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1. Introduction

To install a complete satellite communications station, there are several
technical points to take care of. A station like this usually has the following
equipments:

* Transceiver V/U- ICOM IC-910 or FUNCUBE dongle for Receiving only
* Antenna Rotator- YAESU G-5500 or other brand controller

* Antennas for U/V frequency bands - ARROW antenna

* Computer for satellite tracking: - Orbitron , WX track, SATPC.

Of course, one can always use a satellite station in manual mode. The operator is
then responsible for all the adjustments to be made during a satellite
communication. However, when one is talking through a LEO satellite, in a polar
or elliptic orbit, a typical satellite found for amateur satellite service, it is quite
difficult to take care of everything, without losing performance on the
communication. Typically one needs to adjust the antenna position, Frequencies
for uplink and downlink, at regular intervals (every 10 sec at the most).

In order to free the operator of this job, so he can focus on the communication
itself, one needs a way to make this job accomplished, automatically.

XOX Trak Controller is a interface controller for satellite communication tracking
stations.

Fig. 1- XOX-TRAK V1.0 with 2x16 displays
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2. How it works

XOX TRAK Controller wuses an Arduino Bootloader ATMEGA328
microcontroller capable of dealing with all the signals, digital and analogue. Work
1s done in real time, depending on the received information, from the equipment it
is connected to.

The most popular antenna rotator on the market, Yaesu G5400/5600 and G5500
are compatible with this system. In the package is included a cable that connects
the XOX TRAK Controller to the antenna rotator. See later will shows the pin out
of the connectors available on the rear panel of the equipment that you can modify
as you need to fit with AC motor or DC motor with H-Bridge controller.

The rotator positions, azimuth and elevation, are collected from PC by using serial
data in GS232 format and converted to digital signals. All the decisions and
movements/actions are made according to these signals.

Connecting the controller to the personal computer is done through the Serial port
or COM port which you can use Virtual com port by using USB — serial (Universal
Serial Bus) port. Most PC’s sold today, don’t carry a RS232 COM port. The USB
connection will enable the use of the XOX TRAK Controller in future computers.

Through this connection, all the information is sent from the computer to the XOX
TRAK Controller (frequencies, modulations, azimuth, elevation and other control
parameters).

The interface software is used to configure parameters needed for a normal system
operation. All configurations can be changed anytime. After saving, the new
configuration takes effect immediately. Read more learn more about software
usage
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3. Hardware install

XOX TRAK Controller has 3 connectors in the rear panel:

* Rotator —RJ45 connector for antenna rotator
* DB-9 serial port —for personal computer
* Ext DC-Jack 12V DC (In case of using other Rotor Controller)
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The following picture suggests how equipments are present in a satellite
Communication station and how they connect to the XOX TRAK Controller.

RJ-45 e
Antenna Rotor

Fig. 3 — Connecting XOX TRAK Controller to the peripherals
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Fig. 4 — Connecting XOX TRAK Controller to YAESU G-5500 Rotor Controller

3.1 Antenna rotator connection

To connect the antenna rotator, use the supplied cable, and connect it to the
respective connector, on the rear panel. The other end, with an 8 pin DIN plug
must be connected to the antenna rotator, models G5400, G5600 or G5500 from
Yaesu.

The RJ-45 connector present on the rear panel of XOX TRAK Controller has the
Following pin out:

I used the RJ-45 Pin number which not in order from 1-8 but they will line up the
same way.
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13578642

PCB connector solder Side

(View at the rear panel} (Check the Entire layout at appendix)

+ 12 V from Yaesu Rotor control Box
GND

Azimuth (Input from Rotor POT) 0-5 VDC
Elevation (input from Rotor POT) 0-5 VDC
Right (CW) output logic “LOW”

Up output Logic “LOW”

Left (CCW) Output logic “LOW”

Down output Logic “LOW”

NN [N|[W|—

Cable from RJ-45 XOX track to the DIN 8 Connector

Rotator cable description

-< X0X TRAK 4
RJ-45 —— 1-+12v
— e 3 - GND ’
e 5 Azimuth 2

— ROUND ——— 7 Elevation
— CABLE ——————— g Right 3
—— ——— 6 Up 6 3 4
— e 4 left 8

| 2 Down (View from solder side)
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0.0, 000
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EXTERNA L

1B " | |® //\:;l;{d_é:/

l
5}
External Control 2
Pin Function
6 Prowvides 2 to 4.5VDC corresponding to 0 to 450°
1 Provides 2 to 4.5VDC corresponding to 0 to 180°
4 Connect to Pin 8 to rotate left (counterclockwise)
2 Connect to Pin 8 to rotate nght (clockwise)
3 Connect to Pin & to rotate UP
3 Connect to Pin & to rotate DOWN
7 Provides DC13V to 6V at up to 200mA
8 Clommon sround

YAESU Rotor G-5500 External Control Pin-out
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USB Virtual COM Port installation

Connecting the USB-Serial Cable to the personal computer is done through the
USB port which is the same as in the Picture below as price range around $9-$20
on EBAY. This requires the user to install a small driver that emulates a virtual
COM port.

To install this driver execute the following steps. Plug-in the USB cable
on the computer. Windows will recognize the new peripheral
automatically. When you are asked to give an install source directory,
point to the “FTDI VCP Driver” directory on the CD and follow the
steps until the installation is finished.

After installation, please open the Windows control panel to check
which COM port corresponds to the virtual COM port from FTDI USB
chip. The following picture shows the typical peripherals list from
Windows, where the available COM ports are also present. The recently
installed USB Serial Port (COMXx) can be selected.

LED 13 will flash every time when receive the serial data input to the
XOX TRAK
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L. Device Manager
File Action Wieww Help

m & 2 A

t__._‘ Batteries
J Zompukter
e Disk drives
::§ Display adapters
=-¥? DD CD-ROM drives
25 ELTIMA virtual Serial Ports
[ Human Inkerface Devices
=% IDE ATAJATAPL controllers
& IEEE 1394 Bus host controllers
],Ei Infrared devices
iz Kevboards
__; Mice and other pointing devices
E,. Modems
@ Monitors
BHE MNetwork adapters
B PorcIs adaprers
& Ports (COM & LPT)
& ECP Printer Port (LPT1)
5 1SE Serial Pork (COMZ)
+ ﬂ Processars
+ ‘@% 5251 and RAID controllers
+--_# S0 Card Controller
+-)., Sound, video and game controllers

+ Swskern devices
+ Universal Serial Bus contrallers

o

Fig. 5 -USB Virtual COM Port

How to setup Output of GS-232 with Orbitron DDE driver (WIN XP only)

1. Download and Install ORBITRON software

2. Download fcd_dde.exe copy to C:\program Files\Orbitron\Config\
3. In the Folder C:\program Files\Orbitron\Config\setup.cfg

Use Notepad or text editor to open setup.cfg to edit

Check if it already has:-
DDEdriver=Wisp.dde

Change to

DDEdriver=FCD-GS232

Search for the [Driver] of adding as below:-

[Drivers]
FCD-GS232=C:\ program Files\Orbitron\Config\fcd_dde.exe
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# Orbitron 3.71

w| &) CUBESAT
ARSENE [40-24]
CAN-1
COSMOS 2123 & RS-1241
CUBESAT XV [CO-57]
CUBESAT X1 [CO-58)
CUTE-1(C0-55)
CUTE-1.7+4PD Il [CO-E5)
+| DELFI-C3 [DD-4]
7 DOVE [D0-17)
DTUSAT
v/ ECHO [40-51]
W] EYESAT-1 [80-27
AMSAT [VID-52]
+| HOPE-1 [HD-E3]
IDEFIX & ARIANE 42P R,
INFORMATOR 1% RS-14
v 155
ITAMSAT (10-26)

kS iciites {051 ]

2011-04-

HAMSAT [V0-52] RUNIStop ,

Azimuth Dirlink.AtHz Receive/doppler  Dnlink mode Diriveer
408 [145.860000 = | [145.862157 | ~| | |rcpGszz x| BH

Elevation Uplink/rMHz Tranzmit/doppler  Uplink made
[-44.5 [435.220000 ~| [435.213563 | v| | ieEEEE
Spiddlfa
Choose driver and run it ‘wWispDDE

I air g% izualization g1 ocation g 5at/Orbit info ¢ Prediction setup g Prediction g Botar/R adio
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pop up menu pop down and need to select the DDE source from setting menu tab
select DDE link to select data from “ORBITRON”

X FunCube Dongle-... [= |[B][X]

Close

Setkings Mal=e)

Rakar

| Radio - -
[ 0"

() GS-232 output
ELEVATION AZIMUTH

EL AZ

Daownlink Freq Far FCD

| 436.790285

¥ iconnect FunCubeD ongle
() 436783265

Receive DDE from:

Uplink DDE Freq; eceive o

| 145 851575 thition

Source Application: Link Topic;

|Orbitran Tracking
Link Item: Query Interval [sec.):
Raw DDE String: |TrackingD ata I
|SHEALIDISAT _1C_[50-50) AZ162.1 EL-48.1 chlmal e
Save Claze
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To set up for the GS-232 rotor you will need to go to Menu tab of FCD_DDE
select Rotor and select GS-232 and Port then LED on DDE will go Green and
AZ_EL data will appear (Change the Baud to 9600 and Com port that set for USB-
Serial cable.)

e [ £
Close Help
FS"' DDE Lirk ’—[SEFN')-\ NSRS M2
S s \\Interface Type: Fuart:
G5-232 - COm1 -
() GS5-232 output i =7 = I
ELEVATION AZIMUTH Baud Rate: B Bidirectional 4
19200 Interface
E L AZ b [ Auto flip detect
Step [deg.): [ South/ELO-stop
1
Ciownlink Freg For FCO I iz 450deg
[ Pace Delap [Se Tirne Dut [Secs.);
| 436.790368 o i
v iconnect FunCubeliongle — [T Log Everts
() 436783065 red  Offset Park :
+36 Azimuth: Azinnth;
Uplink DDE Fren; ;
I
| 145 851547 i
| E levation: Elewvation:

Save Cloze

Faw DDE String:

|SNSAUDISAT_1C_[SO-50) AZ147. 2 ELRT.

Change the Baud to 9600 and Com port that set for USB-Serial cable.
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The detail of setting and Connector :-

Fn . T -

T
LENR 3

ponuulan iHin vy
by Nimif H. (K6XOX/HS1IFU)

_J3~ KEYPRD

1. DIP SW 1 for LED 13 Enable, LED 13 will flash every time that serial data input from
P.C and some user might want to connect to the front panel or Turn it off

2. DIP SW 2 — ON Position will enable to reset CPU every time when data in-put to Serial
port it will use for reprogram the new firmware. Normal operation might need to turn it
off-

3. J3- For the Key Pad that can be used to control UP — DOWN — LEFT — RIGHT

| DN | UP | Left | Right | NC | Gnd |
4. J5 .LCD connection both SIL and DIL parallel for both type of LCD connection.

5. J6 LED connection
| Up | Right | DN | Left | NC | Common R-220 OHM |
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Advance application:-

For the Detail of the Output to the Other Rotor Controller box that can be modify
to match the Rotor Controller.

The output is open Collector which will enable as Active Logic ‘LOW?”

If you wish to use for drive Relay that would be only connect one of the Relay pin
end to +VCC and the other pin to this open collector output because we used
ULN2003 that already have Diode then please jump Pin 9 of ULN2003 to Relay
VCC. Or if you want to controller the Rotor that has AC-Motor can use Solid state
relay of Mechanic relay as below:

- ® \CC- Relay
. o &
= L
7
g EL A
=] Right —
G s Q
g 4 !
= 5| Left = . RL1
15 m— oM + :
o YAESU-CONN Prasnsy
"2 . : [ ] n.o,
12 . ;
11 . . ' n.c.
i0 > ,
I 110 P , c
—t0 bN b
; O LEFT —
= O Rigur O
O COMMON -
LED display ul‘_: MCLC- Relwr
722 =
_Ej

R —— S
C
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12v VCC I I

| % |
I coil + i . I
R1 12V Relay Load
—n ! 1 16 01 I coil - £ I
1 1 | — — — — — — _ |

—+ € Rinse and repeat

I?_: :: o7
—_GND | 8 9__Lﬂ_m_l
l 12V VCC

The other application that you can use the H-BRIDGE to Homebrew Rotor like I
have by using H-BRIDGE 1.298 KIT from Solarbotics.com or you can buy from
Hobby engineering in San Mateo, CA
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Compact Motor @) o5v
Driver T £ )
Solarbotics Ltd ] " ||| |}—' THS
2006
: L L 6. 26v
0uF s | = 20F
—{4 4
—t =
B 1 O B - All Diodes are 1NS618
— =
- S 47k
4
Motor A
tatar pee e Itotor B
2.3k e Grn 2.2
£ Red Red ¥
=] M

(LIS T T

(Schematic Credit: - Hobby Engineering & Solarbotics)

By Connect the output from Rj-45 cable and connect Control AZ (CW/CCW) to
the L1, L2 and EL (Up/DN) to L3, L4

Mator A |_

#Ll= B

L1 L2 E-2 Li L4 B
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LED DISPLAY
1
o
o1
o=
o= F&ZF D4 "E\Z%DE F&% D2 = D1
COMN-SILE LED Left LED Down LED-Fight LED UP
KEYPAD
o1
o
o !
g_ 3
o 5
SILE ul.] CW-RIGHT uﬁccw-LEFr uﬁup oﬁmnw
o o o o

KEYPAD and LED Schematic (Option)
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2% 8 LCD1
%,_ 4-TE0S
LD CONTRAST RE ciz | . o cn c10
POT Ty Vo v ; + g
_ 1L : 1 L
1| BBY pi. mammasss o GE JAcK
1@n Wy M 0 1
o A YA ,w%%:, Ja % ﬂﬁﬂ o
= 3 ML ST
e e
Hax | >
— . _ L A
R Uz —{Rght |
] o . e 3
O i [4].] (111 % & ﬂo.-m. |.__ 5 Wﬂﬁ m
r ¥ - -
B \ﬁ! | o ¥ AE ST
ot oW = 81—
: i = 3 18 e
Dllm_” J5 - LCD-SIL (OPTION) 5 |i i _” .
S e ﬂ ut | -t 5] v 3
CAE I 4 [oamee oD | ULNZIA o | e
E I L {pmicn T 02 15| N @
o e L % pmiEsoce oty |2 a 1A e O
o1 —t T PEIMOSWOCZ POOANTS (— R 1 1o ]
L 1 ol ——| Peamazo POMCETD e 03 —1 4 lcommonkt
o ap PELECE POSTH [— 4o 1k =, =
o2 o Ry S PEEOTALITORC!  POAAIND i s
oD = D | pErTALITOSGE  POMAIN [ o 23 =
LGS (aption) nﬁ _ P _ 2
|_ £ PLOADGE
I e 2 rcucci ARDUINOD RT
= PCaAnc: |_H_u
i I_ 7| Poamoca nﬂ ==
o # El PCAROCAEDE 20 =]
o z " 1 i ! 2
N = ki
- ] .
5 - “ i
o 0] —
& = B
= Hm =
0 Fahm Pack 3 mﬁu
1RO (Mg
.
RESETRY | W o v 2 7 os TP
i i , 7
NG MG R ——
E 10
A8t | mfea] [T — i o2+ e2 1
_ ] Al RS L1 apum EL data i DOF B B
NOX-Trak Rotor Controller interfaces e &.&Gccﬁv ¥ Cd 2 i
= ik 4 3 EEES
hE c6
Duesign by MamitH [KEX0X 74M1] i

Bavisics 414 J3 KEYPAD i
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G-550 Yaesu or KR-500 Rotor Controller

+12 WOC
Hiy
—{=
Connect parallel with UP st ROTOR cortroller Box
RL1 —a I
< 12

-

[—C —1=
J1 Connect parallel witt DN 2t ROTOR cortrolle Bo:
+12%DC
o <] RL2 —s =
o2 = 120
o1 =
[ < —
O  UF
o1 £
O~ OOwN
[ £
RIS e IR
S
L]
*

$OTENCODER IN 30TOR
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Appendix:-

UuLHEZEE>®

Ardulne Book |l bmder { ‘.—

XOX-TRAK v?}ﬁ:]

. == 0 rs

LED=-13

as &
J:Fd.'..!.tﬂl'l ULMT e
by MimitiH. (K0 HE 4T FUY L4
«3 = LCD=3IL (QFTION2

.

! Atomatic Satellite Antenna Controller

Schematic and PCB design done by Proteus V 7.1 Professional

enna Controlier

4 3Ppeh

G-800 (Azimuth) and G500 (Elevation)
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Auto-Doppler correction by Orbitron = DDE - CI-V interface = 1C910
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Satelite:

[ TsAT 1_(k0-23)

@ GS-232 output
ELEVATION AZIMUTH

10 186

Downlink Freq For FCD

435.182963

¥ connect FunCubeDongle
() 43182983
Uplink DDE Freq:

145.89733 - FCD Control - GOMJW

Frequency (MHz) IF (kHz) Emor (ppm)

20m-04

KITSAT 1 [KD-23)

Azimuth Drink/MHz __ Receive/doppler  Drlink mode | Diiver
[186.0 [435.175000 ~| [435.182963 | = |

Elevation Uplink/MHz Transmit/doppler  Uplink mode Obiject
[105 [145.900000 ~| [145.897330 | = | [satelite =l

Choose driver and un it

FCD in Application mode

- FCD returns 435139456 Hz
Save Settings FCD returns 435139456 Hz

Raw DDE Sting:
NKITSAT_1_(K0-23) AZ186.0 EL10.5 DN435

« DELFI-C3 [DO-64)
DOVE (00-17)
DTUSAT

IDEFE & ARLANE 42P R,
INFORMATOR 1% RS-14

v 155
ITAMSAT (10-26)

vl JAS-1 [FO-12)
vi JAS-TE [FO-20)
J

LUSAT (L0-19]
¥ MOZHAYETS 4(RS22)

[FO-12)®

fistiienes —{p — friw ]~ asiomee: Professional

Screenshot that I modified DDE to work with Funcude Dongle SDR radio for auto Doppler
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Question Email me at : K6XOX @arrl.net

http://qrz.com/db/k6x0x

More Picture from my rotor project in my blog:-
http://siamsqg.blogspot.com

I build Rotor from piece of Aluminum with milling and lathe machine and decoder with MA-3
magnetic rotary encoder 1024 bit resolution, you can find out more in my blog.
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