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[ Abstract] Photoacoustic imaging (PAI) is a rapidly developing hybrid biomedical imaging technology, which is
capable of providing structural and functional information of biological tissues. Due to inevitable motion of the imaging
object, such as respiration, heartbeat or eye rotation, motion artifacts are observed in the reconstructed images, which
reduce the imaging resolution and increase the difficulty of obtaining high-quality images. This paper summarizes current
methods for correcting and compensating motion artifacts in photoacoustic microscopy (PAM) and photoacoustic

tomography (PAT), discusses their advantages and limits and forecasts possible future work.
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Fig.1 Comparison of focusing modes of PAM
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Fig.2 Skin surface detected in raw RSOM data before and after motion correction with the dynamic reference method!"*!
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Tab.1 Comparison of main methods of motion correction in PAM
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Fig.3 Reconstructed images of the skin surface of the elbow joint before and after motion correction

motion correction
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Fig.5 Maximum amplitude projection images of rat iris vessels before and after motion correction based on Demons registration™ a.

image corresponding to the raw data; b. image after motion correction
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Fig.6 OR-PAM images of a rat brain before and after correction of motion artifacts by use of the CNN-based method”"  a. image

corresponding to the raw data; b. image after motion correction
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Fig.8 In vivo cross-sectional PAT images acquired around the liver region of a mouse
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Fig.9 Motion rejection results for spiral volumetric optoacoustic tomography

B8 a. selected frame; b. rejected frame (distorted structures are

marked with arrows); c. amplitude profiles marked in Fig. a (dashed lines) for images reconstructed from all the frames (dashed lines) versus

selected frames (solid lines)

http://www.biomedeng.cn


http://www.biomedeng.cn
http://www.biomedeng.cn

376

HBE AR PRI e I M S, z (¢) = (cosd, sing) J&: i &
BLE, f3 SRR R fTE ty 2T, @ (¢, x) 2
Hox BNy ASTE G, W (g,-) & @ (¢,-) RIS
P8 1L @ (¢, x) AL R x>y = D (¢, x) A TE WL
PIHER] LA TS0 da X . T84, PAT B #E )
] R4 CRT [, (B s i P ™ A 142 5
SEAE ELRAT, TG BR  ES ER R
g=A(y)fte (6)
Hrp, g=[g g, ]TER ™ I FEHE, n &
e R A A A B AL, fRRWIR R, p =Ly -
vl T RIBINSEUENE, yi B 2 IZSHL, e =
Ler e, | TER™ ™ b7 [F] 43 A 1) vy $57 M 75 6
A(y)=[AK(y) -~ AK (p,) [TER™ N, A; EHA
BB BT I R AE RS, Af Fom FTELL 2 A
DB /) CRT, fi= K (p) f RS i MR G B
JEHFE, K (y;) €RN N RIR—4Ehifif/ g ik 22T
MBS SHUR AR R AT, f AT REE S an R AR
LR NE B /N e n)

min || A(y)f - g3 + 4* 11 )

A, 2ARIENAES R FI AR RO 5 Y
Oy LA B RNAR S A B, R TSR g 307 A W
PR LS Byt AT iAo I 5

averaged

ventricular diastole

Journal of Biomedical Engineering, Apr. 2021, Vol. 38, No.2

/N3 QR 4% (hybrid least square QR facto-
rization, HyBR) -1 A St £ 1E ML S8k, IR
KT fGet e/ D o, 255K 11 R, %
Ty AR B T 3 PR, iR AT DAY 3
fASTEARY , {5 et sl &~ #5 .
2.5 MIFH-fo(E)iE Bh A ME

XTURIZALI PAT, T A5 (5538
55, FEEEEGE R ZE. BT REERL, 7T
DA g DR Bk O ek B i s, (X b 5 12
FAEZ A A (B IRAR ) #2852 < 20 mJ/em?) o Xf T
R 12 2O K RE & 19 PAT, m]H] i34
(frame averaging, FA) £iR, Xt AH [ JLT 45+ 1Y 1]
AT LU R AR e b . (HE RO O
i i el S AR A BR ) LA K L& H bmaz sl i s, R
F FA FORARMESE B i 20 PRS2 &, BEXHZIR]
A, Kim 5540 FA HOR 5 W0R] IS 3 #Ms2 (inter-

frame motion compensation, IFMC) H4E4E, B FA-

IFMC £ R, AIFAMERZAZ PAT B T Y12 5))
P, FLFHUE . 15, FIFHBICBLAL W =20
HWREITIZ ST, M A5 A R b HUR)
WSE X, RS ER PO LI, 3 K/
[, FSF#48 %) 1% 2% (mean absolute difference,
MAD) fE} PERCHEN]

\"-‘ -“"ﬂ R4-§->L

ventricular systole

E10 AAEEMBERESHHAEMIER MSOT BEY o HH KA 100 WIEHRIE TSR ERR R b Rk
MIBKAERE EMGHAT PR BINDLIE IR R s o BX S B NMERE -G #EAT T 1945 B LIS IR 15

Fig.10 Motion correction for unmixed MSOT images of deoxyhemoglobin contribution

B4 3. unmixed image after all 100 images were

averaged for each wavelength; b. unmixed image after averaging only the larger clusters for each wavelength; c. unmixed image after averaging

only the smaller clusters for each wavelength

11 ETFRABBGERN PAT BGRERZLER 2 ZWE30; b, FJT LSQR BRI, ¢ 51 HyBR 525K AL v ] 50

Fig.11 PAT images reconstructed based on a hybrid model™®

a. initial regularized reconstruction ignoring motion; b. reconstruction

obtained by using LSQR to solve the linear problem; c. reconstruction obtained by using HyBR to solve the linear problem
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Fig.12 PAT images after motion compensation superposed on ultrasonic images[41
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