
Background
In general, non-invasive (NI) glucose monitors requ ire calibration with invasive reference, 
prior to conducting measurements. Calibration minim izes the effect of individual quasi-
stable factors and sets a baseline for physiological change detection. It is only valid as-
long-as the quasi-stable factors remain unaltered; therefore, re-calibration is required 
periodically. IntervalsÕ length between re-calibrations play major role in home-use NI 
devices usability and utilization.

GlucoTrack ¨  is a NI glucose level monitoring device for home and home-alike 
environment, which enables performing frequent, real-time spot measurements. It 
combines utilization of three independent NI methods: Ultrasound, Electromagnetic 
and Thermal. 

GlucoTrack  comprises a Main Unit (MU), which drives different sensors, located at a 
Personal Ear Clip (PEC) (Figure 1A), attached to the earlobe. Performing a measurement 
(Figure 1B) is convenient, easy, and takes less than a minute.

Figure 1: (A) GlucoTrack Monitor; (B) Performing a Spot Measurement

Calibration
Prior to implementing measurements, a calibration p rocedure (1.5-2 hours) is required. 
Calibration is performed individually, using invasi ve fasting and postprandial capillary 
Þngertip blood glucose (BG) references. Calibration purpose is to adjust the glucose 
behavior model for each user and to minimize the in dividual's tissue quasi-stable factors 
inßuence, such as tissue thickness and structure.

One fasting and Þve postprandial invasive measureme nts generate individual calibration 
(Figure 2). 

Method
Clinical trials were conducted to evaluate calibration validity period. Each trial was 
performed in 4 to 19 days, evenly spread over 1 to 6 months, accordingly: individual 
calibration took place in the Þrst day (day 1); on days 2-19, full-day measurements 
sessions were conducted. 

In addition, users Þlled out questionnaires regarding usability, satisfaction and general 
impression from GlucoTrack . 

Results
Performance

GlucoTrack   accuracy level, as a function of elapsed time from calibration was maintained 
and analyzed, using Clarke Error Grid (CEG) and Absolute Relative Difference (ARD). 
The performance analysis was performed on 5,236 dat a points from 84 subjects 
(41 F, 43 M; 4 type 1, 80  type 2; Age: 51±30 years; BMI: 32.1±10.4 kg/m 2). Table 1 
summarizes the results of the trials.

Table 1: Device Accuracy as a Function of Time Elap sed from Calibration 
Time Elapsed 

from Calibration Data Points CEG A
Zone (%)

CEG A+B
Zones (%) Mean ARD (%) Median ARD (%)

1 month 3,579 44 96 30.0 23.0

2 months 392 40 98 29.3 24.0 

3 months 336 35 94 34.0 29.1

4 months 369 37 95 31.7 28.1

5 months 265 39 95 33.9 26.9

6 months 295 38 91 36.2 29.5

EfÞcacy

Questionnaires were completed at the end of the trials by all participants, in order to 
provide feedback regarding:

 Convenience of use; 
 Willingness to use the device consistently, once available to the market; 
 Anticipated frequency of using the device. 

UsersÕ feedback analysis is presented in Figure 3.

Conclusions
 Long validity of calibrations (up to 6 months) was clearly observed;
 Clinical trials demonstrate insigniÞcant degradati on in performance of GlucoTrack  
as a function of elapsed time from calibration; 

 Future trials to increases amount of data points o f 6 months are in progress, in order 
to improve statistical signiÞcance;

 UsersÕ feedback indicate:
��  High satisfaction from GlucoTrack ; 
��  Willingness to use the device repeatedly and frequently.

 Due to more routine measurements, GlucoTrack  may lead to a better adherence and 
compliance in self-monitoring of blood glucose, thu s enhancing a tighter glucose control.
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Figure 2: Calibration Procedure
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Figure 3: Users Feedback Statistics
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Background
 Glucose levels measured by Non-Invasive (NI) glucose monitoring devices utilize methods 
for tracking physiological phenomena, correlated wi th blood glucose. Due to the indirect 
nature of measurement, NI methods are inßuenced by factors other than the measured 
tissue parameters, such as ambient temperature. Ins usceptibility to interferences 
determines higher reliability and accuracy of NI gl ucose monitors. To minimize the impact 
of such interferences, we introduce a unique method , which suggests combining three 
different measurement channels (Ultrasound, Electro magnetic and Thermal). External 
inßuencesÕ compensation is conducted through utilization of supplemental sensors. 

GlucoTrack ¨ , a NI Self-Monitoring of Blood 
Glucose (SMBG) device for indoor (home 
and home-alike) environment, comprises 
a Main Unit (MU) and a Personal Ear Clip 
(PEC). The MU, a smartphone sized device 
with color touch screen, activates multiple 
sensors, located at the PEC. To perform 
a measurement, the PEC is clipped to the 
earlobe for less than a minute and been 
removed afterwards. 

GlucoTrack  enables performing frequent, 
real-time spot measurements in an easy, 
comfortable and quick way (Figure 1).

 In indoor environment, the ambient temperature var ies. Tracking ambient temperature 
requires overcoming thermal impact, caused by relat ively rapid temperature changes 
(when moving from room to room, for example). These  considerations were embedded 
in our ambient temperature sensor in terms of struc ture, location and temperature 
prediction ability.   

Method
Sensor Location and Assembly 
A thermal sensor to track the ambient 
temperature is assembled in a sand-
glass shape structure, located on the 
PEC cable (Figure 2). This relatively 
inert location prevents possible user 
inßuence (touching or holding the 
sensor), as well as MU heat dissipation 
impact on it. The sand-glass shape 
structure assures real ambient 
temperature measurement, rather 
than measuring the temperature of the surface where the sensor lies on. The sensorÕs 
temperature response, when placed on a surface with different temperature than the 
ambient, was simulated with COMSOL Multiphysics ¨  engineering simulation software 
(Figure 4).

Temperature Prediction
Our internal experiments show that the assembled se nsor response time is about 5 min 
(± 5% dispersion), resuming in complete stabilization time of ~15 min. Since a glucose 
measurement takes about 1 min, the ambient temperat ure reading should be  
concluded within this time frame. Due to the longer  temperature sensor response time  
(~5 min), a temperature prediction model has been developed (Equation 1; Figure 3):

Clinical trials were conducted to evaluate GlucoTrack  performance as a function of 
ambient temperature variance. GlucoTrack  accuracy level was evaluated using Clarke 
Error Grid (CEG) and Absolute Relative Difference (ARD) analyses. Data points were 
accumulated from trials of 1 to 6 months, originated from 84  subjects (Gender: 41 F, 
43 M; Diabetes type: 4 type 1, 80 type 2; Age: 51±30 years; BMI: 32.1±10.4kg/m 2).

Results
Internal tests demonstrate that the sand-glass shap e assembly, in contact with a surface 
of a different temperature than the ambient, indeed tracks the ambient temperature. 
Figure 4 is an example of a COMSOL simulation of te mperature distribution in the 
thermal sensor assembly while the ambient temperatu re is 20¡C, 15 minutes after 
simulation starts.
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Results of GlucoTrack  performance with and without temperature compensat ion 
based on data from the ambient temperature sensor are shown in Table 1.

Thermal Sensor Response

Figure3: Simulation of the Thermal  
Sensor Response to Rapid Ambient 

Temperature Change
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Table 1: Clarke Error Grid Analysis of  GlucoTrack

Conclusions
Results of the clinical trials demonstrate performance imp rovement due to the
temperature compensation based on ambient temperature;

The unique sand-glass shape structure assembly allows meas uring real ambient
temperature despite the difference between the ambi ent and surface temperatures;

 More reliable glucose readings are achieved when applying temperature prediction 
model during relatively rapid thermal changes. The prediction model enables ambient 
temperature evaluation within the GlucoTrack  measurement time frame ( ~1 min);

 The ambient temperature sensorÕs assembly and temperature prediction model present 
a solution to overcome ambient temperature inßuence  upon glucose measurement.

Zone Number Percent A+B Zones

A 2,106 40% 94%

B 2,833 54%

C 149 3%

D 96 2%

E 27 1%

Total 5,211 100%

Mean ARD 32.6%

Median ARD 25.3%

Zone Number Percent A+B Zones

A 2,186 42% 96%

B 2,837 54%

C 100 2%

D 97 2%

E 16 0%

Total 5,236 100%

Mean ARD 30.9%

Median ARD 24.3%

Clarke Error Grid Analysis
without implementation of  

ambient  temperature correction

Clarke Error Grid Analysis
with implementation of ambient 

temperature correction
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Figure 1: Performing a Spot Measurement
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- Time;

- Response time;

- Measured ambient temperature;

- Initial ambient temperature;

- Predicted ambient temperature.
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Figure 4: COMSOL Simulation. Conditions: (A) The contact surf ace temperature 
is 15¡C and the sensor initial temperature is 25¡C;  (B) The contact surface 

temperature is 25¡C and the sensor initial temperat ure is 15¡C.

 

Temperature Distribution In the Ambient Sensor Assembly
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