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Visible image stitching of large in-situ wind turbine blade based on
improved NCC
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Abstract: In-situ inspection and maintenance of wind turbine blades play a crucial role in ensuring the safe operation of wind turbines.
Currently, the mainstream UAV inspection method requires panoramic stitching of wind turbine blade images to further locate and analyze
minor blade defects and assess the overall blade condition. An improved image stitching technology based on NCC algorithm is proposed
to solve the problem of difficult stitching caused by single structure and sparse texture of wind turbine blades. Canny edge detection
algorithm is used to extract the blade edge and filter the duplication to get the boundary coordinates, NCC algorithm traverses the blade
boundary coordinates for searching and matching to optimize the search strategy and speed up computation while increasing the weight of
key information to improve the stitching accuracy, and combining image pyramid coarse-fine matching thoughts to further speed up the
algorithm. Finally, the spatial corresponding relation is obtained according to the optimal matching position to achieve stitching. The
experimental results show that the matching time of the proposed method is about 6% of the original NCC algorithm and 3% ~ 10% of
other classical gray matching algorithms, and lower than other improved NCC algorithms. The stitching success rate is 94. 74% , which is
higher than all comparison methods, and finally, the visible panoramic image of the wind turbine blade is obtained successfully,
demonstrating its good stability in panoramic stitching of large-size wind turbine blades visible images.
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Fig.2  Process of blade visible image stitching
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Fig.3  Visible wind turbine blade image segmentation
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Fig. 4 Extraction of wind turbine blade edge
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Fig. 5 Original image and equalized image
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1 .SSD kY5 SSDA Bk 3.84% .3.85% . 3. 89% .
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IR LRI 1) DT JE VB 28 R oA SCR Ik Hovr SSDA
A9 VG C % 2% B I, 3X /2 B T SSDA 58032 Y DC TS B2 7
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(a) Correct matching position (b) Proposed algorithm
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FFT convolution
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Fig. 14  Matching results of two frames with different improved NCC algorithms
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Table 3 Comparison between the proposed algorithm and common improved NCC algorithms

P VERC A~ 5k/ 5K %/ % VERERERT /s
[Rl— sk &l [T IEEES [R]—sk &l [SLERE [ — gk [l i [l 1%
ASCH: 175 162 100 94.74 0. 83 0.85
NCC+FJ3 B +FFT 2 A58 175 160 100 93.57 1.18 1.17
NCC+FUT B+ & FIE 5y 2 154 150 88 87.72 0.99 0.99
M3 T EL X TRE—R IR ICERR NCC+R BRI M T A RESW S I, 35 T ICE R R, T

o P+ T B RA DU B RS AR O Sk B AN SR
HUCRCIERG . ORI T E TR ERIAE LR B B
FRECAR AT BT [0 B 15 3% 0 1 8 i PR VB L, 3 ) S B
HEAEVEC A B HEVETE A, 38 0 5% D BC A A5, T A
SCE A A - BERL DT E IS e vt S s R T

PIMTEHR A VE L, WA IET 14 ] DL & I HAR SR s A R A7 DT
PSS 247 H BV O 1% A4 175 0, T AR SCH vk BE A 21 i 1)
VBRSO B, 3 g th 1 ARSI ot a] PR AR T e o 1 5 L5
FERTAYXS L, A SCRVE R VERCHERR 5 94. 74% , 5 T3
bRk NCC 553, [R) I JH: DT e A 5 fI, 158 WA SCAR 0k
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(a) Stitch results based
on SIFT algorithm
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(b) Stitch results based
on OR B algorithm
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(c) Stitch results based
on SURF algorithm
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(d) Stitch results based
on proposed algorithm
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Fig. 15 Comparison of stitching results of visible images of wind turbine blade by different algorithms
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Table 4 Comparison between the proposed algorithm and

common stitching algorithms

PR PHERIIANMU TR PHERIIE/ % PHEFER/s

A 162 94.74 0.83
SIFT 80 46.78 0.127
ORB 101 59.06 0.015
SURF 132 77.19 0.161

SIFT .ORB 5 SURF S35 )& T3 TR IE A e T ik
S LR IEP AR ENE: I I WA R WP S K 2 ol L U
SRR AR I B R B AR E , 76 FRFAE TiC

WERA P AT DB 2 HH B ol a5 | LR AR B B
PR EUR I PR AL 1 BRAS AL | I 3 2 Ak S B X6 5%
RS DL, AN 15 (b) AR Xk 5 1 15 () B X
JIE7R 7 B 1) L S 5 U] 2 S B e s SR (A L AR T n
P15 (a) BYHAR DCECS 18T 15 () AR DI, ] i 7 52 56
AR R, R E R A T PR PR R v B
BRI AR T (417 D0 23 B 25 P 4 TR 0 16 22 1 SR AR, AS R
FIR SR PrE , INE 16 Fis . A SCHE H A DFHEZ 5
BEA RLPHZ R B o] WG EMG , BHERCR B H 0
R AT 5 R XS S G DL, PF B ) R 2 T
il 3 FhETE . ERASCR AR PRI E] AN H S TR AR
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(a) Stitch the 0~8 pictures (b) Stitch the 0~15 pictures

(c) BHEE0-175k B
(c) Stitch the 0~17 pictures
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Fig. 16 Deformation accumulation by SURF algorithm stitching
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Fig. 17 Panoramic stitching result of wind turbine

blade 1 when the blade is in the sun
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Fig. 18 Panoramic stitching result of wind turbine

blade 1 when the blade is in the shade
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Fig. 19  Panoramic stitching result of wind turbine blade 2
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