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MEMS Laser blood flow sensor
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Two Types of MEMS Laser Doppler Sensors
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Measurement principle

Power spectral density

Intensity modulation
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Moment generating function

Kth moment about the mean, u

IOZX -1 ) K f(x) dx

where f(x) is a density function.

o0

u =‘[°3( f(x) dx

Density function f(x): power spectral density
u is an average flow.
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Weight (g)
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The transition of the developed blood flow sensors
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At the beginning of Development of MEMS blood flow
sensor(2001), commercial wired data transmission
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Sport medicine

Uscer

Stiff shoulder, Blood

circulation sensing Foot care and

rehabilitation for diabetic

Health medicine during exercise

e

Swelling of chicken legs
(Congestion) (Avian
Influenza)

Animal watching
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Effect of autonomic nervous system on blood
flow
Application to oriental medicine
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Body movement, etc. experiment (n=37)

Blood flow

waveform
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Jogging

Differences of blood flow among each running speed

Rest Waynyp  Jogging > Rest
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Drinking

Blood flow of fingertip during arm-raising before and 10 minutes after drinking

Decrease of pulse wave height after drinking for each subjects.
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Arm raising test of dehydration

For the subject who was dehydrated by sweating until body
weight decreased 2% less than the non-dehydrated state
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Assessment for patients with systemic sclerosis
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Blood flow sensor (TPP)

LF/HF of TPP [msec]
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Correlation between blood flow signal (TPP) and electrocardiogram

(ECG)

Low frequency region of RR Interval
LF: 0.04-0.15 Hz, High frequency region of RR distance HF: 0.15-0.40 Hz

LF/H F Electrical signal
Voltage R corresponding to one
heartbeat
y=0.347x+0.8472 p 7 e, T
R*=0.9061 — HJ‘\Q )
(P<0.01) L Time
Nervous Heart beat and electrocardiogram
R RRI R

Relaxed | ) _mfj\,/\—/
5 10 15 20
LF/HF of TRR [msec2] RRI: RR Interval

Electrocardiograph
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Daily variation of blood flow for healthy chicken during 5
Decreaseddayed flow at night
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Date and time

Blood flow
(ml/min)

19:06 5:40 19:05 5:41 19:04 5:42 19:03 542 19:02 5:43 Blood flow sensor
probe for chicken

There are several ways to eliminate the effects of movement such as body movement, such as removing the part of the spectrum >:Gcorresponding to

that movement, but the easiest and hassle-free method is to trace the minimum value. This makes it possible to eliminate the influence of movement.
This is because the movement does not lower the measured value, but always raises it. This method has been used to measure diurnal fluctuations in
blood flow for the purpose of detecting pathological conditions such as avian influenza in chickens.

%The measurement principle of this blood flow sensor is based on the spectral distribution of reflected scattered light from body parts.



Palmens

Application to animals

Detection of change in daily variation Blood flow measurement
due to Avian flu during swimming for

Blood flow measurement to
improve conception rate (stress
and estrus detection)



Internal medicine

Anesthesiology

Intensive care
department

Gastrointestinal
surgery

Neurosurgery

Respiratory
department

Vascular Surgery

Plastic Surgery
Dermatology

Orthopedic surgery

Urology

Pediatrics
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Examples of possible cases where blood flow is key

Examination of peripheral circulatory blood flow, peripheral
circulatory disturbance of diabetic patients, autonomic nervous
disorder, fingertip blood flow measurement thanks to Raynaud's
disease, nerve function test, gastric mucosal blood flow
measurement during endoscopy, fire extinguisher blood flow in
animal experiments

Quantification of effect at pain clinic, early detection of
intraoperative shock

Emergency department Blood flow measurement during burns,
peripheral circulation monitor

Gastrointestinal organ blood flow measurement (clinical and
experimental), blood flow confirmation during organ
transplantation

Brain tissue blood flow measurement (clinical and experimental)

Blood flow measurement of bronchial mucosa

Measurement for the diagnosis of Burger's disease (obstructive
thromboangiitis), etc. (measurement of systolic blood pressure
of the finger using a combination of cuff and mercury column),
skin blood flow measurement for obstructive arterial disease,
ASO (obstructive atherosclerosis) ) Measurement for diagnosis

Flap blood flow measurement, blood flow monitoring in skin
transplantation, quantification of allergic PCA reaction,
measurement of skin (face) blood flow status

Spinal cord, nerve blood flow measurement, adhesive finger
blood flow measurement

Testis blood flow measurement, blood flow erectile dysfunction
(VED) diagnosis, human blood flow measurement during kidney
transplantation

Peripheral blood flow monitor at NICU, measurement of neonatal
cerebral blood flow in animal experiments

Obstetrics and
gynecology

Otolaryngology
Radiology Department

Hypertension
treatment
department

Oriental Medicine

Dental and oral
surgery

Pharmacology

Physiology

Hygien
Forensic medicine

Department of
Physical Education

Department of Home

Pharmaceutical
companies

Maintenance of daily
health

Others

Uterine cancer blood flow measurement, breast cancer blood flow
measurement

Cochlea, nasal mucosa, flap blood flow measurement
Tissue blood flow measurement during radiation therapy

Measurement of tissue blood flow during hypertension treatment

Quantification of effects during acupuncture and moxibustion
treatment

Gingival, pulp blood flow measurement, oral mucosal blood flow
measurement

Determination of drug effects (vasodilation, contraction, etc.)
Autonomic nervous function and peripheral blood flow
measurement, influence of stress on autonomic nervous system
e Measurement of fingertip blood flow in white wax disease,
Raynaud's disease, etc.

Examination of tissue blood flow during forensic suffocation
Exercise rearranging research (measurement of blood flow
during exercise, measurement of blood flow change before and
after exercise)

Economics Clothing and Skin Blood Flow

Evaluate the effects of drugs (vasodilators,
constrictors, blood flow increasing substances, etc.)
Measurement of blood circulation and blood dryness, relaxation
and sleep (drowsiness)

Research on environmental physiology (comfort) and
measurement of bedsores at R & D companies (automobiles,
electricity, textiles, cosmetics, construction industry, etc.)

blood flow



Palmens

Blood flow greatly affected by contact pressure
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Main jisso process of sensor probe

Cgramlc .substrate Laser chip, 4-Iayer PCB

with cavity Photodiode chips,
Operational Amp Ceramic substrate with  Gonnector (base)
Resistor, Condenser, cavity structure
etc.

Connector base
Mounting of

. , Mounting of
optical chips and electrical parts &
electrical parts, connector

etc.

Top view ‘ Top view

Electrical parts

Glass chip
sealed

Sensor probe

Bottom view

Sealing
glass

ottom view

Ground middle
layers

Without temperature sensor

! h and contact pressure sensor
Cross sectional view
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Contact pressure sensor mounted on the probe

Micro Connector  Temperature sensor  Acrylic lug

Pressure sensor based
on laser displacement
sensor

Optical Systems &

Operational Amp =~ o

Multi-layer
ceramic cavity 4-layer printed circuit board

(a) Before mounting contact pressure sensor (b) after mouting contact pressure sensorn
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MEMS Laser Doppler Sensors

S.ensgr processing Analog signal extraction lead wire
plrcuﬂ ar]d battery for contact pressure signal and
inserted into the case blood flow signal (optional)

Electromagnetic
shielding flexible
printed cable (FPC)

Battery

Processing circuit with
built-in  microcomputer
and Bluetooth

Transparent lug 10mm
Without temperature sensor and With temperature sensor and Probe inserted inan
contact pressure sensor contact pressure sensor electromagnetically shielded

case
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Simultaneous measurement (1)

Simultaneous measurement 1
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Blood flow and contact temperature for numb finger

Blood flow (ml/min)
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Simultaneous Measurement (2)
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Blood Flow (ml/min)

Simultaneous measurement (3)

Blood flow and contact pressure
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Simultaneous Measurement (4)

Blood flow (ml/min)

== Blood flow == Laser beam power
= Contact pressure = Contact point temperature
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Blood flow vs Contact pressure in a minute contact pressure range

< Blood flow —-Contact pressure
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Blood flow per pulse (Stroke volume) changed by exercise

Average blood pressure [mmHg]
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Articles for our micro laser blood flow sensor (including Japanese papers and patents)
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