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A liquid-level sensor based on phase shift characteristic of spoof surface plasmon polaritons
Hou Ziyue, Zheng Yaling, Zhong Tanhao, Li Mao, Wu Jieping"

School of Automation and Electrical Engineering, Chengdu Technological University, China Sichuan Chengdu 611730
Abstract: Liquid level monitoring is the core link to ensure the balance of petrochemical storage tanks and the stability of
food and pharmaceutical processes, but the traditional liquid level detection technology is insufficient. This paper proposes a
microwave non-destructive sensor based on spoof surface plasmon polaritons (SSPPs). Using the high sensitivity of SSPPs
to changes in the dielectric constants of the surrounding medium, the liquid level detection that can penetrate non-metallic
containers can be realized by monitoring the phase angle offset caused by liquid level changes. Simulation verification shows

that the sensor can effectively capture liquid level changes in oil and isopropyl alcohol detection, which provides a feasible

solution for liquid level monitoring under complex working conditions.

Keywords: Liquid level measurement; Spoof surface plasmon polaritons; Microwave non-destructive testing

03lF

ET A EEM S SRR ROTET, SRS
ke RR 2 e | 3BT RS E R, Il
BB —, HRHET RO I 2 T B
BN M T, RS R R R T
LRRIANEIT; AR ERIZEAT T, LR . RO
RIECEEIN T S RE 5 T4 AKRIERETE, KB
LR SRR BRI, TIrEmR iR,
Yo b 5 3 O R S W TR 2 KT 22 4 O S PR
Wi, &R, JEEmR AR AR, SHEZ T
LRI RS B TR B X

Wi R B A ) e R S B
frit. PR, HARHEATHHE MR B A E RO A ok
RIS . B A e SRR T AL,
SCHL T AP S R AL MR, IR
ICF R R e R R AR S, BT R T S M s T
S L) SR A R IR . TR T2 R R A
el B ETFRRAL B M R T, S AP HoBT

REW, ZTHEESE . SEME RS P RIHEA
SR, FREEEREK, SRR, ARSI, H
TEMRR SR N B A S HBUNERE . Stk
(it cEE ) P SLElR Arie i, #55 AM fr AR
EANMATE, SREESHEE T, EHBER R
MR FEARERDT b, SR it i M
SRl R E AL B . BBk S e Tk, A
RUPAAR T4 B L EE R A 5200, (B E R A et
TR 22 T S B MR R P )R B A R O IR
TR A RN G ER Gr, HAE T b mh 2
ST, AR SRS IS, (BRI
A2 ENREE S L AR " ORI AEER
SeRkESLBR AN, £ A IERH R TR
KRR A, (BRES 2R T IRk EMEES. &
bR, R BRSO SERR R B & E
%, (BFE—ENRIRE, TCHREE ARG T)
MEDFERIUBRL . FUEE SRR IR — i A
feidas, DARER . SR, IEBE MR SR T

183



HMEEARENA 2% 6 #

ISSN: 3060-9461(Print); 3060-9453(Online)

BRI

AR —FEET N LR G EHIT (spoof surface
plasmon polaritons, SSPPs) MR GHE(LEES, FIH
SSPPs XA HLERST BB ,  SEBM A F R o = b A,
W, ZfERER TR . RN TuE, SEE S THER G
AR EE RS, ERIFHEHA SN EE AT
RMPSER BT, AR RS AR OE T B
1 HHXE R

SSPPs 2 —FET A LRmEFEHoT, HFEH B
R4 BRI HRE I RIS (CAnsETers . kT
W), IR HRAN REVS AR IX Be A My B IERE, TERRIT
FARFH F BT . 2005 £F, Pendry AP H2H T
— US4y, ZaE iRl ek —4Ehiy, ROV
QBN . N T ZEEENE, GERRAN:

2 2

~k
= Dtan(ky )

ky (1)

Hrr d REFWHREE, 2 RIMIEWEE, h AR, «AE
BE, ZERganiE 1 R,

N

B 1 FSSPPsty — st 4 45 1B

I IEAE SSPPs BT TUMTAIT 25T (Aol . A
RPN Eaksi ) . HBubmR eSSl A %0RE. 1t
SN, SSPPs Gt LA A BE IR RAES, LH
TE TR E b ST, X P RS R AR 5
A T IR, (ERER AR At R R N b A=
ARz, MIMAESSE SN s a2 IR B A R
B S O R AU

ARSCE XS SSPPs R EIEA T 04T, A
R AR ZS P RIARGE DS ARASIREE, ML
(RS IS BERN G B RE TR T T3R5 . il W o e o A2
IR FORR AT AR SR AL TR . SEPRIRE R, 18
T b A —#13 N TSI R R SR (T O R
e
2 R ERIZIT S0

AT R EEHoEoT (SSPPs) I, %
T —F AT E R TN G, HE R

184

RARE 2 frow, HEZEEWEMR: FEAERE,
BEaE e S mp S . D sspes AT T
JB S SRR E O TR ER U A% ( Polyimide ) £
JFRFEA, MR RS 3.5, EYIREER 0.0027,
£ h=0.07mm. [SHLSEHEL R ARGV E  BHRHEE
a=0.035mm. IZIEREEIELE Y ErT oy A =X, DU
TRE S eGSR

L, 5 L; 1l
) < 5
I 1T 111 \ nlt
w \\
--------- |
e L OO OO A U L s !
L y=/x) ik
; LYY Pyi(xsy) /i E
M. !
I ' ! i
1 ! 1
! E /;m;ﬁl !
H hlw_—l_?-z i
b 8 i i ol
_________________________________________________
AR Ui IR R AL H AR P

B2 & BN A B

SLER SR (B 1), ZBCRAI K 54
ta, il 2 ZFTR, Hn RS 28 L=47mm,
w=20mm, e=4.5mm, f=7mm, ZHZLOIIREEEEL
LR SN 2R A RN, WhiRGOREE RS &
RIS a2 (R s A, D RO IRRE . AR Bk
ML SHHZE (5B sy ), i 2 BRI EETO
EoR, CESHARIN, RGO R GENE (2
M b,=0.55mm #ASE by=4mm ) o XFRREEHIAEAY
T LML SSPPs FURREHEL, MIsCELBEHITNZE 2
At WIHIHUGE TR AR . [N R R R IR E
Hhzk, Al

y=Ce" +C, (1)

Herx, <x<x,, a=0.1, P, (x,, y,) F1P, (x,,
v,) AEHZRRIRC IR AR, 1S Rt — P HERR T FL G
RARE )], HREREP N ERSRREER, BIHRNR
B . BRI (8 &84y ) L S mT UL
A, S SEE A I GBI R, FEIR
T HIFRE

RGBS AT I RIURE D), 8237 T anl&l 3 B
RINERERE . EREES T RN, AT
PRIGHL T A AREE, A2t EER R, AR 4L
4 2.10, IEYHREEN 0.0002, F2E Gasimgis, @k
AN AR B SIS R S O R T AR b



HMEEAENA 246 8

ISSN: 3060-9461(Print); 3060-9453(Online)

e
W
B H
N
| N £
e :
TrERENR: BRTERE g

A3 R EEAEMNEE FER

R YGAETZ (G RS O I RE Ty, B Sk B
(AEEE 2.5) TEARFIEA, SEAIZEL 30mm 15
FTTHENE, SR REEREM, SUMEEATY
FAGIAREE, ARAIAURE I B R &R R R . TEX TR
ERIATEIRA A DUG, SR AE 4a) ok, w10
FE A LA E A 1.00737, BHEAIHGIN 1mm,
frasfb2y 1.01° o AR A EIZE R2 B2 1, WS
O RIT, MRS R OGN BRI AL, IE T
2R RS AT DU G AR A SCBURS Wk . Asdt— 2P BaiE
ZAERSSE R, RN (REE 7.8, B
£ 0.0076) (EARFNRIAER FR S, 4R A 4(b)
FoR, & LR R2 tHEET 1, RHERN 6.29142, XENR
NFWEENNBE BT, AR BT,
SNBSS B EEEER, MBmEER, #t—
A TG ES /T DLW AR RV B 2 At A TR
[ st BT DURR A A (7 22 18 38 (19 2R [ 0 1 14 B 8 20 )
KMo

30F

25k y=0.93314x-0.16463
R?=0.99982

Phase Offset(°)

w

=== Fitted line
@ Test Data

0 5 10 15 20 25 30
I(mm)

B4 (a) £ i AR Ay o it 69 48 4% v 25 B

40l ¥=5.80733x-0.89233
[ R*=0.99426

=== Fitted line
@ Test Data

(IJ 5 110 1I5 2‘0 2I5 3.0
I(mm)
B4 ()l ig ik A 57 7 B B 69 AR A o 22 )
ZAL IR R SO R el FiERE A

B, bt AR R AR R A R I gs (N B R it T T
W, HEERE 1R, HESHEEREM tmm HINE]|
Smm, FEARIEOTALE A ARG R RSN, (BEE
FE2 smm BRHMAERRE T . IR T iZEREEE —EN
ZFiEtE . ERA N AR T IR RNIERE, BIET
SRR AR R (ke A 2

F1 FERBEE TRATLImmIBLL R ERE

R Imm 2mm 3mm 4mm 5mm
B2
(o ﬁj —1.1356 | —0.8315 | —=0.6344| —0.5082 | —0.4092

4 L5iE

AET NLREGE ST (SSPPs) (EREFME, &
T — Pl B S T (T (R s o 1 < e e T (o
FEE SIS E MG, SRR R N S R R
e, SCELALTE SR SSPPs MR 1 Sk, $RTH
INRAMUBUREE . (FEEREN, EREMEE T, %
JRESTH . SN BRI AR A e R R, Hoa ARG RE
AT = R BB RE S . XGRS S T A A F Rk
R, FEEMN TG SRR, AT
PRI AL TR 2, Wb SSPPs Ui BB
PN A B e ALt
SE 3k

[1] B/ NET, okiele, % BaRAITHEER
ESREFR RN D] B DIV FRHE B, 2025, 15 (04):
129-131.

(2] L, BARIFE. P arit R AD]. (hARM
T, 2024, 53 (13): 205-207.

(3] AR, SRER, IR LA R AR hEES
AR A [ ESNERRHS, 2004, (02): 30-31.

[4] 281, fll BR R AL EE VR IR ). ke L

185



HMEEARENA 2% 6 #

ISSN: 3060-9461(Print); 3060-9453(Online)

A, 2025, (07): 72=73.

(5] %, JRNSY, WSS .
WFFED). REE 2025, (09): 92-94.

[6] F¥& . @A RO A S0, (LPEkT,
2023, 43 (03): 87—88.

(7] PMEE, SFEMS . BRI AIHE L T A =R A
(8 LSBT (). BT HE5RL, 2014,(06):278.

[8] Z2FHE, SkMIE, MIEE . BT TDC-GP22 {94
KA SOOI )], AU AR, 2022, (02):
16-18.

BTSN 1

186

[9] Pendry J B, Mart i n—Moreno L, Garcia—Vidal F
J. Mimicking Surface Plasmons with Structured Surfaces [J].
Science, 2004, 305(5685): 847 — 848.

FEEIHE : BRED TR B A R
R, TR ARG T A SSPps EAR RN R A1t
(202540116088 ) -

Ve BEREk (2004.12-) , 5B, MG, ARME
B, WFRTTIA . FEEMER TR ) R 5.

EITES: 2 (1991.09-) , 2, PE, fiit,
PRI, THZTTA: MR Tee .



	基于人工表面等离激元相移特征的液位传感器

