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Greetings Dr. Winfree,

This is the Three Way Syringe Team for Northern Arizona University Engineering Capstone.

Thank you for guiding the ATI Syringe Mixing Project. We are working towards developing and

building the system requested by Dr. Becker and his team. It is a wonderful opportunity to work

on this device while gaining experience in engineering, team management, as well as the

medical aspects that depend on it. We have all worked hard at NAU, either in China or here in

Flagstaff, to come to this point in our lives where we may demonstrate and complete our final

collegiate challenge. We are passionate about working on this project and only want the best

for our capstone masterpiece. Overall our team commits their best work, in building this system.

The reason why our team has chosen this project is because we all share a common interest in

medical engineering. The project has the ability to improve the overall health of society.

Another fascinating aspect of the project is the potential to design a marketable device. The

report below highlights detail about the problem, giving an overview of the need for our product.

Next, will be a research section where our team puts together our research, and what

information we have found to better our project. Then, we clarify the design specifications as

well as the wants surrounding this project. Design specifications being the capabilities that are

mandatory to the device’s function, and wants being the extras that can be added on. Following

this, our team details the different subsystems of the final design for the project, as well as the

alternatives for the components within those subsystems. Finally, our team has defined three

different prototypes, which simulate the important components of the overall design.

Thank you for sponsoring the ATI Syringe Mixing Project. It is a fascinating and promising

project dealing with hardware programming as well as medical engineering. Thank you for your

time and the team looks forward continuing the work.

Respectfully,

-Vincent Jencks

Colton Smith

Andrew VanDenburgh

Handi Xi

Yunchen Zhu
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1.0 Project/Problem Statement

In society today, most if not all medical procedures have some sort of automation to them,

however most syringe mixing procedures are still done by hand. Due to the recent focus of

treating aneurysms using a liquid embolic method for filling and removing the aneurysm within a

vessel, there has been a higher demand for an automated mixing system. As of this report there

is no recorded existence of an automated three way mixer. While the process of understanding

how the syringes are mixed is not complicated, the amount of factors that need to be monitored

or regulated during the process is what makes the design cumbersome.

Due to how recent the development of the PPODA-QT liquid embolic treatment is, there is no

known precise flow rate or energy requirement for the liquids to mix properly. With the

development of an automated process to mix the liquid components of a PPODA-QT syringe,

doctors will be able to treat aneurysms without worry of the current human error involved in the

process. This development would allow hospital staff to have one less worry when attempting to

isolate and treat the neurological condition of an aneurysm within a blood vessel.

Our team has been tasked with the creation of an automated mixing system which will interface

with syringe models already in existence. The user will set the t-jointed syringe configuration,

holding 3 syringes, into our design. After the syringes are placed within the device the user will

be able to input the duration of time that the device should take when mixing the liquids which

will effect what flow rates the mixing occurs at. By including user input, this device will be able to

accurately test what the effective flow rates for this system will be, considering there is currently

not a precise threshold in which proper mixing occurs. Following the input from the user, the

device will mix the three liquids while giving the user an accurate readout of the flow rates

occurring within the device in real time. After the mixing is done, the user will be able to safely

extract the finished mixture which will be used in the liquid embolic treatment.



1.1 Overview Diagram



Figure 1: Device Overview

The microcontroller is connected with the input and output. From the bottom the user can input

information into the microcontroller. The microcontroller then sends the data to the control circuit

to start the mixing based on the user input. Each GPIO ports can configure to the input and

output, and there has a analog to digital or digital to analog converter. Along with the mixing

taking place, the microcontroller will communicate to the display to show the flow rates, the

energy put into the device, and the duration of the mixing.



2.0 General Research Survey Results

2.1 Problem Definition

Syringes are mixed to create a one time injection which is better for the patient to only be

injected once versus multiple times. Doses once mixed must be injected within 5 to fifteen

minutes [19]. The most general way the team came up to cite the problem is “ the lack of

medical devices in the market that can autonomously and consistently mix three liquids in a

short time, given user input parameters such as mixing strength then displaying related

information”.

The problem of the project can be divided into three parts: how to control and push the syringes,

how to keep the syringes in place, how to control the flow rate. A microcontroller [1] with

electrical power may be used to push the syringes. In order to get the accurate liquid mixture,

we can choose the mechanical device and control it by programming. The principle is, making

the machine rotate, and recording how long one circle can advance the syringe. The number of

turns may control the volume of liquid and keep the syringes in place. The flow rate is related to

the speed of the turns. The solution is convenient and simple to achieve the goal of this project.

The device should be a system which tests what the accurate energy for mixing liquids is. By

having our system be designed to test different mixing rates, it can give our users an accurate

threshold in which complications do not occur from mixing.



2.2 Important concepts and topics

By better understanding the environment our device will be integrated with, and purpose that

our device will fulfill; the team can have a better grasp on the intended use of the device. By

getting detailed information of the embolization process, it has helped the team realize that

there may be factors which the team should consider going forward. Due to the new nature of

liquids and possible problems that may be faced in the future, the device should try to reduce as

much error as possible. What this means is that, if our device is capable of clearly giving the

user the knowledge of when the device is done mixing and at what rates and energies the

device has mixed at, there will exist no possible complications within the mixing procedure.

Embolization: A procedure of embolization is characterized as the artificial blocking created

within a blood vessel, often to treat one of many different types of neurological conditions and

symptoms[16].



Embolic Agents: The agents which are tasked with the job of physically creating a blocking

within a blood vessel, often in the form of gelatin, coils, or liquid[17]. Gelatins such as gelfoam

are considered temporary agents which allow for the option of recanalization after a few weeks.

Gelatins are often one of the cheaper and more versatile options in embolization but come with

their own problems such as possible infection or cause ischemia. Coils are considered a

permanent agent with a large amount of variations. Coils have the benefits of being easy to see

deploy, and control. Complications include the migration of coils, which can lead to stroke or

myocardial infarction, as well as vessel dissection. Liquids in use for embolization today range

from adhesive to alcohol and all considered permanent. Many of the liquids used have only

recently been put into practice, meaning that potential problems could still occur in the future.

Currently the liquids used have produced much more promising result than the previously

mentioned methods, but come with their own unique set of problems like securing the catheter

becoming entrapped in the vessel or that the rate of insertion of liquid can be toxic.



Figure 2: Separation of Embolic Agents by Permittivity



2.3 The Model Overview

The team has met the sponsor several times before. The sponsor gave the team a simple

model of the 3-way mixing, and have found that there are some similar product. This syringe

mixing typically used for LED materials, various general electronic and mechanical materials,

stirring and eliminating foam. [2] A more detailed drawing will be made including all part of the

model, just like the size, weight, and how to connect them. Manufacture the shape and details

with the final construction. This part is more fit for the student who major in mechanical

engineering, so we should ask for help from the students who study this or ask the professor.

The whole model includes LED screen, 3-way mixing syringes, control button, chips with the

control program.



2.4 Stepper Motor

In the research survey part, the team looked for some information about how to use

microcontroller to accurately control the revolving speed of stepper motor. The reason why the

team choose stepper motor is that it has more advantages. The difference between stepper

motor and DC motor is that the former doesn´t need encoder, because it operates with open

loop, while DC motor operates with closed loop. On the other side, stepper motor positioning is

limited to step size of rotor. Stepper motor is a common electrical synchronous motor which

divides the complete rotation into number of steps. It is suitable radically for tasks where the

precision is very significant factor. [1] Each stepper motor will have a fixed step angle and motor

rotates at this angle. [2] It can be used for transforming electrical pulses into angular

displacement. In a less technical way, a pulse signal produced by microcontroller drives stepper

motor to set the direction of rotation of a fixed angle (step angle) when the driver receives it. By

controlling the number of pulses, the angular displacement can be controlled so as to achieve

the purpose of accurate positioning; besides, the purpose of speed control can be achieved by

controlling the pulse frequency to change the velocity and acceleration of motor rotation.

Effective positioning is one of the advantages of stepper motor. For precise positioning can be

determined specific step and motor rotates to required position without encoder. The basic

relations of stepper motor are following:

2π

α= spr

(1)

θ=nα



(2)



α

dt



(3)



ω=



where α is motor step angle,  spr is number of steps per round, θ is position, n is number of

steps, ω is angular velocity. [2]

Stepper motors will have stator and rotor. Rotor has permanent magnet and stator has coil. The

basic stepper motor has 4 coils with 90 degrees’ rotation step. These four coils are activated in

the cyclic order. There are different methods to drive a stepper motor. Usually used methods for

stepper motor control are just full-step and half-step mode. Although these ways of control are

maneuverable by using any control unit, current problems arise in area of resonant zone and

motor may lost steps. One solution is to distribute motor step into micro-steps. This method

causes better precise in positioning as well as it limits angular velocity pulsation of rotor in the

zone of low step frequencies.
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