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Fig. 1 Distributed ubiquitous sensing system configuration

and operating principle for monitoring critical

areas of trans-medium vehicles
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Fig. 2 Wireless sensor node design and configuration for the
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distributed sensing solution

(6) HL PRSI

FL PSS ATy ] S L P R S B, {EL R T CER AR R
Ge 034 T CHUME LA il 2 8, X Fl R AR T A
BOR o BEAb, AT BRI P IR S il 2 45 1 i AR R
(077 A RGeS AT R R T AR BRI
1.3 SHUEHT RANEITHH SThEESE I

K328 T RGN E T, — ML R A iE -
AR N S iC R R . O TSRO T R R
BB IS ol I E R B RIS IC % B3(a) 2
IR AR TE 2Msps SRAATA T D SR A AL 2 1 i L

U R R T B RN, PR AR — B



X GLC 25 B AT IR C AT A 20 i S L JC R RE T2 A R

5

91

BRAR 5, N5 i A B3 B B A RS e e it 7 —
Al B A SR L A 3 () iR o SRR B A AF B s i)
Fb 58 g 940 Wi 7 1) e e, T A 1 R e 4 2
TI MR G AEARFEE AR K . B , il & A5 5 13k
WA AR Sl il 2 (MCU ) M, 37 RV A 4004 e 2
(ADC) H Ui i % PZT #&H E, 4nf&l 3 (e)~E1 3 (d) i o
Pl 3 (e) Ry MCU i 53¢ 1 ol AH N BicHs . 7T LA 21 i T3
PRUR ) B 5L 2% i B[R AH R 1) FF 16 38 43 9 84T
TSR FE R4 i 7 )47 B A 0 A o R
IR oR . MCU s R 48 58 I TAL LS |, 4 Bl i i
TR TR 3k 2 3] rp e fb BREE U8 E LRI
TCERFHPE MCU £ 4], MCU i gE AR S RERI R, Nl 3
(H~E3(g) iR

(a) St m S 4 B

(b) HeA R A fl ke

(d) ADCIiz1 7w

4, () MCUARHILEAT 7R >

TVATN

(e) MCUIL R AN vt o4

HMER AL PR

: (O MCUA M B P |

(@ BN IR [ 7]

T ow
P

ihyo|
K13 oA X OCLIEATTT AN b S R A B
Fig.3 External impact processing mechanisms for wireless

distributed sensor nodes
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Fig.4 Implementation of rectification, amplitude adjustment and

triggering event generation for sensor nodes
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Fig.5 Testing platform of the impact-detecting wireless

sensor nodes
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Fig.6 Impact event detection under operational noises

from one sensing channel of the sensor node
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Distributed Wireless Piezoelectric Smart Ubiquitous Sensing Research for
Trans-Media Aircraft

Liu Zhuowen'?, Fu Hailing'?, Feng Tianyi®, Huang Lingcai’, Deng Fang'-?
1. Beijing Institute of Technology, Beijing 100081, China
2. Beijing Institute of Technology, Zhuhai, Zhuhai 519088, China

3. AVIC General Huanan Aircraft Industry Co., Ltd., Zhuhai 519040, China

Abstract: The trans-media aircraft operate under harsh conditions while performing maritime and aerial missions, and
real-time monitoring of their status is crucial to ensure safe and stable operation. This paper presents the design,
development, and experimental evaluation of a low-power, high-response wireless distributed ubiquitous sensing
system for external impact monitoring and evaluation of critical components of trans-media aircraft, such as landing-
on-water. Due to the transient and random nature of impact events, the study combines an event-triggered
mechanism with a network center requesting mechanism to exhibit low power consumption when no impact occurs
and high performance when triggered. System responsiveness, robustness, and energy efficiency are considered and
analyzed. Based on the system requirements and functions, the wireless sensor system is designed with modules
including filtering, rectification, impact detection, local processing, and wireless communication. The system is
implemented on a printed circuit board. The system is capable of accurately and timely capturing multiple piezoelectric
sensing channels (8 channels). Using this ubiquitous sensing system, effective estimation of the location and energy
level of external impact events can be achieved. The designed distributed piezoelectric wireless smart ubiquitous
sensing system for trans-media aircraft can monitor impact events during operation, identify the location of the
impacts, and promptly detect potential structural damage or safety hazards, ensuring the safe and stable operation of
the aircraft. This low-latency, low-power, high-response distributed sensing system can be ex-tended to other
applications on the Internet of things for monitoring rare, random, and transient events.

Key Words: trans-media aircraft; PZT sensor; distributed ubiquitous sensing; wireless sensor network; structural
health monitoring
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