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Abstract : This paper proposes an integrated enzyme-free electrochemical system for the detection and analysis of glucose based on the
technologies of functional modification, MEMS and wireless communication. The nickel hydroxide (Ni (OH),) modified screen printed
electrodes were used as the sensing part, and an integrated circuit was designed for capturing, conversing and amplifying the weak
signals. This circuit is composed of a microcontroller, a signal generator circuit, a constant potential circuit, an I/V conversion circuit,
an amplifier circuit and an AD conversion circuit. All of these were integrated into a module with the size of a common U disk. The data
was transmitted wirelessly via bluetooth and the analysis results were displayed on the upper device ( PC or smart phone). The
experimental results of glucose detection show that the sensitivity for glucose determination is about 11.12 wA/mmol/L, and the
detection limit is 45.9 pmol/L. Through systematic experimental evaluation, it is proved that the proposed system has a good
repeatability and anti-interference ability, and the electrode activity can last for more than 48 hours. The system is expected to play a
greater role in home prevention and clinical diagnosis of diabetes due to its small size, low cost and portability.
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Fig. 1  Schematic of the glucose reaction and

electron transfer processes
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Fig.2 Schematic of the MEMS system for glucose measurement
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Fig.3 Schematic of the screen printing electrode
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Fig. 4 Schematic of the hardware components

of the glucose detection system
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Fig.5 Schematic of the IV conversion circuit

Hor it r R R L TR AR, B T SE BRI R A
RAVFHE Vo AR E T 1, , TR 25 A BAJETETF K,

T LA

Vo == IR + (Vys = V,/A) + IR, (1)

FEERE IS U, QARIE 1, <<[,, Vys<<[ R, A 1
K, AT DA B BRARIR A B .

V,=—IR, =- IR, (2)

TS B v R e R R R D AR, AR Sk

OPA4140 St - SEBUE 52 H A7 5 A FL 37 Rl R 7 e T g
ols B 11 MHz B3 25 981 20 V/ s 125 §5 8
IIAEAR (BB RAUCH 1.8 mA)

FL A 2 50 T A B JE P T g R K L L
LKA A/D el A AR, SR 1/ V e diJ5 M R
B T AR R | DR RIS B 4, g R SR
WGBTS S, T S nA ARSI, R F T 4 e
RSO BN 1/V BRI 1 mV S R — 25
Ko MRS ALG 5 KIS, R B i 2 AR A5 AH Nz 3 25 44
AL | [ 4 o] 22 B S B T O | A IO A A3 i+ RT3
FAS TR A BELAELAC /N, 228 1 80 35 348 25 W 735 i R #8% B 0K A5
B, ARSCEBEN R g R 25 O R T A RN A = 1Y
FIEFL PGAL13 5 H, AlFE 10~4 999 mV % Hy R #5402k
2~5V AL,

VE i Uy L L NI B 37 P S N R e
AR R AL T 7 AR = A IR TR TR SR ME 5.
L3, XG5 2R TR 5, k£ MAXIM 24
FIAE 7R ) MAX280 3 I8 I #4508 B X X 26 {5 5 UE AT
W, AT T A& — 4 A1 ] Fe L A0 b 2 BT £ 38 4
HIUE R ) BeAb, B T 2% bR F 25 W (- 2 0
WAL, DLt — 2 RBR R LMY S 2 TR S

R T HEAR e S A B T A B £ i R
TR, T B OR UE I B (5 B e R A
S X HERE TI 23 H] ADS8341 BB A/D) it i i%
SRR — A B AT Y 16 bits =l 2 KE T X A/
D 8% 76 5 V AL 100 kHz SRAER SR Ay SRl zh
RPFER 8 mW , A, s B iy, e dte i EE P,

3) B AR R R A4

Ktk A PR R AL 2% 53 B 2 el i BT (MCU
AL FRES ) A i, o F 80 R 4 1K, PR B sk g
il BT H A R Y B A BEAE 1 RN OR R A i s A,
T/ NRAR T SR, O i e s AL s b . AR SCiE
T Nordic Semiconductor 22 ) 4L 7= 1) nRF52840 Z Wl F
RS (SoC), it A K F 32 bits 64 MHz ) ARM
Cortex-M4F W%, i AERLA 1 MB [NA£F1256 KB RAM,
HA e b BRI AR I RE Sy, ISR IR E T
& A R R RE BT O (AN SPT (32 MHz) DY SPI
(32 MHz) ), 0] B #2 3E ¥ W R 4% F1 A0 3 47 it 2% TR
nRF52840 SoC if 7] 37 ¥ Jo £k 15 & & {8 7+ 2% ( OTA-
DFU) , 8 T 337 5 5 0 F AR 7 A/ s b il . 540, i F
WA EREUN (7 mmx7 mm) | DIFEHAE, 3 H TR E /N
TR IIAE R JCLRAE {15 45 , AE % 52 AR ST ARG I 5 % Acb
PS5 5 F )R g it TH )

BEAL fnim i nRFS52840 S5 i B AYEE F 5. 0 5
Hooke sz B, A B B 2 A% 0 4R R B B I A SR
(2 MB/s) 4 f5KEF B G H 8 A5 ) #54 e tfE (1%



<22 . I e 1 3 1

#35%

R BE G A R /N INE] 251 bytes) |, 564 AT LA
SRR 5 B B EHE U R A =2 () R A A R B K

AT RIE A B IE R T AR, R AT B USB
FFEmn 3.3~4.2 V E b oy At BT T4
O F LR D RE T SR AN [R] , PR 1 5 0 A4 b B o R
B Ol A T R (B A T R R ECCTT B EA H
PS7516 s Rl L R A 45 i +5 VSRR +5 V L
JE 4398 1 MAX660 F1 RT9013 - 33 i F 7 i il e 3, £
FLE TR 19 =5 V. OFL R R AT g R i R ML B BT 7 1 3V
ML,

3 30T L A B R AT A5 I e B b RS
WU A A i B A R T RO AR AT SR, 45 kg il
YRR A3, RIR T HAS H Ak 2E TAE S A BT Dy g Yy
NSRRI B . i T IR BIMESE R B, it
P NS B AR AT A AR 4R B e A5 B A
M4 RPN 57 mmx24 mmx 15 mm,

4)_pipLEse

IWEI S HOR 25 5 o ¥l B AL (PC B TF-HL)
SR, PEMRL D P RN SRR S
JE ARHLE FH A SR ] B8 A5 | s (] A, 3 12 75 R B 1Y
SHCA R BT ] CRAERT ()55, BTt Ay LS i
FESUET S8 LA BT I I VDA SRR R S 0l R
EAEL W VE SRR GRS, R, B R G
N ESITO T SR e €T Z S U N W B VEs R - THE K e | M A
ML, LA AT v 94k S 7, MR 4R 5 2 40 ol 22 i < 1
IRzt g sl il - gt 2, b 5r Lo xS A58 40
BIFR T 9 B S A W (8 L e | SR fb I (i FRL I | 340 S0 F
FE R D R O R R A RICE R AR A [) B S K
P RAE S T 1 T RE

2 HEEERNSKIRK &Ry

2.1 FrEHHE

22 W EN R ARG B Xenslet TAEZ ( 1, P E) ,Hi
Mk (4 FhE 180.18) M A 22 [ Sigma-Aldrich 24 #], H
IR $4 Ry o3 B 4, S R SR R 2K . Ry 1 DR R A A
A RAFHIENE JF I pH 4238 A\ AR BER S
ATSCHEFELF 0. 1 mol/L NaOH 1 WA by 52 56 ot fife Jo V25
W, A AL SR B AR S T (~23 C) T,
2.2 Ni(OH), f&ifBRFRE

BRORFA S Ni(OH) , 18 M F A 199 2% 1 JE 550 F g 1%
FENE 6 i, B 6(a) M(b) 25l ko #as d il A& 5
Ni(OH) , fise HL A £E 9 48 FLBE B 0K 2 000 55 AR, W]
VAF Hh A 1 B FiL W 2 T A R P4, JE B e T
B 5 1 Ni( OH) , Bk FLAR & 1T PT DL K B e, 5 8 ) I

Wi, SRR e R A R AR, X2
UURR, B R TR SE MG T — 2B, 1 6 (o) B
JE ) Ni(OH) , BRAVIGREITE X SFE T RIRETE 141, m] UL ok
HUB R MIAATE Ni SR AN O JTR , AR T REISALIERETC
PRGN E H ITE (455 140 v 1 I e P {5 o T L gk
—ZEW] Ni(OH) , BUSIMEMGE] 1 A AR

S\

- A S
5.0kV 9.1mmx2.00k SE(M) _’Tll.(lum

(b) B s AT B 7 BB B R
(b) SEM image of modified electrode

L = Al
5.0kV 9.1mmx2.00k SE(M) ‘Z!I.(I‘un‘l‘

(a) BRE BB 7 B E A
(a) SEM image of bare electrode

(©

8000
400011
5 3000H
) .
N
&= 20001 '
o
tooojl fxi .
0 v Pt pt
0 2 4 6 8 10 12 20
BB E/Kev
(c) & e AR 1 i i )

(c) Energy spectrum of the modified electrode

Ko HRIEE

Fig. 6 Electrode characterization

2.3 Ni(OH), BiRHEZE #E R E LK

T E BB S B R R AT L) S R A A R Ak R
SN, AR SR AR ER AR 22 3 o6 4 i i A AT 1 Rl 3
MR, LRSS N 0~ 1V, S BIAYIEIR R 22 th & an &l 7
o Ni(OH), i HAE 0. 1 mol/L NaOH FI 2 mmol/L
8 B O TR A VT v S I A 31— A BH 5 A SR Ak (il
Za) , X EHT Ni(OH), 5 OH™ & A S b J5 R b A= i
TN R RN (3) B R SRS Nt X5 A A&
A SR SR, A W BT T N> SR aA S NI
FO ik #E s (4) 7 Fr R, Ni (OH), 1& i iy #)% 7F
0. 1 mol/L NaOH ¥ ' #EA T4 PR &2 4 4 Bl 25 11 81
—ANMEfRE(IZ b) ZEME R Ni(OH), 5 OH™ &4
AR TR IO T A 8 NI i R P AR 1Y

Ni(OH),+ OH™ =NiOOH + H,0 + e~ (3)

NiOOH + glucose =»Ni(OH), + glucolactone  (4)

L FE NaOH — 3 2 B IR & 15 U1 NaOH ¥ 3 h
FIDE IR 22 M 2 V30 A A7 S A A T (i 2k ¢ 0
d) , AR LA KA E AR R N, SERR R
Lo AB A 1) FRAR R VA VB T B A AR LA R A Ak



55 3 1]

A A TC R LA A A IS R 5 £ 23 -

FAGTE, I RERS T A AR E A
<10+

25¢

201

15}

1.0

HLJ/A

0.5+

0.0 e

e\ ‘____—" 2
051} X “ac FL

-1.0 . . . . . . . . . )
00 01 02 03 04 05 06 07 08 09 10

HLE/V
Bl 7 JEIRE LR

Fig.7 Cyclic voltammetry curves

2.4 HEBEERVERRSHT

R T 2P W) 2R G e A S I 25 W Y S A
AR SCRe FH ) LS B 2R 75, X N (OH ), A8 4i FL AR 76 AS [
VAR R R W VA T R AT P T B B A ARk FR R A R A T
TE ST, A5 B [ 4 U 82T 190 Y- 357 o (L 5 7 28 W v
FEZ IR W E 8 4/ & i, B 4r i Ni(OH),
FLA B T 0. 1 mol/L NaOH ¥ 1, [R B Ji3 20 Bl [a] H
PR R PRS0 60 s [ NaOH ¥ i i
300 pL FYHFEBHA R (VRIZN 1 mmol/L) o B T NIK
BN  H S B R I PS4 AR R T e A
WRIE R R A 2 i 8 45 R
No HIZMEITE A, A ST T MEMS HL AL 27 K6
WU 2R 58 %t 5 72 W 6 3% W AT R T I R RE Ry
11. 12 pA/mmol/L, K5t BR &y 45.9 pumol/L, %A AL HL it 5
AR BE P I R AR OC R B 0,990 1, 767 4
WEMR BE 35 Bl A 45.9 umol/L ~ 14 mmol/L I 2 B 47 £&
PERR.

XIQ-4
3.6+ e
36

34L

320 2

RI=0.9901
K=1L12pA/mM

3.0F 2

HLE/A

2.8F
2.6¢
24F

22r

3;0 4(‘)0 4‘50 5(‘)0 5‘50 ()60 6‘50 7‘00 ‘
B /s
8 0.1 mol/L NaOH ¥ Hil il 1 mmol/L
AATRRHA IR 1 I ] HL 3 h 2
Fig. 8 The time-current curve of 0. 1 mol/L NaOH

solution added with 1 mmol/L glucose solution

2.5 REHRNMERETEM

AR FH 12 mmol/ L B 2O R 2R 458 51
i B AR ) B R PR SE L LA 0. 1 mol/ L NaOH ¥ 7 A Hi
fife AW, R IR e AR L b 2 i 46 32047 5 T
TR, BT I 5258 25 1 AR ), 4R sk
50 p (] — S 36 B A [ — S 06 = PN 58 B, 19 B IR IR &
HZeaniE 9 fiw

HLE/A

0.0 0‘.2 0t4 0?6 0?8 1.0
BV
Fig. 9 Repeatability experiments with
glucose solution (12 mmol/L)

MBHERTTLAE th, 5 U i A S 56 745 3 1 il 4 A8 1k
PSE A — 0, VTG B A7 00 5k 2 S A AR X B v O 22
(RSD) M 1. 55% KT 10% , 15 B IZ A 22 58 %5 A [i) e
R R0 VA TR P RGN 3 R L A R A ) A, T L A
PR TR PR T 3 ARG I o R LA e i e ik

kT VTA FhL e s A U A A B TR RE )
SO T B IR LR (AA) R4 2T % 1 ( BHB) (2
%], Sigma-Aldrich 23 ] ) JITA 214 2 BE VA AR & v Fo il
WA 0.1 mol/L &5 Ak 4l 75 VL, 451 78 Wl 1 T vk BE
12 mmol/L, HTIR ML FR I W & 4 0. 1 mmol/L, 4 Ifil £1 8K
FIVS TR EE R 1 wmol/ L, SEIS A 43 3 %) 46 4 R
M+ AA VTR A PR+ BHB TR AA AR BHB %R
PEAT SR R IO AR, LAY 35 4801k fRL 3 £ A 00
Wit . EEXTEERPA RIS E AR N 3 Uk, 25 A 10 Br
TR A UL KGN R G Ni(OH), HLHTH WL AA
1 BHB ffugik i 22, B — @ bt HHudE, 768 T
AEAE I BEAS BB (14 45 25 AT L 1L

BT VAN ZRGE A Ni(OH) , H A% X 7 200 9 1 Vi 0 47
HESERFSERIN A BE 1, A SCHI A R — 16 i o il % ) — e
JER R AT T AR B ) S A 0 g 5, B AR S 5 0ot
FRANT . A SE S RIXT 12 mmol/L 1) 28 257 1 7 ik ot
TR 2 S5, SR A RS B % A S T T T i 4b
FAAE S, TR 4519 6 h 30 min 24 F153 h
= ANEZ, 43 50 R R Z TR — BN 12 mmol/ L 114 7 %6 B



<24 - I e 1 3 1

W35 5

%10
6r

/A

Glucose  Glucose  Glucose AA BHB
+AA +BHB
VKR

K10 KR e S B AR T R
Fig. 10  Anti-interference test on the detection

system and the modified electrode

VST ATOR AR 2 52 56, 45 3 B SR AL s R (E an 18T 11 i
o B IEE B A AE 0. 1 mol/L NaOH ¥ 3+ .
FE 0. 68 V fHHL H T RELL 5 400 s BR324 K5 ih 2k
HLLAE 50 s Ji5 AERS A 35— BEIT ) (AR B . X —45 0
T B A B R e e RS TR B
HUSLME AT D0, 53 h e Ao 0 R i a2 20% 1 T I
{H Ni(OH), HHZRENETE 2 /0 48 h PR35 X6 4 A 4 1) iy
flsfrm

651
6.0
55
50

45

HL /A

40F s

35

0 100 200 300 400

3.0F B /s

0.0 6.5 24.0 53.0
I []/h

11 S PR

Results of test on electrode activity

Fig. 11

3 8

-l

AR SCHRE H A — T 4 1 0 il 4 3 e 2 A0 3 A
R80, F R ICE 5 8 4 5 2 18] i A I8 I s o S B T
HIATHE I TCE AL A 55 00 5 | Kb B AL R
PR AR U £ K/ N B 2B B i R %%
Sy BT S T E 3 3 B 25 A 1) H Ak 2= R ) B X6 Bl A
B R MR A E A T A A I ) SE AR 25 R R X R Gt
2 B B ARSI 2B K 11,12 wA/mmol/L, K M BR N
45.9 pmol/L, AN SCHE i % 1T &2 S Hi TP Sc i A

R AR i SE 5, RGEVEH 1 g ) A L AL 22 RS
ARV IEA T 5 I o T SR BT P RE ) AL AR
FFA AR ZRGEAE A KM PRI 1) 22 2 T )7 A R 12 Wi 7
TET A 107 BT SE 4R AL 1 AT SE AR

&% 3k

[ 1] AP MEMS MR % I8 A5 B0 3055 155 4 0 £ AR AF
FELD]. MR : MR /REE Tl RS, 2013:1-24,

XI H ZH. Study on weak signal detection technology of
MEMS blood glucose sensor [ D ]. Harbin: Harbin
Institute of Technology, 2013 1-24.

[ 2] SCOGNAMIGLIO V. Nanotechnology in glucose monitoring ;
Advances and challenges in the last 10 years[J].
Biosensors and Bioelectronics, 2013, 47. 12-25.

[37] VASHIST S K, ZHENG D, AL-RUBEAAN K et al.
Technology behind commercial devices for blood glucose
monitoring in diabetes management: A review [ J .
Analytica Chimica Acta, 2011, 703(2) . 124-136.

[ 4] XM, %m0, ek s & arss R 1], b
TUREYIES TR, 2011, 30(5) : 538-542.

WANG Y, ZHANG S, YANG L. Research status of
blood glucose detection methods[ J]. Beijing Biomedical
Engineering, 2011, 30(5) ; 538-542.

[ 5] FBHEA:, B, XUSCHE. e 45 2 il 3OS e R

IR A B B LA [T ). BRI A 4, 2017, 30(16):
43-44.
ZHENG Y SH, CHEN J, LIU W W. Comparison of two
portable blood glucose meters for detecting clinical blood
glucose concentration [ J ]. Medical Equipment, 2017,
30(16) . 43-44.

[6] ABEISE. AN[a] A ASCAR % A4S I Jr ¥ 00 5% BOIR 5
HERELY]. PRI AR, 2019, 25(16) : 30-31.
70U G B, Research status and progress of blood glucose
detection methods with different detection instruments| J].
China Medical Device Information, 2019, 25 (16):
30-31.

[7] R, TE¥, BE,% ET2ELME ML

MRS I R ge e it (1], e @A+, 2017, 39(3):
68-74.
SHAN X ZH, WANG G X, MIAO Y, et al. Design of
non-invasive blood glucose detection system based on
multi-information fusion|[ J ].
39(3) . 68-74.

[ 8] Bhl. Wil A 85 0 Tl 4 2 0 Ak ) A% 8 2% 1 AT
FELD]. B WHT R, 2014.7-8.

LIANG B. Study on electrochemical graphene micro-nano

Optical Instrument, 2017,

glucose biosensor[ D]. Hangzhou: Zhejiang University,
2014.7-8.
[ 9] NANTAPHOL S, WATANABE T, NOMURA N, et al.



553 C e iR e R Rl ES S <25 -
Bimetallic  Pt-Au  nanocatalysts  electrochemically Chemical, 2019, 290; 616-624.
deposited on  boron-doped diamond electrodes  for [18] METTERS J P, KADARA R O, BANKS C E. New
nonenzymatic glucose detection [ J ]. Biosensors and directions in screen printed electroanalytical sensors: An
Bioelectronics, 2017, 98 76-82. overview of recent developments[ J]. Analyst, The Royal

[10]  ¥Fet, &%, Wmilad, 5. E 3R 2 U0 Society of Chemistry, 2011, 136(6) ; 1067-1076.
FEARIR R AT AR AT [T]. TR S5 AL S8 22 3R, [19] SOEJIMA T, TAKADA K, ITO S. Alkaline vapor
2019, 33(8): 154-159. oxidation synthesis and electrocatalytic activity toward
XU G B, YU ZH, XU L J, et al. Reliability analysis of glucose oxidation of CuO/Zn0O composite nanoarrays| J ].
Capacitive microaccelerometer in complex environment [ J ]. Applied Surface Science, 2013, 277 192-200.

Journal of Electronic Measurement and Instrumentation, [20] TIAN L, LIU B. Fabrication of CuO nanosheets modified
2019, 33(8): 154-159. Cu electrode and its excellent electrocatalytic performance

(117 FsgE, f/h2, AaEg ETHA R BUGTE s towards glucose [ J]. Applied Surface Science, 2013,
PR R i i RRCRIRER [T ], LTI S5 Y 283 947-953.

AR, 2020, 34(3) : 180-186. [21] KO CY, HUANG J H, RAINA S et al. A high performance
CHENG L Y, WU X L, BAI ZH F. Tracking the non-enzymatic glucose sensor based on nickel hydroxide
maximum efficiency of electric vehicle radio transmission modified nitrogen-incorporated nanodiamonds[ J]. Analyst,
based on coupling coefficient estimation [ J]. Journal of 2013, 138(11) ;: 3201-3208.

Electronic Measurement and Instrumentation, 2020, [22] XIA K, YANG C, CHEN Y et al. In situ fabrication of
34(3) . 180-186. Ni(OH), flakes on Ni foam through electrochemical

[12] PhFE, TLET, TBM. {1586 EE M2 oL LR corrosion as high sensitive and stable binder-free
PRI ET R R A5 [T ]. INE T e = i, 2019, electrode for glucose sensing[ J]. Sensors and Actuators,
40(1) . 132-141. B: Chemical, B 2017, 240 979-987.

SUNYJ, YUJ Y, WANG X O. Time synchronization [23] EJE®I, R, XIfpH. ZEF C8051F020 Ay = HLEK
method of adaptive temperature compensation wireless AR RGBT ()], P Ry e e
sensor network [ J ]. Chinese Journal of Scientific 2013, 30(1): 3909-3912.

Instrument, 2019, 40(01) ; 132-141. WANG ZH Y, WU X M, LIU ZH M. Design of three

[13] THANH T D, BALAMURUGAN J, LEE S H et al. electrode electrochemical detection system based on
Effective seed-assisted synthesis of gold nanoparticles C8051F020 [ J]. Chinese Journal of Medical Physics,
anchored nitrogen-doped graphene for electrochemical 2013, 30(1): 3909-3912.
detection of glucose and dopamine [ J]. Biosensors and [24] WHZE. —FhiR I &k sE (1], BN
Bioelectronics, 2016, 81 259-267. wHIR,2014,33(4) :31-35.

[14] BRANAGAN D, BRESLIN C B. Electrochemical HU J. Research on a microcurrent measurement
detection of glucose at physiological pH using gold method[ J]. Foreign Electronic Measurement Technology,
nanoparticles deposited on carbon nanotubes [ J]. 2014,33(4) :31-35.

Sensors and Actuators, B: Chemical, 2019, 282. [25] XUMJe, 44 AR 45 A0E TRIE O st itk
490-499. AR )]. Bk SEMER, 2010(3) 10-11.

[15] FELIX S, KOLLU P, JEONG S K et al. A novel CuO-N- LIU S L, YU M. Anti-mixing filter is designed by using
doped graphene nanocomposite-based hybrid electrode for single chip integrated active filter chip[ J]. Automation
the electrochemical detection of glucose [ J]. Applied and Instrumentation, 2010(3) :10-11.

Physics A: Materials Science and Processing, 2017, [26] RWA, AZEM, 2R, T YL
123(10) : 620. RO B R G it [J]. EAME IR R, 2018,

[16] AINLA A, MOUSAVIM P S, TSALOGLOU M N, et al. 37(8): 107-112.

Open-source potentiostat for wireless electrochemical YUAN Y J, ZHENG J L, LI D G. Design of battery
detection with smartphones [ J |. Analytical Chemistry, management system based on SCM and piezoelectric
2018, 90(10) : 6240-6246. chip[ J]. Foreign Electronic Measurement Technology,

[17] MERCER C, BENNETT R, CONGHAILE P O, et al. 2018, 37(8) . 107-112.

Glucose biosensor based on open-source wireless [27] &3, JU&, 4,5, TR A TMR BL R m

microfluidic potentiostat[ J]. Sensors and Actuators B:

FFRAR BN RLGE 1], a0, 2020,



- 26 - SRR e

#35%

41(6) . 1-9.
LU W SH, YOU R, ZHOU Y, et al. Non-intrusive
current monitoring microsystem based on monolithic TMR
magnetic sensor [ J]. Journal of Instrumentation, 2020,
41(6): 1-9.
[28] YUY N, GUO M S, YUAN M W, et al. Nickel
nanoparticle-modified  electrode  for  ultra-sensitive
electrochemical detection of insulin [ J]. Biosensors &

Bioelectronics, 2016, 77:215-219.
EEE N
KEF, WO # L R ERLHE AR £
BT TT 18] A AR S R R
E-mail ; zhy6153@ 163. com
Zhong Hongyu is a M. Sc. candidate at

o
e
_—

Yanshan University now. Her main research

interests include electrochemistry and big data

fusion.

EEMGRFEMEH) 2011 4F T b [ R
SFBEIL I F S AL BT ST B 3R AT I 2 o, B
S R, 32T T 1) S R R AL IR
i SRS R B A A
| E-mail; zkzhan@ ysu. edu. cn

Zhan Zhikun ( Corresponding author )
received her Ph. D. degree from the Shenyang Institute of
Automation, Chinese Academy of Sciences. She is currently a
lecturer at Yanshan University. Her main research interests

include intelligent sensors, microfluidic chips and bio-medicine

Sensors.

PR, PO L RS A WS AR,
W77 1 AR SRR kT
E-mail :969442958@ qq. com
Li Yang is a M. Sc.

Yanshan University now. His research interest

candidate at

are electrochemistry and data analysis.

OBEMS , AR R 2 B AR,
SEEESE T 1] O PR AR B A e AR
e A= L R G R AL R
E-mail ; shaxiaopeng@ neuq. edu. cn

Sha Xiaopeng is currently a lecturer
at Northeastern University at Qinhuangdao.
Her main research interests include image processing, micro
visual servo systems, biological microelectromechanical
system and intelligent sensors.

e TR BER,2016 4F T Akl Koz gk
b A BRI R R 8 S R

R, EBRTTTTT ) 4 REAL T L

o S R E G A

E-mail ; zhaoyuliang@ neuq. edu. cn

Zhao Yuliang received his Ph. D.
degree from the City University of Hong Kong in 2016. He is
currently an assistant professor at Northeastern University at
Qinhuangdao. His main research interests include intelligent
sensors, machine learning and big data analyses.

TRILLL, 2011 4F T RHH R 2R
AT B A O 25 AR R - 2 o7, I %%
5T BERE AT P BRI AL 0
SEBEESE T 1) S W DR s BRATE T B IR
TR AR B A

E-mail ;: zoeflower@ 126. com

| J

Xu Jianghong received her double M. Sc. degree from
the Tianjin University of Traditional Chinese Medicine and
Hebei Medical University in 2011. She is the chief physician
and M. Sc. supervisor in Qinhuangdao Traditional Chinese
Medicine Hospital. Her main research interests include
pathological study of diabetes mellitus, theory of diabetic

complications treatment, etc.



