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Abstract—In order to remain cost competitive, dairy farmers
are equipping their animals with automatic health monitoring
systems. An important obstacle for integrating these systems
is the high energy consumption of the on-cow components. A
solution is wireless charging of the automated system at a feeding
trough by inductive coupling. We developed an inductively
powered system that is charged each time the cow eats at a
feeding trough. We study which energy buffer is preferable for
this application: rechargeable Li-ion batteries or supercapacitors.
From measurements at a dairy farm, we obtain that the rate at
which energy is captured is too high for an efficient use of Li-ion
batteries. Supercapacitors are able to store energy at a very high
rate, making them better suited for this application.
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I. INTRODUCTION

Nowadays, dairy farmers are prompted to increase their farm

size to remain cost competitive [1]. Indeed, an increase of the

herd size has an advantageous impact on the relative cost [2].

For example, in the European Union, the average dairy cow

herd size increased with 30 % from 2007 to 2010 [3] whereas

in the United States, the number of cows per farm increased

by 325% from 1980 to 2004 [4].

When the farmer has a limited number of cows, he is

able to individually monitor all the cows on a regular basis.

Obviously, this is no longer practically feasible for farms with

several hundreds of cows. Even for a farm of less than hundred

cows, the follow-up of all individual animals is a very labor-

intensive task for the farmer. As a result, automatic health

monitoring systems for cows are steadily entering the market.

A timely detection of health problems of farm animals leads

to a significant cost reduction for the farmer. For example, a

late detection of mastitis or lameness of cows costs at least

150 euro and 250 euro per cow and per year, respectively [5],

[6], [7].

A way to monitor cattle and their health is to collect

and interpret data, delivered by on-body sensors [7]. An

obvious example is a temperature sensor that can detect fever.

This temperature sensor can also be applied to predict the

calving moment. Another example is the early detection of

lameness by analysis and interpretation of the localization and

movement data of each individual cow. The on-body data is

ideally wirelessly transferred to a back-end server [8] and the

Fig. 1. A dairy cow is equipped with a collar containing a receiver coil. A
transmitter coil, located at a feeding trough, transmits energy to the receiver
when the cow eats.

automated system alerts the farmer when it detects a possible

health problem. But even small dairy farms can realize a

significant cost reduction by implementing more technology

solutions [9].

Nowadays, an integrated sensor system that measures and

analyzes different parameters as heat, movement and location

does not exist yet, requiring the farmer to buy and integrate

different systems. An important obstacle for an integrated

sensor system is the high energy consumption. This limits

the lifetime of the device or requires the farmer to regularly

replace the batteries of the sensor system. A solution is

wirelessly charging the automated system at the eating or

drinking trough by inductive coupling. Each time the cow

eats or drinks, energy can be wirelessly transmitted from a

transmitter coil at the trough to a receiver coil at the system.

Our configuration consists of a collar which acts as a central

hub for the different sensors [7]. By installing a receiver coil

in the collar and a transmitter coil at feeding trough (Fig. 1),

the on-cow system can be inductively charged each time the

cow eats at the feeding trough.

The energy that is captured by the receiver coil has to

be stored in an energy buffer. The question arises which
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Fig. 2. Schematic layout of the receiver with supercapacitors containing from
left to right: the receiver coil L, the parallel resonance capacitance C, a bridge
rectifier, a power Zener diode, and a bank of six supercapacitors.

energy storage device is preferable. Since the final goal is

that every cow is equipped with a (preferably small) collar, a

prerequisite of the energy buffer is low cost and high energy

density. Li-ion rechargeable batteries are the obvious choice

here. They are the most cost-efficient energy storage device

available on the market today [10] and can store a large

amount of energy with specific energy densities from 430 to

720 kJ/kg [11]. Moreover, Li-ion batteries have the advantage

of high electrical and thermal stability, very low discharge rate

and an absence of memory effect [12], [13].

However, rechargeable Li-ion batteries also have some dis-

advantages. Since the energy is stored by the use of chemical

reactions, their charging speed is limited by the charging

current [14]. A low power density of 300 to 1500 W/kg is

reported [14]. This may be too low for our application. Indeed,

we want to assure that the cow sensors always have enough

energy to ensure operation, thus even if the eating or drinking

time of the cow is limited, we want to maximize the amount of

energy transferred in order to continue operation of the device.

Moreover, the numerous cycles of charging and discharging

damages the battery and results in a decreased efficiency and

limited lifetime of the device.

A possible alternative for rechargeable batteries is the use

of supercapacitors. In contrast with batteries, they do not

use chemical reactions to store energy. This allows them

to take energy at a very high rate, with power densities in

the range from 1 to 5 kW/kg [11], [12]. They also have a

longer life expectancy than Li-ion batteries since they can

withstand a high number of charge cycles without significant

degradation [12]. The disadvantage is the lower specific energy

density (from 7 to 18 kJ/kg) compared to batteries [11].

However, this lower energy density might be an acceptable

trade-off in exchange for the faster charging rate. Moreover,

another prerequisite is a low cost system. For the same cost, a

supercapacitor has a longer lifetime. The energy cost of cheap

off-the-shelf supercapacitors and Li-ion batteries is 300 and

500 US dollar per kWh, respectively [12].

In this work, we study which energy buffer is best suited

for the application of inductively charging an on-body dairy

cow sensor system. To that end, we perform a field test in a

dairy farm to measure how fast energy is transmitted from a

transmitter coil at a feeding trough to a receiver coil at the

collar of the cow. Due to variable distances and orientations

of the receiver coil to the transmitter coil when the cow eats

or drinks, an optimal power transfer will not be possible.
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Fig. 3. Schematic layout of the receiver with a Li-ion battery containing
from left to right: the receiver coil L, the parallel resonance capacitance C,
a bridge rectifier, the battery manager and a rechargeable Li-ion battery.

Therefore, it is necessary that the power transfer is maximized

when the orientation and distance is acceptable (even only

during a brief moment).

II. THE EXPERIMENTAL SETUP

For the field test, we build a receiver coil of L = 4.71 µH

with a ferrite core (Fig. 2). The diameter of the receiver coil

is 11.0 cm which is a trade-off between an optimized energy

transfer and the space restrictions. We apply a resonance

capacitance of C = 633 nF in parallel, corresponding with a

resonance frequency of 92 kHz. A bridge rectifier with SR1204

Schottky diodes converts the AC to DC. We use regular,

off-the-shelf supercapacitors (PanasonicTM EEC-HZ0E106) of

10 F with a maximum operating voltage of 2.5 V. We connect

two parallel modules with each three individual supercapaci-

tors in series in order to achieve a higher energy capacity and

voltage rating [13]. A power Zener diode 1N5342 protects

the supercapacitors from overvoltages. The dimensions of the

bank of 6 supercapacitors is 30.0 mm x 20.0 mm x 30.0 mm

= 18 cm3 containing 83 J at 5.0 V. This corresponds with a

volumetric energy density of 4.6 J/cm3 at 5.0 V.

In order to make a fair comparison, we build a receiver with

a regular, off-the-shelf rechargeable Li-ion battery as energy

buffer (model no. 103456A-1S-3M) that has about the same

purchase price and volume as the 6 supercapacitors together.

The Li-ion battery has a capacity of 2050 mAh, a maximum

charge current of 1.025 A and a nominal and charge voltage of

3.7 and 4.2 V, respectively. This implies that on average, the

maximum charging power is limited to 4 W. The dimensions

of the battery are 56.0 mm x 36.5 mm x 10.7 mm = 22 cm3

containing 37 kJ at 5.0 V. Notice that the volume is comparable

with the supercapacitor bank, but the possible energy content

is two orders of magnitude higher. This corresponds with a

volumetric energy density of 1.68 kJ/cm3 at 5.0 V.

A battery manager, containing an overcurrent and over-

voltage protection system, is necessary to charge the Li-ion

battery [10]. For our application, the most optimal battery

manager we found is the bq24266 of Texas InstrumentsTM, a

standalone single-input, single-cell switchmode Li-ion battery

charger. Fig. 3 shows the layout of the receiver with the Li-ion

battery as energy storage.

III. MEASUREMENTS AND RESULTS

We performed field measurements at a research dairy farm

at the Research Institute for Agriculture, Fisheries and Food

Research in Melle, Belgium. We installed an oval transmitter



coil of 27.0 cm x 13.5 cm on a layer of ferrite at a feeding

box. We experimentally determined the optimal dimensions of

the transmitter coil for a maximum power transfer, taken into

account the space restrictions from the feeding trough. The

transmitter with an input supply power of 24 W, generates an

AC-current of 90 kHz through the transmitter coil. A cow is

equipped with a collar, containing the receiver. As the cow

eats, the voltage over the supercapacitors is registered every

second with a voltage data logger in the receiver. This voltage

is a measure for the energy captured by inductive coupling

and stored in the supercapacitors.

Fig. 4 shows a typical measurement as function of time.

In 63 s, a total of 168 J is stored in the supercapacitors.

The energy transfer rate is not constant. There are horizontal

plateaus where the cow stops for a moment with eating and

increases the distance between transmitter and receiver, thus

halting the energy transfer. The slope of the transfer varies,

depending on the distance and orientation of the receiver

coil to the transmitter coil. At 12 and 34 s, we notice a

small decrease in the energy stored. This is attributed to the

redistribution of charge over the different supercapacitors due

to different equivalent series resistances.

On average, 2.67 W is transferred within this measurement

of 63 s. However, there are intervals where the power transfer

is much higher. For example, in the interval from 22 to 34 s

and from 43 to 50 s, an average power transfer of 7.0 and

8.5 W is realized, respectively, with a maximum of 14 W

in 1 s. Those high power transfer rates would not have been

possible with our setup with a Li-ion battery as energy storage

since the maximum charging power for the battery is limited

to 4 W.

We now calculate the energy transfer of this measurement

if the battery receiver would have been used instead of

the supercapacitor receiver. For this purpose, we limit the

maximum energy transfer to 4 W. We obtain a total energy

transfer of 100 J during 63 s, or an average of 1.59 W. We

notice that the system with the Li-ion battery receives less than

60% of the transferred energy, compared to the system with

supercapacitors. This indicates that the periods with higher

power transfer than 4 W (32% of the time in this measurement)

form an important share of the total energy transfer. We can

conclude that the limited charging power rate of our setup

with the Li-ion battery is not high enough. Our setup with

supercapacitors is required to get the maximum out of the

inductive charging solution.

When high charging times and high energy density is

required, a hybrid system which uses supercapacitors as energy

buffer and Li-ion batteries as energy storage for the system,

is a possible solution. The hybrid system combines the high

power rate of supercapacitors and the high energy density of

Li-ion batteries.

IV. CONCLUSION

In this work, we studied which energy storage option is

preferable for an on-body dairy cow sensor system, charged

at discrete times by inductive coupling each time the cow eats.
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Fig. 4. The captured energy in the supercapacitor bank as function of time.

We compared rechargeable Li-ion batteries with supercapaci-

tors. The first option has the advantage of high specific energy

density, the latter has high power density. Our measurements

indicate that the rate at which energy is captured is too high

for the efficient use of Li-ion batteries. The high power density

of supercapacitors is required to optimally exploit the energy

transfer.
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