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A radio wave telemetry system for the study of fur seals’ behavior
on the breeding islands

Masashi MakiTa*, Kazumoto YosHDA** and
Norihisa BABA™**

A telemetry instrument for animals as the subject of investigation should have a system and
construction that suit for a field research. Therefore factors such as easy handling, possible of col-
lecting data for a long time and easy supply of its electric source, small sized, light weight, and
water proof system are necessary for telemetry instruments. If the instrument is developed only form
a view of engineering stand point, the achievement of accuracy in a research, it often fails to have
faculty for practical use.

Taking into account the points above mentioned, the Fur Seals Resources Section of Far Seas
Fisheries Research Laboratory, the Fisheries agency of Japan and Makita Electronics Institution
have cooperatively developed radio wave telemetry instruments for the use of ecological investiga-
tion of fur seals on a breeding island. Some of the instruments developed during a series of the
biotelemetry instrument development plan and have already been put to practical use are introduced

in the present paper.

1. Transmitter

Two kinds of transmitters which are made by automatically were experimentally made, one for
the tracking of activity area and the other for the activity mode research.
(1) Transmitter for activity area

The following factors were taken care in manufacturing a transmitter for the activity area in-
vestigation.
(i) The transmitter should be designed in small and light, and made by Water tight with reaso-

nable high pressure.

(ii) The transmitter should work for a long period using small batteries.
(iii) The transmitter should have a long radio wave propagation range.

In order to obtain the above three objects, the authors have taken the following measures.
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A transmitter harnessed on animal was designed to weight 220 g in the air, and contained in
a case of 30kg/cm? of the pressure taking account of the maximum depth of water which is a
submergible limit of fur seal.

The pulse transmitting system was used in order to economize electric energy. Lithium bat-
teries which can give the best energy density (Wh/kg, Wh/l) among articles on the market were
used and made it possible to transmit as long as about six months.

Radiation power of a transmitter becomes very weak, 2.5% 1075 mW, under the restriction of an
antenna, radiation frequency, battery capacity and radiation power itself. In order to get higher
sensitivity of a receiver, a crystal control system was used in the transmitter and 53 MHz band was
used for the all wave frequencies.

(2) Transmitter for activity

The information on activity is transmitted by FM-PM method using change of repeating fre-
quency of pulse.

Many conditions of an animal such as the rest, walk and active movement are detected utiliz-
ing time constant circuit and handling a mercury switch of the transmitter.

The change of activity level and pattern according to movement of the tagged animal is re-

corded, and the records on activity are classified for good information on the action of the animal.

2. Receiver

The facility of a receiver depends on peculiarity of the transmitter. The receiver is required

to have following characteristies.

(1) High sensitivity

(2) Identifcation ability

(3) Measurement of the activity area (including direction finding ability)
(4) Demodulating faculty of the transmitter

In order to decrease the inside noise of receiver which can gain the higher sensitivity, the
pass band was fixed at 600 Hz after considering the transmitting pulse width, frequency stability
and receiving sounds. As a result, the input noise power and thamal noise voltage were became
—142dB (including 4dB of noise figure) and 1.8x1072/V, respectively. Thereby, detecting of
a weak signal at low input noise level became possible.

In order to identify the tagged individuals each other, interval of carrier frequency is differen-
tiated by 25 KHz.

As for the measurement of the activity area, an antenna with cardioid directivity and eight fi-
gured directivity was used for the direction finding. There are two methods for the measurement,
that is, the aural null type and the visual null type, and it is possible to choose conveniently.

As for the demodulating faculty, the FM-PM double modulated signals of activity become FM
subcarrier frequency after detects the envelope. The wave of FM subcarrier frequency is detected
for recording by F-V converter. The receiver is made with a shoulder carrying type for the use of

field investigation.

3. Tracking antenna

When a radio wave is weak, it is practical to find the activity area of the animal by tracking
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the radio wave. Therefore, the antenna has directivity with structure of handy to carry.

This antenna is two element, half wave-length antenna having chracterestics of (1) cardioid di-
rectivity, (2) eight figured directivity and (3) uni directivity.

For the antenna, 1/2 loading element was used to make it small sized. The element is fold

type to make the antenna easy to carry for the field work.

4. Measurement of many seals

(1) Measurement of activity area

Much effort is required to measure activity area of many seals. When an investigator approaches
the animal, he would give unnecessary stimulation to other seals as well as the tagged seal, thus he
may fail to measure normal behavior of the animal. However, by setting the antenna for fixed point
observation near the territory, it became possible to observe activity area of many seals at the same
time over long period.

This observation system is the amplitude comparison single channel type which can give di-
rection of each tagged animal. Therefore using two or more such systems, it is possible to know
the place and activity area of the seal.

(2) Measurement of activity

It is not economical to have the same number of receivers with the number of seals tagged.
this system has advantages of recording automatically of identification mark and of activities at the
fixed time intervals. Therefore it is possible to obtain information on many animals’ attitude by
each of them regarding the rest, he walk, number of quick movement and quantity of movement in

a fixed time.

5. Power source

Concerning the power source for the telemetry system, in most of the case, it is difficult to use
commercial electric source (AC 100~115V) in a field research. An electric generator may give the
animals unfavourable noise and exhaust gas. Hence all the instruments of the system were designed
to use batteries as power source. The battery used is nickel cadomium, which is available to used

repeatedly and make sure of low cost after being charged using a “quick charger”.

6. Some advantages of biotelemetry and prospect of developing

the instruments

As compared with the instruments developed herewith and conventional visual observation, some
peculiar differences between the data obtained by the two methods were confirmed, that is, in (1)
objectiveness (2) continuity and (3) quantitative analysis. These differences are as follows:

(1) The data automatically recorded by the biotelemetry system do not include discrepancy among
the individuals, and have substantial clearness.

(2)  The visual observation is sometimes difficult to be continued during night time and under
unfavorable geographical features. However the biotelemetric observation is not affected by
these matters.

(3) It is difficult to carry out the research on quantitative measurement through visual observa-
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tion. But biotelemetry makes it quite possible to have these measurements.

The data of maltiple items on ecological factors are naturally more useful in the case of the in-
vestigation to obtain parameters which are necessary to the resource management. Therefore it
would be necessary to develop the multi information system for the use of observation at land and
sea simultaneously in order to study ecology of seals in all the place of their habitat. In the stage

of developing the new system, it would be better to use with the conventional visual ones.
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Fig. 1. Pulse oscillation wave form.
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Table 1-1. Characteristics of a transmitter for the observmg location.

Wave form i Po (Inte1m15510n of carrier by pulse modurauon frequency)
Oscillating frequency : 53 MHz zone

Radiation power : About 2.5x107%(mW)

Power source : Lithium battery. Two pieces (DC 5.6V)

Life span of batteries : About 6 months

Weight : 200 (g) in air

Size 1 35¢ x 155 (mm)

Submergible pressure : 30 kg/cm2
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Fig. 2. Circuit diagram of transmitter for observing location.
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Fig. 3. ON-OFF switch made by mercury ball of activity sensor.
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Fig. 4. Harnessing of the mercury ball switch of activity transmitter.
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Fig. 5. Block diagram of transmitter for observing activity.
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Fig. 6. Timing action and demoduration wave form of receiver.
1 A action of mercury switch
I Charge-and-discharge characteristics of time constant circuit
Il Demoduration output of receiver
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Table 1-2. Characteristics of transmitter for the observing activity.

Moduration system : FM-PM

Carrier frequency : 53 MHz zone

Subcarrier frequency : 10-50 (Hz)

Radiation power : About 2.5x107% (mW)

Sensor : Mercury switch

Response time : Over 0.5sec.

Life span of batteries : 3 months (In using average information value)
Power source : Lithium battery. Two pieces (DC 5.6 V)
Weight : About 220(g) in air

Size : 35¢ <155 (mm)

Submergible pressure : 30kg/cm?
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Fig. 7. Characteristics of signal strength of receiver recorded on penrecorder by
standard-signal generator.
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Fig. 8. Block diagram of receiver.
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Fig. 10. Oscilloscope image of pulse information signal—(1).

The upper wave form is an information signal converted to audio frequency.
The lower is demoduration wave form of subcarrier oscillator.
The horizontal axis 5V/Div. and the lateral axis 5m sec./Div.
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Fig. 11. Oscilloscope image of pulse information signal—(2).
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The upper wave form is the state that an information signal converted audio-frequency

became to burstpulse.
The lower is demoduration wave of subcarrier oscillator demodurated from burstpulse.
The horizontal axis 5 V/Div. and the lateral axis 2m sec./Div.
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durator.

(Output voltage correspond with a change of sensor)
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Table 2. Characteristics of the receiver.

Type : FM-PM (PRM-PM)

Receiving frequency : 53 MHz zone (Main carrier)
Receiving channel : 11 changeable form
Input impedance 1 50 (Q)
Range of receiving input level 1 -142~-60 (dBm)
Subcarrier demodulation frequency: 10~100 (Hz)
Indicator : Signal intensity, Subcarrier demoduration output, Battery
voltage
Sound output : 0.2(W) max. (Headphone is used in change)
Recorder output : Signal intensity. Subcarrier demoduration output
Monitor output : Subcarrier frequency
Remote control : Receiving channel (11) Possibility of use from outside
Power source
Internal battery : Nickel Cadmium battery (NR-AA)x10 pieces
Battery life : About 8 hours
External power source : DC 12 (V) 120 (mA) max.
Construction, Size : Hanging style on shoulder. W 198X H 73x D 157 (mm)
: About 1.5 (kg) (Including internal batteries)

Weight
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Fig. 13. Characteristics of tracking antenna.
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Table 3. Characteristics of tracking antenna.

Antenna type : Directional 2 elements antenna

Feed form ;2 elements feed style
Frequency : 53 MHz zone

Impedance : 50 (Q)

Standing-wave ratio : Under 2

Gain : 0 dB (Dipole antenna ratio)
Contraction o 1/2

Size : About 1.4x1.4 (m)

Weight : 1.5 (kg)

Construction :  Portable, fold type
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Fig. 14. Block diagram for observing location of a multitude of individuals.
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Fig. 15. Characteristic graph of fix type antenna for observing location.
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Fig. 16. Block diagram of antenna controller.
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Fig. 17. Record on the observing of location of a multitude of individuals.

Cy and C; are the individual identification mark, RA and RL are the
antenna mark of two antennas in CH-1.
oa and ob are signal intensity of antenna correspond with the antenna
mark in CH-2.
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Table 4. Characteristics of antenna controller.

Input frequency
Input impedance
Antenna input signal loss
Antenna switch cross talk

Receiving controlfchannel number :
7 11
: 10 (Free changeable possibility from 2 to 11 presets)

Channel preset number
Preset select number
Time of action in one cycle

(From individual mark to next one)

Individual identification mark
Antenna mark

System timer

(Control the start or stop of the
all system)

Indicator

Power source
Internal battery
Working time
External power source

Size

Weight

: 53, MHz

1 50 (Q)

: Under 0.5 dB
: Over -45 dB

il

: Changeable set by 40 sec., 2 min., 3 min., 5 min.

: 11 level by 0.2V step

: 2 level by 0.2V step

: Changeable set by 1min., 2min., 3min., 5min., 10 min.,
20 min., 30min., 1 hour, 2 hours, 3 hours (Time are

moving or resting time of the system)

: A condition of controller

Preset channel indicator
R-L antenna signal intensity indicator

: Nickel Cadmium battery (NR-D 3.5)x 16 pieces
: Over 65 hours

: DC 20V, Over 50 mA

: About W 286x H 190xD 215 (mm)

: About 7 ( kg) (Includmg internal batterles)
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Fig. 18. Measurement of position from two fixed points.
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Fig. 19. Block diagram of system for observing activity of a multitude of individuals.
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Fig. 20. Telemeter controller block diagram.
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Fig. 21. Actgram in system observingfactivity of a multitude of individuals.
CH-1 is signal intensity.
CH-2 is demoduration characteristics of subcarrier oscillating cycle.
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Table 5.
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Characteristics of telemeter controller.

Number of receiving control channel:
Number of preset select
Number of data control
Time of action in one cycle
Individual identification mark
Indicator
Power source

Internal battery

Working time

External power source
Size
Welght
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Table 6-1.
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2

: 1, 2, 5, 10, 40 (min.)

: 11 level by 0.25V step

: Preset channel indication

: Nickel Cadmium battery (NR-D 3.5) X 16 pieces
: Over 120 hours

: DC 20V, Over 30mA

: About W286x H 193xD 225 (mm)

: About 6.5 (kg) (Includmg internal batterles)
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External power source rating.

Avallably battery
Output voltage
Capacity
Indicator
Construction

Size
Weight

Nickel Cadmium battery (NR-D 3.5)x 16 pieces
DC 19.2V~16.0V

3.5 Ah (0.2C discharge)

Output voltage meter

On shoulder hanging type

W 288xH 60xD 237 (mm)

About 4.2 (kg) (Including batteries)
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Rectified Charging NR-D 3.5

Power Source "| Control Circuit Battery

Charging NR-AA

AN “| Control Circuit Battery
Line

Fig. 22. Block diagram of charger.
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Fig. 23. Characteristics of charging.
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Table 6-2. Characteristics of charger.

Input voltage : AC 100V, 115V (Set by sw1tch)
Input frequency : 50-60 Hz

Input capacity 1 80V.A.

Charging method : Joggle form

Adaptive battery : Nickel Cadmium battery

NR-D 3.5 16 pieces
NR-AA 16 pieces

Charging time : NR-D 3.5 6-10 hours
NR-AA 3-4 hours
Indicator : Current meter, lump (LED)
Size 1 W290xH 115xD 237 (mm)
Weight : About 3.5 (kg)
6. = #9
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Explanation of Plate 1

Fig. 1. External appearance of transmitter.
Fig. 2. Electronic circuit of a transmitter for the observing location.

Fig. 3. Electronic circuit of a transmitter for the observing activity.
Right : Electron circuit attached the sensor.
Center: Carrier oscillator.

Left : Subcarrier oscillator and timing circuit.
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Explanation of Plate II

Fig. 1. Frontal view of a receiver.
Fig. 2. Power source section of a receiver.

Fig. 3. Construction of 2 elements tracking antenna.
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Explanation of Plate III

Fig. 1. Parts of the 2 elements tracking antenna of transportation.
Fig. 2. External appearance of fix type antenna for the observing location.

Fig. 3. Parts of the fix type antenna for the observing location.
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Explanation of Plate IV

Fig. 1. The system for the observing location of a multitude of seals.
A: Antenna controller
P: Pen recorder

R : Receiver
Fig. 2. The panel side of antenna controller.

Fig. 3. The system for the observing activity of a multitude of seals.
E : External power source
P: Pen recorder
R: Receiver

T: Telemeter controller
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Explanation of Plate V

Fig. 1. Antenna for the observing the activity.
Fig. 2. The panel side of telemeter controller.

Fig. 3. The panel side of external power source.
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Explanation of Plate VI

Fig. 1. Frontal view of charger.
Fig. 2. A charger loaded NR-D 3.5 battery.
Fig. 3.

A charger loaded NR-AA battery.
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