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Fig. 1. Schematic of experimental setup.
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Fig. 2. Linear fit of temperature and amplitude of

photoacoustic signal in phantom.

F1 OGN AR S
Table 1. Parameters of temperature measuring model

for phantom.

WO MXRER I e EE SRR
760 nm 0.94 T(A) = 0.11P(\;) — 19.77
900 nm 0.97 T(A2) = 0.09P(Ag) — 23.62
X — Taual = [T(A1) + T(X2)]/2
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Fig. 3. Temperature measured from photoacoustic sig-
nal versus actual temperature of phantom: (a) Laser
of 760 nm; (b) laser of 900 nm; (c) dual-wavelengths.

Kla 5RO A SR R 200 (SE, drikiR2; SD, frifk
J5%)  (a) 760 nm EOE; (b) 900 nm EOL; (c) M KEA

Fig. 4. Deviation of temperature measured from photoa-
coustic signal and actual temperature for phantom (SE,
standard error; SD, standard deviation): (a) Laser of 760

nm; (b) laser of 900 nm; (¢) dual-wavelengths.

117802-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

38 % R Acta Phys. Sin. Vol. 66, No. 11 (2017) 117802

2 iR RS S SR PR IR A ST B, 1B BN R AL
Table 2. Parameters of temperature measuring results ey 6 (a) N 820 nm WG K T LA 45 R,
h. . N N S
or phantom L nm / Ak
o P16 (b) 3860 nm HOL I K R HIHLA LR, #5390
wewn pmazssre S g SREBANOIT G () HANIH T
HHIR, W RE0.99.
760 nm 1.38 1.67 0.96
900 nm 1.25 1.73 0.96 50 N
K 0.88 1.06 0.98 ol r=o0or Ny N
e
i
+
4.2 BEHALHERNEER L of N A
\ 4 N N = NN A\ "
TE 7 M v 45 20 9100 & 45 R 5, A S0 — % 35 | 5
w7 T By, N > T N i
A SR B AR IR I Bk R AR D AR W HEAT T O % :*\
8 N N ) i + inear fi
TR & e e, 5 0N B A 2 2R £E 820 A s A Linear fit
5 Sl 7 A St 2 4 +
860 nm P K WO TR — 4165 5 BT 43 21 BE
RSB 5 075 5 1O o, 0 T A v e
EE@?&/E}%%:—E&T()\Q — 0.38P()\1) — 25.22 Fl1 20 25 30 35 40 45 50
T(\s) = 0.25P(Xy) — 13.33(1 3 F51); &4 PS¢
A 2 MO B 0.97 F10.95. 44 A8 KO LA e
KA AN N BRI 2 J5 SRR 20 2 2 1) K g
. | R=0.97 e
i, 45 .+ +4
o
40 # ++ ’
50 | £ T
+
;%( o5
46 + ] ﬁ]\\ 35 +++
= e \
¥
o 42 + : 228 2$ ] 30 ; ++++ Linear fit
v £
g% 5l 7,
¥
34t (b)
a0l 2099 25 30 35 40 15 50
SEBRILEE /C
26
I A 50
100 120 140 160 180 200 220 240 260 280 300 320 . F
A /v as | =099 o
A
5 B URLLBURIE SR B e ol s
Fig. 5. Linear fit of temperature and amplitude of 8 +
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Table 3. Parameters of temperature measuring model +
for ex vivo tissue. 25t .
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Fig. 6. Temperature measured from photoacoustic signal

P 6 o0 B R AL VAN A O AR 2R R4k e
versus actual temperature of ex vivo tissue: (a) Laser of
()5 25 S o B 56 & Ak B 43 1 2H 20 820 nm; (b) laser of 860 nm; (c) dual-wavelengths.
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Fig. 7. Deviation of temperature measured from pho-
toacoustic signal and actual temperature for ex vivo
tissue: (a) Laser of 820 nm; (b) laser of 860 nm;

(c) dual-wavelengths.
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Photoacoustic temperature measurement based on
dual-wavelength method”
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Abstract

Photoacoustic temperature measurement is a novel technique in which photoacoustic effect is used to measure
temperature. It has the advantages of non-invasiveness, high sensitivity and deep penetration depth, which is suitable
for monitoring the temperature distribution for the safe deposition of heat energy and efficient destruction of tumor
cells during thermotherapy or cryotherapy. However, the present reported methods usually use one single wavelength
for photoacoustic temperature measuring and are vulnerable to systematic and environmental influence, including the
instability of system caused by fluctuation of laser energy, position displacement of transducer, and tissue complexity,
which could reduce the measuring accuracy and stability. To solve this problem, a new photoacoustic temperature
measuring method by employing two laser wavelengths is proposed in this paper. Firstly a brief theoretical analysis of
dual-wavelengths photoacoustic temperature method is performed based on the linear relationship between photoacoustic
signal and tissue temperature under two different wavelengths. Then two different samples including phantom of graphite
and ex vivo pig blood are experimented respectively. The experimental temperature is set to be in a range of 26 °C-48 °C,
which is controlled by a precise hot plate. And for improving the detection accuracy, the dual-wavelengths are selected as
760 and 900 nm for graphite phantom, 820 nm and 860 nm for ex vivo pig blood according to their absorption spectrum
repetitively. The obtained results reveal that the temperature measuring correlation coefficients by dual-wavelength
method can reach to 0.98 in graphite phantom and 0.99 in ex vivo tissue, respectively. And the average measurement
deviation decreases to 0.88 °C in dual-wavelength method from 1.31 °C for the traditional single wavelength method for
graphite phantom. While in ex vivo tissue, the measurement deviation decreases to 0.90 °C in dual-wavelength method
from the average value 1.45 °C for the single wavelength method. Furthermore, the standard deviations of error are
respectively reduced by an average of 38% in graphite phantom and an average of 30% in ex vivo tissue, respectively.
These results indicate that the dual-wavelength method of photoacoustic temperature measurement can improve both

the measuring accuracy and stability, and has a potential to be applied to medical therapy and other biomedical fields.

Keywords: photoacoustic temperature measurement, dual-wavelengths, temperature monitoring

PACS: 78.20.Pa, 81.70.Cv, 95.75.Qr, 43.58.Kr DOI: 10.7498/aps.66.117802

* Project supported by the International Scientific Collaboration Program of Jiangsu Province, China (Grant No. BZ2016023),
the National Key Research and Development Program of the Ministry of Science and Technology of China (Grant No.
2016YFC0103302), the National Post-doctoral General Program, China (Grant No. 2015M581409), the General Program
of Jiangsu Province, China (Grant No. BK20161235), and the Prospective Application Research of Suzhou, China (Grant
Nos. SYG201607, SZS201510, SYS201456).

t Corresponding author. E-mail: cuiyy@sibet.ac.cn

1 Corresponding author. E-mail: zhangq@shu.edu.cn

117802-8


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.66.117802

	1引    言
	2双波长光声测温原理
	3实验设置
	Fig 1

	4结果与讨论
	4.1 仿体测量结果
	Fig 2
	Table 1
	Fig 3
	Fig 4
	Table 2

	4.2 离体组织样品测量结果
	Fig 5
	Table 3
	Fig 6
	Fig 7
	Table 4


	5结    论
	References
	Abstract

