rE®E I RKFFR
el E1W J. University of Shanghai for Science and Technology Vol.44 No.1 2022

E S 11007 - 6735(2022)01 — 0042 — 06 DOI: 10.13255/j.cnki.jusst.20210707002

ET/NRTHRBEGIEEREENFI
BB 4 bl I i AR B R

e 1 2 .1 T2
w2, A ®, F XK, i -F
L BB TR R 5 TR e, B 200093, 2. bilgfilgels 24 Be b @ 52 2 X A0 B e, B i 201800)

TE: A RIS D R RAL X WMR AL, AT T FHEBEAT e f iR AR R, it 54 A
FTUHEEEENNGREBES, BEATHERARERBSLERREREZTHFE, RETATF
PABHAG L BEAT YL A 7 ik, A2 R =4 B 30 0k T Bear BRI R RT3, SHAE R k-
means £ £ A Ostu L FWH 7 RIRfeil m i RIS AT o2l ek, 5, ABIEXAALEA
FRABFATHSELR, 23R TT LRAEN LR MBEIR R EELR, FRERIER,
Ostu H 3% £ R R 69 ifl B A T A FAF6 2] o 2, MR FALE W ok 58 i AR K A4
R B, & T B TALEOR

KR O RsEAT R R BRI IR, AR
hESHES. TN247; TP391.4 XHEiFREED: A

Mobile phone speckle contrast blood flow imaging technology based
on wavelet transform image enhancement algorithm
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Abstract: In order to realize the portability of laser speckle blood flow imaging equipment, the mobile
phone speckle contrast blood flow imaging technology is studied. By analyzing and reorganizing the
light intensity signal of the color filter array, the problem that the color image sensor can not obtain the
speckle signal is solved. A speckle contrast analysis method based on mobile camera is proposed. The
low-frequency region of the image is enhanced by two-dimensional discrete wavelet transform, and the
background region and foreground blood flow region are segmented and denoised by K-means
clustering and Ostu algorithm. Finally, in order to verify the segmentation results of the two algorithms
in different cases, blood flow simulation experiments and microcirculation blood perfusion experiments
are carried out respectively. The results show that Ostu algorithm has better segmentation and denoising

performance under different blood flow models, solves the problem of blood flow image distortion
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caused by mobile phone's own algorithm, and improves the visualization effect of the image.

Keywords: Laser speckle contrast imaging; Wavelet image enhancement; Image denoising
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Fig.1 Schematic diagram of laser speckle spatial contrast
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Fig.4 Algorithm flow chart based on mobile camera
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Tab.1 The camera parameters
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Fig.S Laser speckle contrast imaging based on industrial

camera
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Fig.6 Laser speckle contrast imaging based on mobile camera
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Fig.8 The results of blood perfusion obtained by algorithm processing
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Fig.7 The simulation results obtained by algorithm processing

FEVE MG AT/ E), AnlEl 8(a) TR o 1 Ostu FY 7
VAR G 1 IR B AR R 1a) 2%, R —
A e A 1 5 22 RS T 5 40 Sy i 55 S 5 7 A4 3
Ay, SrEIRLE R 8(b) FTas, AT LIRS L R4
rh A M A ) TR X, P, 7E R 8(c)
LT Ostu ikt A7T o> B0, HE AT 2 04 i i o 3
GBI FE A LT B 25 Wb, TR AT B A9 iR
EISSUATRVR S RTR: N - B 3

(o) EF Ot Ik MIRER

AT A 24 K BV T . T LA L B €5 0 B
B BAG 21 0 R4 6 86 0T, DRI B A G 1
PRLRIBE BV 7 o R T 4R I 20 2 R S 41 B
FE R R P K B AR R B e Wi 22 8, 7T LA
LT P KOG IR BRI E 42, SRAE I HT R R AL
EARZAE, SRR KIS, SRS MR H /R —
BT AT i S R, R A O e
o LE RS 45 R HE T 22 R B A3 BT AR I A B
o

SE k-

(1] FLF, B, KRN, 25 O HORE L UG AR 52 3 ik
J& [J]. Je2AEER, 2014, 40(1): 21-26



EARE &

S, A FET /NP I R R R B T HLECREAS LU R BUS EAR 47

(2] RICHARDS L M, KAZMI S M S, DAVISJ L, et al. Low-
cost laser speckle contrast imaging of blood flow using a
webcam[J]. Biomedical Optics Express, 2013, 4(10):
2269-2283.

(3] &, RKT. — TR BE T S BT RGUHE
2[00, HEHLY FHWFZE, 2013, 30(7): 2055-2060.

[4] JAKOVELS D, SAKNITE I, KRIEVINA G, et al. Mobile
phone based laser speckle contrast imager for assessment
of skin blood flow[C]//Proceedings of SPIE 9421, Eighth
International Conference on Advanced Optical Materials &
Devices. Riga: SPIE, 2014: 94210J.

(5] ), 2239, B — il T 2 B iU N R e B2

SRR IE TR [C]//2005 4F Hh [ B 24 PR B AR N FH 8

. B hEEBEIE SR, BT EERY S, Bl

MR IETE 222, 2005: 72-76.

BTG, 25T, WAL, FETIAUS ¢ BERE 55T

K46 48 T 19 2 BE R A 30> B 0] B 727,

2004, 32(4): 661-664.

XU BWOCHIERS HERAREA BN B9 [D]. B

PR, 2005.

(81 FKEZLHA. T[] i PR ML FH A8 80O FBORE L U AR R eI 7Y
[D]. R ARl KA, 2012.
(9] ERAZE, SRELHE, 4% LA, &5 QIR 2 RO X o
BIRE RS A REMR [J]. 62727412, 2009, 29(7): 1863-1867.
[10] X J5. BT Bayer # (g B (E 5 25 A BFSE [D]. 1K
#: LT RHERE, 2006.
[11] PEREZ-CORONA C E, PEREGRINA-BARRETO H,

(6

[}

(7

[}

RAMIREZ-SAN-JUAN J C. Space-directional approach to
improve blood vessel visualization and temporal resolution
in laser speckle contrast imaging[J]. Journal of Biomedical
Optics, 2019, 25(3): 032009.

(12] B0, &M, S0, 5. 3L T8 DCT 2R 8 H /K
ERER AN [7]. D622 2s, 2019, 41(2): 41-45.

[13] P& K. /N AR AR G B R Y 2 [D]. IS 7RV : B R
TEILFERAE, 2009.

[14] DX E, K28, SR, 45, —Fh R B2 17 His shixt &
SrEIITEE 1] DA S0 TR, 2004, 33(6): 611-614.

[15] "lACHE, KUK, mdm. 2T K-H{ERA S SE RAR 3,
A I LA HLIRAAR, 2009, 40(S1): 100-104.

(16] FL3F, Al BT, 22 kT, —Fh et i B K28 0E) 7 287 [71.
LIAMEAR, 2003, 25(5): 33-36.

(171 Puts B, BRIBEZE, X0k, 5. B RITROTAN h OB BE
o LU SR B AT SE [J]. Ye2#UAR, 2019, 41(2): 53-59.

(18] BKFE, EIk, RARHE, 4. 500 T E THEE LT [I]. B
HIEE£, 2009, 30(6): 934-938.

[19] BE KT, #HE, [B#. 3T OpenCV iz 3l H Al 5 i
BR [0]. BHE A, 2015(21): 14.

[20] LA, H0E, Yo 2T, 55, /NI AR 400 5 o A B e I
SRk ) R AU [J]. Ya2E{UER, 2019, 41(1): 37-44.

[21] KR, %75 5%, 8%, JET Haar /NS 1 BUR g 5
HER [J]. LI E T SRR, 2003, 22(2): 78-81.

[22] A, MEEE. DGR A RRIC RO R R IR T (3], 2B
T RERAE, 2013, 30(4): 899-904.

(4. TLZ)


http://dx.doi.org/10.1364/BOE.4.002269
http://dx.doi.org/10.3969/j.issn.1001-3695.2013.07.035
http://dx.doi.org/10.3321/j.issn:0372-2112.2004.04.032
http://dx.doi.org/10.3969/j.issn.1007-2276.2004.06.014
http://dx.doi.org/10.3969/j.issn.1001-8891.2003.05.009
http://dx.doi.org/10.3969/j.issn.1002-2082.2009.06.010
http://dx.doi.org/10.3969/j.issn.1002-2082.2009.06.010
http://dx.doi.org/10.3969/j.issn.1671-7341.2015.21.012
http://dx.doi.org/10.3969/j.issn.1006-7167.2003.02.029
http://dx.doi.org/10.1364/BOE.4.002269
http://dx.doi.org/10.3969/j.issn.1001-3695.2013.07.035
http://dx.doi.org/10.3321/j.issn:0372-2112.2004.04.032
http://dx.doi.org/10.3969/j.issn.1007-2276.2004.06.014
http://dx.doi.org/10.3969/j.issn.1001-8891.2003.05.009
http://dx.doi.org/10.3969/j.issn.1002-2082.2009.06.010
http://dx.doi.org/10.3969/j.issn.1002-2082.2009.06.010
http://dx.doi.org/10.3969/j.issn.1671-7341.2015.21.012
http://dx.doi.org/10.3969/j.issn.1006-7167.2003.02.029
http://dx.doi.org/10.1364/BOE.4.002269
http://dx.doi.org/10.3969/j.issn.1001-3695.2013.07.035
http://dx.doi.org/10.3321/j.issn:0372-2112.2004.04.032
http://dx.doi.org/10.1364/BOE.4.002269
http://dx.doi.org/10.3969/j.issn.1001-3695.2013.07.035
http://dx.doi.org/10.3321/j.issn:0372-2112.2004.04.032
http://dx.doi.org/10.3969/j.issn.1007-2276.2004.06.014
http://dx.doi.org/10.3969/j.issn.1001-8891.2003.05.009
http://dx.doi.org/10.3969/j.issn.1002-2082.2009.06.010
http://dx.doi.org/10.3969/j.issn.1002-2082.2009.06.010
http://dx.doi.org/10.3969/j.issn.1671-7341.2015.21.012
http://dx.doi.org/10.3969/j.issn.1006-7167.2003.02.029
http://dx.doi.org/10.3969/j.issn.1007-2276.2004.06.014
http://dx.doi.org/10.3969/j.issn.1001-8891.2003.05.009
http://dx.doi.org/10.3969/j.issn.1002-2082.2009.06.010
http://dx.doi.org/10.3969/j.issn.1002-2082.2009.06.010
http://dx.doi.org/10.3969/j.issn.1671-7341.2015.21.012
http://dx.doi.org/10.3969/j.issn.1006-7167.2003.02.029

	1 研究方法
	1.1 激光散斑衬比成像原理
	1.2 基于手机相机的成像方法
	1.3 血流图像增强算法

	2 实验系统
	3 实验结果和分析
	4 结　论

