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6.3 S AEjolA e Ay A7}
wAEE e ARERE HAAT) e Jex g By
o] Aurbe el wel Wse 5 Aok gebd o @ AgdAe @

558 4t 2w 94 RS Fu £E8 S4Yste] B
I3

% 6.2 HA AHAA S AF AR (91 mm/sec)
AlZH S8 Sl 25 | g0 | 2R
(%) 1 5 5 | w2 | FEU (%)
1 0.31 | 0.28 | 0.29 | 0.29 | 0.35 | 0.06 16.2
2 0.18 | 0.14 | 0.15 | 0.16 | 0.22 | 0.06 28.3
3 0.33 | 0.28 | 0.31 | 0.31 | 0.35 | 0.04 12.4
4 0.31 | 0.29 | 0.28 | 0.29 | 0.35 | 0.06 16.1
5 0.3 | 025 | 029 | 0.28 | 0.31 | 0.03 9.6
6 0.45 | 0.44 | 0.45 | 0.45 | 0.44 | 0.01 1.5
7 0.39 | 0.45 | 0.42 | 0.42 | 0.44 | 0.02 4.5
8 0.18 | 0.17 | 0.16 | 0.17 | 0.13 | 0.04 30.7
9 028 | 0.28 | 0.29 | 0.28 | 0.35 | 0.07 19.0
10 025 | 02 | 022|022 | 022 000 1.5
11 0.28 | 0.33 | 0.32 | 0.31 | 0.35 | 0.04 11.4
12 0.21 | 0.18 | 0.19 | 0.19 | 0.22 | 0.03 12.1
13 029 | 0.22 | 0.25 | 0.25 | 0.31 | 0.06 18.2
14 0.31 | 0.33 | 0.31 | 0.32 | 0.35 | 0.03 9.5
15 0.42 | 0.38 | 0.38 | 0.39 | 0.4 | 0.01 1.6
16 012 | 012 | 0.11 | 0.12 | 0.09 | 0.03 29.6
#a | 020 | 027 | 0.28 | 0.28 | 0.30 | 0.03 12.9
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ABSTRACT

A Study on Measurement of Capillary Blood Flow Velocity

using Neuro-Fuzzy and PIV

Cha, Dong_Ik
Dept. of Biomedical Engineering
The Graduate School

Yonsei University

Capillary blood flow velocity is an important factor for estimation of homeostasis
in tissue fluid since capillaries play a vital role in the exchange of nutrients and waste
products. The former measurement method of blood flow velocity has disadvantages
of tracking particle pattern during flow and requiring many experiences of
measurement. These mean that it has limitation of using for non-particle type image
of capillary blood flow and examiner must select manually detecton periods of frame.

This paper describes measurement method of blood flow velocity from capillary
images and decision method of possibility for velocity measurement by neuro-fuzzy.
After image acquisition, PIV method was used for detection of capillary blood flow
velocity.

For using proposed method, capillary blood flow image was magnified by 500

times and acquired by speed of 30 frames per second with 320x240 resolution. And
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then, pre-peocessing that is contrast equalization and median filter for elimination of
random noise was adopted. The tremble of image due to high magnification was
compensated by cross-correlation method over all pixels of image frame, and blood
flow velocity was measured by acquired frame image of micro-grid ruler for
calibration process.

After line profiles of each frame were extracted from pre-processed image, a
possibility of velocity detection was estimated by DENFIS one of many neuro-fuzzy
algorithms and capillary blood flow velocity was calculated from cross-correlatoin of
each profile. The former two profiles and the next profile were setted up two inputs
and one output respectively. A possibility of velocity detection was estimated by using
NDEI value which is represented how to predict accurately the next output profile
using two input profiles.

In order to estimate reliability of measurement result, result of manual
measurement method was compared with result of prorposed method by experiment
for measuring blood flow velocity in subject’s stable status and in a cuff inflated
status. After above processes, final conclusions were shown as follows.

(1) The tremble rate of image was reduced to 30% of original image by using the

trembling compensation process.

(2) Even if it was difficult to estimate manually which was available or not to
measure blood flow velocity, proposed method could estimate a possibility of
velocity detection from adopting neuro-fuzzy algorithm.

(3) By using NDEI derived from DENFIS process, the prediction of profile
pattern was estimated.

(4) Capillary blood flow velocity was measured by cross-correlation of profiles.
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As result, velocity detection errors for experiments in stable status and in cuff
inflating status between manual measurement method and proposed method

were 12.9% and 10.7%, respectively.

Key words: capillary, blood flow velocity, PIV, cross-correlation, profile, neuro-fuzzy,

DENFIS
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