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Application of feature point compression algorithm to pile foundation detection
using distributed optical fiber

MIAO Peng-yong, WANG Bao-jun, SHIBin, ZHANG Qi-qi
(School of Earth and Engineering, Nanjing University, Nanjing, Jiangsu 210046, China)

Abstract: Brillouin optical time domain reflectometer/analysis (BOTDR/A) is one kind of important distributed optical fiber sensing
technology. Using the BOTDR/A-based distributed optical fiber technology to detect deformation of pile foundation, the vast amounts
of detection data need smoothing and denoising. The paper introduces most frequently used embedded techniques of the sensing
optical fiber, the characteristics of detection data, the role of massive data smoothing and denoising on the detection data handle and
analysis. We developed the concept and proposed the implementation process of the feature point compression algorithm (a new
smoothing and denoising method). Based on data measured from practical engineering, the smoothing and denoising effect of the
method is analyzed, and its applicability is also verified. The results show that the proposed method is simple and efficient in
processing the data from pile foundation detection, compared with the conventional algorithm, it can smooth and denoise data without
losing the characteristics trend of detected data, and can achieve satisfactory results as expected. It can be applied to the distributed
data processing of optical fiber pile foundation detection.
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Fig.1 Installation of sensing optical fiber
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Fig.3 Flow chart of using feature point compression
algorithm to find feature points
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Fig.4 Schematic diagram of feature point
compression algorithm
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Fig.6 Comparisons of effect of data smoothing and denoising using feature point compression algorithm
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denoising by different methods

PR YN {5 LL(SNRIAB)  BIJT R %(MSE) — TIBIE()
PRME T 68.797 6 6.204 8 0.7212
L EWARPR 84.483 5 21352 0.869 8
AR 1K) 64.663 6 6.303 8 0.698 9
42 1K) 67.600 6 4.574 4 0.692 6
A3 1K) 80.858 7 2.149 1 0.759 0
N AR (dbd) 67.600 6 4574 4 0.749 8

M R B BEAARFAL (R~ FESHORE R4
Sk VU 2 YO felt, Wiz, HAbIrik
FEM 2] X ZRIRARAE (2 N 1 U0 78
R RS, O T ORFEIIER 1T, 2 T LR
ZIME R, XTI BT AT et o 1M FPEE
75 P B LU 1 22 R B B 18] (183 i 2 BB SR A
Ak, EAREEN T o AR TR IR R
[Fi) IR SHfE ot 1 b e F- R

gity BRwim, 4SS (2 IS 3 U0 1B
ey iy L7 T B LB RCR, (HPIR 5%
AN B AN, I BT RS AR R 2R R X 4
Yo Ve, JEa AR IE A A P REAT M
4.3 SEPRMHRCR

FHARFALE s Hs 43 500000 b AP A I Bl - 2
W, AbEE TSI i (R R B P A3 A T A
WE 7 Przse WK 7@ T DR, BESHRL Bt
BES 1) A A8 (i), B BURIRAR, X
VEHZME RS BT, HZl e, A i
PP, A RO G T i Lo B2 . K 7(b)



53 IS 6 A L RS AT G BERE R o 9 917
JERH 71/ kPa
0 100 200 300 400 500
M T T T T 1 0 T T T T 1
1123 (4056 {7[8]9
IERE= 2
| 1—4 400 kN
0t 4t 2—6 600 kKN
| 3—8 800 kN
s 6t 4—11 000 kN
B 5—13 200 kN
8 I 6—15 400 kN
[T 7—17 600 kN
10+ 8—19 800 kN
0 = £ bl 9—22 000 kN
|| = =
A K 14F
b b
=& = 161
ERALIERA 1—4 400 kN 18
. ) s
L 2—6 600 kN ol T K EEBH 7 25
3—8 800 kN
SR PAAAE 4—11 000 kN »lL
5—13 200 kN
u 6—15 400 kN 24 |
7—17 600 kN
R A 8—19 800 kN 26
9—22 000 kN 2

(a) By oA

(b) FERH 350 A

7 #hESEENE

Fig.7 Diagrams of axial force and frictional resistance

FORT LU R 8 B A L R R A
RSSO R N S, R AN . ANIF]
Ay 33T A (DA B Ak 69 JEE BHL 1y BB Ao 28 PO KT 48K
X BT B TG, AR DA D AR AR A4S 4
KR, e KEERHI B AOALE,, BB A 2 4
K M5, HEHIAE e e )= |t 1=
MRMES AR, EES LR EER ) A e 4x, Tl
LA AR, MR AT A A s a) o 25
BB, AR 5 B AR I R R 5 A
BN AT HUEI A A, Rl S AT
FIRIRSERZ I DL

5 4w

(1) IEAFEIRAERENS O/ B R I B A 1)
Rl REA TP 250, @ R ESGE SRS
W EE, A0 KOG LA ACT I A - 25 1 e S o
37 P REAS A5 2R IRCR

(2) MHTHME % DB, i
T2 1] 5 HL 5 SE B RERS B RIS (RS A S
H eI B AT A R T 25

(3) IEAFEA R B L o 52 KIS HU
S, DA, MR AR R AR B R T
SRR R L AT R I8CR . Sioh, s
AR STAE A A 5 b o TR U A1 KOG £ AGr D
5 S 1 AR P AT R A 6 o

2 % 3 MR

(1]

(2]

[3]

EHE, FRL K, & BRI A A6 LT
BERRIEAT I [T]. TREHL 223, 2010, 18(3): 325—
332.

WANG Bao-jun, LI Ke, SHI Bin, et al. Simulation
distributed  fiber
deformation of soil slope[J]. Journal of Engineering
Geology, 2010, 18(3): 325—332.

WXk, TR, ER, 55 BFIEMEEGZ M BOTDR 434i
HOCLF AR MM E AT I, H A )75 TR,
2005, 24(15): 2622—2628.

SHI Bin, XU Xue-jun, WANG Di, et al. Study on

BOTDR distributed optical fiber strain measurement for

experiment  for monitoring  on

tunnel health diagnosis[J]. Chinese Journal of Rock
Mechanics and Engineering, 2005, 24(15): 2622 —
2628.

rR I, T, kE, 55 A SOGE AL IR TR
AR T () RREMEEIN ). 75 9k T RE274H, 2005, 25(1):
14—19.

GAO Jun-qi, SHI Bin, ZHANG Wei, et al. Application of
distributed fiber optic sensor to bridge and pavement
health monitoring[J]. Journal of Disaster Prevention
and Mitigation Engineering, 2005, 25(1): 14—19.
AN, R, B)TIR, AF. A ROCETAL BEORTE R
FUBETE AR I AR I S [0, A T RESER, 2008, 30(7):
976—981.

PIAO Chun-de, SHI Bin, WEI Guang-qing, et al.
Application of distributed fiber optic sensing techniques
in bored pile detection[J]. Chinese Journal of
Geotechnical Engineering, 2008, 30(7): 976—981.

IR, W, ST, AF. S An sOGEAL EERAE T



108 b +

71

2 2017 4F

[7]

THIRESEME N D IS S (7], TR AR, 2000,
31(6): 911—916.
WEI Guang-qing, SHI Bin,

Application of distributed optical fiber sensing to testing

JIA Jian-xun, et al.

inner force of prefabricated piles[J]. Chinese Journal of
Geotechnical Engineering, 2009, 31(6): 911 —916.
XAl 2N A A OGET A B B g
. EMORAE2AAR: HERRLERR, 2010, () 1): 73—
76.

LIU Jing-jing, LI Cong. Application of distributed fibre-
optical in static test[J]. Journal of Jilin University
(Earth Science Edition), 2010, (Supp.1): 73—76.

LUY, SHI B, WEI G Q, et al. Application of a distributed
optical fiber sensing technique in monitoring the stress of
precast piles[J]. Smart Materials & Structures, 2012,
21(11): 115011—115019(9).

D, BARlE, A T A OCERINAE AR R
FLAR f BE AR AL REWEIE[T]. A 0%, 2014, (5):
1406—1412.

LUO Yong, LI Chun-feng, XING Hao-feng. Research on

(]

[10]

bearing behaviors of large-diameter rock-socketed piles
through distributed optical fiber sensing technology[J].
Rock and Soil Mechanics, 2014, (5):1406—1412.
oKy, FERE, B, & eI LA
TRERIN ] A 05 TR, 2001, 2004 1)
1): 1692—1694.

MA Shui-shan, WANG Zhi-wang, LI Duan-you, et al.
Optical fiber sensors and their application to geotechnical
engineering[J]. Chinese Journal of Rock Mechanics
and Engineering, 2001, 20(Supp.1): 1692—1694.
IRPEE, WK, FKIF, . BTN BT BOTDR
JCEALIE ARG S AL BEVET]. e ok, 2003, 14(7):
737—740.

XU Hong-zhong, SHI Bin, ZHANG Dan, et al. Signal
processing of the fiber optic BOTDR sensor based on
wavelet analysis[J]. Journal of Optoelectronics ¢ Laser,
2003, 14(7): 737—740.

TEE 924



