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Freehand three-dimensional ultrasound image reconstruction system based on binocular

infrared camera positioning

CHEN Zeyu, GE Yun, CHEN Ying, HUANG Xiaolin, LI Weifeng
School of Electronic Science and Engineering, Nanjing University, Nanjing 210023, China

Abstract: Objective To design and implement a freehand three-dimensional (3D) ultrasound image reconstruction system
which can perform 3D reconstruction and display interaction on the two-dimensional ultrasound image array acquired by
freechand method. Methods The system uses a binocular infrared camera and its matching measurement tools. By fixing
positioning balls on the ultrasound probe, the binocular infrared camera could track the spatial position of the probe in real
time so as to obtain the relative relationship of the ultrasound image array. Besides, the transformation matrix was calculated
by software based on the real-time probe position, and then the 3D volume grid was filled based on the data of the ultrasound
image array. Finally, the 3D image was obtained using ray casting algorithm. Results The system realized the acquisition and
storage of ultrasound image array, the delineation of the region of interest on the ultrasound image as well as 3D
reconstruction and visualization. Conclusion The freehand three-dimensional ultrasound image reconstruction system based
on binocular infrared camera positioning proposed in the study lays a good foundation for future clinical application and
scientific research.
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Fig.1 Probe coordinate and rigid body combination
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Fig.2 Binocular infrared camera and its matching tools
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Fig.3 Image acquisition card
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Fig.4 System structure diagram
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Fig.5 Diagrams of software functions
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Fig.6 Image after three—dimensional reconstruction

0.28 m. 1l & G0 A5 48 75 EME P = Bk 0 BHAR G 043 820 1024 x 600, F /N2 600 k, 443 3K &
SR E AR FR 22 M 102.94 ME R AE bR RN 294260 M, B[] 14 A 4557
39.59 mm, 5 5256 iy H fe e Bk

AR A 4 X ER 22 19 (24 #1 RESRERE
>h 0.53 mm, J57 2} 0.333 9, Tab.1 Result of system measurements
WRUEZE L H 0.577 8, % [E 3 LTS & ek BEEE LA/ mm T AXHREZE/mm
FTI0 E  5R 2E AR R ] 1 (434,272)(535,270) 10102 38.85 0.547 6 0.87
NI L A ST NI Ak ] 2 (485,212)(488,314)  102.04 39.25 0.1156 0.47
1435 2 16 0.5 mm 2% 5] (4 51 3 (430,275)(534,278)  104.04 40.02 0.1849 0.50
X3 7E 1.0 mm 9 )) , 5 4 (478,219)(482,320)  101.08 38.88 0.504 1 0.84
FAG o 38 R (L BMR R 5 (424,282)(529,281)  105.00 4038 0.624 1 0.66
0.384 6 mm) ¥ R ¥Lin, A 6 (477,220)(480,321)  101.04 38.86 05329 0.86
B AERRPE (SR 1) 7 (425,264)(530,262)  105.02 40.40 0.656 1 0.68
2] LA KR 8 (478,218)(481,321)  103.04 39.63 0.001 6 0.09
T (8] B A S 0 5K 9 (423,271)(536,267)  103.08 39.65 0.003 6 0.07
A RE el & L Bl % 5k 10 (476,215)(477,319)  104.00 40.00 0.168 1 0.28
BN & 443 5K, FERT K 48 s Ty - 102.94 39.59 0.333 9 0.53

sy SIS PSR SRR E TN HUR R R BBIZ9 4 0.384 6 mm



8 b

- 965 -

R2 BREMSEENE

Tab.2 Efficiency of image reading and reconstruction
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