 1 e LG AR T 2%, XRGHER se BV AR AR R SE IR, A T RERSAE IR
UIE G B 1) 5 B M 1) [ B eI B S OB, PR — A IE MR AR EE, 0°feLF 50k
A5 S5 T S 0 E A RO 10 56 88 0 R e DR IE SR Ol B — 7 1A 2 8 2 I s« Ol
S T (D 40432 1y S Ol i B LR RN e B A — s s, Wil 4 (D) iR, TEARIE
JCLF 5 S S T B S L ADGEF 55 M SR TR 9 #5643 3508 6 mm A1 0° AR [ [,
AETFHLERAR K5 Y6 M S T 1 346 ffgy e R A MK, 9 #3200, -15°, -10°, -5°,
00N 5°, Bl Je A HBEhn, S A s B A LI S AR 4K, (L 1 B ok, Rt
0 etk BRI PE— AN I8 A SR A 2 AR B, -15° (5 S AR AE RAIE 6 RS (1) SE B M
HIGE MR B 5RO 5 RS 3k = Fh R e EUR e m, K2R 5%
SRS THT R )26 SE 9 6 mm, G 2F S50 M T R 8 D 00, et i S T 5 8 B T LB K
FRY I A 7E - 150 R AR )01 AR B R 8 BRUAS R (R R B8R



E4 FESHLEEGHEMW; (A) XBEQREE; (B) XARESEMAIERS; (C) X5t
REEMRA; (D) FRNKERE

3.4.3 61k brE

T BRI E S AR KB K, FR AT AR T, SRR GRS 460
nm. 525 nm 1 555 nm {/N LED STEAFRE G, JeeHeil UE RHERIACES, XMk
ROSCHEAT et b e Fikc e . 58, RAE RETFHLREOLIEEIE, Jfilid Android studio %
S APP THELH LED JTHO6HE,  FERAGEF 600 LED T AR S 61 BEAT AT I, K2R
PRI S AR R WAL 5 6 276 AN 5 R A I A0S I8, KA Ak, R AR
YPABIRLH BB RSRENXARE, WE S Fix, Wil anr g 8Lkl 4 bk
y=7.12602x-2947.70707, L&A R EEIE 0.99559, REMSRIBIMERERESHRKAAR
TR TE R R, RERS I E K TG A 420-690 nm KOG, RAEANR S= / iHHAERKIS
e, o ORBKERL,  NBERTEHE, sl S ARI2IAF] 0.140 nm/pixel, 5K
FHER O H A AT =i



2000
1800
1600
1400

_ 1200

£ 1000/

& 800

600
400
200

¥=7.12602x-2947.70707
R’=0.99559

420450480510540570 600 630 660 690
Wavelength (nm)

B 5 StiERfREsiamsk
3.4.4RhB I Rh110 W' 5 5% 't o B i il

RhB 1 Rh110 BA REFIGIRISCIAOGIERE, W] T 40 e oM AR, - ERT e Ae:
RhB 1 Rh110 W't B FH % 't 5t B2 B 0% 46 1 AE Ao ksn i SCksr U VR O B2 5 2 D it FE R PR R, 20l
B Bk JE 234 0.5 mg/L, 1 mg/L, 2mg/L, 3mg/L. 4mg/L. 5mgL 1 6 mg/L £ RhB 7K
W, WS BN 1 mg/Ly 2 mg/Ly 3 mg/L. 5mg/L. 10 mg/L A1 20 mg/L [¥] Rh110 /K& -
RhB KR OEEE G 6 (AD Fios, WO NSO, BEE KRR, EE00EHR
MBI R, RUNZBEBADEH 76 &MU 7 Rh110 MROLIE BEGwE 6 (B) Fix, i
WO i, BEEIREERITIN, WEOGEHARR BR MK, RUNZB B 58 2RI AFE
W RhB M IBOBIE R 7 (A) Bizn, RhB PRI K A 555 nm, 5 SLhrMfF: ok
FEEWERRZIE 7 (C) s, BEHEKERIGIN, RhB AWRISCR EEZHE N, AR
Rh110 MMROEIEE 7 (B) Fizx, Rh110 MMRISIER KN 497 nm, 5 5CPrmi ;. WOFE
HRERRRWME 7 (D) FiR, fE1-10 mg/L RGN, BEAEWRE RN, Rhl110 %
JGEEEETI NN, AALER LR F] 20 mg/L I NS ST P2, AT RE IR SR R 2 B O 1 IREE TR T
KEMNZ K, ZRENTE N2 FEON 497nm St R AR ) SR scs NI, Bmos
FEH LT FEAIC

RhB KRS G I 6 (C) Fos, KEHDEE, BEAKRERI, #Erots
PRk, RUIRIHEIEAEIZ S5 Rh110 FRFHEIEEGWE 6 (D) Fix, K4k
NEG, BEAR WK, SO RO BN, RYIRSHOCIEEZ DG, ARKE
RhB HJR SO WIE 7 (E) Fizn, RhB BIARSIER Ay 585 nm, SSEBRfF: KINHRES
IRERIRRZE 7 (G) Frox, BE4G RhB ik EERIHE N, At i om B2 32 o . AR Rh110
R SHEIEIE 7 (F) s, Rh110 RIS IERN 523 nm; A5 925K I8 R &
7 (W) 7R, £ 1-10mg/L WKFEJEHEIA, BEAE Rh110 RFERIGIN, g s BHZ W n, 2



IRFEIE R 20 mg/L I, A SFIESREE BT R, BRI RG24 T KENZ RIK, 2RIELHF
iR Rh110 I 2O 5m e, PRI A S e o 2 Y L 17 Bk o SEEBRHIE 28 A AG T ASCAE MR AT B
AR S e VA I 75 T EL AT R A B R 5 B 8 A 0 2 WO PR AR A B U 8 2 S B RhB AT Rh110

(o BRI, AW PRy A e85 IA E) 0.5 mg/L A1 1 mg/L, HAT R4 IR IERE .

E5 StitEi%; (A) RhBIRY:; (B) Rhi110 BYL; (C) RhB %£5); (D) Rh110 &5t



>
>~

§ 1.0 E 1.0
Sos8 = 0.8
g £
§o6 £ 0.6
S
i Jf — 6men. 2
— 5§ mg/L c
§o4 — § 0.4
a — 3Img/L 4
c 0.24 2 mg/L % 0.2
B —— 1 mg/L g
< 0.0 = < 0.0
500 520 540 560 580 600 620 440 460 480 500 520 540 560
Wavelength (nm) Wavelength (nm)
§ 1.0 R 5 1.0
E 0.8 E 0.8
[} ©
E £
G 0.6 6 0.6
2 2
S04 S04
- -
2 2
§ 0.2 § 0.2
< <
0.0+ 2.0t ——+——r———————
0 1 2 3 4 5 6 0 2 4 6 8 10 12 14 16 18 20
Concentration (mg/L) Concentration (mg/L)
1800
1600 | — ity
~ 14004 — o,
3 1200+ 4mg/L
= 5 mg/L
< 1000 — —
800 / "
£ 600, : .
= 400 / N
200{ e
o 0 —————
560 570 580 590 600 610 620 630 490 500 510 520 530 540 550 560 570
Wavelength (nm) Wavelength (nm)
1800 2000
1600+ / 1800+ 5
— 1400+ — — 1600+
> >
< 1200 < 1400
21000 2 1200
2 2
g 800 8 1000+
£ 600/ = 800
400+ 600
20— 400+
0 1 2 3 4 5 6 0 2 4 6 8 10 12 14 16 18 20
Concentration (mg/L) Concentration (mg/L)

7 RhB 1 Rh110 B9 &5); (A) RhB RY; (B) Rh110 BRdk; (C) RnB Wah%k; (D) Rh110
WWdhge; (E) RhB &5f; (F) Rh110 £5f; (G) RhB &51#1%k; (H) Rh110 Z&tehsk
3.4.5 VRS ER Th RGBT A N
VRS R Th8 & A7 T I & S el E PR RGE T, 25| RIEENEER R, & AR EH
RERE KRB 2 —, RIS RS IR £k A I 52 2] 7 B KR53 . BT Rh110 78 R 2644
N2 5 RSER £h s B 51 S 5 Ye A K20, [l L BE % 1 i A Rh110 R IR ' B AR ¢ it it i S B



RS ER 2R 10 € A I . Rh110 3R JE N 10 mg/L B W ' 8 RN 5 ' 55k 5 e ik, KT A ARG W
Rh110 F¥EERCE Y 10 mg/Lo AR RE VA R LA ot VR RO s 1 8 (AD Jios, T
IS IR ER IR FEI S RN 8 (C) Fiam, 7E 0-5 mg/L WREESEEI N, BEAE AN SR JZ
T, Rh110 MR USCIE AR O B2 A B0 1 W B R %, T AE 5-6 mg/L MR EEYO Y, Wi
g 5 W Y FE VA tH LB A8 A, X 2 B T K& Rh110 7375 WA BR AR B 1 7840 BE,
SRS AR ) Rh110 3 FAR />, B R ' BE AR (% HAR AN S o A [ 4 2 S A R R A%
W SHEEIE 8 (B) iR, KATIESRE S WRNERHIRERCRWE 8 (D) fin, fE
0-5 mg/L [RI9 BE 0 Bl Py, 2 S e o 3 I 55 ST <o A 58 (Y 386 0 T o WA S22 R B8, T 7E 5-6
mg/L (IR BEVE A, RS0 SR AL BN, B BT Rh110 55 RSB AR B 7 78 43 [
RERE K 26 ) Rh110 73 7808 RME T R, Rt 5 s BEARMR B A BRI &2k .
T W' FEE R ¢ s i FEE PRSI W 2 A A A DS RAT S B I A 1R 56 7 Al ) B g, EL ARG I PR
REEIEE] 1 mg/L, REMEAESLPRANE SR H

1800
§ 1.0 1600 ot
Eosl — 1400 — el
E ’ 3 12001 4myL
< —— 5m
£ 0.6 < 1000 A
=z 0 mg/L = Vi
£ 0.4 —{ gl 2 8001 [/
£ - 2mg/L L 600
(=% = 3 mg/L £ &
s 0.2 4mg/L 400 ‘.\
a — SmgL
- = 201 3
440 460 480 500 520 540 560 490 500 510 520 530 540 550 560 570
C Wavelength (nm) D Wavelength (nm)
1800
_E 1.0 . 1600
8 03l __ 14001
= S 1200
E 0.6 < 1000
2 Z 8001
. v
.E 0.4 }1:_-2 600 ]
§' 0.2 £ 400/
E 2004
< 0.0 04 ——a
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Concentration (mg/L) Concentration (mg/L)

B8 WHBMHEARAMRERLS; (A) W (B) %55 (C) Wikehsk; (D) &K%k

2% R
[1] Botewad S N, Pahurkar V G, Muley G G, et al. PANI-ZnO Cladding-Modified Optical Fiber

Biosensor for Urea Sensing Based on Evanescent Wave Absorption[J]. Frontiers in Materials,



2020, 7.

[2] Van Nguyen C, Matsagar B M, Ahamad T, et al. Unraveling the highly selective nature of
silver-based metal—organic complexes for the detection of metal ions: the synergistic effect of
dicarboxylic acid linkers[J]. Journal of Materials Chemistry C, 2020, 8 (15) : 5051-5057.

[3] LiS,LiY,LiuX, et al. An In-Situ Electroplating Fabricated Fabry-Perot Interferometric
Sensor and Its Temperature Sensing Characteristics[J]. Coatings, 2020, 10 (12) .

[4] Tzeng Y.Lin BY. Silver SERS Adenine Sensors with a Very Low Detection Limit[J].
Biosensors (Basel) , 2020, 10 (5) .

[5] LuY, LiH, Qian X, et al. Beta-cyclodextrin based reflective fiber-optic SPR sensor for
highly-sensitive detection of cholesterol concentration[J]. Optical Fiber Technology, 2020,
56.

[6] Wang L-J, Chang Y-C, Ge X, et al. Smartphone Optosensing Platform Using a DVD Grating
to Detect Neurotoxins[J]. ACS Sensors, 2016, 1 (4) :366-373.

[7] Wang, Liu X, Chen P, et al. Smartphone spectrometer for colorimetric biosensing[J].
Analyst, 2016, 141 (11) :3233-8.

[8] Ozdemir G K, Bayram A, Kili¢ V, et al. Smartphone-based detection of dyes in water for
environmental sustainability[J]. Analytical Methods, 2017,9 (4) :579-585.

[9] Ding H, Chen C, Qi S, et al. Smartphone-based spectrometer with high spectral accuracy for
mHealth application[J]. Sensors and Actuators A: Physical, 2018, 274: 94-100.

[10] Wang J, Sailor M J.Chang B Y. Fabrication of a Lateral Gradient Rugate in Porous Silicon for
a Miniature Spectrometer Application[J]. ChemElectroChem, 2019, 6 (24) : 5967-5972.

[11] Chuang E'Y, Lin PY, Wang P F, et al. Label-Free, Smartphone-Based, and Sensitive
Nano-Structural Liquid Crystal Aligned by Ceramic Silicon Compound-Constructed
DMOAP-Based Biosensor for the Detection of Urine Albumin[J]. Int J Nanomedicine, 2021,
16: 763-773.

[12] Bi Z, Zhang Y, Zhang S, et al. A Handheld Miniature Ultraviolet LED Fluorescence
Detection Spectrometer[J]. Journal of Applied Spectroscopy, 2019, 86 (3) :538-541.

[13] Mai H H.Le T T. Testing edible oil authenticity by using smartphone based spectrometer[J].
Computer Optics, 2020, 44 (2) : 189-194.

[14] Edwards P, Zhang C, Zhang B, et al. Smartphone based optical spectrometer for diffusive



reflectance spectroscopic measurement of hemoglobin[J]. Sci Rep, 2017, 7 (1) : 12224,

[15] Woodburn E V, Long K D, Cunningham B T, et al. Analysis of Paper-Based Colorimetric
Assays With a Smartphone Spectrometer[J]. IEEE Sens J, 2019, 19 (2) :508-514.

[16] Chen C, Ding H, Yue Y, et al. The Self-Assembly Composite Photonic Crystal: Toward Easy
Humidity Detection by a Smartphone[J]. IEEE Photonics Technology Letters, 2020, 32 (23):
1469-1472.

[17] Jodo A F, Squissato A L, Fernandes G M, et al. Iron (III) determination in bioethanol fuel
using a smartphone-based device[J]. Microchemical Journal, 2019, 146: 1134-1139.

[18] Bremer K.Roth B. Fibre optic surface plasmon resonance sensor system designed for
smartphones[J]. Opt Express, 2015, 23 (13) :17179-84.

[19] Lo S-C, Lin E-H, Lee K-L, et al. A Concave Blazed-Grating-Based Smartphone Spectrometer
for Multichannel Sensing[J]. IEEE Sensors Journal, 2019, 19 (23) : 11134-11141.

[20] Mu T, Wang S, Li T, et al. Detection of Pesticide Residues Using Nano-SERS Chip and a
Smartphone-Based Raman Sensor[J]. IEEE Journal of Selected Topics in Quantum
Electronics, 2019, 25 (2) : 1-6.

[21] Zeng F, Mou T, Zhang C, et al. Paper-based SERS analysis with smartphones as Raman
spectral analyzers[J]. Analyst, 2018, 144 (1) : 137-142.

[22] De Oliveira H J S, De Almeida P L, Sampaio B A, et al. A handheld smartphone-controlled
spectrophotometer based on hue to wavelength conversion for molecular absorption and
emission measurements[J]. Sensors and Actuators B: Chemical, 2017, 238: 1084-1091.

[23] Arafat Hossain M, Canning J, Ast S, et al. Combined "dual" absorption and fluorescence
smartphone spectrometers[J]. Opt Lett, 2015,40 (8) : 1737-40.

[24] Zhang S, Lu Z, Li S, et al. Portable smartphone device-based multi-signal sensing system for
on-site and visual determination of alkaline phosphatase in human serum[J]. Mikrochim Acta,
2021, 188 (5) :157.

[25] Zhang X, Wang H, Fu N, et al. A fluorescence quenching method for the determination of
nitrite with rhodamine 110[J]. Spectrochimica Acta Part A-molecular and Biomolecular

Spectroscopy, 2003, 59 (8) :1667-1672.



	基于智能手机图像处理的便携式生化检测仪
	1 传感器设计背景和应用价值
	2 创新点与优势
	3 实现方案简介

