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A Study on Non-invasive Multipoint Bio-impedance
Measurement Device and Computation Mechanism for
Leaf Tissue- A Case Study of Phalaenopsis and Dracaena

Fragrans

Wen-Hsin Chang, Jui-Yung Chiu, Chi-Min Lin and Tse-Min Chen’
ABSTRACT In this paper, a non-invasive multipoint bioimpedance(MBI) measurement device and computation
mechanism is studied and constructed to survey the physiological electricity of a botanical tissue. Relevant
researches point out that for a healthy organism tissue, the cell membrane is composed of non-conducting
lipid and some conducted molecules of the protein. The structure of the cell membrane is similar to that of a
general capacitor, and the function of a cell membrane is to isolate the intracellular and extracellular liquid and
to control the cell’ s interior by controlling the membrane permeability. All these properties exhibit the
capacitive characteristic of botanical tissue. Since Ohm's law depicts that all materials have obstruction to the
electrical current, the biological electrical characteristics of a botanical tissue can also be imitated to be an
equivalent model with the resistance and capacitor connected in series or parallel. The relation between the
phase angle and impedance measured is used to study and decide the integrality of the cell and the trend of
the physiological status of a growing organism prospectively. In this research an error control experiment is
executed first. A operating frequency spectrum of 100Hz—1kHz is suggested for the constructed MBI

measurement device based on the results of the error-control experiment with which the measurement error
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will be under 5% relative to theoretic value. For the stability, the frequency of 150Hz is chosen for the blade of
test samples. With the designed interface of LabView, the responses of 6 non-invasive reference electrodes are
taken into process. Then the MBI device and computation mechanism give a characteristic value of bio-
impedance and the RC equivalence for the measured tissue simultaneously. The performance of the non-
destructive measurement device and computation mechanism constructed in this research, different from
those of traditional invasive biochemical methods, will not result in permanent damages and the emergent or
the local physiological changes on measured tissues. Furthermore, this system implements a real time physical
measurement tool for botanical physiology. The final results of practical measurement on Phalaenopsis and
Dracaena fragrans valid this system.

Keywords: Bio-impedance, Botanical tissue, Non-invasive measurement, RC equivalence, Real time
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