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AN #171 — AR7212: A programmable 12 channel receiver for Spektrum DX7 radios

by Natalius Kiedro (software) and Ralf Kull (hardware), Germany

Summary

This AN gives an overview about the Speck Drum AR7212 (“seven to twelve”) receiver and
introduces its hardware. It is the first of a miniseries of 3 ANs. The second will explain the
AR7212 programmer, a Windows PC program from which the receiver gets its servo and
mixer data when connected to the PC/laptop via USB cable. A third AN will introduce
extensions: telemetry, flight stabilization and a GPS-autopilot aiming to improve the safety of
RC flight.

Background

The market for RC technology is currently undergoing a major transition. For decades
aeromodellers preferred exclusive bands (35 MHz in Europe, and e.g. 72 MHz in the US) and
a standardized transmission protocol based on pulse position modulation (PPM). There was
no real protection aginst double occupation of a given RC frequency channel, every RC pilot
in a club had to ensure that his channel is not in use before switching on his radio. The
standardization of PPM however prevented “brand binding”, viz. receivers of brand A could
be used with radios from company B in many cases. With the introduction of the 2.4 GHz
ISM-band and its utilization by RC-modellers things have changed completely. Flight safety
has definetely improved by now, but “brand binding” has increased as well. What is also little
pleasant for the budget of the modeller is a phenomenon that we would like to coin the “RC
price law”

The RC price law
When averaging the price P for a radio with N servo channels over many brands, it looks that
P(N+2) =2 P(N)

roughly describes how radio and receiver producers are shaping their prices today. In words:
Pay the double price for a radio which has two channels more. Let us assume that a radio-
receiver combo for 7 channels comes for 300 €, then the combo for 9 channels is expected to
have a price of about 600 €, and a 11-channel combo will be about 1200 €. As 11-channel
radios are somehow odd the manufacturer may decide to offer the 12-channel variant for
“just” 1500 € instead. Similarities to the price policy of existing brands are just contingent...

Circumventing the RC price law...

From the technical point of view the RC Price law makes little sense today, bandwidth and
technology at 2.4 GHz can support a sufficient number of channels also for a less-expensive
radio. Fact is that even a starter radio has two sticks already, and more sticks are not needed
as humans have two thumbs only. With two sticks four basic functions can be controlled:
rudder, elevator, aileron and throttle. The rest on a typical radio are switches and
potentiometers to control extra functions such as the switching of flight modes, the actuation
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of a gear, etc. Trim functions for finding the “neutral servo positions” during flight belong to
the standard equipment on every radio today. The radio makers justify the price for “high end
radios” by convenience options (such as a larger display and a better casing).

In addition: RC-equipment producers follow a policy which is the fundament of the RC price
law. In words: Keep all intelligence in the radio and offer receivers as stupid as possible. As a
consequence, current radios transmit servo signals instead of stick readings and switch
settings. Servo signals are computed from the stick readings and switch settings by a
procedure called “mixing”. Mixing is done in the radio at “real time”. Another procedure is
called “programming”. It needs to be done only one time for a new RC-model. Programming
simply means the set up of servo centers, servo travel range, and mixer parameters. Mixer
parameters determine how a certain stick move is translated into the move of one, two or
more coupled servos. Large sailplanes, for example, may have 8 servos in the wing all
controlled by a single aileron stick. Clearly, the transmission of eight instead of one signal is
certainly not the most economical way to share ISM-bandwidth.

Indeed the above policy made sense in the early eighties when “computerized radios” came to
the market and receivers were just simple signal converters not needing a microcontroller.
Today this is simply obsolete. Circumventing the RC price law is timely now and may even
become a market demand in the future once RC-modellers see the advantages. This AN-series
is meant to push such development. Why to pay 1500 € for a 12 channel radio if one has a
great DX7 (or DX6i) radio and the same functionality of a 12-channel radio could come from
a piece of equipment that costs around 50 €?

...by shifting mixing to the receiver and programming to a PC

A programmable receiver is the modern alternative to an” intelligent” radio. By now USB-
links between PCs and microcontrollers are routinely employed at low cost. Microcontroller
performance — even with 8 Bit AVRs - has reached a level where the job of doing real-time
mixing is far away from an overkill to a “receiver”. At the PC-side even the lowest price
netbooks can in principle offer more “programming” convenience than even the most
expensive computerized radio. As a consequence of the OLPC movement, low-cost netbooks
with Pixel Q1 displays will come to the market in 2010. These displays are readable in even
the brightest African sunlight. What is easier than setting up all relevant servo and mixer
information by simple mouse, touchpad or screen clicks? This is exactly the philosophy of the
Speck Drum AR7212. It is programmable from a PC. During flight it reads and mixes the
input from 2 Spektrum remote receivers (“Satellites””) while replacing the so called main
receiver. This approach became possible because the Spektrum serial transmission format was
reversely engineered by quadcopter enthusiasts some time ago. A final addition just required
the interpretation of so far unknown bytes and an implementation of “binding” which does not
anymore need a main Spektrum receiver. The AR7212 was tested for 15h airtime during the
2009 season (Figure 1 and 2)

What is the AR7212?

e Receiver-embedded intelligence which allows to operate an aircraft needing up to 12
servo control channels from the DX7.
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e Jtis the TX in the RX: It expands and amplifies the programming abilities of the DX7
giving for example full support for large full-house sailplanes.

e It allows to do the programming conveniently using a Windows PC or notebook via a
standard USB link.

e It’s hardware is based on Atmel’s ATMEGA 1280/2560 microcontroller and two
satellite receivers (Spektrum Remote Receiver). All servo timing by 16-bit timers.

XIHLOI T A3

Fig. 1: An Alpina 4001 Elektro CME (a 4m motorized glider) equipped with a Crumb2560-
based AR7212 is prepared for its maiden flight. Trace the satellite wires for the location of
the satellites.
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Fig. 2: Hand launching a 4m Alpina (6.5 kg) is always a thrilling exercise. Luckily it worked
out — not only one time: The 2009 season saw a total of 29 successful Alpina flights using the
AR7212-DX7 combo. Not a single failure or malfunction during about 15 h airtime.

Programming the AR7212 via PC? How?

Connect the AR7212 to your PC via a USB (mini A) cable, switch on your plane, and
start the AR7212 Programmer.

Programming begins by setting servo parameters, such as servo center, normal high,
normal low, maximal high, maximal low.

Programming continues by defining 6 flight modes which are later activated by the
DX7 switches GEAR and FLAP(FLTMODE/AUX1).

Flight modes may be exact copies, viz. clones, or completely independent from each
other.

For each flight mode one may set up to 6x12 = 72 mixers, 12 offsets (and 12 delays, in
preparation).

Five different types of mixers are available. More are planned.

So called EXPO and dual rate mixing stays programmable via the DX7 — everything
else is shifted to the AR7212. You are even kindly asked not to use any of the
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advanced features of the DX7. Use her in basic “ACRO” mode - “stupid” as from the
shelf.

After editing, the parameters are transferred to the AR7212 EEPROM by pressing the
WRITE AR7212 button. They can be independantly stored on the PC disk.

Later changes to the parameter tables are easy. One may either READ AR7212
directly or take them from the disk. Edit the tables and WRITE AR7212 — that’s it.

Note that programming philosophy of the AR7212 makes it easy to redefine a given
DX7 model to work like an “as if” mode 1, 2, 3, or 4 radio.

The AUX?2 switch is reserved as a master control switch for later activation of
autopilot functionality.

The Programmer also allows an easy uploading of firmware updates.

Figure 3 gives an idea on the AR7212 programmer.

- Servo Select - Servo Adjust - Servo Data [pz]
 Servo 1 T Mame
T Servo 2 * Center 1
(" Semo 3 ™ Marmal High 1 Moto 1500 1897 1103 2100 a00
& e A e 2 Geit 1500 1850 1250 2000 1000
S i T 3 Hohe 1500 1982 1018 2080 860
b i 4 Qu_ B 1480 1780 970 1810 950
" ServoB " MaxLow S Qu L 1470 2040 1200 2040 1200
" Semo 7 6 ———— 1500 1897 1103 2100 900
 Cervad 7 V&R 1500 1650 1170 1780 1150
~ :-I 8 W5 L 1520 18e0 1350 1932 958
N i 9 ———_ 1500 1897 1103 2100 900
" Servoll j 10 Br R 1500 1897 1000 2000 1000
" Servo 11 11 Bx 1L 1300 1750 1100 2000 1000
 Senvai2 12 ——— 1600 1897 1103 2100 900
Chanhel 5 elect Miver Adjust Miver Data
* THRO ™ for Flight Mode 1 Flightmode: MName ]B:Landung!Butterfly.fBrake
" AILE " faor Flight Mode 2 S# THR AIL ElE RUD GEA FILA 0Offs Dela
" ELEV 7 for Flight Mode 3 1 0 0 0 0 0 0 —400 a
" RUDD € for Flight Mode 4 £ ok db st O Lo
" GEAR  far Fligh 3 ] 0 64 1] 1] 0 1] 1]
ot Flight Mode 5 4F56 64 0 0 0 0 0 0
I FL&P (* for Flight Mode & 5 156 A4 a a 1] 1] 1] 1]
3 1] 1] 1] 1] 1] 1] 1] 1]
7 Fod Led 1] 1] 1] 1] 1] 1]
5 8 Led Ted a a a a a a
Lo =R s o o 0 0 0 0 1D
" Delay - 10 Fed 0 0 0 0 0 200 1]
11 Iad 1] 1] 1] 1] 0 =200 1]
12 1] ] 1] ] ] 1] 1] 1]
Fead ART212 ART212 expert entry Transmizsion log for COMS Dizable Local Echa [
—_— |a|i\-'e? Thiz ligtbox shows the ART172 communication stream...
Wiite ART212 er ] set
Test ART212 Send Command

Fig. 3: A screenshot of the AR7212 Programmer
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Fig. 4: The AR7212 (B revision) connected to Spektrum satellites SAT_A and SAT_B and the
USB-TLL converter. AR7212 boardsize is 60mm x 32mm. JST-ZH (mini JST) connectors (1)-
(9) are as follows:

1) 12C

) USART1 just RX (GPS)

) USART1 with RX and TX

) USART2 just RX (Satellite A)

) USARTO with RX and TX (USB or 2™ link (radiomodem))

) USARTS just RX (Satellite B)

) USARTO just RX

) 2 analog inputs (FMAdirect Copilot sensor X+Y)

(9) 2 analog inputs (Copilot sensor 2)

Between (7) and (8) further analog sensors can be attached. A button to enable binding
(above 9), a servo-connector (left), a SPI/ISP header, 3 LED outputs, 3 hardwirable jumpers
(top, right), 1 pluggable jumper (below 1) as well as a cardholder for micro SD cards
(backside) complete the connectivity of the AR7212 hardware design. Note that USARTO
and USART1 are equipped both with 3 and 4 pin JST-ZH connectors. This allows to utilize all
4 USARTSs for reading Spektrum satellites as an usage alternative. A further alternative is the
“Unilog mode” where USARTO is reserved for the communication with the Unilog sensor (SM
Modellbau) while USART1 is connected to both, GPS (tested with EB-85A), and telemetry
downlink (to a PC-based ground station, tested with 433 MHz HAC UM96).
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Fig. 5: (top) backside view of the AR7212_B revealing a LT1627 as low dropout regulator
(3.3 V) and a cardholder for micro SD cards. The LT1627 gets its input voltage (5-6V) from
the servo connectors to which a receiver battery has to be attached in any position. As an
alternative, the input voltage may be provided from the BEC of a brushless motor controller.
(bottom) Eagle-CAD generated view of all layers in use.



~
@ SPECK DRUM

AN171 - Page 8/11

-
=
Al

[alale)

[alale)

I

Fig. 6: Schematics of the AR7212_B

The AR7212 Hardware

While the 2009 tests were based on a commercially available module (Crumb 2560 running at
14.7456 MHz), one of us (RK) became interested to develop dedicated hardware for this
project. By now three boards were developed. The first (AR7212_A) is based on the ATmega
2560 running at 14.7456 MHz to mininimize communication errors. It requires 5V for the
processor and delivers 3.3V to the satellites. It became clear that 5V electronics are becoming
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rare with respect to the availability of specialized components such as pressure sensors, GPS,
gyros and accelerometers. Consequently the next board revision (AR7212_B, Figure 4-6)
yielded a single voltage solution for 3.3 V only. We decided to select the Atmega 1280
instead of the 2560 here because it has a less restricting frequency voltage ramp and is more
tolerant toward slight overclocking (Cf. Figure 31-3 vs. Figure 31-4 in Atmel’s doc2549.pdf)
A baud quartz of 11.0592 MHz (viz. 3.7% overclocked) was the proper compromise between
the demand for performance, the demand to minimize communication errors, and the demand
imposed by the frequency voltage ramp.

Serial I/0

The Atmega 1280/2560 has four USARTS. Two of them (USART 2 and 3) are reserved for
the Spektrum satellites. These fire a 16 byte serial frame at 115200 bps every 22ms. USART1
is reserved for GPS. USARTO is active while programming the AR7212 via USB cable on
ground. A second purpose is to communicate with a radiomodem transmitting telemetry data
while in air (called 2" link). For programming purposes the AR7212 is attached to a little
USB TTL converter one of us (RK) had developed. The converter acts both as a USB-TTL
transceiver and a 5V-3.3V level shifter.

Servos

Four16-bit timers are dedicated to the generation of rock stable (jitter-free) high resolution
servo signals. The timers are operated in Fast PWM (mode 14) sending the servo pulses from
all 4x3=12 output compare pins at the AT1280. Fast PWM means that the communication and
computation job of the processor does not need to be interrupted when the update of the servo
signals takes place. There are many ways to synthesize servo pulses — and is is almost a
philosophy what is best. We believe that things which can be done in the background should
be done in the background. The event-system of the new line of 8-bit Xmegas is pushing
forward this way of thinking: Why to disturb the workflow if the task can be handled
autonomously? Sheer computation power is no means to warrant efficiency...

Connectors

In addition to the servo & SPI headers (bootloader flashing) the AR7212_B has 9 receptables
at the outer board (see legend of Figure 4). We saw an advantage to utilize JST-ZH
connectors (also called mini JST) for all basic input/output of the AR7212 board. First of all,
JST-ZH is expected to become the new standard in Micro-RC. Dedicated receivers for indoor
RC are already on the market, most use JST-ZH for servo connections. 3-wire cables come
with every Spektrum satellite receiver purchased. While the JST-ZH components are cheap
the original JST crimper is not: 450 € is an overkill for the hobbyist budget. Good news: A
micro crimping tool from Connector Pliers (Japan) which is able to deal with Molex and JST
ZH and XH connectors now occasionally show up at the UK Ebay for 47 Pounds. It is thus
our hope that 4-wire mini JST cables or at least pigtails will be brought to the market by
hobbyists owning this tool: The AR7212_C is currently in the production phase — it will have
4 pin connectors only.

Tips for doing things yourself

For those of you who are interested in the project and do not fear SMD soldering, the boards
(AR7212_B, servo connector board, USB-TTL) needed can be ordered from any PCB shop.
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The AR7212.zip file contains all necessary documents for a kickstart: Eagle files in the
respective folders. The AR7212 Bascom files come with the AR7212B-software (source, bin,
and hex) and a dedicated bootloader (source, bin, and hex). The AR7212 programmer folder
contains the AR7212-programmer as executable. Sorry — so far not open source — presumably
in the future: Please allow us to keep an eye open to industrial partnerships which do care for
the needs AND the budget of RC-enthusiasts. The folder includes the official MCS-
bootloader DLL, which is a special privilegue by Mark Alberts. Thanks, Mark! Files with
extension DX7 hold servo and mixer data. Sample DX7 files for a Multiplex Cularis, and a
Graupner/Tangent Alpina 4001 CME Elektro are included. Annotated bitmaps for these
planes as well as for the DX7 model one of us owns are included as well. Other files will
follow with the next AN.

Those of you who are interested but not familiar with soldering of any kind: Please indicate
your interest at the Bascom AVR forum using the subject line “AR7212”. If there is sufficient
interest a low cost production series might be not completely out of scope.

Alternatives

For those of you who never tried smt but who are familiar with a standard soldering iron (like
one of us (NK;-)), there is the option to order a Crumb2560 module (Chip45.de) and to follow
the instruction in the AR7212B source.

For those of you who are from the Arduino community: You may take the AR7212.hex file
and use the Arduino-bootloader to flash your Arduino mega. Or you may take the AR7212B-
board and develop your own Arduino-based AR7212 code. Whatever you do: We are sure
that you immediately feel the difference between 8 bit PWM and 16 bit PWM, the difference
between PWM and non-PWM servo signal generation (at least in a complex application) and
the difference between a 5 x 10 cm formfactor board and its 3 x 6 cm alternative, lately in the
fuselage of your plane. The difference between Bascom and C-based platforms is so much
overburdened by bullshit discussions that we can only give one advice: Do it as we do:
Talents should cross-appreciate not cross-annihilate! One of us appreciates reading C but

prefers to write Bascom (NK) while the other appreciates reading Bascom but prefers to write
C.

Future extensions

A GPS-autopilot with telemetry and waypoint setting functionality utilizing cellular phone
technology was developed by one of us (NK) in the years 2003-2006. It was Bascom-based
and was air tested for 20h, in most cases NOT ending in a tree. Google for “Speck Drum” and
AR7212, find a pdf and know more;-). By now this guy became a “real aeromodeller” — he
entered a club in Germany — and transmuted into a soaring afficionado. So to him soaring
with the birds at the edge of visibility became more attractive than looking to a screen while
outdoors and in the air. There IS a difference between a Multiplex Easystar and a full-house &
full-speed competition glider. The world record for dynamic soaring is stepping ahead every
year — half of the sound barrier has been taken already and it is a matter of years until the first
RC model breaks through this barrier. What if such “model” runs out of control? At this speed
and kinetic energy it is not anymore a “toy” or a “model” — it is a potentially lethal weapon.

Clearly, improving the flight safety is a must if we consider the future of our hobby. “Drone
technology” need to take over if we (the RC-pilots) fail in a critical situation. A major relief
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could come from setting a switch that brings us either home or into safe zone when such
critical situation happens. This is the direction the AR7212X extensions will address. It is not
indended to support the age-old dream of “unlimited flight”, which today is even kind of easy
by cellular phone technology and GPS. AR7212X users are happy and feel obliged to follow
the visual flight rules as any other small aircraft pilot or RC-pilot is happy to obey.

The basic hardware of the AR7212X will be identical to the AR7212_B board. In addition to
the flight stabilisation via IR-sensors (CPD-4 from FMA Direct) the AR7212X will offer
support for the new generation of 6DOF AHRS modules announced by CHRobotics for
spring 2010. Support for Unilog (SM Modellbau) is also build in — it will use UARTO for
Unilog and UART]1 for sharing GPS in and downlink telemetry out of the same port.

A final remark

Please do not direct technical or availibility-based questions to our email adresses — please
post these questions into the Bascom AVR forum using “AR7212” in the subject line. This
way it will save your time and ours. Agreed?

<<<<<<<<<<< DOWNLOAD AR7212 FILES>>>>>>>>>>>
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