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Development of spatial three-dimensional force decoupling system
based on the capacitive sensing array

SONG Zeqian, LUO Xuanzi, LIU Aiping

(School of Science, Zhejiang Sci—Tech University, Hangzhou 310018, China)

Abstract; In order to improve the ability of stress—strain sensors to detect three—dimensional forces in space, and improve the
sensing performance and reliability of the sensing array system, this paper arrays ordinary capacitive sensors and processes the
collected sensor data in combination with multi—channel peripheral acquisition circuits, and explores their ability to decouple three—
dimensional forces in space. In addition, the obtained sensing data is used as the input port of the Support Vector Machine (SVM)
algorithm, and the strong generalization ability of the SVM algorithm is used to accurately decouple and identify the three —
dimensional force in space, which greatly optimizes the sensing performance of the entire capacitive sensing array system.
Experimental results show that the sensing system not only has the ability to decouple the three—dimensional force in space, but also
has better recognition accuracy and stability, with a recognition accuracy of 99. 3%, which can be applied to most detection
scenarios.
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Fig. 1 The structure of a capacitive sensing array

2 ZRERARERGFHER

2.1 MKEBEAEE

ASOR B 2 AL B T 28 (| 3 45 )
(93 (=407 ) PRI 45 12 St >R FHT ) A —XoF DY
() FEL 2SR SE T, T DA B A i — A BE A% ) A8 T
IFid sk Z A ER I, R EZEE
KB A RSB A PR e, Forp %S
SR AR PR AR T SN 4 45 I H A A0 B A8 Ak s B
Ab FRASTHRIN X6 R A 21 1) B84 AT Ak FRD 43 B, B R
B 0 HERR PR R AT S

HL 78 R AR B B A% 0 J FDC2214 il 2 H 25508
F (UK 2 7R ) o FDC2214 2 35 T4 4 ) B 5 3
AT TAERY , 38 5 I 4 25 A A8 Ak ok T 53 ML,
FLAA IR AH B PR IR 5 e 7 A — 1 [ e AR i FLAE
5 IR LIRS BRI L 2E L R H S RN
e {75 5 A A28, 38 2ok D A5 5 A 3R () A8 AR R B2 AT LA
WhoE A MWE, B RERIMN KR
APM32E103 i3 0T322540 fL4R7E FDC2214 |%



LERNE |

RVEHE, A BT A UL IG5 19 23 6] =2 ) il R 50T A& 37

LR T ADC KBS 57 W BT 55, %
AE| APM32 i fT AL ] 53 A, A B A B AT
ADM2587 1% & H A B M # O T 6, e
SE5C T BT i o e %) A T B sl A 2R 4 S B0
DiFE ok i m) L, o PR i & I Z e BT A
AMSTIT7 AEAR R RIS R, HE BT 5 AR

GND

FE A HL PR o0 e R AR AR I L A
S KRS H E HEAT AR BT 3 S B Y
JREEAE] ¥ FDC2214 RAE 2 5o 12C 16 A
F APM32 W i i APM32 A7 RO 2 f
& ANE PC i A3k BTG B2 0 A% ARG, 53 A EC A
TGN A R B A TR R

VCC33V P P2 P3 P4
U1
17 pap ap 16 R OR 1IN3B
8 GND m;i 15 R2  OR 1IN3A —e — — —
R3 R4 o> 14 RS OR 1IN2B
R6 4 IN2B 13 k7 orR  1IN2A
47K 47K ADDR IN2A 2 Header 2 Header2 Header 2 Header 2
R IN1p 12 R&  OR 1INIB
SCL L ger N1y 10RO ORHINIA
SDA 2 $pa nop 10 RI0 OR 1INOB
INoa 9 RIL OR 1IN0A
s CLKIN 3
6 & vop VCC33V
1O VCC33Y Y1 ) 1 3 ca
. 4 3
FDC2214 VDD OUT
GND s 6 C7 L — 33 pf 33 pf 33 pf 33 pf
cs Ll 12 3 14
100nF100nF 100nF .\ 40 M OT322540MJBA4SL
P5 100nF 18 pH 18 wH 18 wH 18 pH
VEC33 Y 1 0603-10 K-5% «é § ; g é g 5 §
GND oo i R14 5 == 55 == =
SDA 5 RIS oD
VCC33V : ¢
Header 4 ;
AT 0603-10 K-5% GND
D1
R13
VCC33V GND
S10R
LEDO

2 FDC2214 ik R SME R
Fig. 2 FDC2214 chips and peripheral circuits
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Fig. 3 Diagram of the system hardware architecture
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Fig. 4 Development of test code
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Fig. 5 Results of real-time display
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WAEERI TR EAE ) , 73 5 4 R LR >
FRDRTT GEXT IR BRI T4 2 XS LU HER R, BFSY
AL R SVM AR A HERf 2 B =, iR B T 95. 3%
KNN 5% 84 19 o 0 2 5 A%, A 92, 6% 1ii B
(Tree ) A9 WE B % H A 93. 3%, — R K Wi 5 #r

(a) SVM #5528

(c) W2

( Quadratic Discriminant) BJUER R A 94. 6%

Xt AL 4 BRI HEAT TR A A RE A X E 4
B, P 7(a) ~ (d) 43512678 SVM BERY v 1 5] 43
BrBasy REAYF KNM B TR E HERE . AL 7 AT
VATt SVM AYHER R e i B R A IR

bl

S
e

(b)y R HMN 53 Hr

(d) KNM A58

B7 4FHIBFFEIFENRBER

Fig. 7 Confusion matrices for four machine learning methods
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Fig. 8 Model evaluation metrics for four machine learning methods
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Fig. 11 A system model that performs decoupled analysis of

arbitrary three—dimensional forces in SVM model
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Fig. 12 Recognition rate matrix for twelve force cases
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