SM205 Fox Hunt Receiver Manual
Release 1, March 2012
The SM205 is a low power receiver/transmitter combination suitable for receiving and tracking signals on
the 433MHZ band. This manual is divided into three chapters:
Construction
Operation
Circuit Description
The SM205 Receiver is the compliment to the SM204 Transmitter, which may be concealed in various
locations for the operator of the SM205 to find. If both the SM204 and SM205 kits have been purchased
together, then it is recommended to construct the SM204 unit first as it is the easier of the two projects to
build and the experience will prepare the builder for the construction of this unit.
The microprocessor provided has been pre-programmed and should work as soon as power is applied to
the completed unit. A programming header has been added to the pcb in the event that additional
software features are to be added in the future. Re-programming would require an Atmel serial
programmer (AVRISPmkII), a copy of AVR Studio 4 or higher and a knowledge of Assembly Language
Programming for the AVR devices. (these programming items are not included with this kit)

CHAPTER 1 – CONSTRUCTION
Most people capable of a careful, systematic approach to kit building will be capable of constructing this
project. It does contain two surface-mount IC’s to install, but with basic magnifying glass, a fine-tipped
soldering iron and the section of very fine ‘cotton’ solder provided with the kit, assembly should not be an
obstacle. Note that a complete parts list for this kit is contained on the last page of this manual.
MOUNTING THE SURFACE-MOUNT IC’s
For the sake of stability and ease of access, the two surface mount chips should be the first parts to go
onto the board. Orientation of the chips is important. The round dot on the top left-hand corner of the
chip represents Pin1. This should be oriented to the corner of the chip outline with a white square printed
on the corner.
First place a small blob of solder on a corner pad. Then Sweat the IC to the pad as centrally as possible.
Then solder the diagonal corner before soldering the remainder of the pins.
These images show the chip-soldering process in three steps:

Board preparation

Sweat the I.C. to the pcb.

The chips soldered in place.

A section of very 0.35mm fine (cotton-like) solder has been provided for this IC mounting work.
All remaining soldering may be carried out with the larger 0.71mm solder also provided with the kit.

PLACING THE REMAINING COMPONENTS
After the IC’s have been placed, the next step is to mount
the resistors and diodes. As these parts have been pre-cut
& bent, they are ready to drop straight into the board.
The pcb is Double-sided, which means that the inside of
each hole is also lined with copper and it is ok to solder the
resistors in place from the top of the board.
All resistors are standard ¼ watt, 5% using the common 3band resistor colour code. If unfamiliar with this code, you
may need to consult a reference book or internet web site for
a description of how the code system works.
The assembled module is shown below, while the loudspeaker is not yet present, the two mounting
screws can be seen.
The red & yellow LEDs must be raised to approximately the same height as the push-button switches.
The transmitter module legs are not cut, they are folded to 90º and soldered flush with the board.

ATTACHING THE SPEAKER
When the speaker is mounted with the two additional nuts
provided, it may be connected via two pigtails. (right)
Note that the pcb pad labelled –SPKR is used, the +SPKR is not.
Instead, this terminal must be wired to the small hole at the rear
of the potentiometer as shown in the adjacent image.
The topmost corner of the speaker is clipped with side-cutters to
allow clearance into the plastic enclosure.
Another
important
wire link is from the
pcb pad labelled
ATT to the rear of a
coil on the receiver
module. (left)
This is a delicate task, but it is essential for the RF
Attenuator feature to work with this receiver module.
When the ATT button is pressed and the yellow LED is
illuminated, a D.C. signal is fed into the receiver under
microprocessor control via a resistor to attenuate the
receiver by approximately 20db.

Before the board is fitted to the enclosure, the label should be
attached to the front of the box. The best way to attach these labels is
to pull back a corner and cut off a triangle of backing paper as shown
in the adjacent image. Place the label within the rebate on the front of
the enclosure with the exposed corner going down last. Then the
remainder of the backing may be removed and the label smoothed
down.
Use a sharp knife to remove the label material
around the LED and potentiometer holes. The
assembled module can now be fitted to the rear of
the enclosure faceplate.
Four countersunk screws have been provided for
this. These screws may appear to be oversized,
but they are required to bite into both the pcb and
the mounting lugs in order to maintain the pcb
spacing. (circled in red, right)
CONNECT THE ANTENNA CABLE
Next comes the connection of the antenna cable to the receiver. The cable is double-shielded with an
‘F’ connector on one end. This connector will mate with the 4:1 balun also in the kit. It is appropriate to
first remove the rubber boot from the balun, screw the cable to it, then slide the rubber boot back over the
cable end before going further.
The cable end needs to be carefully trimmed with a sharp knife
as shown here. It can then pass through the cover of the
enclosure and solder to the two points on the board labelled
GND and ANT, with the coax braid going to the GND pad.

It should now be possible to clamp the two halves of the
enclosure together using the screws provided and fit a 9V
battery.
Lastly the black knob should be pressed onto the
potentiometer stem. If this is a loose fit, add a string of rubber
from a thin elastic band to the knob centre before pushing it on.
This completes the electronic assembly phase of the project.

BUILDING THE DF ANTENNA
Most of the parts for building the antenna have not been included with this kit. This is because they
consist of a bit of wood, two wire coat-hangers and some cable ties that the kit builder should be able to
source for themselves. Remember that it is not rocket-surgery, and that there is a fair amount of latitude
in the accuracy of this build.
CUTTING THE ELEMENTS
Cut the coat hangers into
lengths of 237, 255, 270, 345
and 610mm.
The longest wire is the
Driven Element folded dipole,
to be bent as shown.
Its folded length should be
280mm wide.
Select a wood or plastic stick 720mm long. Then fix the terminal block (provided) to the dipole feedpoint
using a small wood screw. All elements should be spaced about
105mm apart using cable ties.
The balun can be trimmed and attached to the feedpoint block,
then connected to the SM205 receiver unit. The rubber boot for
the balun is not shown here for clarity of the connections. (but
mostly because I forgot to put it on)
With this unit the receiver
was attached to the stick
using a Velcro patch. This
ensures the receiver can
be readily removed for
battery replacement.
When using the antenna,
sweep it from side-to-side
looking for the biggest
signal.
Remember to
rotate the antenna in the
hand from Horizontal to
Vertical
at
frequent
intervals, as the hidden
transmitter may have its
antenna wire mounted in the horizontal or vertical plane. This will
vary the signal considerably.
Generally speaking, it is faster to simply chase the strongest
signal, rather than fiddling around with triangulation methods.
When the signal is detected with a reasonable signal strength, try
activating the ATT button to reduce the signal. It is always easier
to peak a noisy signal than a strong one.
TECHNICAL ANTENNA STUFF
For the record, this is a basic 4-element Yagi antenna. The end-to-end length of the Folded-Dipole loop
is the speed of light (300,000,000 metres per sec) divided by the frequency (433,920,000 Hz), divided by
2 because it is a Half-wave antenna, plus a few percent extra for velocity factor.
Normally a folded-dipole has an impedance of around 300 ohms, but because of the other elements
nearby, it is closer to 200 ohms. This feeds into the 4:1 TV balun, which converts it closer to 50 ohms.
More importantly, the balun converts the feed from ‘Balanced’ to ‘Unbalanced’ so that it can match to the
coax. The TV balun is good for this because it does not upset the symmetry of the antenna which could
give funny reception peaks at odd-angles. The rest of the elements are approximately 0.2 of a
wavelength apart. Each element is 5% progressively bigger or smaller than the driven element to provide
good forward gain. Because this design has a good front-to-back-ratio, it should be easy to determine if
the signal source is in front or behind you when panning around.

CHAPTER 2 – OPERATION
The SM205 unit has both a receiver and transmitter module
inside that operates on the 70cm LIPD frequency of 433.920
MHz. Mostly it is the receiver that is used, but the transmitter
portion can be used to stop or start an SM204 hidden
transmitter unit
THE RECEIVER
The Receiver receives AM signals on 433.020 MHz. Its output
connects to a simple audio amplifier and tiny loudspeaker via a
volume control. A 3.5mm stereo Headphone socket has also
been provided that will automatically disconnect the internal
speaker when it is plugged into the top.
The audio output level is kept low so that it is not disruptive
when several receivers are operating within the same area, but
this level is quite sufficient for operation with a headset.
THE POWER ON/OFF BUTTONS
The unit is turned ON by briefly pressing the ON button. The
unit is turned OFF by pressing and holding the OFF button for
1 full second (to prevent accidental shutdowns).
If no buttons have been pressed for 20 minutes, the unit will
turn itself off regardless. (This will save the battery if it was
accidentally turned on or forgotten about.)
THE RF ATTENUATOR
The receiver also has an RF Attenuator feature to allow the receiver to respond to extremely strong
signals without overloading. This is an important feature for close-up work.
This feature is toggled ON or OFF by using the ATT button. Whenever the yellow ATT indicator is ON
the receiver sensitivity is greatly reduced.
When starting out, the attenuator is usually turned off for maximum receiver sensitivity. When working
within 4-5 metres of a transmitted signal, it usually overwhelms the directional antenna regardless of
direction. With the attenuator activated it should be possible to determine the point source of the signal
to within a few hundred mm.
THE TRANSMITTER
The SM205 has an integral transmitter stage. It produces a 2mw RF output which operates in brief
bursts at 1 second intervals when the TX button is held down. This transmitter function is designed to
activate or deactivate the corresponding SM204 Fox Hunt transmitter/receiver unit by sending a string of
control characters.
The actual control characters sent and matched are pre-set by the 16 position rotary encoder switch
inside both the SM205 sniffer and the SM204 hidden transmitter units. This allows the transmitter to
individually activate up to sixteen different SM204 transmitter units scattered around a wide area. There
is also a universal OFF control character that when sent, will shut down all SM204 transmitters within
reception range. (see Universal Shutdown)
When the TX button is pressed, the unit waits one second, turns off the internal receiver module,
activates the internal transmitter module, sends the data packet, then stops and restores the receiver. As
long as the TX button is held down, this process will repeat at one-second intervals. Normally only one
or two such bursts are needed to activate the corresponding SM104 transmitter unit in its hidden location.
Note that the transmitter module only uses a pcb track on the board for an antenna and NOT the cable
coupled to the external receive antenna. This means that the active control range is limited to 25-30
metres, depending upon the location and placement of the SM204 units. For competitive work it may be
useful to extend the pcb track antenna to an external antenna for extended range.

UNIVERSAL SHUTDOWN
The Universal Shutdown feature will allow a sniffer to remotely halt all SM204 transmitter units presently
active and within range. This feature is engaged by pressing and holding both the TX and the Power ON
buttons at the same time. When this is done, the unit waits one second, then simply sends the Universal
Shutdown code for as long as the buttons are held down. This continuous pattern will ensure that any
SM104 units actively transmitting will hear the shutdown code during the frequent ‘gaps’ in its
transmission where its receiver is active.
OPTION LINK LK1
The SM205 has an option link and movable jumper. With the present revision of software, this link does
not have an allocated function.
AUTOMATIC POWER OFF
After 20 minutes of inactivity (no buttons being pushed) the SM205 will turn itself off to conserve the
battery power.
WHY SHORT-RANGE UHF WAS SELECTED FOR THIS PROJECT
There are several reasons why this system uses UHF. It operates on 433.920 MHz, which is inside the
Amateur 70cm band, but it is also on the LIPD (Low interference potential device) frequency which
permits low power operation without any licensing requirements by the operators. This also means it is
quite legal for kids and non-radio amateurs to use.
The 2 milliwatt transmission is not a great output, but this is quite enough to be a challenge in a public
park, a section of bushland, or even a large back yard. This means that there tends to be a large
number of short-range events for many people to enjoy, rather than fewer long-range hunts that requires
more specialised equipment and perhaps motor vehicles. This system does become a great stepping
stone to hone skills for those who may wish to move-on to bigger events and other radio bands.
Being UHF, the antennas are small and very directional, making it easy to hold and work with at close
quarters. Many kids and even Scout & Guide groups have had a lot of fun with this equipment.
Lastly, price is an important consideration for these kits. On this UHF frequency we use low-cost
Transmit and Receive RF modules that are pre-built, tuned and ready to use.
HOW TO CONDUCT A SNIFFER HUNT
The transmitter receiver units can be used in several ways, depending upon the sort of company that is
present.
One-On-One
In its simplest form, someone first activates, then hides a transmitter behind a bush or in a tree. Then a
second person goes looking for the hidden transmitter. This can be done against a stopwatch to help
measure operator skill.
A team event
A larger event can be staged where one transmitter is activated, then a whole bunch of people look for it
simultaneously. The first person to physically pick-up and turn off the transmitter is the winner.
This can be a lot of fun and works well if all operators are new to the sport. There is one problem to look
out for, whereby in any group there will be different skill levels. The ‘best’ operator may win almost all the
time, while others may not get much of a chance at making a successful DF find.
A better method is to have quite a few two-person hunts in a series of rounds. In this way it can be like a
chess tournament where the winners from the first round play other winners in the second round, while
game losers continue to play against other losers from previous rounds. It makes for a lot of smaller
contests that last for a few minutes each, but everybody gets a fair go and gradually competes against
others of a similar skill level to themselves. At the end you get a proper ranking of skill and prizes can be
awarded.
It is surprising how skilful operators can become in a short period of time. Kids seem particularly quick at
this. The fastest running operator does not always win. Success lies in careful listening and good
observation of terrain and obstructions. Metal walls on nearby buildings can provide false reflections!

CHAPTER 3 – HOW IT WORKS
Much of the intelligence for this system is contained within the software. Ports on the microprocessor can
enable or disable the receiver and transmitter module so that both are never active at the same time.
Other ports read the push-button switches, debounce them, then perform the allotted task. The LM386 is
a common audio amplifier with sufficient gain to drive a small speaker or headset. The receiver module
decodes AM transmissions and has both an Analog and Digital output. The Analog output is simply fed
to the audio amplifier stage via the volume control pot. While the Digital output is coupled to the
microprocessor serial input port, it is not actively used with this program. (Conceivably the SM205 could
be made to respond to remote commands)
POWER ACTIVATION CIRCUIT
It was important that when this unit was off, it was really off, with no residual current drain. The 9V
battery is switched to the regulator via a PNP transistor (Q1). Pushing the ON button provides a turn-on
signal to earth via D2. This provides enough momentary power to wake up the micro. The first thing that
the micro does is to send port PD0 High in order to turn on Q2 and keep the power rail going when the
ON button is released. Pressing OFF for one second simply removes the drive from the base of Q2 and
the power rail will shut off totally.
THE TRANSMIT CIRCUIT
The data Transmitter has a 2mw RF output which operates in brief bursts at 1 second intervals when the
TX button is held down. This transmitter function is designed to activate or deactivate the corresponding
SM204 Fox Hunt transmitter/receiver unit by sending a string of control characters. The actual control
characters sent and matched are pre-set by the 16 position rotary encoder switch inside both the SM205
sniffer and the SM204 hidden transmitter units. This allows the transmitter to individually activate up to
sixteen different SM204 transmitter units scattered around a wide area. There is also a universal OFF
control character (ASCII ‘48’) that when sent, will shut down all SM204 transmitters within reception
range.
These are the control characters sent by each of the sixteen encoder positions:
Encoder position
ASCII code sent
Text equivalent

0
64
@

1
65
A

2
66
B

3
67
C

4
68
D

5
69
E

6
70
F

7
71
G

8
72
H

9
73
I

A
74
J

B
75
K

C
76
L

D
77
M

E
78
N

F
79
O

The format of the data transmission is 12 bytes of data in short bursts at a 1200 baud data speed. The
first ten bytes sent are all the same character as set by the above encoder position chart (or special
character 48). The last two characters sent are always Ascii characters 13 and 10, which are standard
Carriage return and Line Feed characters.
(This means that it is possible to monitor and view transmitted data with a simple PC terminal program
such as ‘Telix’ where a receiver has been hooked up to an RS232 port.)
When the TX button is pressed, the unit waits one second, turns off the internal receiver module,
activates the transmitter module, sends the 12 byte data string at 1200 baud, then stops the transmitter
and restores the receiver. As long as the TX button is held down, this process will repeat at 1 second
intervals.
Normally only one or two such bursts are needed to activate the corresponding SM104
transmitter unit in its hidden location.
THE SIGNAL FROM THE SM204 ‘FOX’
The format of transmissions is a 100ms burst of 2KHz tone, immediately followed by 300ms of 1 KHz
tone. There is a 100ms gap where the receiver stage is briefly activated, then the cycle repeats. During
the receive interval, the SM104 will respond to a shut down control code (ASCII 48) if one is generated
by an SM205 receive unit.
TRANSMITTER ACTIVE:
Transmit Tones:
RECEIVER ACTIVE:

2KHz

1KHz

2KHz

1KHz

SM205 KIT PARTS LIST
PCB

SM205v2 DF Hunt receiver board

R1
R2
R3
R4
R5
R6
R7

820 ohms
820 ohms
10K
82K
1K
47K
47K

R9
R10

100 ohms
56K

C1
C2
C3
C6
C7
C8

0.1uf
10uf
0.01uf
0.01uf
100uf
100uf

SW1
SW2
SW3
SW4
SW5

PB switch 10mm high
PB switch 10mm high
PB switch 10mm high
PB switch 10mm high
16 position address encoder

IC1
IC2
IC3

AT90PWM2 micro
LM78L05 +5V regulator
LM386 audio amp

Q1
Q2

BC558 PNP transistor
BC337 NPN transistor

D1
D2

1N4007 diode
1N4007 diode

L1
L2

Yellow 3mm LED
Red 3mm LED

VR1
KNOB
J2

10K potentiometer
Knob for volume control
Stereo speaker socket

RX
TX

Receiver Module
Transmitter module

LK1
LK1 Shunt
PRG
SPKR
ENCL
CLIP
M3 Screw
M3 Nut
3/8 screw
LABEL
BALUN
Solder #1
Solder #2

3-pin header
Shorting link for LK1 Header
6 pin programming header
Miniature loudspeaker
Plastic enclosure
9V battery clip
12mm M3 screws for speaker x2
M3 nut For speaker x4
3/8”self-tapper screws x 4 to attach the pcb to the enclosure
Enclosure label for SM205
75 ohm to 300 ohm TV balun
A section of very fine 0.3mm solder for the IC’s
A section of medium 0.71mm solder for general work

