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SUMMARY 
Motion powered energy harvesters could be an attractive 
alternative for endoscopic implant power supplies, as they are 
non-invasive and do not require regular battery recharges. This 
paper presents a novel implantable energy harvester, based on 
the mechanism of an automatic watch. A model of the energy 
conversion, from the daily physical activity to the electrical 
output power, is given. Output energy was calculated based on 
various human activity measurements. 
 
 
INTRODUCTION 
Endoscopic implantation has the benefit over laparoscopies 
and bariatric surgeries to be non-invasive. It is used, for 
instance, for gastric stimulation, which aims to reduce the 
body mass index. Human energy harvesting also contributes to 
the welfare of the patient by avoiding regular battery 
recharges. They do not require either that the patient wears 
large coils, as it is the case for inductive power supply. 
However, the need to place the implant through the esophagus 
implies new constrains on the size and the weight of the 
device. The whole system - including both the electrical 
stimulator and the power supply - may not exceed the size of a 
5cm3 cylinder and a weight of 2g. This leaves about 1g and 
360 mm3 for the power supply alone. In the case of two 
separate cylinders for power supply and stimulation, 5cm3 and 
2g would be available for each cylinder.  
 

  
 

Figure 1:  Placing the implant through the esophagus implies 
constraints in terms of size and weight.  
 
Table 1 gives the power required for several gastric 
stimulators. Based on this table, one can see that the maximal 

power consumption reaches 228 µW. However, lower 
consumption could also be considered. 
 
 
METHODS 
The system proposed is based on a Seiko Kinetic watch [1]. 
The watch converts kinetic energy into electricity using an 
electromagnetic transducer [2]. More precisely, the 
movements of the wrist make an oscillating weight move, 
which rotates a generator through a transmission gear. A 
capacitor stores the electrical energy and supplies the implant 
[3].   
 

 
 

Figure 2:  The transmission gear from the oscillating weight 
to the microgenerator [1] 
 
The oscillating weight undergoes a non-uniform circular 
motion. Its tangential acceleration results from the projection 
of the external force (physical activity), the friction forces and 
the resistance force of the generator. The speed of the 
generator is typically 100 times the speed of the oscillating 
weight. 
 
In order to explore the ability of the energy harvester to supply 
the implant, the system has been modeled. It estimates the 
output power available from such a system for a given 
acceleration.  
 

 
 
Figure 3:  Block diagram of the conversion model 
 
Furthermore, the acceleration produced by the patient during 
different activities such as walking, running, riding a bike, etc, 
have been measured using a GT3X accelerometer from 
Actigraph [4]. This sensor measures accelerations of the 
movements at a sampling frequency of 30 Hz. The 



measurement device was hooked with a belt on the patient 
around the stomach, in order to reflect the behavior of an 
implant in the stomach. 
 
 
RESULTS AND DISCUSSION 
Output power achieved during various activities showed a 
level of intensity coherent with the type of activity (see Table 
2). Furthermore, the order of magnitude of the power achieved 
by placing the device on the wrist is coherent with the average 
consumption of a watch (1µW). For an obese patient (before 
bariatric surgery), the average output power reached only 
111nW during a period of 24 hours measurements.  
 
Unfortunately, even high intensity activities such as running 
and riding a bike do not provide more than 1 µW in average. 
Figure 1 illustrates the output power measured during two 
high intensity activities.  

 

 
 

Figure 4: The output power measured during various 
activities of high intensity 

CONCLUSIONS 
Physical activity alone does not seem to provide enough 
energy to power a gastric implant. Contractions from the 
stomach could be considered as a complementary source of 
kinetic energy. Its study would require finding a method for 
measuring the accelerations in the stomach. However, strong 
contractions are only found during digestion. Breathing 
provides a continuous movement that could also be considered 
to power the implant. Its frequency and amplitude could give 
more energy than the stomach contractions. Besides, breathing 
exercises are likely to be easier than physical trainings for 
obese patients  
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Table 1: Consumption of various gastric stimulators [5]. 
 

Stimulator Stimulation current  
(mA) 

Stimulation Consumption 
(µW) 

Enterra 5 Continuous 228 
Endoges1 1 Dinner 17 
Endoges5 5 Dinner 44 

Endoges10 10 Dinner 78 
 
Table 2: Average output powers obtained during activities for a male subject (90kg). 
 
 Stairs Television Cycling Running Watch 
Duration 1 min 60 min 10 min 15 min 1 min 
Average output 
power 

1.24 µW 16 nW 625 nW 909 nW 2.76 µW 

Position Belly Belly Belly Belly Wrist 
 
 


