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Summary on digital image colorimetry on smartphone

FAN Ya-Jun, LI Jia-Wei, GUO Ya-Ping, XIE Lian-Wu®
(College of Sciences, Central South University of Forestry and Technol ogy, Changsha 410004, China)

ABSTRACT: Rapid detection of toxic and hazardous substances on-site and instant data sharing and feedback are
becoming more and more important to protect ecological environment and ensure food safety. With the popularity of
smartphones and the increasing advancement of their applications, the digital image colorimetriy (DIC) based on
smartphone has developed rapidly. This paper reviewed the basic principles of digital picture colorimetry, image
acquisition equipment and its sensor type, image color model, chromaticity processing software, application (APP)
for processing analysis data and data online sharing, and its wide researches utilization in such fields as food safety,
medical diagnosis, biopharmaceuticals, etc. and prospected the future development direction of DIC. It is believed
that with the continuous improvement of software and hardware of smartphone, the DIC analysis system will be
improved and widely used.
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Sy T L R AR EBORS W) KR B ) 25K, B IR R Ly
Mk (digital image colorimetriy, DIC) iz i A=, B J25d 1k
FHL. HIAL . BN SRS RER F, 40 AR
(application, APPY4 & R B Ffb b )E, BB o B
ARIBCEIN 20 73V B2 1) —Fh 73 BT T-Be o DIC HA 4R
BEYSER RS, ST EEAM, U E TR BETFAL
1) DIC, & Re THLE R AL FRRE 758, APP R A5, TE&AT
Flr #8A BE FTERE S RE TP BB AR BGR B it P A9
X AT RO AL 3, S e BB ) 2 SR A A fidie .
RETHL DIC HA ML m . BRI AR . 5 Je
mis, 2oL AT,

Hor B e Bk AL BRI R 1 FoR, 4 (1)
AR RETHLAB AR A R (2) e AR, i
BE AR O R (3) dlid APP AR S (R (B
BREH) 5 MR BE TRl ARG T 425 (4) A5 AR A o B ¥ B
FIESE g H, B RRE . B ECFEARIE R
WSRO KGR, B R B ZR 2, (HHAZ A
FAVHR A /N5 o

3 BRR&E

KAEE R e AR RE AL BUEARPL . 1L
BBk PRI A . B AN 2 S EUR R b RO T 22
B, R NR] — B R R THBR B iR 22 o SRR &
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SRR, SEROLTE S ST IR R &

1A% S 43 Sy 42 ik =X ] 18 % S 4% (contact image sensor,
CIS). FH #4201 (charge-coupled device, CCD). H.#b4:
J& AL 2 F K (complementary metal oxide semiconductor,
CMOS)3 3 Fii.
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Fig.l General steps for digital image colorimetry
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4.2 CMYK #&58!

RGB BRI JCIA G e BN R AE AR A Tk i 2Rk . o
e S, W S B S B R, BIUR A 25T
TR, WAREASEHE R G B SJEE, BAE
il F CMYK il (& 3), —Fidi iR ez, .. M,
Y. K435 (cyan) . ¥E4 (magenta), 7 {4 (yellow).
i (black)d Bl o, Fr A BRI PO 5 (0 4l s (o B
0%~100%, 7E DIC ", CMYK i ok S 43R B, 5
2 RGB ¥4, TSR 5 R Zs Ak, e A
Hep A AR N0

2346,(0,0,1)

#i£,(0,1,0)
£146(1,0,0)

&l 2 RGB EifaBis () A g

Fig.2 Representation coordinates of RGB color model
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Fig.3 Four primary colors of CMYK color model
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HSV B8 H k{537 (hue), S 1 H1EE (saturation), V
NSENE (value), HFR HSB HEHIM 2 70 Ak s Sy — >80
NEHIEE 4 (2)], MAEFRRN H, BUE 0~360°, HIFIE S
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FLSE TR, an PG A B AR {4 photoshop . 4R BRI
A, B FECE EUR s AR 2125w,
HSV Al TG BBRL, Joukil i 5062k | ShiRAiSe s
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Fig.4 HSV Color model; HSL Color model
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Fig.5 Chromaticity diagram of CIE-XYZ
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Fig.6 Representation coordinates of the L"a’b color model
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52 HHERBEE

EIG S # A A5 3 A2 O (6] 32 8 X dl i) R, T A
TEFRIBC R T A UG 3 R 8 22 . MR IE S G
PR bR b v B A, 43 A R AR A 3 1 [
BRGEHHRHAEN, MRS . R4, AR B
ZBEAFAERY, R . SO JEIRAE . RRIEAR
BUZ AL R N A F B2 Saif 2520040 A AE 4R H
B P (moment-based feature extraction algorithm, MFEA)#2

BTG ML BRI 738 Sh iy i s g i, 55 At i
FHEL, RrNES S A TR R A =
53 BEgSEEE

BG4 0 W oy R A P IR B R —
MR, ART AR ENR, &R T ISR ik 4
PO B EHRSR R IR R AR, BUR A2 030: 58 UG UG
TEBEBUR I HER 5325 EUR AR AS S B ) — 21, 4%
FBIE I R R AR TS 8 IR o3 2588 S8
MEHL. BEPLERAR . M ML 5, Cao SF4HR M T —Fhit
T 38 B RHEA R A G o SRk, SR RS 6
PR SFAS I RRAE HE AT B S N A A AR BRI AUE AL A, SR)E R
JH S #7101 & Hl(support vector machine, SVM)Z32 25475
TNk, B EUR B RSB 8Sn, Jr 2S i 5658 1
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PGP 0 A T B 120 AR e =20 270 ]
LR T A A PP G T R . Kasar 2R i 45
R ILT N T2 W) 2% (artificial neural network, ANN)ZE 7 (1
AR PR T 6 N PG Ak 3R ) S5 b 9 1 5
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SR, UEBS A5 /BP 28 N 25 38 % A I S TR
Filt (LT AL 40 FRRFAE [ 1 (17 35 3 535 90%.
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B BN G, DMERI T E 5 S5
Yy e Z ] (A DG o W I R Ar AT 8RR Adobe
Photoshop CC , Pantone Studio , 25l 4,31 | Image J . Color
pilot &,

Adobe Photoshop CC J& Adobe /A F)JF & 1) —#idE
FZRZGE A, FPEEE G RN R, G B1A;
Pantone Studio & Pantone 23 A FF & i —3K i0S M A, ¥4
BT — TR, BT LAy b PR B AL B R B e,
TARTF X I 2B R DGR B B (2312 Apple 2
AIJF AR B —3K macOS R, EREM B8 RGB.sRGB.
Adobe RGB, L"a"b" % (5570, £ 8 Slbr B ] AR B FL AR5
ST e EAE A BB E(E; Image J 2 58 5] [ 500 H
SRS T & ) — T Java 1B 5 MEZF6 B F 3k
P, ZIAEN B 2R, BRI 8 7. 16 i, 32
5 ZFg 2K A, Color pilot &&—3X Windows i Y £
R EEBIER Y, ©r 4 IER AR R 622 FmT 2 U &
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B R, G, BAE, F#E T EAS IR A AR A= Sl i
HRE AR,

7 BURALE AN APP

FIA ik R SO AR R BCR RE T HLAA 4% A 1
o BE AR, T 0 €0 13 A o 3 R H0 5 0 AT 00 T T R G
T ARMERN LR . EBLIEAY b, SRR R S TR T I E T
HL S B E EL i A 25 R 25 2L 2 0 APP, R ATk £
B R s i S B Bz pes A i B
71 BESRERERLMN

TE—E WS N, A Ay iR ARSI S A& v
KFR, AT ARIERZR R B AT AR FIRE AT 43 M o Nitinaivinij
FEE A R EYORE S 10, KRB A, KB R G
FEES H,0, 7E 10 ~ 80 umol/L JE I & RIFERMEL R,
MR (limit of detection, LOD)} 6.19 umol/L, Z5352E03%}
XHER R @R, FIF RGB. L'a'b . YCbCr 25 A [H] (1
BRI EMR AT I BEA, TR )RR R HA s S MR 1
MEFE TR, S5 RERW, Cr AT arid 224 B i R
MRS, PLAEE T ax st WP AR, IRIL A0
T AT DA BN S BRI ) = o B0 R R T SR S A, A
HAMBFSETPRE T 380580 . Peng SFBURIHFHL, HFA
[i] RGB B iBIstiE Fe* VIERI X R, [(Ixl ool
PRELCH XU E R, G, B, IKUEFEANAR R, G, Bl
I EAE, i IO ZS AV R, G Bl I8 1 (0% (8) 5k
JE LR PEAR R RBOE R, MBS R 58, LOD Wik, Krias
A 0 35 50 AR A e T A e 5 R D R R I R e,
FUHTFHLUEIESRBUE A R, G, B Em 143 H X I (18 e
18, FEhi AT R, BT3RS R e A

7.2 N5 APP

PRSI A 5] H AR 0 FAL APP, T SEBURE 5L P 1
T e B AE T B B S B % i . 2019 4, Son 255
BT —Fh A YRR AT & —3FHL APP, il ad iR
48 b A TR 4% 8 1 (nuclear protein, NP)HI NP HT{AAH
HAER, TE& R R pHINLREEEAATE T Sos il B4
it As Ak, fi FH APP 3AEHRLE F R B T A 2 5 A pHINI
R BEAFAE, 120 B F e oA s 2 1 B URS B s 4R 41 T
KRR . Fu PR TIF R H IR Z /AR
YR —3KFHL APP, il APP 43#T 8 0 HEREL Y RGB
AT SO, e, MO 23F (U, (HFE 2R & SO,
TR . — B, BOEE R R RETF ALK A3 HT APP i
LA IS (1) B (03 - B LR MERRL; (2)BE 5L A4
W HE Q)T BdstiE S b AL, (BN sh& P, 5
A5 iR 55 dn B, 64T A shsh &4 #r .
73 SHBEMEHLZ

HERW . TR RER PR A R, A DR A I 45
HE SR T EEATE . S RETFILE A ek
A5 B b BT A% 17 6 0 45 IR 55 3, A7 L
A . Y. WS IR, ARSI B P I A 5 I
R A R BT

8 BFERLLEZENAMR

BTG TR T B A Hea b ikod T Bl e
K, BEERZAE. AW . B2 A 20
FABEE S0 EEXT 4R Es 7. AR K2R EY
O3 F R BRESE MR, AT — S5 BETF-HL DIC ) APP JF &
HREE D,

x1 BEFHNHRFERLEENRZM]

Table 1 Application examples of the digital image colorimetry on smartphone

VKR DRG] RN LOD/R & AHXF IR 22/% APP E =B
Fe** RGB 0.3~7.0 mg/L 0.16 mg/L —* Color Grab [34]
pHINI La'b’ <10* TCID,, — — Virus Detection [35]
FH RGB 0~25 mg/L 0.46-0.78 mg/L <42 H ¥ APP [38]
HEA — — 5-10 pg/mL — Albumin Tester [39]
IR RGB/JKJE OD 0.28-0.40 — — Barcode Scanner [40]
ERo NNz RGB/HSV 0.0024~0.5000 mg/mL — — H & APP [41]
Cl RGB 0.06~2.00 ppm — — ClApp [42]
FOKAREE M RGB — 0.08~0.18 pg/kg <27 SIAP-App [43]
fift (11D RGB — 710~1278 pg/L — HMD [2]
AP 2 yellow color 3.3-666.7 pmol/L 0.42 pmol/L <41 iDropper [44]
Gkl RGB/HSV 0.005~1.500 mmol/L 0.21 umol/L — color picker [45]

RSP AR T
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H AT SR RETFHUMLLRLE, & 5 S B T R
T4, . Wongniramaikul Z52225% B B0 A 2 MR AR
R e LS A DIC, SCI T B b H R P 2
2 A R B B ) ST 7R B IR B B (S HOR B A R AT
PILE IR . Zhang 1T % ) Android F-HL APP 43 Hr7K
T8 ) B AR R £ PG, I3 A T 28k A A o ot e
EARHAS | BER TR . Peng ZEPYGE A/ HIUK -RUMA B
5DIC, L2 1% (thin-layer chromatography, TLC)
M b (9 €, 05 3 A Image T3 444% RGB {5 B 3o IS B,
AT 2 K RN A o P 9 L8k % i . Sumriddetchkajorn
EWE 3t DIC ¥, FIH 3,3-F SEBEIR I 5 40U 1 B €
Apfk, WIS HRET Java FI“ClApp 11 APP FREUHSEEI {4,
HE, BYNESOSHRENRERZ, ST KPR
R () B3 SR MA W . Fan 29T & T 8U& R, pH
PR AR ) Sl s AR RS I 58 e F-AL DIC 455, ST K
PR BE A S B P B 22 . Salah Z5USDR I Ak
ML FH“PAD  Analysis” 45 1§ £ g iR I8 A 485 X 4001 14 B4 AR
BUZ, s HrrsiiAE &) R AN G Beasi g, Mmscsaiy,
P BN 2,4,6- =R R . X4y ik AR B HLAS
PR, FriRas RGO R RS, BEBERD
&, IR ER, RPUEE SRR —HEE AN
BrinEEAF IR, B HETFHL DIC WAHISk
8.2 EJfrigH

PR | MERIZ IR BRI T OCHE, B RET-HL DIC EXT IR
P T- BRI 354058 . Wong ZHOTT % H— 3K FHL APP,
SRR R SIATTCES s e S il ma 1L sl
TEH BT R E IR R, ARBER S BT E AR
4R L AR R B AE W S e AL N B 5 1 R
B P, Hong 2601 Ml vk R B THILES & T8 BUHT A 1 A
Tl B, feths b B s e, MRy N E MR AEh
LN LA A OCUR BB, HE% b A R RE 58 iU R 2
Wi . Garcia 20k T M SE 25 1 B 72 UM A 446 R A Jo
1 APP Ab PRI 5 (R R R JER A4 B 11 A 7 b £ 0
Ht, S % RGB {5 B W22 5%, M eIy 7k
FVRE BE IR IT AR5 BB IR 4536 . T LA, & BEFHL
DIC fEMky. 12Wr. RAEFATEESRINH, 0 H
BREIT IR T —omnigstz .
8.3 H¥eM

BHeT-HL DIC 7] F T b T . AR WREAS | B
545 T ARG DN . 0wt 4500 3 T APP B R A
T B 1 OWUAR IR 68) i Lt LIS R 64T 2 BB RT3
LA PR AEA M o Shashank Z5PJF & T —30 4
J“Colorimetric Detector”F-#l APP, i1 Wil K Jz 4T 741 . 4
SRAREAN LT . AN AT TR A A v 0 R A K SRR AR

4 HoS ARG B @A, HITRE2 I A
FEPUEAAEDTERR SRS DR R ARG . DIC fe it 1
Rl s R REA . /N AR I PR GEL . A ad, BRET
HL DIC SE AT AW B R M A it — e i

9 FIESRE

YRR BIIAG I HE AR, B TR BEFINE TR A e
MMk HA G T | BRI . A SCERR TR T
BRETHL DIC RIBFFEESE, Fx HIEA U | SEAL BRI
TR, B EET-HL DIC HAT LN RIS (D&3
Befl, AR TN L TSR AL R B, 2) W
]z R, BRETFHLRAT R M s A B e, APP AL
YR 3) BRETHLE X 7 A T8 (A B, Sy
Bl A R B s 5 M 2 3k s

FUAT, RZ 58 BT & RS B8 BE T-HL DIC
PRAS AR, T ELAE T A A I I N L e eE . R
2RI G ) S5 R IO T (AR . DIC bk A E
R R ez 0], JEHAER M4 BT 2 Wom A= i Js
TR R o 244K, DIC H By B i - R B2 1 23 A
GURBMERRTE . PREDC IS RRRE N, TG 58
AR, Habosua R B, NI, 7E9R 485
PR R S B RGP RY [R) I, R E nRAA £
B 26— R PEROASRHE ST, iEEE TR RET-HLI
BOFE R L@ BOR A AR 55 K AR, TSR AR

SE Mk
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