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Fig. 1. Receiving radio signal from a satellite with a handheld radio and a Yagi antenna
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Introduction

This document is compiled to enhance BIRDS PROJECT educational outreach program. BIRDS is a
CubeSat constellation with six missions. Digi-Singer (SNG) is one of the onboard missions which is
purposely to educate and stimulate young students about space and satellite technology and its benefits.
The Digi-Singer mission broadcast pre-loaded and uplinked voice data/songs which include countries
(Japan, Ghana, Mongolia, Nigeria & Bangladesh) national anthem and emergency sound from space. Ham
operators with handheld radio and Yagi antenna can receive the voice data/ song on ground. This document
teaches students (most especially elementary students) and ham radio enthusiast how to make a simple Yagi
antenna that can receive radio waves from BIRDs CubeSats.

Reference

Nakano Tae: Satellite Guide Book, Kyushu Institute of Technology Mathematical Education Support
Center, pp. 67-72 (in Japanese).

The Japan AMASAT Association, The Central States VHF Society Conference Proceedings, 1994
http://www.jamsat.or.jp/features/cheapyagi/

Original: Cheap Yagi Antennas for VHF/UHF, Kent Britain, WA5VJB edited by John Maca, AB5SS
http://www.repeater-builder.com/antenna/pdf/cheap-yagis.pdf

>>>WHAT IS SATELLITE ?<<<<

A Satellite is an object that orbits (goes around) a planet. We have natural and artificial (man-made)
satellites. The Moon is a natural satellite that orbits the Earth. A satellite is launched (sent) to space by a
rocket to gather information. These information are beneficial to mankind in many ways. For example, a
communication satellite helps to broadcast (send) phone calls, radio/television programs and computer
information all over the world. Bird satellite is a small artificial satellite called CubeSat whose size is (10cm
x 10cm x 10 cm). It orbits at a distance of about 400 km away from the earth surface. Birds CubeSat is
built by students and it’s used to educate students. It takes pictures of the earth and transmit to earth. It also
broadcast (sends) songs from space and people on earth can receive it with a radio receiver and an antenna.
Let’s learn how to receive radio waves (voice/song data) from Birds CubeSat in space.

MAKING ANTENNA TO RECEIVE RADIO WAVES

How to Receivd&Radio Wave&

There are a lot of radio waves around us. Some artificial satellites have amateur
radio functions and uses amateur radio frequencies. If you have a radio receiver or
transceiver (transmitter and receiver) with amateur frequency, you can also receive |
the radio signals of a satellite with amateur functions. We will try to receive the |
radio signal from BIRDS artificial satellite by hand making a Yagi antenna. |
However, you cannot transmit (send) radio waves to any satellite unless you have |
a license.

Brief History of Yagi Antenna

Yagi Antenna is a directional antenna invented by Dr. Yagi Hidenji of Tohoku E
Imperial University and his assistant Shintaro Uda. Despite its simple structure, it ==
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Fig. 2.
Yagi Antenna


http://www.jamsat.or.jp/features/cheapyagi/

was a fantastic antenna that provided exceptional high gain. Most of the receiving antennas for terrestrial
broadcasting, such as TVs used in the ultra-short waves and ultra-high frequency waves, are based on this
technology. Though the Yagi Antenna patent was obtained in 1926 in Japan, but its purpose was not really
understood at the time. During the Second World War, it was used as an enemy’s radar antenna. However
the real value of its invention was finally discovered in Japan

LET'S MAKE YARA! ANTE

The table below shows the materials needed to make the antenna

Material Preparation Items

A Square Wood (Lumber) (24 X 14 X 910) mm 1 piece | Ruler

3mm diameter Aluminum rod (1m) 2 pieces | Pliers

3mm diameter Copper rod (1m) 1 piece | File

1m Coaxial cable 50 ohm (eg. RG 174 coaxial cable) 1piece 3.1 mm drill blade and drill
SMA Male Pin 50 ohm Connector (eg. RG 174 cable type connector) | 1piece Cable Tie

>>>>>] et’s work careful and not to get injured<<<<<

Steps To Makéhe Antenna

1.
Let’s cut the aluminum rod and copper rod with pliers. Please scrape the sharp edges with a file to the
shape shown in figure 3.
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Let’s bend the copper rod to the place indicating “To mark” in fig.3. The interval when folded is
about 12mm as shown in fig. 4




3.
From Fig.5, Let’s drill a 3.1 mm hole at the red marks on the square lumber with drill
(at distance 10mm, 165mm, 160mm, 145mm, 76mm, 64mm from the edge)

Fig. 5

4,
From Fig. 6, Put aluminum and copper rods into the drilled holes of the wood
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(Receiving Antenna Elements)

Directors: Focus the incoming transmitted waves to the driven element

Radiator (Driven Element): It connects and receives radio waves from the director to the
antenna wire

Reflector: It’s placed behind the radiator to bounce backward received waves to the radiator

5. Making Coaxial @ble.
Remove a portion of the outer jacket of one side of the coaxial cable to match the SMA connector
dimensions. Connect the side peeled to the SMA connector accordingly as shown in Fig.7 This is critical,

if po_ssible (for beginners) seek a P /

technical assistant help. <
., omm— = O
Fig. 7 et




6. Solder the coaxial cable radiator.

Let’s solder the coaxial cable to the radiator (feed point) after folding. Solder the mesh wire to the
longer side of the radiator and inner core to the shorter side of the radiator. (Check fig. 8)

Fig. 8.

YOUR ANTENNA IS NOW READY TO BE CONNECTED TO THE HAND HANDHELD RADIO TO
RECEIVE SATELLITE SIGNALS. SEE FIG.9 BELOW.

Handheld Radio Fig. 9.

LET’S NOW KNOW HOW TO TRACK (POINTING THE ANTENNA) TO BIRDS
SATELLITE AND RECEIVE RADIO SIGNALS BY KNOWING ITS POSITION IN SPACE
AS IT FLY OVER YOUR TOWN AND LOCATION

There are many ways you can know the position of satellites and track them at your location
using the internet and online software. One of the ways is to use AMSAT. AMSAT is an amateur
Radio Satellite Organization Worldwide. It provides a software which will help you to know the
position of satellite you want to track. It also has an android phone application called

“AmsatDroid” which is free to download. The table below shows how to use AmsatDroid to
track a satellite (BIRDs)



1. Download “AmsatDroid”
android application on your
phone. Or go to link
http://www.amsat.org/track/ if
you don’t want to use the android
application. Install an open the
application (Fig. A)
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2. Select menu.

Set home location (Either
From your network, GPS or
Coordinate)

3. Select menu. Go to
Update Keps> and select
Amateur(amsat.org) /
Amateur (celestrack.com)

(Fig. B)
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4. Now select any of the
birds satellite (Bird JJ, GG,
MM, NN, BB) from the list
of satellites

5. Select the number of
hours you want your pass
predictions and then Click
calculate pass to see the
time satellite will pass your
location (Fig. C)
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http://www.amsat.org/track/

6. Now click on the red area in QHEOOOY LFL1OV <|ANPOISYLELOY

Fig. D to take you to the map Fig. [EGECIGIEENZES AmsatDroid Free
E' Calculate passe|

On the map, AOS (Acquisition of - T o hous

signal) and LOS (Loss of signal) Simeting move

shows when the satellite comes t0 SR Change Start Time. |
your location and when the icti
satellite leaves your location
respectively. With this period you
can receive signal from the
satellite. Using a compass (to
know your north and south at
your location) and the info shown
on Fig E, the AOS Azimuth (at
what angle from your north is the
satellite flying over your location)
and Max Elevation (shows at
what angle you can point the
antenna to the satellite in the sky),
and duration indicating the time
period you can receive signal
from the satellite. With these

Home Gridsquar

information we hope you can B——
successfully track BIRDs
satellites and receive voice/song
signal at 437.375 MHz

For beginners, You can seek technical assistance for a successful Yagi-Antenna making and to track
Birds satellites

Visit our website for more info about BIRDs: http://birds.ele.kyutech.ac.jp/birdsl.html

FIND BELOW ONLINE LINKS TO PURCHASE HANDHELD RADIO AND ANTENNA MATERIALS

ITEMS LINKS

Handheld Radio (VHF/UHF) 1.https://www.gigaparts.com/yaesu-vx-3r.html?gclid=Cj0KCQjwuZvIBRD-
ARISALY2Etz39-
NapJH3zH2qu401n1fDTs1rNAVJV1gRDEJZd1B3aHOGzrW8whwaAn9eEALW wcB
2.http://www.hamradio.com/detail.cfm?pid=H0-007323

Copper Rod http://www.ebay.com/itm/SPOOLARC-86-COPPER-COATED-TIG-WELDING-1-8-X-36-RODS-
ER70S-6-10-LB-TUBE-/200903684035
Aluminum Rod https://www.amazon.com/Forney-46002-Aluminum-36-Inch-1-75-

Pound/dp/BO03X5RCX2/ref=sr 1 1?s=hi&ie=UTF8&qid=1488864198&sr=1-
1&keywords=aluminum+brazing+rod%2C+1%2F8-inch-by-36-inch

Brass Rod (It can be replaced | https://www.amazon.com/Forney-47305-Brazing-36-Inch-5-Pounds/dp/B000VYIY08
with copper rod)
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https://www.amazon.com/Forney-46002-Aluminum-36-Inch-1-75-Pound/dp/B003X5RCX2/ref=sr_1_1?s=hi&ie=UTF8&qid=1488864198&sr=1-1&keywords=aluminum+brazing+rod%2C+1%2F8-inch-by-36-inch
https://www.amazon.com/Forney-46002-Aluminum-36-Inch-1-75-Pound/dp/B003X5RCX2/ref=sr_1_1?s=hi&ie=UTF8&qid=1488864198&sr=1-1&keywords=aluminum+brazing+rod%2C+1%2F8-inch-by-36-inch
https://www.amazon.com/Forney-46002-Aluminum-36-Inch-1-75-Pound/dp/B003X5RCX2/ref=sr_1_1?s=hi&ie=UTF8&qid=1488864198&sr=1-1&keywords=aluminum+brazing+rod%2C+1%2F8-inch-by-36-inch
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