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Effect of MSER Affine Transformation Registration on Agro-pH Flexible Chip
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(1. Key Laboratory of Smart Agriculture Systems, Ministry of Education, China Agricultural University, Beijing 100083, China
2. Key Laboratory of Agricultural Information Acquisition Technology, Ministry of Agriculture and Rural Affairs,
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Abstract; In order to meet the demand of sustainable precision agriculture for efficient and real-time
acquisition of agricultural production information, flexible pH sensors have been widely studied for their
small structure, easy integration and strong mechanical performance. However, the problem of deviation
between multi-layer printing in the preparation process has not been solved. Therefore, aiming at
improving the accuracy of sensor preparation, the registration performance of affine transformation model
was discussed based on MSER. The model verification and precision test experiments were carried out to
verify the feasibility of the registration model and the accuracy that the registration can achieve. The
model was applied to the preparation of the flexible pH sensor chip, and finally the feasibility of the
registered flexible pH sensor chip in the online monitoring of tomato organic matrix pH was verified. The
experimental results showed that the accuracy of the model can reach the minimum line width of 90 pm.
Above 90 pm, the RMSE and MAE were not more than 140 pm, MRE was 3.33% ~22.22% . The
minimum line spacing was 500 wm. Above 500 pm, the RMSE and MAE were not more than 160 pm,
MRE was 11.67% ~24% . The sensitivity of the flexible pH sensor prepared by this registration method
was —61.9 mV per unit pH value, and the response range was 2. 0 ~10. 0. Compared with the standard
glass pH sensor, the absolute error was less than 0. 15 and the relative error was less than 4. 1% . The
slope of the fitting curve was 0. 97 and the determination coefficient R* was 0. 99. The fitting degree and
accuracy was high. In the pH monitoring test of tomato organic matrix, the measurement results of the
flexible and standard pH sensors had good consistency. The absolute error of the synchronous

measurement results was less than 0. 09, the relative error was less than 1. 5% , and the RMSE between

Weks H ). 2022 -08 —24 &[] H. 2022 - 1117

EE&WB: #iiaE S0 & R H (2020€02017) |, = 7 A& B - TAE 3 T H (20151C16 ) F1 Hr 9 3 4% 3 A BLAIF . 45 2% % T %% 4 10 1
(2022TC161)

TEER Ay sk AR (1982—) , 2, Bl b7, 38 N5 Al 15 B R U R WF 58 , E-mail : zhangmiao@ cau. edu. cn



%5 1)

HKAR GF . T MSER iy 5 A48 5 e o 09 R 221 pH & R PEREL L 289

the pH monitoring results for a continuous week was only 0. 05. The registered flexible pH sensor chip

showed a good agricultural application prospect because of its miniaturization and close performance to the

standard pH sensor. This registration method had a certain reference value for the preparation of flexible

sensors processed by multiple processes, and provided a strong preparation for the subsequent monitoring

of flexible pH sensor chips in the crop growth environment.

Key words: pH value monitoring; flexible pH sensor chip; MSER; affine transformation; 3D printing

multi-layer registration

0 3

pH B 2 A V) Az K P 45 R i 1) i AR A
FEBEAHT(H) SEAMRE 7 (0H ) 78 L3k
BE AR Y e BE L DR E 5k AE ) B A AR AR R
FEO WM R BT Y s AR O Y L U i ik
i pH I AR IE T ek pH AR IBGE 454
WU o THE N TR R A HUBL A HEE Sl KA &
i A R T AR R RS Sk TR

FE pH AL G i 22 5R T 3D T B A5 8% b il i
T3 N A [F) D RE AL I 2 4% BT & J2 T, I it
WG IRAE AL 22 U )2 0] 1) TG VA 2 2 52 o M
BT TR SES . IR A RERE
ok S5 A 220 ol AR I i Sk S o A T
Bz BRI e I A5 2 8] ) S R 0 v SRR R T S B T
SRR L I R ST S PR I o T T
S ] 7T S BUC 1 ) B R 25 4, RS R B B v i LA
B IRAS BB RR T AR B HLR S 3D
FTENHLER K I FE T G-code By ML Tl J7 =X, — 2L HF
FEN SR GETT B 14 BR 1, % 18145 Ak 21 07 =X e
e B2 R 70 K38 B BB ORGSR o TR Ll R g
T H AR5 52 BR AR AE A5 TH] 45058 e 5 5C &% L (]
A AT 5 84X 5% T A (Tterative closest point,
ICP) 5 IC e J7 125, 20 4 PR An T DX s FC 7RG 2
AR LMD 22 I 0. 304 mm TAN 4517 4 —
Fofr 52 % oy T 0 86 5% 22 R I 1CP B30 3l 2 11 5 A 4R
s 22 ) 2t 5% B0 A A% 50 R TC v, S B T B 4 1 A /N
MEVRE 1,744 mm, 7 F ST ICP Sk, 45
B SRR R IR A A, 2 LR BE 5 RS
BCIfE, FCHE D22/ T 3.5 mm, LLAE 7 i@ 1ICP Jy
TR TR R ST A T R TR B ) T 20k 48T £ Y
VTGRS BE , (BRI T8 2245 /N % 3.5 mm, e K
Fa € M {E X 1, ( Maximally stable extremal regions,
MSER ) {5 5 742 $fe B¢ o & — Fb e T 58 AE 19 1815 I 1
T3 %, T8 o AN R B PR R AT B A o3 &), o RS
SR B AR AR A R, T A T RR AR R AL A B
ICP Sk SE BRI e, B AT TH 5 AR, S i ARG T
R B I 2, T S R 8 1CP Sk k= B AR KB B
IR, Ty W A Jeh 5 W g i 0T, WU A

il 1

I MSER 833 5230 1 42 Jm)/ Ja B 64 F AR AGL I , e K
I TR 22 72 0.1 ~ 0.6 mm , A 4L ICP J5 3k
A2 Tt o

Li b ARSCE AE TRV M ] MSER {5 5 722 46 e #E
JrE SR A SR pH G D RE U J2 i T JE KA
IV RE A R AT 42 0T 20 A 7 D) RE U = 8] P A%
Tl | 4 45 5 i i RE A8 Y OC B A A 2 8
MSER )5 55 A8 e 5805 1 , 38 i oK B i 70 #r MSER
T P MRS L, B v A 2Rk pH R i R T8 (ZK (]
ST TTOKE R R Al 2 A DN P R e e e T A TR
JE M0 55 96 A T 7 S A 8 1 2 T o B ) SR
B PERE R BRI .

1 HRAESRIE

Fe At pH AR BGE R BT TR o A 0 A AR K
JEREREL , DS FTEN i R vh SRR JZ (Ag) 5 &
JZ BLBERR AN OK A (SWCNT) J3 531l 5% FHI ¢ 8 Al JIE T
LA, DYRETT B Sk B W A7 A P D) fiE T 2R ) [T
Mo e A A SR A R C i 22 R SRR A Y
il T2 B La JiroR o

AR SCHR A Ao 1 Ak A 1 B 9 S B pHL XL
DREVR IZBC i, AR TAR R AL &l 1b s o 3
THECHE S BT  XUZ AT DR 50 1 )25 SO ki
DI, 20 2 2 SO o T v DX s, N T A8 6 5
Ja AR )2 IR OB 2 4, wE T, 5 T MSER
TR P Ao T R R, R RS 2 R
Al B DX R RIS T AR AT EN . SR RC D 3R, B =
K B TR AERT L

e v X 38 P 45CR A+ 7 B B3, IRC MRS 8 03K
PR AT 88 56 AN 45 22 0] R B O 26 0 25 26 1) L 7
PR, BUZ T B S 1 DI E SC % S b A 15 91X J5
AR AN Te Pron . B I K% I fRy I 46 X 35T
R KA RS, Hor 3 B AR 8 50T 135 e o IX
S5 F T B v DX I P BT T A A A TR A R S 2
18 3 AR P JZ R AE A (R HE IR R el Py
RIS AL P AR y A ZS I 5 P ) A R B
e DX 3 15 25 o DX e o 45 2 8, TF BRI MSER i
HEHE [

MSER {5 5 72 e e #E 3 2240 45 A A f5 5 3R I



290 o 1 R A= 20234

/,////
e

Tic A ACHERTEIE

71/0
W g

3
R

pHAZ G |
A B8 R

YAP,(0,10,1)

P,(10,0,1)
2O0.0)

IV A e e 45

AR

B 1 et pH S i MSER {5 51 242 4 B HE BT 58 N 4

Fig.1 Research map of MSER affine transformation registration on Agro-pH flexible chip
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Fig.2  Application of flexible chip in organic matrix
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Fig.3 Comparison diagram before and after registration
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Fig.4 Model accuracy measurement results
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Sensor chip performance measurement results
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Fig.6 pH value monitoring results of organic matrix
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