
  

 

Abstract— Diabetes is a chronic disease that causes critical 

health problems, and eventually leads to damage major organs. 

The number of people with diabetes keeps increasing over the 

next decade. Diabetes requires lifetime treatment in patients’ 

daily life. Although many patients already know that tight 

glucose control is a critical factor of success for the quality of life, 

they still fail to monitor their blood glucose level in actual clinical 

practice because of the frequent and painful fingerstick tests. 

The main aim of this research is to design automatic insulin 

injection system with Continuous Glucose Monitoring (CGM) 

signals. This system controls the insulin dosage automatically 

according to the real-time glucose level, so that it can improve 

the quality of life for those who are suffering from diabetes. The 

current system we developed can also provide real time glucose 

data to the end user to manage the diabetes. 

Keywords—continuous glucose monitoring; insuline 

injection; diabetes 

I. INTRODUCTION 

Diabetes is a worldwide chronic disease that needs lifetime 
treatment. According to World Health Organization (WHO) in 
2012, 1.5 million were died because of complications of 
diabetes, 9% of adult who is 18 years old or older suffers from 
diabetes, and population of diabetes is increasing over the next 
decade. WHO announced that diabetes would be one of 
distinct disease to lead death in 2030 [1]. National Diabetes 
Statistics Report, released in 2014 by Centers for Disease 
Control and Prevention (CDC), highlighted that diagnosed and 
undiagnosed diabetes among people aged 20 years or older in 
United States were 28.9 million in 2012 [2]. The annual 
expenditure on diabetes management keeps increasing total 
US $376 billion in 2010 and US $490 billion in 2030 [3]. 

Diabetes mellitus is a complex illness to require continuous 
medical care. Consistent education and support to patients in 
diabetes are to prevent acute complications and to reduce the 
risk of long-term complications [4]. Glycemic control is a key 
component of effective diabetes management, and the 
maintenance of near-normoglycemia is critical to minimize the 
risk of developing the microvascular and macrovascular 
complications that are generally associated with diabetes 
[5][6]. Although many patients already know that tight glucose 
control is very important. However, they still fail to monitor 
their blood glucose level in actual clinical practice because of 
the frequent and painful fingerstick tests. 

Nowadays, several kinds of CGM machines have been 
currently introduced in clinical practice. Most of CGM 
machines monitor glucose level every five minutes, record 
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them, and have a system that alert to a user if it detects 
hypoglycemia or hyperglycemia. Most of current commercial 
CGM system use minimal-invasive subcutaneous sensor that 
can attach around abdomen, and can obtain the glucose 
concentration level in interstitial fluid. Thus, the current 
system that patient can use give rise to uncomfortable 
environment. The CGM accuracy is now considered accurate 
enough to make treatment decisions based on its concentration 
level. However, it still requires fingerstick test every twelve 
hours for calibration to measure glucose level, and the 
subcutaneous sensor can be used only few days due to 
biofouling. Furthermore, due to the physiological lag time, the 
glucose values on the CGM screen appear 5–15 min later than 
the actual Self-Monitoring of Blood Glucose (SMBG) values 
[7]. 

Recent trend is shifting towards non-invasive glucose 
monitoring (NGM), since it alleviates the pain and suffering to 
those who have diabetes [8]. The most extensively used NGM 
techniques are Raman spectroscopy and absorbance 
spectroscopy, although a wide range of other techniques have 
also been demonstrated [9]. Near infrared spectroscopy is also 
known as a favorable technology for blood glucose monitoring 
due to its sensitivity and low cost, but it still requires additional 
evaluation for medical decisions [9][10]. NGM obviates the 
need of a strip that makes the repeated measurements highly 
cost-effective, but it lacks the precision and specificity of 
blood glucose meters. Despite promising advances of non-
invasive technologies, none of these technologies have 
provided a clinically reliable system for glucose monitoring. 
More physiological and physical studies are still required for 
better blood glucose measurement. In addition, the accuracy 
and reliability of non-invasive technologies should be 
improved on the basis of vigorous scientific and clinical 
evidence.  

Although many researchers and company develop the 
system to monitor glucose level to manage diabetes, there are 
still many other issues to inject certain amount of insulin 
automatically with CGM [11][14]. Therefore, we are 
developing the automatic system to control glucose level based 
on CGM records to increase quality of life for those who are 
suffering from diabetes. The main purpose of this research is 
to design the continuous subcutaneous insulin infusion pump 
with real-time continuous glucose monitoring device called 
artificial pancreas.  This can change the insulin dosage 
automatically based on estimated glucose level (EGL). EGL is 
carefully calculated the insulin dosage according to the 
endocrinologists’ recommendation.  In the reminder of this 

Suk Jin Lee, is with the Department of Computer Science, Texas A&M 

University – Texarkana, Texarkana, TX 75503 USA. (e-mail: 

slee@tamut.edu).  
+Both authors contributed equally to this study. 

Design of Automatic Insulin Injection System with Continuous 

Glucose Monitoring (CGM) Signals 

Changyong (Andrew) Jung+, Ph.D., Member, IEEE, and Suk Jin Lee+, Ph.D., Member, IEEE 

978-1-5090-2455-1/16/$31.00 ©2016 IEEE 102



  

paper, in Section II, we describe the computational and 
experimental methods. The results are demonstrated in Section 
III following by a conclusion in Section IV.  

 

II. METHODS AND MATERIALS 

A. CGM Device 

For the continuous glucose monitoring, Dexcom G4 
PLATINUM and Dexcom G4 Receiver Tools Devkit (DevKit) 
are used in this research [12]. The DevKit software enables 
real-time access to Dexcom G4 Receiver public data and 
allows the user application to read estimated glucose level 
(EGL) records at a specific time period. Fig. 1 depicts the 
overall structure of the DevKit software. 

 

 

Figure 1. Dexcom G4 Receiver Tool Devkit 

 

After reading EGL from DevKit Software, these records can 

be used for user application to control the amount of insulin 

injection for the target object. 
 

B. Insuline Infusion Pump 

 

Figure 2. Proposed Insulin Injection System with CGM Signals 

 
For the insulin injection, we used CMA 402 Syringe Pump 

that can provide a flexible dual syringe pump with pulse-free 
low flow rates [13]. As shown in Fig. 2, user’s control device 
connects to the pump with USB/RS232 interface that CMA 
402 pump provided, so that the individual flow rate is 
adjustable using control commands in a range between 0.1 – 

20 L/min. That means the amount of injected insulin can be 
controlled by user’s control device.  

 

TABLE I.  CONTROL COMMANDS 

Commands Description 

SA, SB 
Stop syringe A, Stop syringe B. 

Stop normal flow or flush. 

DA, DB 
Dispense syringe A or Dispense syringe B with preset 
flow. 

FA x, FB x 

Set Flow to x l/min for syringes A and B 
respectively. 

Flow range values 1 to 200 in steps of 1/10 l/min. 

 

Table I shows the control commands used to adjust the 
individual flow rate. For example, the string command ‘DA’ 
starts to dispense syringe A with preset flow, and the string 
command ‘SA’ stops normal flow. The string command ‘FA’ 

with a flow value (x) can set the flow to x l/min for syringe 
A. This flow value is in a range between 1 and 200. 

 

C. Implemented Control Algorithm 

We describe the overall design structure of proposed 
insulin injection system with CGM signals in Fig. 2. Once the 
implanted CGM sensor detects glucose level, this estimated 
value is displayed to Dexcom G4 Receiver, and sent to user’s 
control device in real-time. After receiving real-time values 
from the Receiver, the control algorithm creates control 
commands using the current EGL. The control commands with 
extra parameters are sent to the insulin pump to increase or 
decrease the amount of insulin dosage automatically. 

The implemented control algorithm is described in Fig. 3. 
If EGL is in a range between 100 and 150 mg/dl, there is no 
flow change of insulin infusion rate. If EGL is greater than or 
equal to 150 mg/dl, the insulin infusion rate is increased in the 

unit of +0.5 L/min; otherwise, i.e. EGL  100 mg/dl, the 

insulin infusion rate is decreased in the unit of 1.0 L/min. 
The algorithm creates a specific control command with 
parameters and sends the command to insulin pump to adjust 
the insulin dosage using USB/RS232 interface at a specific 
time period. 

The control algorithm with additional criteria is applied to 
the Syringe Pump. We set the maximum flow throughput with 

20 L/min due to the mechanical limitation of the pump. That 

means no more than 20 L/min is applicable. If the current 
flow value, i.e. the amount of insulin dosage produced by the 
algorithm, is negative, the default insulin dosage is generated 
to avoid the illogical error. 
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Figure 3. Implemented Control Algorithm 

 

D. Data Monitoring 

 

 

Figure 4. Overall feature of the file production 
 

The system we developed produces the file to keep track 
of monitoring data for the user. The system evaluates the 
glucose level every five minutes.  Once the system detects the 
new glucose level, it is recorded in a file.  The file also holds 

the data such as time for new glucose level, and flow rate for 
insulin pump for further use. Thus, it will help a user to 
manage their diabetes later.  The file is produced as daily basis 
meaning that it automatically creates a file to keep data every 
day. Therefore, a user can keep as many daily data as possible.  
The overall feature of the file production of the system is 
shown in Fig. 4. 

The file structure we produce consists of measurement 
time, glucose level from CGM, and flow rate. As shown in 
Table II, the developed system keeps record glucose levels 
and flow rates every five minutes. 

 

TABLE II.  FILE STRUCTURE RECORDED 

Date Time 
Glucose level 

(mg/dl) 

Flow rate 

(L/min) 

7/6/2015 4:43:49 P.M. 225 3.8 

7/6/2015 4:48:48 P.M. 225 4.3 

7/6/2015 4:53:48 P.M. 225 4.8 

7/6/2015 4:58:48 P.M. 225 5.3 

7/6/2015 5:03:48 P.M. 213 5.8 

7/6/2015 5:08:48 P.M. 182 6.3 

7/6/2015 5:13:48 P.M. 140 6.3 

7/6/2015 5:18:48 P.M. 106 6.3 

7/6/2015 5:23:49 P.M. 95 5.3 

7/6/2015 5:28:48 P.M. 102 5.3 

 

III. EXPERIMENTAL RESULTS 

Before we test our system to animal or human cohorts for 
the future, we conduct a test with electrical glucose level 
generator provided by Dexcom. This glucose level generator 
is systemically intertwined with CGM sensor and Dexcom G4 
Receiver, thus the estimated glucose level can be lowered or 
raised for the purpose of the experimental variable. We set up 
three different scenarios to test the proposed system. 

 

 

Figure 5. EGV Sequence with High – Middle – Low 

 

The first scenario starts with high EGL, and then gradually 
decreases the value less than 100. As shown in Fig. 5, the 
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infusion rate is increased when EGL is greater than 150 mg/dl. 
Note that the system keeps the current infusion rate when 
EGL is in a range between 100 and 150 mg/dl. 

 

 

Fig. 6. EGL sequences with Middle – Low – Middle – High  

 

 

Fig. 7. EGL sequences with Low – Middle – High  

 

The second scenario starts with middle EGL. Note that 
there is no change of the infusion rate when EGL is in a range 
between 100 and 150 mg/dl, as shown in Fig. 6. After EGL is 
less than 100 mg/dl, the infusion rate states to lower. When 
EGL is greater than 150 mg/dl, the infusion rate starts to rise. 

The third scenario starts with low EGL, as shown in Fig. 
7. The infusion rate starts to decrease as we expected. But the 
infusion rate starts to increase gradually when EGL is greater 
than 150 mg/dl. Overall, the algorithm we developed receives 
the real-time EGL from Receiver and controls the infusion 
rate in the given environment successfully. 

 

IV. CONCLUSION 

This study is to design the continuous subcutaneous insulin 

infusion pump with real-time continuous glucose monitoring 

device. The proposed system controls the insulin dosage 

automatically according to the real-time glucose level. 

Furthermore, this system records the measurement time, 

glucose value from CGM, and flow rate per minutes for 

further use.  Overall this newly developed system compile 

whole real time glucose data to the end user to manage the 

diabetes. 

There are still rooms for improvements. First, the accuracy 

to detect the real-time glucose level should be improved with 

specially designed needles. Second, the physical limitation, 

e.g. measuring lag time to calculate CGMS glucose level 

should also be improved.  Third, more sophisticated control 

algorithms are required for further human trial. 
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