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A study of real time ultrasound

telemedicine system*

Toshiyuki Umeda

Abstract

This thesis proposes a new telemedicine system utilizing a medical ultrasound
image sequence. The proposed system enables a medical treatment by a remote
specialist in a house and a clinic.

The ordinary telemedicine system cannot effectively keep an advantage that a
medical ultrasound diagnostic device obtain an image sequence of internal organs
in real time. In order to maintain the advantage, the proposed system transmits
an ultrasound image sequence in real time. Moreover, the proposed system trans-
mits an image sequence that contains a surface image of a patient and a position
of ultrasound probe in real time. As a result, a remote specialist can instruct a
precise position of ultrasound probe to obtain an appropriate ultrasound image
sequence. The proposed system transmits a region of ultrasound image sequence
for diagnosis so that the specialist can see the image sequence in high frame rate
on a low bit-rate network.

The experimental results show that the proposed system can transmit a medical
ultrasound image sequence enough with at least 30dB PSNR, 9% RMS error and
less than 1% of contrast error under the conditions that the size of image is 352
X 240 pixels and the frame rate is 29.98 fps and the band-width is 1.5Mbps. In
addition, the proposed system can transmit ultrasound image sequence with at

least 33dB PSNR., 6% RMS error and less than 0.1 % of contrast error under the

*Doctor’s Thesis, Department of Information Processing, Graduate School of Information
Science, Nara Institute of Science and Technology, NAIST-IS-DT9861003, February 7, 2000.
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condition that the size of image is 320 x 240 pixels and the frame rate is 2 fps or
the size of image is 176 x 112 pixels and the frame rate is 7 fps. The proposed
system transmits an ultrasound image sequence under the condition that a packet
loss rate is under 1072 and the band-width 1.5Mbps or a packet loss rate is under
1072 and the band-width 128kbps.

Through telemedicine experiments utilizing a medical ultrasound image se-
quence consulting specialists over an ISDN(Integrated Service Digital Network),
a domestic satellite network and an international satellite network, I can state
with enough certainly that the proposed system can provide good reputations of

specialists to enable a telemedicine by using a medical ultrasound image sequence.

Keywords:

Medial image sequence, Telemedicine, Real time, Medical Ultrasound, MPEG,
JPEG
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RMSODOOO 6.00 % 6.15 % 6.28 %
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PSNROOOO 32.92dB | 31.52dB | 33.71 dB
PSNROOOO 30.18 dB | 25.58 dB | 29.16dB
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CD : Color Doppler
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OOooDO0ooOooDO0oDbOOobOOoobOO0obOOobOobOO0obOooooocooooooooo
000000 OReal Time JPEG Encoder/Decoder O OPentium I1 450 MHz,
Memory 128 Mbyte, FreeBSD 3.1 0000000 O0O00OO0OOOILO Data OO
GV-VCP/PCIODOOOOO

4.7.1 0OO0OOOOO
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00/00000ooo
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0000000000000 470000000000000DO0ODQOUORajavithi
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040 0000000000

000 Asia Institute of Technology (AIT)O0 0 OO0 OO0 128kbps O ISDN O O
O0OO0OO0AITO D000O0O0O0O0O0O0O00O0O (NAIST: Nara Institute of Science
and Technology) O O O O Asia internet interconnection initiatives 0 000 O O
O 1.5Mbps DO 0O 3.0 Mbps 000 000000000000 60000000
OO0000DO0O0O0DO000000DbO0bDOoDODbO0O0 128kbps O ISDN OO
OO00000000000000000ORajavinit OO0 DODOOOOOOO
O Return Trip Time (RTT)O O0590ms OO0 00O O
OO0O0O0D0ORagjavithi OO O OODODOOO0ODOOOODOODOODODOOO
OO000o0O0oo0oo0oooobobooobOobbboobobooobooboooboog
OO0000O0DbO0obO0obOOobooooboobooooooboo
OOo0O0O0Db0O0OOO0O00O0O0000ooooboooooogooooo o

Satelhite Network
1.5Mbps cach

4200km -~

AlT & Rajavithi Hospatal
connect with ISDN 128kbps

047 OD0O0O0OO0OOD0OOO0ODOOOOO

00/0000000000000000

19990 11 000000000000 0000C00O00O0O0O0O0D0O0 128 kbps
O ISbNOOOOooogooooooboooooooobooooboooboooboo
gboboboobobobbobgoboobobobooobooooboobod

68
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gbobobooobodoboobboobboobbuoobboboobboon
OO000D0O0D00O0O0OD2bit DOODOODOODOODOODODOD

4.7.2 0000

00/0000000000Meeting Mode 0000000000 4.8 0 0ODi-
agnosis Mode D 000000 O0ODO 4900000 0 ODiagnosis Mode 0 OO0
OO0 ROIODODOODODOOODOOOOOOOOO O 4.10000000000/00
00000000 Instruction Mode 0000000000 DOOOOOODOOODO

O00/000000000 0Meeting Mode 0000000000 4.110 OlIn-
struction Mode 0000000 OODO 4.120 Diagnosis Mode 00000000
00 413000 ROIODOOOO0ODOOODOOOOOOODOD 4140000
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47 00000000000000

049 00/0000000000000000 Diagnosis Mode OOOODO: C
OOo0Ooo0OO0oB-MOOOODOODOODODOODOO BOOODOOO
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040 0000000000

0410 O00/000000000000ODOCODO Diagnosis Mode O ROIO O
O0: EDROIODOOOOOOOFOOOODODODOO (176 x 1120000)0

F
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0413 00/00000000000000O0O0 Diagnosis Mode 0OODODO
gobobboooaobod
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0414 00/0000000000000O00OOQO Diagnosis Mode 0 ROID O
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4.7. 000000000 0OOO0OO

O0/000000000000 /000000000 DODDDODOODODOO
good

e OO O0OOODLDDODOOOUOOLOUOODLDLDLODDLDOUOOUOUOOOO
gooond
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gooooodano

gboobbbobooooobobbbobboooooobooboboboooa
gbbgdboooooboobuooboboboobobobuoboobooa
goobobooobobogn

e OO OOOODLDDODOOOOUUOOOOODLODOOUOOUOOOn
goobbobobogoooobbbbbooooooboboboboooa
gooboogo

obhooboobbobobobobooboboboboboorolIbooooon
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gboogbboboooobooboobooboboboobbbbooan
gooobbobobboogooobobobbobbodooouoooobooo
god

gboobbbboooooooobbobobbooooooobooboboboboa
goobboboboooooobobbbbooooooboobooboooa
gogbobooodgobbooobbobbuoooobbboooooboa

e OO OOLODOODLDDODODOUOOOOODLDLDLODLDOOUOOUOOOO
gobobooooobod

Diagnosis Mode OO0 DO O0O0D00OO0O0O0OO0OOOODOOOOOODOODDOO
gooboogogd

e J00DOODOODOIC?*0D000OOOOOOODOOODOOODOOOOOO
goboboooobobbooobboboooooooboan
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40 0000000000

04500 0O0/000000000000O00DOOOO0OODOOOOOOO
gobobooogooboobod

045 00/00000000000O0ODODOODOOO
gobooooooobobooooan

Mode Band-Width frame rate
Meeting Mode 42kbps 0.60 fps
Instruction Mode 106kbps 1.07 fps
Diagnosis Mode 82kbps 1.02 fps
ROT*! 82kbps 7.20 fps

(*1) When the size was 176 x 112 pixel

fps: frame per second

4.7.3 OO
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