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Design and Construction of Photoacoustic Microscopy System for 3D
Imaging of Brain

Amir Asadollahi!, Ali Rezaei, Hamid Latifil 2"

! Laser and Plasma Research Institute, Shahid Beheshti University, Tehran, Iran
2 Faculty of Physics, Shahid Beheshti University, Tehran, Iran
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Abstract- 3D Imaging of brain is important in many aspects such as studying structure and hemodynamics in
cognitive science. In this study, we designed and constructed a 3D Photoacoustic imaging system called Acoustic-
Resolution Photoacoustic Microscopy (AR-PAM). Advantages of the Photoacoustic imaging are high contrast and
depth of imaging with acceptable resolution which was impossible before by existing imaging modalities. In this
imaging system we used a nanosecond pulsed Nd:YAG laser for illumination of the sample and an ultrasonic
transducer for Photoacoustic (PA) waves detection. Tests were done on an exposed cortex of rat brain. Imaging
results show that resolution of the system is less than 50um at the depth of about 3 mm.

Keywords: Photoacoustic (PA) wave, Acoustic-Resolution Photoacoustic Microscopy (AR-PAM), Nanosecond Pulsed
Laser, Ultrasonic Transducer
Fe0
il o yiws BB WWW.OPSLIT cols jo a5 cul jlel glls 590, allis oy


http://opsi.ir/article-1-2130-en.html

[ Downloaded from opsi.ir on 2025-07-13 ]

Olpl SEgigd (6)9l3 5 (swkiter (A e d3l5d 5 Ol nl SEgis8 9 Syl (LES et 9 Cenn
VYA Crage 15D el eyt ez o olStils

Gl ppmaal glp pled e Lol all asils ply Voo
S lost (oor Slp sy ol el ol (ol 1o
Cuje PAT wiboo cawle cdpiny Jol 56 0 b
1) SergST SSis b (Sel 6V nls b cl 2il5
Sl ooel B g, 90 ol OMSie a4 g AlBes] o
Gb 3l g SusSTis osKus See SSis
L 5 (Optical Resolution) jil, 4y sgaome (Sl 35 o5
SeusST il iy 5 ol 3 L oad Sgame 35 53
3addlas pl jo 085 s (Acoustic Resolution)
Lol 00l oolatl pgo Il

2kl b g Gl Cde clde 4 sals adgi adgl Lid
gdse Ole

Po = I'eniaF M
[y dlem?) Sl Lo F g (Sl wdo co o fg oS
Cod Nepy g oo 4y ainls Grueneisen o o yl)l
S eilr SSE o [T enls 4 das
SNCHPPRRUPCE PSR E Y RO JUCI FPCHOe
Aoas asbioe O.TUNA L ply Lo Sl ks oyl
sl Joe g0e 459, NA 5 (SitsST (535 0 (358
Joe il ligg b placs (0l 50 (Job SSi 2505
aal) Geb bamme )3 Dgo S pu rizmen 5 Do 358l
63 o oS3 18,5 e o by e Cawsy 0.8V/BW
G0 &gy 9 1V Sl by 5 5,086 00l o
9 FegSen YO Sl e (L0 SIS 4 i os - IFY
I¥lcol covs jiag,See ¥r sgas> Jsb S

o s e
Lf}"ou U"‘ "1.

u.a‘ 5 Lol 00 00)51 ) JS.J:B)O (5)‘0){),{5..43 uLoJu.‘>
Sl 5 yogb OYY oo Job b (odly )5 S 5l ptanns

§.5

FRRV-P

Photoacoustic ) SiwgS 14348 S5 5058 o3ls
-0 Dbl sl 1 pgai b9, 4 (TOmography- PAT
sl gl A1 ol sl SiangSTgig 51 ulal 3 457 05
EX[LINWEUE YV WIS SN
Syl obsS iy g 2dl, Ysors PAT 5 w5
il gle bS5, bawgs 5 5l (g e 5l e (2050
bludl Jdo 4 LS ol e Dgd oo i
G ol 39,5 n a4 Sm¥lye s
Ty &S d9doe JEie gl e Do 4 lad
Loy SeiugSTgigh goe 09 (o odnals SitsSTgish
Mg jskite 4 g el (65l SaT g G5ile sleJae
PAT [\ ] .5 o )13 oolitnl 5,50 fSgnsalS bawgs pgas
o Sbes b (Saislssed slayully ilo, Kol el
=S| 5 melfgen wSgis cdale wile (Functional)

5 odsi Jolpe s paa 5o [Y] cllls 1) uslSsen
w‘ W) 00)51 s_i.......: 55"9.’33 )45..44 u.u

Ultrasonic

emission

’ | " \ =
. 6
y . B
o | ’,J \
& ~1. 5% 7 Ultrasonic
- ) detection
-0

Laser/ _J Thermal|_[Acoustic| [Ultrasonic| | Image
. ; —
RF pulse [~(absorption rexpansion—-{ waves }—’ detection | |formation

(V] StasSTgi 98 (s o o Jolpo s ) S

Sloppgal Jlie o adlbie 5 wad (SuSly
Gl R e & S (6 iy SSE Wlgs oo (SetwsS |
GYVee oo )0 Sgo ds8le yiaS SasTy cde 4y S0

Db o ytwd B WWW.OPSHIT Colis jo a5 col jlael sy 5y90,0 dlis oyl


http://opsi.ir/article-1-2130-en.html

[ Downloaded from opsi.ir on 2025-07-13 ]

Olpl SEgigd (6)9l3 5 (swkiter (A e d3l5d 5 Ol nl SEgis8 9 Syl (LES et 9 Cenn
VWAA crage V81D il el oanslss oSl

56T Gl yl380 03 5 (6,19 gl pimmms (s 2 yolaio 4
).,3.@., )é C,«.w‘ W) o.)l.a.w‘ ‘59‘;# p-L:S 445—0-’ )‘ )-’5-‘4-’

el 00 00)5] ol uim‘ 4.:94., )

oy Sl 3,555 led g+ ¥ IS8

CalBus 9 00y D) )...4 Gl...q OXD oo Ui“" 4.;._‘>l4

el 00 03,91 iges (ol Sl 5l ool G (g A

NEICFNNICPENTIEIEINR (3 JPTAPM 3 N

oo olitenl (510 gl (5 005 Wiged STl Cuizeed
Wged g oo 41BN hge desmen ) ghemd latl o]
OX0 4>l 50w (Sl b8 S 13 Ol (35 5
ool Sy ) gl (9,5 Vo AL e e s

@ 3,00l 0-) 1S5 LuilS 3 g asligb A oga> Wb

] 00 oolaiwl diged SRO,9 yekaie

Multi-Mode Fiber = Laser
PA Signal

Fiber Holder| m Laser
Driver
Lollimator_| |
E”‘j” _, Contral
. [T [
£ DAQ [—
2]
~N
) Water Tank Stage
amnle Driver Control
P& | xvstage |

M;Typ ‘5)L>)g):\_5,a§ POSHIOW QLQJ.:% .Y J&w

2345 dged 59y (Sl e 3l oee Sl 3 L9
Dyl ge S pele iend Dygo a0l 15 O 5
4 Sgo G5le glsal hisS Juted jshaie 4 ol ()35 |
o0l 3 Jgi StwsSToish glyal 08 ge ooliiul Jors
FoBe B 6350 WL g Bdle Joe Lawgs
o g 00 (55l T o )ls 3 sails anl 38 e jo aS
—r JEe )l ools OIS 5 sSwglinl 4 o
@ g oS el S awgs 5 5 5l (Femd 05
B oy o0 &)l 0ols )5 @ Ldlae g (5,90 5le, 21
Sy vy e ay gl el Gy 2 555l ke
hid Jae (nlisge Goile Jouo (53, Do 358le (pune
I, S8 axb ;0 ool adg zlgel (o3l Sal el
S Oy o abadi 5o 0 sdel ey 00l g iy valgs
P8l Lawgs diged angs o)l L oy wales o
sdel Cewas a0l ST L a8 0T o sy (g0 duw o0lo
oyl .[05\"5\‘] Ll oo Cands diges 5l Gam s pgas
g Wools 3JUT jglats 4y LabVIEW 4 MATLAB 3l
ol 00l solatul (gamge ablie pglad (yo,4] Caway
oolawl Imaged 1531 o 55 51 (gam dws pgad Sl jglaie

ol 0

Al o s BB WWW.OPSLIT ol jo a5 cuul [Lael glyls 550, dllie o


http://opsi.ir/article-1-2130-en.html

[ Downloaded from opsi.ir on 2025-07-13 ]

Olpl SEgigd (6)9l3 5 (swkiter (A e d3l5d 5 Ol nl SEgis8 9 Syl (LES et 9 Cenn
VWAA crage V81D il el oanslss oSl

MlJGA o J.:_o.J.u: Y Y Sgd> ol OQ)BT ).39..4.3 OL:U‘

-
4
S ARl

Coond 33 0008 Gl SeiwsSTgigd (bs) 4 gan 4w

A adllae )90 S (6] diged e 5 <858
ol 0gd o 0l sdel Cundy gl 4 daxg5 LB,

Sy g 30 disle p 5 S35l 61 gl il s
Jleell e ol cwl)lo ) (o (o Sl polo
295 4 JBSom S 092t 9 (555 Sl sl o 55!

el wplg3 Candy ol jIST Jalge 51 oslawl assle

LS e

9 ool Ciglae SBLD pole sl Colex b ofg 0 ol

bz wo

[1] Biomedical Optics, Principles and Imaging, Lihong V. Wang,
Hsin-1 Wuauth, 2007

[2] Advances in Optical Imaging for Clinical Medicine Wiley Series
in Biomedical Engineering and Multi-Disciplinary Integrated
Systems, Nicusor Iftimia, William R. Brugge, Daniel X.
Hammer, 2011

[3] Zhang HF, Maslov K, Stoica G, Wang LV (2006) Functional
photoacoustic microscopy for high-resolution and noninvasive in
vivo imaging. Nat Biotechnol 24:848-851

[4] Wang Sh et al. (2016) Recent Advances in Photoacoustic
Imaging for Deep-Tissue Biomedical Applications. Theranostics
2016,Vol 6,Issue 13

[5] Maslov K, Stoica G, Wang LV (2005) In vivo dark-field
reflection-mode photoacoustic microscopy. Opt Lett 30:625-627

FeA

Srore 255g Son b (ige jre mhaw ppal: 0 S0

500 um
|

&.....:95]5;53 G A peal YU 5l gled i # IS

SitwsST5is8 (guns dw pugal (Yl glad YU pgai ;o
Maximum  ,sai g ol 4 Cosl sal 03yl

Sl oo 4245 55 (MAP) Amplitude Projection

e Gige e 3l SwsSTgigh (sum dw pgai 1V IS

Al o s BB WWW.OPSLIT ol jo a5 cuul [Lael glyls 550, dllie o


http://opsi.ir/article-1-2130-en.html
http://www.tcpdf.org

