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TABLE 2

1) width The magnet-cantrolled locking rod changes the plungers between the weide mode and
narrow mode, which represonts the width of the blood vessel. As an altomative, 2
mubth-compartment tube is placed on top of e plungers with width adjusted by
inflating all or sgine compartments,

2% depth The pressurs sensor measures the applied force. The microprocessey generates
different wavelforms accordingly, representing the depth guslity of the pulse.

3) sirength Fhe processar geoerates a pulse waveform that has 4 spectfic magnitude and shape to
wepresent the palse strength.

43 thythin The provessor condrols the rate of ropeating ithe pulses and can simulate the
cunditions of tachycardia, bradycardia, snd arrhythmia,

5} Jenpth ‘The processor contraly the “duty oyele”™ of the puise veaave, which represents the
systodic portion of the pulse wave,

&} propagation | The timing and magnitude of the pulse wave for cach of the three solenoids can be
setindependently to simulate how the pressure wave propapates slong the artery.
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FIG. 4
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METHOD AND APPARATUS FOR
SIMULATING THE WRIST PULSE
PATTERNS FOR PULSE DIAGNOSIS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Under 37 CFR 1.53 §1.81(a3), this U.S. full utility
patent application is hereby converted from the U.S. provi-
sional patent application filed on Apr. 23, 2015 (application
no. 62178949) entitled “Method and apparatus for simulat-
ing the wrist pulse patterns for pulse diagnosis” by inventors
Mona Boudreaux, Ying Sun, and G. Faye Boudreaux-Bar-
tels.
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BACKGROUND OF THE INVENTION

[0008] Pulse diagnosis is an important technique for diag-
nosing the health conditions and the course of treatment
based on pulse patterns detected at the wrist in traditional
Chinese medicine (TCM) as well as other alternative medi-
cines, such as ayurvedic medicine, traditional Mongolian
medicine, Siddha medicine, traditional Tibetan medicine,
and Unani. The pulses are felt by pressing the index finger,
the middle finger, and the ring finger against the radial artery
at the wrist of the subject. Pulse diagnosis is noninvasive,
convenient, inexpensive, quick, and painless. Pulse diagnos-
tic techniques are taught at schools that teach TCM,
Ayurveda, and acupuncture. The training of pulse diagnostic
techniques is highly hands-on and tactile. It is often difficult
to find patients who exhibit a full range of symptoms for
students to practice on and learn from. Thus, the purpose of
the present invention is to provide a method and a simulation
device for training people how to perform pulse diagnosis.

[0009] In the USA there are over 45,000 acupuncturists
who use pulse diagnosis to find where there are problems
with the flow of energy in the body. Each year 3,500 students
of TCM undergo licensing exams administrated by organi-
zations such as the National Certification Commission for
Acupuncture and Oriental Medicine (NCCAOM). Natur-
opaths, napropaths, medical doctors, chiropractors, and vet-
erinarians also perform acupuncture and pulse diagnosis.
There are many more practitioners of TCM in other parts of
the world, especially in Asia. The present invention leads to
a product to be used by schools, teachers, and students for
teaching, learning, and testing the techniques of pulse diag-
nosis.

DESCRIPTION OF THE RELATED ART

[0010] In Western medicine, the study of the pulse is
known as sphygmology. The pulse is palpated over an artery
near the surface of the body by pressing a finger or two
fingers against a bone. The pulse can be detected from the
carotid artery at the neck, the brachial artery on the inside of
the elbow, the radial artery at the wrist, the femoral artery at
the groin, the popliteral artery behind the knee, the posterior
tibial artery near the ankle joint, and dorsalis pedis artery on
the foot. A typical clinical pulse palpation is conducted by
pressing the index and middle fingers on the radial artery at
the wrist or the carotid artery at the neck. A stop watch is
used to count the number of pulses for a certain duration, say
15 seconds, and the heart rate in beats per minute (bpm) is
given by the count multiplied by 4. The sole purpose of pulse
palpation in Western medicine is to measure the heart rate;
it is not intended to extract any other health-related infor-
mation.

[0011] By contrast, in traditional Chinese medicine (TCM)
and other alternative medicines, pulse palpation is used to
extract much more diagnostic information about the
patient’s health conditions. The pulse palpation in TCM
differs from that in Western medicine in the following
respects:

[0012] 1. In TCM, the pulse palpation is always per-
formed at the wrist on humans, and for both the right
hand and the left hand.

[0013] 2. In TCM, three fingers instead of two are used
to palpate at three different positions. The first position
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closest to the wrist is the can (inch), the second guan
(gate), and the third pulse position furthest away from
the wrist is the chi (foot).

[0014] 3. Furthermore, the pulse is palpated at shallow,
middle, and deep levels by changing the compression
force with the fingers.

[0015] 4. The conditions of the internal organs are
mapped to and reflected at the different positions. On
the left hand, the first position represents the heart and
small intestine; the second position, the liver and gall-
bladder; and third position, the kidney yin and bladder.
On the right hand, the first position represents the lungs
and large intestine; the second position, the spleen and
stomach; and the third position, the kidney yang and
uterus or triple burner.

[0016] 5. In addition to the rhythm, many other pieces
of information related to the strength and other qualities
of the pulse are detected.

[0017] William. E. Thornton (U.S. Pat. No. 7,510,398 B1)
disclosed an apparatus that uses an electronic tactile pulse
simulator to generate pressure pulses simulating arterial
pressure pulses discernible by touch. Thornton’s invention is
useful for teaching pulse palpation in Western medicine.
However, it lacks the multiple tactile outputs and the sophis-
tication of representing different pulse patterns for teaching
the pulse diagnostic techniques in TCM and other alternative
medicines.

[0018] Simulating the wrist pulse patterns for TCM is the
inverse problem of detecting the wrist pulse patterns. There
exist an abundance of prior art for detecting wrist pulses, for
example: U.S. Pat. No. 5,170,796, U.S. Pat. No. 5,381,797,
U.S. Pat. No. 6,767,329 B2, U.S. Pat. No. 8,317,716 B2,
WO 2003073932 Al, and WO 2009019720 A2. However,
there is no prior art of simulating the wrist pulse patterns for
TCM that can be found. The classification of the pulse
patterns in TCM has not yet been standardized. Generally
speaking, experts of pulse diagnosis have described 28
different patterns relating to internal energy flows and vari-
ous diseases conditions. The present invention is concerned
with 1) an effective method for representing the character-
istic qualities of the wrist pulse patterns, and 2) a realization
of pulse simulator for teaching pulse diagnostic techniques.

BRIEF SUMMARY OF THE INVENTION

[0019] This invention discloses a novel method and a
device for simulating the palpation of wrist pulses. All 28
wrist pulse patterns in the traditional Chinese medicine can
be represented by use of 6 characteristic qualities: width,
depth, strength, rhythm, length, and propagation. These 6
characteristic qualities guide the design of a set of wrist
pulse waveforms, which are pre-programmed in a processor
to deliver time-varying tactile outputs against the palpating
fingers via plungers of three solenoids. The wrist pulse
waveforms reacts dynamically to the compression force
from the palpating fingers measured with a force sensor. The
palpation sense of the artery width is controlled by either
width-adjustable plungers or a multi-lumen flexible tube.
The field of use of the wrist pulse simulator device includes
1) teaching pulse diagnostic techniques in traditional Chi-
nese medicine and other alternative medicines, and 2) devel-
oping and testing automated pulse diagnostic devices.
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BRIEF DESCRIPTION OF THE TABLES

[0020] TABLE 1 summarizes the 28 wrist pulse patterns,
the interpretations and health relevancies in TCM for the
categories of (A) floating and sinking pulses, (B) slow and
rapid pulses, and (C) feeble and replete pulses.

[0021] TABLE 2 shows the six characteristic qualities of
the wrist pulses and how the simulator represents them.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The following description of the figures may be
further understood with reference to the accompanying
drawing in which:

[0023] FIG. 1 is an illustrative diagrammatic view of an
embodiment of the wrist pulse simulator device that pro-
duces tactile outputs via three solenoids under the control of
a processor.

[0024] FIG. 2 is a block diagram of an embodiment of the
wrist pulse simulator device showing the major components
and the signal paths.

[0025] FIG. 3 shows an embodiment for representing the
width of the artery by using a magnetically actuated rod to
lock the plunger in the wide configuration (A) or in the
narrow configuration (B).

[0026] FIG. 4 shows a different embodiment for repre-
senting the width of the artery by using a three-lumen
flexible tube. A wide artery is represented by inflating all
three lumens; a narrow artery is represented by inflating only
the central lumen.

[0027] FIG. 5 shows the processes of specifying the pulse
waveforms for the various wrist pulse patterns either by
using a graphical waveform designer or by acquiring real-
istic waveforms recorded from human subjects and record-
ing numerical representations of the waveforms.

[0028] FIG. 6 shows experimental data of changing the
pulse waveform magnitude in response to the compression
force.

[0029] FIG. 7 shows experimental data of three hand-
drawn wrist pulse patterns and the corresponding waveforms
outputted by the digital-to-analog converters for driving the
solenoids.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENT

[0030] Table 1 summarizes the 28 pulse patterns in TCM,
which are classified into 6 categories: floating and sinking
pulses (Table 1A), slow and rapid pulses (Table 1B), and
feeble and replete pulses (Table 1C). For each pulse pattern,
its TCM interpretation and health relevancy are also given in
Table 1. The present invention discloses the use of 6
characteristic qualities to represents the wrist pulse patterns
and artery responses. These characteristic qualities are as
follows.

[0031] a) width: thin or wide artery,

[0032] b) depth: superficial or deep artery,

[0033] c¢) strength: forceful or forceless pulse,

[0034] d) rhythm: fast or slow rate; rhythmic or arrhyth-
mic pulses,

[0035] e) length: short or long duration of the contraction,
and

[0036] ) propagation: delay and magnitude change among

the three positions.
[0037] FIG. 1 is an illustrative diagrammatic view of an
embodiment of the pulse simulation. The pulse simulator 10
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is a hand-held device that transfers tactile outputs to the
fingers via a soft pad 11 made of silicone rubber or a similar
material. The three moveable plungers 12 underneath the
soft pad are used to simulate the wrist pulses. A width
control unit 13 is used to change the width of the plungers,
which will be described in more detail later. The plungers are
actuated by three solenoids 14, which are controlled by a
processor 15. The hand-held unit has a force sensor 16 to
detect the force applied by the thumb, which indirectly
measures the compression force applied by the three pal-
pating fingers against the soft pad.

[0038] The processor system 15 contains a communica-
tion unit 17, which can receive data from or transmit data to
a laptop computer or a mobile computing device 18 such as
a smartphone or a tablet. The communication unit 17 can be
either wireless (Bluetooth or WIFI modem) or wired (USB).
[0039] As an option, the hand-held pulse simulator 10 can
be embedded in a life-sized hand-wrist model 19. The model
is anatomically correct in terms of its dimensions and the
artery position to provide a more realistic simulation. The
three moveable plungers 12 are positioned near the surface
and underneath a thin soft pad 11 around the wrist area to
deliver the pulses. The user’s hand is applied to the pulse
simulator with the index, middle and ring fingers pressing
onto the three plungers 12, respectively. The thumb is at the
opposite side of the wrist where the force sensor 16 is
positioned.

[0040] FIG. 2 further specifies the functional units and
signal paths of the pulse simulator in FIG. 1. The compres-
sion force from the user’s hand is sensed by a force sensor
16, which is conditioned by an amplifier 21 and acquired by
a processor 15 via an analog-to-digital converter 22. The
compression force is compared to two pre-set thresholds to
determine which level (shallow, middle, or deep) the pulse
is palpated at. The digital pulse waveforms and parameters
pertaining to the characteristic qualities are stored in the
processor 15. The user can select which of the pre-pro-
grammed pulse patterns to simulate via a user interface
facilitated by an LCD display 25 and push buttons 26. The
pulse waveforms are played back in response to the com-
pression force. The stored digitized waveforms are sent to
three analog-to-digital converters 23 that actuate three sole-
noids 14 via current drivers 24. The three plungers 12 of the
solenoids deliver the tactile outputs to be palpated by the
user’s fingers. A width control unit 13 provides a means of
adjusting the sensation of either a wide artery or a narrow
artery.

[0041] FIG. 3 shows a possible embodiment for adjusting
the width sensation. In FIG. 3 top and side views, a plunger
consists of a center piece 31 surrounded by a side piece 32.
The plunger assembly is connected to the solenoid 14, which
moves the plunger up and down in proportion to the supplied
electrical current. A locking rod 33 can slide through the
center piece 31, the side piece 32, and a separate actuator
unit 33. The locking rod 33 is made of a ferromagnetic
material such that it can be pushed or pulled by changing the
polarity of an electromagnet 35 embedded in the actuator
unit 34. FIG. 3A (left column) shows the plunger in the wide
configuration, in which the locking rod 33 is pushed to a
position between the center piece 31 and the side piece 32.
With this wide configuration the center piece 31 and the side
pieces 32 move up and down together as one unit to simulate
the effect of a wide blood vessel. FIG. 3B (right column)
shows the plunger in the narrow configuration, in which the
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locking rod 33 is pulled back to a position between the side
piece 32 and the actuator unit 34. With this narrow configu-
ration, only the center piece 31 moves up and down to
simulate the effect of a narrow blood vessel.

[0042] FIG. 4 shows an alternative embodiment for rep-
resenting the width of the artery by employing a three-lumen
tube 40. The tube has a center lumen 41 and two side lumens
42. Awide artery is represented by inflating all three lumens.
A thin artery is represented with the center lumen inflated
and the two side lumens deflated. The inflation mechanism
(not shown) can be either pneumatic (air) or hydraulic
(water). The forces from the plungers are transferred to the
fingers through the three-lumen tube 40. Thus, the user can
palpate the difference of the simulated width of the artery.
[0043] Table 2 summarizes how the pulse simulator uses
the aforementioned hardware and software methods to rep-
resent the 6 characteristic quantities of the wrist pulse
patterns. For each of the 28 pulse patterns given in Table 1,
the simulator stores the following information: 1) a digital
waveform or waveforms representing the time course of the
pulse, 2) a set of 6 characteristic quantities pertaining to this
pulse pattern, and 3) how the pulses react to the shallow,
middle, and deep levels of compression.

[0044] FIG. 5 shows the processes of specitying/designing
the pulse waveforms to be downloaded to the wrist pulse
simulator 10. The wrist pulse simulator 10 can be incorpo-
rated into the wrist-hand model 19 as a single integrated
unit. An access trap cover 50 is available for installing/
replacing the batteries 51. The waveform design process
begins with the selection of one of the wrist pulse patterns
51. There are at least two possible ways to design the pulse
waveforms. One way is to first extract the 6 characteristic
properties 52 for the chosen wrist pulse pattern. Then, a
waveform designer 53 is used to design a set of waveforms
for the three solenoids and the three levels of the compres-
sion force. The waveform designer 53 is a software system
that runs on a laptop computer or a mobile computing
device. The pulse waveforms can be drawn by hand with a
graphical user interface or generated by equations. Addi-
tional parameters such as the time delays among the three
solenoids and the magnitude/waveform changes in response
to the finger compression forces can be specified. This set of
waveforms can then be downloaded to the wrist pulse
simulator 10 for execution.

[0045] Another way to specify the wrist pulse waveforms
is to use an array of pulse pressure sensors and a data
acquisition system 54 to record realistic waveforms from
human subjects. These waveforms are scaled to the proper
magnitude ranges and downloaded to the pulse simulator 10
for execution.

[0046] A functional prototype of the pulse simulator has
been built to verify that the design concept and specifica-
tions are realizable. FIG. 6 shows the experimental data of
changing the magnitude of the pulse force waveform 60 in
response to the compression force 61. This is to simulate the
situation of applying different levels of forces (shallow,
middle, and deep) through the palpating fingers. The artery
reacts to the given compression force and produces the pulse
waveform accordingly.

[0047] FIG. 7 shows the experimental data of three hand-
drawn wrist pulse patterns by use of the waveform designer
representing a young person 70, an older person 71, and a
person with hypertension 72. These waveforms were down-
loaded to the pulse simulator for execution. The correspond-
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ing waveforms 73-75 outputted by the digital-to-analog
converters for driving the solenoids showed a good resem-
blance of the original hand-drawn waveforms.
[0048] There are 3 independent claims and 7 dependent
claims in this invention. The claims structure is as follows:
[0049] 1. Method for wrist pulse simulation (independent)
[0050] 2. Pulse patterns represented with 6 characteris-
tic qualities
[0051] 3. Processor to play back pulse waveforms
through solenoids
[0052] 4. Mechanical means of changing the palpation
of the artery width
[0053] 5. Pulse patterns in response to compression
force
[0054] 6. Waveform designer and data acquisition for
generating wrist pulse patterns (independent)

[0055] 7. Apparatus for wrist pulse simulation (indepen-
dent)
[0056] 8. Mechanical means of changing the palpation

of the artery width

[0057] 9. Adjustment of wrist pulse waveforms in
response to the compression force

[0058] 10. Pulse pattern generation system linked to the
wrist pulse simulator

What is claimed is:

1. A method for simulating the palpation of wrist pulses
that comprises the steps of

a) representing the wrist pulse patterns and artery
responses with a set of characteristic qualities;

b) implementing the characteristic qualities with a set for
force waveforms delivered by a plurality of solenoids
under the control of a processor;

¢) changing the palpation of the artery width by mechani-
cal means; and

d) delivering the wrist pulse patterns in response to the
compression force of the palpating fingers.

2. In the method for simulating the palpation of wrist
pulses according to claim 1, said characteristic qualities of
the wrist pulse patterns and artery responses include width,
depth, strength, rhythm, length, and propagation.

3. In the method for simulating the palpation of wrist
pulses according to claim 1, said pulse waveforms are
pre-stored in the said processor and selectively played back
in real-time via a plurality of digital-to-analog converters to
drive said solenoids.

4. In the method for simulating the palpation of wrist
pulses according to claim 1, said mechanical means of
changing the palpation of the artery width employs either a
plurality of plungers with adjustable width attached to said
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solenoids or a multi-lumen flexible tube placed between said
solenoids and the palpating fingers.

5. In the method for simulating the palpation of wrist
pulses according to claim 1, said compression force of the
palpating fingers is sensed by said processor via a force
sensor and controls the delivery of said wrist pulse patterns.

6. A method of generating the wrist pulse waveforms by
use of either

a) a waveform designer software system to draw the

waveforms by hand via a graphical user interface or to
generate the waveforms with equations; or

b) a data acquisition system to measure the realistic wrist

pulse patterns from human subjects via an array of
pulse pressure sensors placed around the wrist area.

7. An apparatus for simulating the palpation of wrist
pulses that comprises the components of

a) a processor to store and play back wrist pulse wave-

forms;

b) a plurality of solenoids to deliver the pulse waveforms

to the palpating fingers;

¢) a mechanical means of changing the palpation of the

artery width;

d) a force sensor to measure the compression forces of the

palpating fingers; and

e) a live-sized wrist-hand model to enclose the aforemen-

tioned components; and

f) a wrist pulse pattern generation system to design the

pulse waveforms by drawing, computing from equa-
tions, and/or acquiring realistic waveforms from human
subjects.

8. In the apparatus for simulating the palpation of wrist
pulses according to claim 7, said mechanical means of
changing the palpation of the artery width employs either a
plurality of plungers with adjustable width attached to said
solenoids or a multi-lumen flexible tube placed between said
solenoids and the palpating fingers.

9. In the apparatus for simulating the palpation of wrist
pulses according to claim 7, an algorithm is implemented in
said processor to adjust the outputs of the wrist pulse
waveforms in response to the input of the compression force
from said force sensor.

10. In the apparatus for simulating the palpation of wrist
pulses according to claim 7, said wrist pulse pattern gen-
eration system is implemented on a laptop computer or
mobile computing device connected to the processor in the
wrist pulse simulator via a wireless or wired communication
link.



