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PR B RIS W S BT W 45 . Kaisti %670 B0 T — NS5 6 a2 RF- & A (5 B AT 25
TFRAGIERGE A 2 P i A2 5 BB R IR BV BE THL 1. Gu 5 IFR T — MR R/
A B GE (MiniEC) | 2% 2R GER FH 22 O EARI FLA , X 4 s A6 Y BR 350024 1.0 R0 5 g/L, AT R
TELR A AT BT S B P

RA RGBS (4 52 R T 1 e SR Al 190 2 e 52 P 42, 3 J i R
G EOR  Z ARG BT TSRS S A B i SR | B R el am i A R A JC A s Ok 8
Fr AT XA R GEAE A R 2 R BRSO T AR AR B i, BR A 7 A S B, ok AR DR OF
(BLE) HAR % J it 38, K BLE £ AR N ] T L Ak = A2 S8R I ) F 78 8 5 RS AF 58 35 A9 G 3E . Alinla
SFSBE T AU JELZR AL A RN 2 IR 8 i BLE 3% H2 58 T WL I A2 i ) e 540
Jung SFPOV KR T —FhEHE | = AR R AL A A AL Y AT A, JCHL TR AR BRSO 0.4 nA | AT W T i
PR BRI . Fan 5557 80 T —FH T 200 ARG B G (NSE ) 9 JE28 B K2 2R 58, 1%
RO A S | LA 28 Android 2 B8 TF-HLAL AL, NSE ¥R BEFE 1 ~ 500 ng/mL i
P, HORP RS ARG g i i B R M G 2R, RGERLHNER 9 10 pg/mL, 5T BLE HORAYHR AL AL R
G EL A AR RE TP A R VR o s o , ik T AR GUA A M T R God HE  (H H R P RaE Y
WFE TARR 2 R A8 T LR AL SRS DN | TS D155 B DAy 4 14 vl (o7 ZRA TG AR S I e il e

ARBFFEBLT I AR T —MEET BLE SR A A X AL B A I 2R 58, e R MG T, AR
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i 2 WU SR CC2541 IRIhAEHE 0 (2 EFEMAL AR A F]) 3 E-201-C & pH & A B A1 217
HORMBMN ( FHERRAAS ) o HBH G R B BE, 2SI R L2

B NSRS ( DTPS , MW =354. 4, 55 [# Sigma-Aldrich A 7)) 3 L-F &R ( L-cys) (HgNO, .
NaH,PO, - 2H,0 Na,HPO, + 12H,0 H1 NaCl ( I [5 24 4 F 4k #3552 7)) 3 L HCL, Na, SO, #
NaOH (ARG (BRI ) o TR 34 R 4 b4l , S 80 HK A B 4tk (HLBHR =18.3 MQ - cm)
2.2 fERENRSIEIT

TR W R G AR ZEA BT AN & 1 7R, R G0t F A UL IS (55 REEMR (55 i & 41 al,
W SRR R G ER  , RV 2 SR AR, A 458 H OB e 42 AL S A T L AR (55 i
PG AR IR 5 F ( BLE) Y% fig T HLuE

*}i EE‘ Hrﬁ o u 1&3}%%% ﬂ:fli: )31‘ CC254] ﬁ\j E\E?Eﬂ?[‘l Data acquisition terminal

%g ’ ﬁ ﬁ&i+ E]/‘J /Hiﬁ 96 g% E% ;g‘& %E 5 % E 314 .0 Potentiometric ) \"]’]}dg: o Fr(;:lsr"':]‘i?‘:]" Rteceiyinlg
SRR N . . w sensor d”l,:l 1ication n (]U] X erminal

B L RS R BE T WL P AR R I R R

BLE JT % % FHFRF ( App ) % B4 47 52 i 332

BSE A HL A A R A 1 1 S ek (34 Doveroeely o

SERORA B | IO i, SR &

SEA Bl B G RR I RS A I

2.3 EFR %*&iﬁﬁ' Fig.1  Schematic diagram of whole structure design for sensor

monitoring system
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URSNERI T E RPN e N B R R 1 ) A,
PLK Ry 3RshEE £, Fig.2 Physical picture of bluetooth acquisition plate

BRI A) E R E o CC2541 WESF 02, 1. Potentiometric sensor interface; 2. Voltage amplification
ﬁtfﬁ:ﬁ%ﬂ?{g%ﬁﬂ:\%EE%@{R%%E?E module; 3. Bluetooth antenna; 4. Control and transmission
KHAR, ZHE 0 dBm (R HiEE %, LUK 4 Fhfl "o
H1EE (250 Kbps 500 kbps .1 Mbps 11 2 Mbps) , He FLEf s e 5 D REAF A4, FLYE IRIDERER T, TAF
AR E 0.5 A% CC2541 BT 14 PLABEUE 2R (ADC) , SCRF A 12 (A 08T 15K
FELAVE 258 FL R ORI AR P S L T A CC2541 19 ADC 51 IEEAT A/D S35 ADC BCE T 1 gmF2 1 DU % =25
BT, SR B S /R AVDD 51 T, CC2541 A — C8051F120 B4 H-#L( Cygnal /A 4=
FERITT 5 8051 2L E T SOC BLAHL) AERL T 4.0 WA UMY, 15 F RAENR 5 B 0o i T #7315 3%
Bhn GBS S HE  CC2541 1th F 38 o il 3R 26 To 2k i 1 18 i 45 i

HLJRAS RS 3.3 V Al it b ey | H A R Gt (350 o0 25 A A 1, AR BN Ry — Do b 1 K/
A, WIEARITES , REIER TR TAERFTIE0. 1 ~2.0 mA Z 8], FFHLH /N 10 pA, fHIA
e bt e | ZE A ST 298 500 h (5 S AR K 20 m, RGEHAIIHETEEIN 0 ~0.75 V, Z 504
AT ] B 7 AR AR SR A SR R AR R B A, RECRHES R LW
ADC AT 5 2R A, Xl Aol iR 25 A e SRR A AR . TSI ADC #E47 10 (55 R4, BUT- 3
VRN G S AR5 VI R 45 07 HE R L4 R A8, B3 ADC {8, 47 X) i
T R DR 22 A TR IE, (il R BIDRS R
2.4 REHHFEIT

ARG A TAR i AT & 4K F (TAR Embedded Workbench 9. 10. 3, TAR Systems Co. , Sweden ) 7E
BLE-CC254x-1. 4. 1 PpSUH3ERE b FF & 1Mk, h U 4w 215 5 0 C 165, BLE P isURR B8 A 4% 2051 1
1, Hob anE AR H T RIS AT IR 25 55 B AR TR A S 25 1, T A B 2 AR A
A 8 MiRATIR A, AFHU RS I T8 A ) R A f 5 A s ik, BRSO BT AN R
B E ST AR RS BRI T BTN A Rk, IR ITTAYESI A 24 1 BRI B

HrlE B RE S App HEAT, %1 5T 4 OBLE St st
B REREWME 3 s, XFRS Table 1 Data packet format of Bluetooth 4. 0BLE
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| |

| |
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2 3

BRI, RS 11T main PREL, i ) 5 TEHUH DR OE  EIRITAES
R R . . — Preamble Access address PDU CRC
WITAAAH SCRE ;5 B 3, 7E9) 1R Ak 1) p— o S S

. - . 1K 4 FHRKRE 2 ~39 FAKE 3FRE
JE R osal_start_system () BREL, {Hi ML 1 byte 4 byte 2 ~39 byte 3 byte

ik, WEG I oA PDU ; Protocol data unit; CRC: Cyclic redundancy check.
B L HR, - RO SRR R (SE-1)

PMARIZHE S T ADC 2540 AGEIE A4A5 14 iE64% K% AVDD Bl S % E En 1 s, J8
HPEBEIC ADC 6 BB, I AA T RG22 w8 ZH newValue[ len++ ] H 1 BOE I BEIUEF 0 FE 14
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SR UL L RSO SRR R (SI2)

A RN R | IR ADC (R | iﬁﬁm

I HT R, W B 2 3% g B W ML, B O A AT P —
TR AR EL App, T T BLE &, B S2HCH T I
B2 TRk RREE R A, IF v X RRAEAE o Start A/D conversion, cache
TTEEE B, DL SR (R R 1 . I B i die i e
3% 55 HE MG A3 AR A AR A WL T R SO SRR .
B(SI3)., Connection successfully?
2.5 EWHIE
2.5.1 BAMABEBUES AN K4 B R ERD Data conersion

5 A B 1 A 5 AR R R E R AR E , i S R }
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W RE 0.6 V, 7R App BEEUH R s E1T B3 ek asiiaE
2PN, 7 AR R DR T ISR RS Fig.3  Flowing chart of software
5807 RS 550
2.5.2 pH MWK DL pH & & st h & B 11 Bei il , 2 A AR i AT 3. 0 mol/L KCI ¥
Wi 24 h G ARAL IR, B 50 mL BERRERZE P (PBS, pH 4.74) T/NGedf  BE 1 Ra s B bt Bis b s
(A E T PBS IS AR5 B AT 1. 0 mol/L NaOH YA , i I A R G - 454 pH 52t
HA 5 pH (EAY AL,
2.5.3 L-¥Hagmmpslg 5t ek AR R 1.0.0.3 F10.05 wm 1Y AL O, kit
ST B OGS Y 4 HE AR IR FE R Al K | TG K 0T B 4l K R R R W PR 10 min, 4 ELRR BT SETE
1.0 mmol/L DTPS ¥ g Hi= il 48 h #EAT F 414, B e, B9 T 1. 0 mmol/L Hg™ ¥ M rh 4k 2212 10
48 h, Vg TR AR

PMEFTH R S LR, DTPS/ He &1 4 Al A TAE AR, 7€ pH =6 19 PBS Z mfia e rhin A
AR EER L2 DR R , SEH O s AR IR AR Ak, 2 i mi o L7 S5 VR B YOG R R

3 AR5

3.1 SMRESZHIMERE
HEGE R G5 vl SEE SRS R RS B Ra TR L PR A — R RAE S, B i o7 AL IR R B 1Y)
B A5, K R GE AP REUEA T ANl 4 Frow W 2 Wil 22 48 8 pg il B e R (B, , V) S RT ik

B T R BRI SPR R (E,, V) REMECR, 50

M1 2B R =0.99993 £k 5 T #14 . ush i
E, =3.007E, +2.943 (1)

I FR SR SR 1 LA S AT TR A B, (1) = *r

TS S ORI 3,007, SR FH L R Gox [l — H i < 3sp

HELRWEI 2 h, LRI 8 R £0. 38 mV, R WL &R e Xt

FL AR AR MRS , PR AR R KRG BE K 0.4 mV 0

PR, PR T F 0 R 0 I i 2 £ R T T T
F IR AR (), T 0 E AN AL Jets B T 1) 52 E, (V)
BRI (B, ) B
 E,” -2.943
B =5 007

4 W IR G5 o7 o7 R G 2R AL
(2) Fig. 4  Comparison of bluetooth low energy ( BLE)

monitoring system and digital multimeter
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3.2 HMAKEAF pH EEN

W pH 5245 R ARHESK AOROR Je 3 A SRR RIS AL A pH 25 ra A BT PBS IR (pH 4.74)
B AR &R 9 1.0 mol/ L NaOH 3, R HIA RS M B2 5 pH EAZ AR (P 5) . 181 5A il
I 22 8 T2 S St 1T S W 7 P, B NaOHL V8 AT i, pHL (B O, AL AL TV T B, 5 s R BEAS AR E
RWIARRGEXT pH (EAE AL BB DR S i 17, i o7 (AR E PR, DA R GE T T pH{EAR I L £
AR SR M

<iEEl  Back
CERQE  AMRERAEENENE Connected, with low power
BLEFG£ MM 3.4
BLE wireless monitoring B
R &EES) 33}
Set device name (valid after restarted o
LneB ik 2.8411V —~
Potential reading: 2.8411 V \>_/ 3.2r
nmeEE 3 34l
Read potential value ‘::., '
- 2 30t
130
225
am. 291
a1s
i;: 2 8 1 | | | 1 |
i 45 50 55 60 65 70 75 80
250
i pH
= 2 40 60 80 10 120 140 180
EEME REBR
View data Save data

5 W RGN TR AL pH AR LRGN . (A) S 22 58 T LA G S I S i )52 P (B)
LA W (E S pH (LAY C AR

Fig.5 Bluetooth system for monitoring variation of potential and pH of solution: ( A) Real-time response
towards pH value recorded by cellphone terminal of monitoring system; (B) Relationship between potential

response and pH value

Stk — 2 WIE R e 0 R FHPERE , 171 S v AT N NaOH B, 254 pH i, [R50 5% pH A5 R4k
RO HLALAE A5 B HL 7 me AR pH B AZ ALY O R4 (an &l 5B o), mIH 5 Xk . B, =4, 1669 -
0. 1746pH, FEFEL R =0.9994 , Bima i i {37 5 32 Fr pH (HE A RIS R, RIIAR RG] Xt pH
{H AR A HEAT SIS 2 WU
3.3 L-¥BrREayiEine A

R T 20 FRAE I W R G S (A% SRS R4 T T ) A 1 SR Y L2 e 2 £ Ik
PSRBT T IRV T X IR . 7E pH=6 1Y PBS ZE i, LA DTPS/ Hg 144 4 il g T A Hy,
W, LR H SR FLAR S 2 b AR, R AR AR AV TR — IR, e A A TE R M 3R 48 5 1% 25 N AAS [R) ik B
() L-P 2R (5. 0x 107 ~5.0x107° mol/L) , 255407 1 R W 0 sAZ IR A A8 Ak, R BRI R Siki
R AR R A S AR — B0 (T 6A) 1T L3 A A% SR L L Bt -1 JDE 2 1 R B8 Kot 50 140 186 T 7 3 T B, 2840
B AT BN R — B 2 4k (18] 6B ) , FBH 35 10 R Ak — 3%, Fr LA, DL s o Wil 32 42 mT
T[] LA A% St XoF A SR A 72 A %) At S B A

4 % i¢

B IEHIAE TR0 R] T A A A R i A S 2 MR R 5T, I REAT T pH (R AL B
L->- e g vl 2 A S e ik, 25 SR 3R R RGE T X pH (2165 L-~14 16 22 R e B H S5 IR PR s Y
SEREEI BT, AR RGEEE S B AN R A B 6 AL R, T B AN [ P ot vk R AT o2k M i, O HL
TR 4.0 FORTER RE B A LAY K, UG 7 BB & 2 B A N App , BRIV AT 52 BRECHE A9 S bR 2 TG
Sk SR, T A TR R, B B A SE PR YR BE
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Fig.6 Real-time monitoring of L-cysteine by using BLE system ('solid line) and multimeter ( dash line) :

(A) Real-time potential response curves recorded with time; (B) Calibration curves of potential vs. logarithm

of concentration of L-cysteine

a; 5.0x107 mol/L, b: 1.0x107° mol/L, ¢: 5.0x10° mol/L, d: 1.0x107 mol/L, e: 5.0x10~> mol/L.
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Design and Fabrication of Embedded Wireless Monitoring System
Based on Bluetooth Low Energy Transmission for Potentiometric Sensors

CAO Zhong, LI Wen-Feng, LIU Chen, PENG Yu-Yu, HUANG Ying, XIAO Zhong-Liang "

( Collaborative Innovation Center of Micro/Nano Bio-sensing and Food Safety Inspection, Hunan Provincial Key Laboratory of

Materials Protection for Electric Power and Transportation, School of Chemistry and Biological Engineering,

Changsha University of Science and Technology, Changsha 410114, China)

Abstract A small embedded wireless monitoring system for potentiometric sensors was designed and

fabricated. The system employed a dual precision op amp of TLC4502 as the preamplifier and a bluetooth low
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energy (BLE) chip of CC2541 as the main controller, and the main controller integrated 14 bits analog to
digital convertor ( ADC). The system used the BLE development application program ( App) to establish a
Bluetooth connection with the CC2541 for wireless real-time reading of sensing potentials. The monitoring
system software was developed on the basis of a BLE-CC254X-1. 41 protocol stack by the embedded
development software of IAR Embedded Workbench. To verify the reliability and accuracy of the system, a
precision regulated power supply was used for analog potential acquisition test, and a pH composite electrode
was used for monitoring the pH change. The test results showed that the system could be applied to real time
measurement of potential signals for three times amplification with an accuracy of 0.4 mV, and a consistent
response to pH change was able to quickly output with a linear correlation coefficient of R* = 0. 9994.
Furthermore, the concentration change of L-cysteine ( L-cys) was monitored in real time by the BLE system
with a self-made L-cys sensor, and the dynamic response change was consistent with that of commercial
multimeter, indicating that the rapid transmission and real time monitoring of potentiometric signals could be
well realized through the BLE wireless sensing system.
Keywords Bluetooth low energy; Embedded system; Potentiometric sensor; Wireless sensing; Monitoring
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