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Abstract— Pulse diagnosis has been an important prac-
tice in traditional Chinese medicine for diagnosing various
diseases. It is based on the patterns of blood pressure puls-
es at the wrist felt with three fingers. The device developed
in this study mimics the outward forces generated by blood
flow patterns through the radial artery. The embedded sys-
tem platform allows for the implementation of various
pulse patterns in response to the depression pressure of the
fingers. The resulting pulse simulator is useful for demon-
strating and teaching the art of pulse diagnosis.
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I. INTRODUCTION

The ability to diagnose a disease based on the arterial pulse
patterns that can be felt in the wrist is a method often referred
to as pulse diagnostics originating from the traditional Chinese
medicine. In the area of pulse diagnostics, as many as 29
patterns have been identified and related to diagnosis of a wide
range of diseases and conditions [1],[2]. These range from
detecting liver and gall bladder diseases to detecting
pregnancy [3]. In order to distinguish between these patterns,
six characteristic qualities of the wrist pulse patterns have
been defined including pulse width, depth, strength, rate,
length, and rhythm [4]. The detection of these pulse patterns
requires the use of three fingers (index, middle, and ring
fingers) placed over the radial artery at the wrist of the subject.
Three different pressures (light, medium, and high) are applied
to the artery to reveal different responses [5].

Despite the relatively large number of pulse patterns,
frequently encountered patterns are fewer than 10. Thus, some
of the rarely encountered pulse patterns are difficult to
demonstrate. The purpose of the presented work is to create a
device that simulates the pulse patterns for the purposes of
demonstrating and teaching the art of pulse diagnosis.

II. METHODS

A. Device Design

As shown by the block diagram in Fig. 1, the mechanical
part of the system consists of three solenoids presenting the
pulse waveforms to the three fingers that feel the pulses. The
electronic part of the system consists of a microprocessor that
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Fig. 1. Block diagram of the pulse simulator.
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Fig. 2. Schematic diagram of the pulse simulator.

outputs the stored digital pulse waveforms to the solenoids via
three digital-to-analog (D/A) converters. A pressure sensor
detects the gripping forces applied to the simulator. The
pressure is sensed by the microprocessor and evokes different
responding pulse waveforms. As shown by the schematic
diagram in Fig. 2, the overall device is composed of two
subunits connected via a cable. One enclosure contains the
solenoids in a stable position creating an artificial wrist model
made of silicon. The wrist model has a pressure sensor at the
base for the user to apply pressure with their thumb while
measuring the wrist pulse. When more pressure is applied with



the thumb, the pulse either increases or decreases in strength
which varies with the selected mode. The user places three
fingers, as is the standard practice for pulse diagnostics, to
measure the pulse characteristics. The pistons of the solenoids
generate forces corresponding to the pulse waveforms through
a thin layer of the encasing silicone rubber. A second
component is the control unit that provides user interventions
through a LCD display and push buttons. The control unit also
contains the microprocessor, the electronics, and a battery
power source.

B. Pulsatile Waveform Generation

The microprocessor based system manipulates a series of
solenoids creating the pulses of these waveforms. Of the six
pulse characteristic quantities, the pulse width is related to the
width of the artery, which is not represented in the current
system. The strength is represented by the stroke distance of
the solenoid’s piston. The pulse depth is represented by varying
the waveforms in response to the applied pressure measured
with the pressure sensor. The rate is controlled by the
microprocessor, which sets the playback sampling frequency of
the stored digital waveforms. The length represents the
duration of one pulsation, which is controlled by the duty cycle
of the stored waveforms and the playback frequency. The
rhythm is represented by the irregularity of repeating the
playback waveform. A condition of irregular rate (arrhythmia)
can be introduced by randomizing the playback frequency each
time the waveform corresponding to a cardiac cycle is repeated.

C. Hardware and Software

The pulse simulator system was developed by use of a PIC
microprocessor (PIC18H4525, Microchip, Chandler, AZ). The
software was coded in the C language using the MPLab
development tool (Microchip, Chandler, AZ). The software
algorithms include the retrieval of pulse waveforms from
lookup tables, a real-time playback engine driven by timer
interrupts, the applied pressure measurement via the on-chip
analog-to-digital converter, and schemes for varying the pulse
magnitudes and playback rates.
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Fig. 3. Playback pulse waveform (orange) was altered by the compression
force (blue) detected by the pressure sensor.

III. RESULTS

The hardware and software of the pulse simulator system
have been successfully implemented. The force waveforms
generated by the solenoids resemble the actual pulses felt at
the wrist. As shown in Fig. 3, the pulse waveforms can be
programmed to respond to the applied pressure in a dynamic
way. For this example, the magnitude of the pulse waveform
increases in response to an increase in the gripping pressure.
This represents a typical pulse pattern of a healthy subject that
shows an increase in strength when the fingers are pressed
down harder on the radial artery.

For the current implementation, a total of three different
force waveforms are implemented, which include a normal
depth pulse, a deep pulse, and a floating pulse. The same
waveform is applied to all three solenoids but with a delay of 1
ms between adjacent solenoids. For rate variations a total of
four rhythms are implemented, which include normal heart
rate, bradycardia, tachycardia, and arrhythmia. Thus, the
current system can switch among 12 different pulse patterns
(3 waveforms X 4 rhythms). For the normal depth pulse, there
is a maximum amplitude at mid-range pressure. The
superficial or floating pulse has a maximum amplitude at low
pressure and the deep pulse has a maximum amplitude at
higher pressure. The user interface allows for the selection of
the playback pattern, which is shown on the LCD display.

IV. DiscussioN

In this study an instrument has been developed to simulate
the wrist pulse patterns used in the pulse diagnosis of the
traditional Chinese medicine. The project has resulted in an
embedded system that produces three force waveforms via
three solenoids in response to the applied gripping pressure.
The playback rate of the waveforms can also be programmed
to reflect either normal or abnormal heart rhythms. To our
knowledge, this is an innovative device that provides a unique
opportunity for training practicians of pulse diagnostics.

Future work is planned to implement additional pulse
diagnostic characteristics including frail, wiry, rolling, and
choppy pulses through software modifications. In order to
address the pulse width characteristic, further hardware design
changes are necessary as the current design utilizes fixed-size
pistons. Improvements on the user interface are also
considered to show the pulse waveforms on a graphic LCD
display and to provide more descriptive information about the
pulse patterns.
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