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1. Introduction
The Fast Adaptve Maneuvering Experiment (FAME) 1s designed w provide neural network NN
researchers with a physical, non-linear system of modest dimensionalits wih coupled dsnamics  The
system to be controlled is a commercially available model electnc helicopter « Whisper) which iy
secured to a commercially-available stand (Flitemaster Jr) which has been modified 1o hmit its range
of motion and make it suitable for laboratory operation. The stand has been instrumented with
potentiometers to measure all 6 degrees-of-freedom (6-DOF). In order 1o make the intertace (0 the
system as simple as possible, a Motorota MC68HC11 microcontroller unit (MCU) has been empioy o
10 implement the RS-232 communications protocol, convert the voltages on the potentiometers into
angles (8-bit quantization), perform the coordinate conversions to a Cartesian space, reply (0 requests
from the NN controller for helicopter position, and translate commands from the NN controlier into

appropriate servo commands.

The source code for ail of the software which has been developed for the MCU and the PC
communications is provided with the stand so that local modifications can be made as needed. It is in
a highly modularized form which allo've easy modification once the underlying principle of the
software design is understood. A modified commercial MCU board was used (Motorola
MG68HC1IEVB) in order to minimize expenses and provide a limited development/software
modification capability to individual researchers. The monitor program on the board has been lett
intact and can be accessed through the second serial port on the board using Kermit or other terminal
emulation software. Actual software development was done using a PC-based C cross-compiler and

cross-assembler which supports ANSI C.

The software on the MCU is resident in two forms. The Motorola Buffalo monitor is in its original
form on ROM. The board has been modified to incorporate a 32-k byte SRAM with self-contained
batery backup (nominal 10 year life). This memory was chosen to enable ease of local software

modification as well as easy incorporation of updated software in the field. For all practical purposes,

the lower half of memory is populated with non-volatile SRAM in which the program is stored.
Conflicts with intemnal RAM and memory mapped registers are not a problem since the MC68HC 11!

accesses internal memory when it is available. With this approach, field changes can be made by
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modifying the stored program directly through the Buffalo monitor rather than having 10 erase i

reprogram erasable-programmable read only memories (EPROMS).

A calibration program is included as part of the software SO (hav precise mechanical ahgnment of ihe
stand is not required. If for some reason the stand has been disassembled and the potentiomezers

moved, this program can be used 10 realign

them in sofiware. The user is prompted 10 put
the movable pans of the stand in certain

positions. The MCU then reads the

potentiometers, calculates the new offsers and

scale factors and stores them in on-chuip

nonvolatile SRAM. There is no need 10
recalibrate unless the stand is disassembled or
the potentiometers moved from their calibrated

posiaons.

Consideration was given 10 a number of

Figure 1 Major system components. safeguards which could be incorporated in the
MCU software, but which have not been

implemented. It was felt that any "Deadman’s Switch" included in the software would be 100 intrusive
on the desires of NN researchers and limiting on the flexibility of their software design. The hazards
of operation of this system should not be taken lightly and, at the very least, appropriate eyeware

should be worn when operating the system.

2. Major Components
Three major subsystems comprise FAME: the stand, the helicopter, and the MCU interface. Each of
these components has been modified to integrate them into a single system which can be controiled via
requests and commands passed to it through an RS-232 interface. The following details the
modifications which have been made to each as well as information which may be useful to those who

are unfamiliar with model helicopter operations.
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2.1. Stand

The stand is a modified commercially available Flitemaster Junior. This stand 15 usuaily swed o o

novice helicopter flyer to leam to hover and maneuver electric or small gas hehcopters without e

danger of crashing. Although the range of motion is limited, the stand can assist in the Jevelopmuent

of a pilot’s mental framework and the eye-hard coordination necessary for control of this complox

system.

The Flitemaster was chosen primarily because it had 6-DOF incorporated in the basic design.

Although there are other stands available, this is the only one which has full 6-DOF. As purchased.

the stand needs to be modified to make it suitable for NN control of the helicopter. Modificatons w

the stand are as follows:

1.

All axes have been fitted with Sk Ohm linear potenuometers which are supplicd wiih
5 Volts. The potentiometers’ outputs are converted by the MCU's A/D converters for
angular measurements.

A wheel has been added to support the lowest arm 10 relieve stress on the lowest joint
(the center of the H-frame) and improve the accuracy of pnsition measurements.

The nylon block support system at the helicopter end of the stand has been replaced
with double roller-bearings in order to reduce friction and provide structural suppon
and rigidity to the replacement shaft which supports the helicopter itseif.

The final nylon-steel ball/socket helicopter support was replaced with an inverted.
metal joystick. The potentiometers on this joystick provide roll and pitch angle
measurements. A difficulty associated with this support arrangement which has not
been resolved is that the center of rotation is below the center of mass of the
helicopter and therefore during takeoffs i.e helicopter platform must be supported to
keep it level and stop rotation.

Brackets were added to hold the potentiometers which measure joint angles. In some
cases, the brackets are also used to limit the range of motion of joints (primanly yaw
and the lowest joint at the center of the H). These range limiting mechanisms must
not be tampered with or the potentiometers (which do not have a full 360 degrecs ot
motion) will be damaged. Shaft encoders could have been used to allow full range of

motion, but this would have been at a significant expense which the budget would not
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allow. If potenuometers are removed/replaced/adjusted, care must he taken 1o ahurl
that they are secured in such a position that the full range of motion of the 10t a1
not damage the potentiometer.

6. The spring support at the middle joint has been modified by changing spnngs anc
adding tumbuckles. Modifying the geometry of the spnnging is ineffecuive 'n
compensating for the additional weight of the helicopter and MCU. Some
compensation is made with the removal of the battery from the helicopter. put sirenser
springs are needed to mass balance the system.

7. Wiring has been added 1o provide electrical power to the MCU, power 1o the clenin
helicopter motor, and carry the joint potentiometer signals to the MCU's A/D tor

conversion.

The stand should be secured 1o the flcor and an area cleared (o insyre unimpeded flight of the
helicopter. If a permanent mounting cannot be made, two or more 25 lb bags of lead shet have been

used to keep the H-frame immobile while the helicopter is flows.

2.2 Kalt Whisper Helicopter

The helicopter is manufactured by Kalt and is commercially available as the Whisper. The helicopter
and spare parts are available at local hobby shops. Because the Whisper utilizes an electric motor us
power for the main rotor it must carry a nickel-cadmium (NICAD) battery on board for power. In
order to carry this load, the frame is very light and therefore not very strong. It will not take mucn
abuse. [n particular, the ball links which actuate the controls are particularly easy to break and the use

of ball-link pliers for disassembly is strongly encocraged.

The Whisper kits were purchased in almost-ready-to-fly (ARF) form. Experience has shown that the
modest difference in price between the kit and the ARF kit is well worth the savings in construction
time. The ARRE kits have been completed and the helicopter adjusted and aligned. The helicopter
construction mamals are delivered with FAME, but alignment is a tedious process and should not be
necessary except in the event of mishap. In particular, do not remove the tape from the main rotor
blade(s). This tape is used to balance the rotors as well as a sighting device when the blades are
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aligned for proper tracking (both blades following the same path). Perfect tracking s Siitcult o

obtain, and the systems are adjusted as close as possible when delivered.

There are two switches on the plate which supports the helicopter. The on/otf switih supplies power
to the electric speed controiler. This switch is used in normal helicopter installations with radics i
provide a regulated voltage to the radio receiver. There is a second switch, a push-bulton, which
enables the speed controller to supply electricity to the motor. There are two switches in the norm.u
hobby installation so that the radio receiver can be enabled and a check made to tnsure that the throie
is at such a setting that the motor will not tum when the motor is enabled. If power is not suppitcd i
the MCU when the push button is enabled, unpredictable results will occur (the motor could start
tuming and hit the person actuating the button). Insure that the MCU is operating and that the green
light is lit on the motor controller before pushing the button. The initial setting of the throttle by the

MCU is at its minimum value.

2.2.1. SERVOS

Ball bearing servos are used throughout to insure long life and reliahility. The parnicular servos used
are Futaba FPS-133. While the operation of the servos is transparent to the users, a brief explanaton
of the electrical mode of actuation follows. Each servo is controlled by a 5 Volt pulse of variable
width. A pulse width of 1.0 ms positions the servo at an extreme end of its rotation. A pulse width
of 2.0 ms positions the servo at the other extreme end of its rotation. The nominal zero for the servo
occurs at a pulse width of 1.5 ms. The angle between these two extremes is proportional to the pulse
width between 1.0 and 2.0 ms. The exact values are not given here since there .re servo-servo
differences and the linkage is not necessarily linear between the servo and the control ccowated (usuatly
rotary to linear motion conversion is involved with a limited range of linear operation). That is, the

resultant amount of control acticn is not necessarily linearly related to the servo command.

The servo does not respond 1o a single pulse width command, but the command must be repeated at
regular intervals to insure complete motion to the commanded angle. In order to relieve the NN
controller of this burden, the MCU interface continuously sends the commanded pulse width to ecach
servo. The software is designed such that a two bytes control word covers the complete range of

motion of each servo. That is, the pulse width in units of 500 ns/unit are transmitted as unsigned
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integers (e.g.. 2000 decimal = 1.0 ms). The actual pulse width is generated using the curput Jumpar,

of the MC68HC11 and is a background process under the control of interrupts

One servo is not mechanical and that is the speed controller. The format of the control signals 1or 1 ~
the same as the other servos, but it is solid-state and has no moving pars. This improves rehiapiy s
well as accuracy of control over other methods which have a mechanical servo conirolling the positicn
of a high curre: ¢ potentiometer. With this method, there is little wasted energy since the SS specd
controller is operated in a switching mode. Normal model helicopter have a mixing funcuion
incorporated either on the helicepter or in the transmitter. This mixing function couples the throuie
(S8S speed controller) to the collective pitch. These are not coupled in the MCU implementanon und

are completely separate channels available for individual control.

2.2.2. GYRO

There is one single-rate Futaba gyro mounted on the helicopter for yaw stabilization. The normal
configuration for a yaw rate gyro is to have the tail rotor signal from the receiver (the 1.0 t0 2.0 ms
puice) connected to the gyro. The gyro then modifies this pulse width according to yaw-dot to
generate a yaw disturbance negative ‘eedback signal. The Futaba model number of this special 2y ro
for electric helicopters is Futaba G-155.

In the FAME configuration, the yaw rate gyro i< driven by a 1.5 ms pulse from the MCU in response
to a position measurement command from the workstation. The pulse-width gyro output is then read
by the MCU and converted 10 an eight-bit signed value. This value can then be retumed to the
workstation along with the 6-DOF coordinates. Although the electrical connections are .nade on

FAME, the software does not yet implement this function.

23. M68HC11 EVB

Motorola sells an evaluation board based on its MC68HC11 microcontroller (MCU). This board was
selected becaus~ »f its low cost and inclusion of the port replacement unit (PRU). The PRU .lows
the MCU to be operated in the expanded mode (one of its four modes of operation) while retaining all

of the original ports as if it were operating in the single-chip mode. Operation in the expanded mode
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allows for the virtual memory (64 kbvtes) 1o be fully populated with ¢ither RAM or ROM Tio
additional ROM is required because of an early decision to write as much code as possivie 0 € .0
order to make it easier for the user 10 modify it to suit his panticular necds. The pnntli s und ~ount
functions in particular require a lot of space. These printing functions zre primanily used wihen ihe

optional monitor is attached and operating in a terminal mode.

An additional reason for using the evaluation board is that it comes with complete circuit diagrams i
well as a complete hardware reference manual. Also bundled with it is a bare-bones cross-assembler

(non-macro) which could be used in a pinch to make necessary modifications to the MCU code

The board as it comes from the factory is stuffed with 8 kbytes of RAM at address SCO00 and this iy
retained. A SRAM ot 32 kbytes is added to insure sufficient space for a high-level language program

The SRAM chesen has a built-in battery backup
Table I Jumper settings for M68HC11EVB.

O that it retains its memory even when power is
R R

removed. The SRAM acts as if it were an e

EEPROM except that it is much easier 10 | Jumper Number Setting
modify in that it only needs 10 be written to just 1 Open

like any other RAM. While EEPROM has a 2 2-3
sufficiently short access time during operation, it 3 Open

has an unacceptably long programming time. 4 1-2 (Buffalo,
Minor modifications are made to the board and 2-3 (FAMEmain)
the socket for an optional 8 kbyte RAM ($6000) 5 9600

is used to hold the 32 kbyte SRAM. The l 6 Closed

following modifications are required to utilize E 7 Open
the Dallas DS1230Y-150 32kx8 nonvolatile

SRAM on the M6S8HC11EVB: B
1. Replace R2 (10 kOhm) with

approximately 3.3k Ohm. Smaller values will cause the M68HC11 to sink too much
current. Larger values prevent the passive pullup from charging the input to the chip

sufficiently fast. QOccasional errors occur in memory if this is not done.
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Disconnect Jumper J3 to disconnect chip select from chip select decoder. Address i
15 is used as CS~ 1o select the  -er half of memory.
Cut the trace to pin 11/U12E er.._tively removing R/W* from pin 11
Connect pin 11/U12E 10 pin [/U12A effectively supplying the E-clock to pin 1}
Connect pin 20/U4 to pin35 of U10. This connects A1S5 1o CS~ of the SRAM
Cut the trace between pin 26/U4 and pin 28/U4.
Connect pin 26/U4 to pin 37/U10. This connects Al3 (o the SRAM.

8. Connect pin 1/U4 to pin 36/U10. This connects Al4 1o the SRAM.
The normal 8kx8 SRAM at $C000 (US) can be retained and is needed to run the calibrate program
The addition of the 32kx8 effectively fully populates the lower half of M68HC11 memory. Those

N wn W

memory addresses which are internal to the M68HC11 remain so and there is no conflict between the
extemal SRAM a. :nternal locations. The memory between $4000 and $SFFF may be unusable
depending on whether you program modifies the SCI control flip-flop, U11B.

As delivered, the jumpers on the MC68HC11EVB board should be as listed in Table 1.

All signal interconnections are made to the board through the 60 pin connector. Power (0 V, +5 V) is
supplied to the 6-DOF potentiometers from the MCU board through an eight position Dean's
connector female block. Ground and signal lines are supplied to the helicopter servos through another
block. Plus 5 Volts is not supplied from the MCU board since excessive current drain during servo
actuation causes the board to malfunction. Power is supplied to the servos from the speed controller
servo (SCS) which has an internal regulator. The SCS regulates its +12 Volit supply voltage down to
+5 volts and normally powers the receiver and servos. In FAME, this regulated +5 Volis is distnbuted
to the servos through the servo connector block. A common ground is provided between the MCU
and the SCS.

If it is desired t0 have an external restart button, pin 17 of the 60-pin connector can be extended off
the stand along with a ground wire. Grounding pin 17 of the 60-pin connector will restart the board
as long as jumper J1 is in place.

FAME/AFOSR Hintz, March 29, 1992
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2.3.1. BUFFALO MONITOR

As delivered from Motorola, the evaluation board has a resident monitor called Buffalo. This monnor
has a limited repertoire ang is designed for hands on experimentation at a simple level. Since the
monitor does allow some direct access 1o the MCU as well as the ability 10 download Motorola S-
record format files, it has been maintained. Whether to restart in Buffalo or in the normal FAME
operating program is determined by jumper J4. If connected between pins | and 2 resturt causes
Buffalo to come up. If J4 is connected between pins 2 and 3, then the FAMEMAIN program begins

to execute after pushing the restart button.

Documentation for Buffalo is found in the evaluation board manual. When uploading S-record (ormul
files using Kermit, be sure to include the \O on the transmit command so handshaking protocol is
eliminated, e.g., "Transmit FAMEmain.0 \0". This does not appear to be a problem using PROCOMM
in the ASCII file upload mode. Note that one uploads a file rather than downloads it to the MCU.
Due to differences in the way operating system BIOSs handle CR/LF, FAME sofiware was compiled
with only \r rather than \n\r. If lines overwrite themselves, enable a switch on your terminal program
which converts CRs to CR/LF.

2.3.2. POWER SUPPLY

Two power supplies are required for operation of FAME. One is supplied, the other must be locally
obtained. The one supplied is a used IBM PC, 63 Watt power supply which is sufficient to power the
MCU board and has the requisite +12, -12, and +5 Volt taps. The second power supply which is
required is 9.6 to 12 Volts for powering the helicopter motor. A circuit diagram of one used at Drexel
University is included in the appendix. A 9.6 Volt, 1000 mAh NICAD battery is provided to get you
started, but will only supply enough current for 10-15 minutes of operation. These are the nomnai
flight batteries. This battery should be recharged at the normal ¢/10 rate of 100 mA. Quick charging
is possible if care is taken to not overcharge the batteries. Constant voitage charge is NOT an
acceptable method for recharging NICAD batteries.  Twelve Volt Gel-Cell batteries are
recommended if a sufficiently robust power supply cannot be obtained. Conventional wet-cell lead
acid batteries can be used if proper vemtilation is maintained during recharging to prevent hydrogen

buildup. Normal current draw for the motor is in excess of 10 Amperes.
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The power fur the servos is supplied through the electronic speed controller, s0. 10 order tor e sem s
to function under 68HC11 control, power must be supplied to the speed controller and it must be
switched on. As long as the push-button is not pushed, power will not be supplied to the motor.
although the green and red lights on the speed conwroller will change as it is still receiving communid,
The +5 from the speed controller and the 68HC11EVB are not tied together. There 1s 4 common

ground reference between the two so that the signals from the EVB can control the sernvos.

3. Operational Interface
The basic communication principle employed between the users workstadon and the MCU 15 that the
MCU responds to commands passed to it from the workstation over an RS-232 bidirectional
connection operating at 9600 baud. Commands include servo control data and position requests
among others. These commands/requests are in the form of a serial byte string comprising a starn
character, a control character, one or more data bytes, a checksum, and a stop character. The message
format must be exact or it is rejected. The user’s workstation software should check for a response
from the MCU within a short time to insure that has received the message and is working properly.

The accompanying PC based software incorporates such checking.

3.1. MC68HC11 Communications

There are two serial communication ports on the M68HC11EVB. The one which is intemal to the
MCU is used for communicatons with the workstation and is under the direct control of the
FAMEMAIN.C program. The other serial port is handled by an off-chip 8250 UART and is used 1o
communicate to a terminal (usually a PC running a terminal emulation program such as Kermit or
Procomm). In normal operation, the terminal does not need to be connected and is only necessary for
using the BUFFALO monitor, downloading modified programs, or using special testing software.

Serial communications to/from the workstation are handled in the MCU through an interrupt driven
Serial Communications Interface (SCI) routine, The complete message is stored character by character
as it is received and the checksum and format verified before a semaphore is set indicating the
reception of a complete message. When the foreground detects this message received semaphore. it

enables other foreground and background functions to take place by setting or clearing other
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semaphores. The dichotomy between
foreground/background emphasizes the

architectural uniqueness of the MCU in that

Table II Signal description for 6-pin Molex
connector supplying power 1o stand.

many functions can be performed in hardware , T
Pin Number L Descnption | Color Code
with interrupts indicating their completion. r
N s
Extensive use is made of this feature so that I fotor Gnd ,Th“k .
Black (#12;
TX/RX com ication aintai in
X/RX communications can be maintained i 5 Motor +12V | Thick Red
the background while interruptable foreground (#12)
processes continue. 3 6811 Gnd Black
4 6811 +5V Brown
3.2. Workstation/MC68HC11 Message 5 6811 -12V Red
Formats
° 6 6811 +12V Orange

There are several messages which can be sent -
between the workstation and the MCU. The

start character is ASCII "S" and the stop

character is ASCII "s". The checksum is the modulo 256 sum of all data except the start character,
the checksum byte and the stop character. The position variables are all 16-bit integers and the most
significant byte (MSB) must be put in PostTXbuffli] and the least significant byte in PosTXbuffli~1]
Data are not encoded as characters, but are the actual binary values which must be concatenated. The
number in parenthesis is the position of the character or byte in the message siring. The available

messages are listed in Table III.

3.3. Workstation (PC) Communications

In order to verify proper software operation, a communications protocol interface is supplied which is
PC based If a PC is not available, then the C source can be recompiled for alternative machines. The
program is not a control program, but rather the skeleton of a communications routine which would be
included as part ¢f a neural network control implementation. Of particular interest to PC users is the
interrupt service routine for seria! communications. MS-DOS does not use an ISR for serial
communications and is therefore not suitable for MCU communications. This difficulty is
circumvented by installing an ISR to handle serial communications. There appears to be

incompatibilities among PC hardware and the software is not guaranteed to work on all PCs. [t was
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Table I WorkstatioryMCU Message formats,

B e e e

1 t
+ MESSAGE MESSAGE STRING
o R i o
Workstation  § Request Position Values Stert Char(0), R(1). Stop Chari2)

Workstation H Command Servo Control Start Char(0), C(1), Servo Controi Valuest2-11,,
Checksum(12), Stop Char(13)
Workstation Request Potentiometer Start Char(0), ___(1), Stop Char(2)
Values (not yet
implemented)
MCU Send Position Values Start Char(0), P(1), X(2-3), Y(4-5), Z¢6-7).

Roll(8-9), Pitch(10-113, Yaw(12-133,
Checksum(14), Stop Char(15)

MCU Send Acknowledgement of | Start Ch. ), A(1), Stop Char(2)
receipt of control values

MCU Send Potentiometer Values Start Char(0), (1), H-Pot(2-3), Az-Pou(4-5),
(not yet implemented) El-Pot(6-7), Roll Pot(8-9), Pitch Pot(10-11),

Yaw Pot(12-13), Checksum(14), Stop Char(15)

developed using Borland C++ and ran successfully on an ATT-6300 (286) and an INTRA LT-386sx
laptop (it did not run on a Zenith 386/16).

34. Coordinate Conversion

The measurer -~ts of the 6-DOF are not made in Cartesian space but rather in joint space. These
angular meas. aents are converted by the MCU into an X, Y, Z, roll, pitch, and yaw format. This 15
done by applying the calibration values which are stored in nonvolatile RAM to the measurements and
then computing the Cartesian coordinates through trigonometric conversions. The roll, pitch, and vaw
do not require coordinate conversions since they are measured directly. A scale factor stored in
nonvolau:: RAM is still applied to convert the measured voltages into angles. Units for these
measurements sre centimeters for X, Y, and Z and degrees for Roll, Pitch, and Yaw. Scaled values
are transmitted to maintain resolution. The current version of the software (1.0) scales all values by a
factor of 100 before transmitting them back to the PC.
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3.5. Servo Outputs

In normal radio controlled operation, servos expect to receive their 1.0 to 2.0 ms signal pulse once per
1600 sec. Although the interval does not have to be this long, they will malfunction with too shon
an interval. As there was not enough output compare to control all the servos, each output compare

controls 1 pin PA and | pin PB.

Table IV Servo block connections.
L.~~~ —— .~ "]

OUTPUT COMPARE | SERVO BLOCK PORT NUMBER MCU Pix SERVOS
NUMBER CONNECTOR NUMBER CONTROLLED
NUMBER

0C3 6 PAS 29 Colective
0C3 5 PB2 40 To Gyro
0C4 4 PA4 30 Rudder
0C4 3 PB1 41 Elevator

l' 0Cs 2 PA3 31 Aileron

H OCS 1 PBO 42 Throttle
IC1 0 PA2 32 From Gyro

The servo connections are organized as shown in Table IV:

3.6 A/D Input Block

The six potentiometers which measure the angles of the six joints are connected to the MCU through a
multi-connector block immediately behind the M68HC11EVB. As with the servo connections. the
wires are numbesed with the corresponding number on the block. Power is supplied to the A/D block
from the V4 and V4, of the M6SHC11EVB. The A/D channels and connector block pin
assignments are as in the following table.

3.7.  System Verification Software
A PC based program, FAMEPC.C, is provided which demonstrates the control capability available
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Table V A/D convernter signal/pin assignments,

A/D REGISTER PCRT M68HCIIEVB A/D SIGNAL
CHANNEL NUMBER PIN NUMBER BLOCK
PIN
NUMBER
1 ADRI1 PEOD 43 Buffalo
2 ADR?2 PE1 45 ] Roll ¢3Y:
3 ADR3 PE2 47 3 Yaw (3Z)
4 ADR4 PE3 49 s Pitch (31X
5 ADRI1 PE4 44 0 Az72Z,
6 ADR2 PES 46 2 El2X)
7 ADR3 PES 48 4 H (1Z)
8 ADR4 PE7 50 6 -
w — e

through the RS-232 interface to the MCU.
Servo position values can be typed in directly in
milliseconds of control value (from 1.0 to 2.0
ms) or the individual servos increased or
decreased by their smallest value through
pushing the upper case value of the controlling
letter or the lower case letter respectively. The

controlling letters are shown in Table VI

3.8. Calibration
In order to eliminate tedious alignment of
potentiometers at each joint, it was decided to

Table VI PC keyboard controls.

Throttle

Tail Rotor Ro
Collective Co
Elevator Eo
Aileron AC

align the joints electrically rather than mechanically. That is, the exact position of the potentiometer is

not important as long as it can be corrected prior to its use in the conversion Cartesian coordinate
conversion. This is done by measuring the voltages produced at specified angles during a calibration
program and computing a zero and scale factor. These factors are stored in nonvolatile RAM. As
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long as the stand is not disassembled, there is no need to recalibrate since the correction values

e

stored in nonvolatile storage which is retained even if power is removed.

The calibration program, FAMECAL.C, must be downloaded into the M6BHC11EVB und started usiry
the Buffalo monitor. A terminal emulator must be connected through the port other than the one
which is connected to the workstation, Communications are at 9600 baud, no parity, one siop bit. If
power is removed from the evaluation board, the program will be lost since parnt of it is loaded intwo
volatile RAM. This is not the case for FAMEMAIN since it all resides in non-volatile RAM.

3.9 DOF Range Limitation

There is a red colored round collar immediately below the platform which holds the helicopter. Thut
ring is fixed in position with screws. The collar is there to limit the range of motion in the roll, pich,
and yaw axes during initial NN control program development. The total range of motion about these
axes is great enough with the red collar removed that the tail rotor and boom can strike the stand and
cause extensive damage to the helicopter. After some confidence is gained in the control algorithms
and its implementation, the red collar can be lowered by removing the two screws and drilling and

tapping new holes at a lower position. The tap size is 6-32.

An easier way to lower the collar is to compress the springs by tightening the bolts which hold the
two red rings together. The best altenative which will allow complete range of motion and yet not
require the removal of the platform/helicopter as detailed below is to remove the four bolts/springs
which couple the two and then use shorter bolts/nuts to hold the two red rings together with no
distance between them,

Complete removal of the collar requires that the helicopter and platform be removed from the
supporting shaft. This could be done either of two ways. The recommended removal technique is (0
disconnect all of the wires from the helicopter/platform to the servo and A/D blocks as well as the
motor power supply. Slowly rotate the helicopter/platform counter clockwise (CCW) when viewed
from above until the allen head bolt which limits the range of motion of the yaw axis makes contact
with the bracket at the bottom of the platform supporting shaft. Continue turning the platform with
steady CCW pressure until the threaded portion of the shaft disengages from the inverted joystick on
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the platform (the joystick measures roll and pitch angles). It will take several tums to remove the
platform from the supporting shaft. The washers are required between the shaft and the joysuck to
compensate for the fact that the threads could not be machined completely (o the flat face of the shuft
and it is the flat face of the shaft which must mate with the flat surface of the joystick to produce tnuc
rotational motion. The number of washers determines the zero yaw position of the helicopter. Some
washers must be present when reassembling the platform/shaft. Be sure to use Locktite on the threads
when reassembling and do not overtighten as there is a chance of stripping the threads in the
aluminum joystick (they are quite expensive) or sheaning the threaded portion of the supporung shaft

(which is custom made).

A less desirable alternative is to disconnect all wires as above and then unscrew the allen head cap
screw which connects the supporting shaft to the yaw axis potentiometer at the bottom of the shaft. If
the spring clip immediately above the allen head capscrew is then removed, the shaft should be able to
be pulled upwards through the two roller bearings, effectively removing the shaft, platform, and the
helicopter simultaneously. This method is not recommended as the alignment of the bearings is
critical for smooth operation about the yaw axis and, more importantly, the yaw axis potentiometer
must the be recalibrated both electrically and mechanically. Electrical alignment is required so that the
proper angle is measured by the A/D converter. Mechanical alignment is required to insure that the
allen head capscrew limits the range of motion about the yaw axis so that the potentiometer is not
destroyed. The potentiometer is not strong enough in rotation to stop the helicopter and a mechanical
stop must be used.

There is a second purpose for the red collar. A close inspection will reveal that one of the screw/nut
pairs through the springs is reversed which causes the nut to protrude slightly above the red ring. This
is done so that the helicopter platform has something to push against while the rotor speeds up and
before the tail rotor has reached an effective speed for controlling yaw. Once the helicopter is
hovering, the piatform does not make contact with the nut. The commercial speed controller which is
supplied does not have a slow ramp up and tends to jerk the main rotor even with minimal control
action. This too can cause the helicopter to yaw violently leading to the possibility of damage.
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3.10 Connector Wiring
The standard connector for wir.mig signals is the "Dean’s" connector. This is a three pin connecior

which we have used in the following standard.
Table VII Signal description for 4-pin Melex

One end of the connector is distinguished by a connector suppiying power 10 MC68HC11EVB

groove between two pints_ S(ar[ing at this cnd' ]
the signals on the connector are: Signal, +5
&n &n Pin Signal Color
Volts, ground. This is true for the }m====ﬁ====-'—
. 1 Ground Black
potentiometers used to measure the angles as
well as the servos. It is possible to connect 2 +5 Volts Brown
these connectors backwards in spite of the fact 3 -12 Volis Red
that there is a different spacing between the L ¢ +12 Volts |  Orange
signal and +5V pin. The notches must line up.

servo and A/D block, note that the block has a white line which indicates the position of the groove in

the connector.

Exercise caution when wiring around the servo and A/D blocks which are epoxied to the stand behind
the MC68HCI11EVB as the pins which protrude from the blocks (next to the connectors which are
plugged in) have +5 Volts and Ground on the lower two pins .

The system has been supplied with an 6-pin Molex connector through which power connections are
made to the system from the external motor power supply and the PC power supply. The voltages on
these pins are as listed in Table VII. Female pins are used on the power supply side and male pins
used on the stand side.

A four pin Molex connector is used to connect power to the MC68HC11EVB. The voltages on these
pins are as listed in Table VIIL.

4. Software Development
All of the MCU software was developed using a C cross-compilet/cross-assenbler from INTROL
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corporation. If further development by the user is desired this, or 3 similar cross-comptler/cross-
assembler, needs to be purchased. All of the source code for both the PC a~d the MCU 5 avariabic
on disk as well as listed in the appendices The emphasis was 0i. C with only these portions ot code

requiring the fastest processing ¢ unusual hardware control wntten in assembly language

PC based software for the calibration program and sending/receiving of commands. requests. and
messages was developed using Borland Turbo C++, although no ++ enhancemrents were used and thc

program was compiled with Turbo keyword: on so that PC specific /O routines could be used.

4.1.  Foreground/Background Software Design

The im lementation of the code is best understood with reference to a foreground/background
approach. Interruptable processes are run in the foreground with their execution and behavior
controlled by tokens which are either set in other processes or in the interrupt service routines. Some
tokens are hardware flags which are read to determine treir TRUE/FALSE value. For example. the
serial communications interface (SCI) in the MCU is interrupt driven. Upon receipt of a character, the
intersupt service routine (iSR) first checks to see if there are any errors (overrun or framing), then
checks for start character and/or command character, stores data characters and then compares the
locally generated checksum with the one transmitted. Only when all of these checks are compilete in
the background ISR is 2 semaphore set which tells the foreground rocess that a complete message has

been received.

Hardware background processes are used extensively because they are readily available on the 6811
MCU. For example, the pulses sent to the scrvos are controlled through the use of the cutput compare
(OC) registers in the MCU. These registers are loaded with a value. Wnen the value in the OC
register matches that of the intemnal free-running counter (TCNT), an interrupt is generated. Since
there are only § OCs, three of them are used to drive two servos. The ISR for an OC determines
which servos pulse width has passed and clears it to zero before reloading the OC register with a value
that will tell it when to turn off the other servo which it controls. It must be emphasized that these
OCs are hardware compares which opefatc in the background and generate an interrupt when their
value matches that of the free-running counter. After both pulses are cleared to a low value, the array
of pulse widths is read to determine the duration of the low value and this is timed. After the low
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value interrupt occurs, a new round of high pulses is programmed. The OCs are loaded from :he
arrays which store the values. It is the foreground process which, afier detecting a message received
semaphore, rcads the command message and stores the data in the arra~ of pulse width duration
values. Since the actual PWs are generated in the background continually. the new pulse widths are
output as soon as they arrive. Output pulses are generated sequentially, the automatic bit set reature ot

the OC was not used.

4.2. M68HC11EVB Buffalo Monitor

The Motorola supplied Buffalo is maintained intact in the evaluation board. Its limited reperoire s
still usable for unassembling or modifying the executable code. On restart, the MCU fetches the
address of the startup routine from locations $FFFE/FFFF. As delivered in the 68HCIIEVBU, this
points to the Buffalo monitor. In order to start in either Buffalo or FAME, the user must set jumper J-
4 to connect pins 2-3 rather than pins 1-2 for Buffalo. The Buffalo monitor reads this jumper (0
determine which mode of operation is desired. For users without a PC, this allows using FAME
without always having to start up in the Buffalo monitor and then switch to FAME through the GO

command.

4.3. INTROL C Cross-Compiler/Cross-Assembler

To one familiar with Borland C++, the INTROL cross-compiler is a bit difficult to use. The crror
messages are sometimes cryptic, and the linker command file (which controls the object module
linking process) is difficult to set up. To minimize confusion about the method of locating the {SRs
and their pointers during the linkiiig process, the iinker command fiie is listed in section 6.3,
Appendix IIL

S. System Support
Questions concemning FAME can be directed by email to khintz@fame gmu.edu. Very limited rcpair
parts are available from GMU and the user is expected to become self-sufficient once delivery of
FAME is made. To assist in that end, the next section lists suppliers of the various components.

Dimensioned drawings of custom mecﬁanical parts are available and included in the appendix.
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Also available for | week loan are two VHS video tapes which are s basic niroduction o modos
helicopter construction and flying. The two tides which we have from the "Milt Video Librurs
"Model Helicopter Building and Flying Techniques”, and “Advanced Helo Flight Course. Intemeit iy

and Advanced Techniques.” Don't rush out and buy them, but they are worth borrowing {from us

5.1.  Spare Parts (suppliers)
Ace R/C Inc.

116 W. 19th Street

P. O. Box 511

Higginsville, MO 64037
(816)584-7121

FAX (816)584-7766

Radio control electronic parts, Deans Connectors

Helicopter World, Inc.

521 Sinclair Frontage Road
Milpitas, CA 92035
(408)942-9521

FAX (408)942-9524

Kait Whisper Helicopter
Flitemaster Junior Stand
Futaba G155 Gyros
Futaba S133 Servos

Miniature Aircraft USA
2324 N. Orange Blossom Trail
Orlando, FL. 328D4-4896
(407)422-1531
X-Cell Gas Helicopters (not used in electric FAME)
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Motorola
Microprocessor Products Group
6501 William Cannon Drive West
Austin, Texas 78710

Design Kit, 68HC11EVB

Sterling Electronics
6304 Woodside Ct.
Columbia, MD
1-800-767-7176
Dallas Semiconductor 256 kbyte nonvolatile SRAM #DS1230Y-150ns

Digike;" Corp

701 Brooks Avenue South

P. O. Box 677

Thief River Falls, MN 56701-0677

1-800-344-4539
Molex Connectors #03-09-204 (4 pin plug), #03-09-1041 (4 pin receptacle)
ASC 60G-ND Socket Connector, 60 pin, gold
ASSR60-ND 60 pin strain reliefs

Introl Corporation

647 W. Virginia Street
Milwaukee, WI53204
(414)276-2937

fax (414)276-7026

M68HC11 C cross-compiler and cross assembler
TTI Inc.
6420-B Dobbin Dr.

Columbia, MD 21045
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(301)995-1331
Potentiometers, RVONAYSDS02A, Type W, 5kOhms, Linear Taper, single um

5.2.  Acknowledgements
Instrumental in the development of FAME have been Bertina Ho-Mock-Qai. a visiting research
scholar, Elsa Lam, a senior Electrical Engineering Student, and Darrell Duane, a graduate research

assistant in Electrical Engineering.
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6. Appendices
6.1. Appendix I: MC68HC11 C Source Code
This code is included for reference only. It is a fully functional, correctly operating program but does

not contain the latest updates. Please contact khintz@fame.gmu.edu for the most recent version o i
code.

/* ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Ay d e v e e e ke e e e e e e e e e he e ke e e e v e *
/* George Mason Universirt:

/* Department of Eleczrical and Computer Engireering .
/r -
/* File name: FAMEDEF.h

/*

/* Authors: Bertina Ho-Mock-Qai, Darrell Duane, Ken Hinrz
/* Update History: Version 1.0, February 23, 1992

/t

/* Header file for FAME coperating prograr in M6BHC1l

/*

/*~~~~~~~~~~~~~~~~~-~~~~~~-~_~~-~~~-~.--~-~~~-~~~~~~~~~~~-~~~~-~-~~--~-_~l/

* % x P I Y

#ifndef FALSE
#define FALSE 0
#define TRUE !FALSE

#endif

/* ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ P e b e e e P * /
/* masks used for bitwise operations on registers or variables */
/X~ e 2 2 2 1 e e 2 0 e g e P R et At e 2 g e S L L L e e e e ot e e P e e e e By 0 e *
#define MASK(Q OxFE /* 1111 1110 */

#define MASK1l OxFD /* 1111 1101 =/

#define MASK2 OxFB /* 1111 1011 =/

#define MASK3 0xF7 /* 1111 0111 =/

#tdefine MASK4 OXEF /* 1110 1111 */

#define MASKS 0xDF /* 1101 1111 */

#define MASK6 OxBF /* 1011 1111 */

#define MASK7 0x7F /* 0111 1111 */

#define CMASKQO ~MASKO /* 0000 0001 */

#define CMASK1l ~MASKlL /* 0000 0010 */

#define CMASKZ ~MASK2 /* 0000 0100 */

tdefine CMASK3 ~MASK3 /* 0000 1000 */

#define CMASK4 ~MASK4 /* 0001 0000 */

#define CMASKS ~MASKS /* G010 0000 */

#define CMASK6 ~MASK6 /* 0100 0000 */

#define CMASK? ~MASK7 /* 1000 0000 */

#define ICl MM O /* number of input capture 1 */

#define I1C2_NUM 1 /* number of input capture 2 */

#define IC3_NUM 2 /* number of input capture 3 */

#define OCI_NUM O /* number of OC capture 1 */

#define OC2_NUM 1 /* number of QOC capture 1 */

#define OC3_NUM 2 /* number of OC capture 1 */

#define OC4_NUM 3 /* number of OC capture 1 */

#define OCS_NUM 4 /* number of OC capture 1 */

#define PA3 3 /* pin number on port A */
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#define PAd 4 /* pin number on por:t A *

sdefine PAS 5 /* pin number on porz A -

tdefine PA6 6 /* zin number on port A «

#define PBO 0 /* pin number con port A *

#define PBl 1 /* pin number on port A «

#define PB2 2 J® pila numoer °n port A -

#define A_LOW 0 /* indicates status of servs suItpuls -
#define A_HIGH 1

#define B_LCW P

#define B_HIGH 3

#derine PI 3.14159265359 /* value for pi */

#define RADIANS_TO_DEGREES ((double)l8Q/({(double)PI) /*conversicn -
#define ANGLE_TX_SCALE_FACTOR 100 /* scale for tx angle integers -~
#define POSITION_TX_SCALE_FACTOR 100 /* scale for tx pecs integers -~
#define ANGLE 120 0 /* calibration location 0 for petr Lz =
#define ANGLE_lzl (PI)

#define ANGLE 2x0 0

#define ANGLE_2x1 {-PiQverFour)

#define ANGLE_220 O

#define ANGLE_2z1 (PiOverTwo)

#define ANGLE_3pitch0 0

#define ANGLE _3pitchl N/A /* this value prompted for from user =*/
#define ANGLE 3roll0 0

#define ANGLE 3rolll N/A /* this value prompted for from user */
#define ANGLE_3yaw0 0

#define ANGLE 3yaw1 {PiOverTwo)

#define ATOD ERROR LIMIT 10 /* sum of max differences in four A/D samples
/ﬁ ~~~~~~~ PUPER VY VPSPPI P R R N L L L L L L L Sy vy Sy VR S At ety qe e e e e v e ey e A *
/* defines for initializing RAM ISR jump table -
/t~~~~~~~~~~~~-~~.~~ ~~~~~~~~~~~~~~~ v v e A A v e e e e A o e v e . e e e R
#define JUMPEXTENDED Ox7E /*Assembly language inst. for ISR jump tarc.l.e
#define VSCI 0x00C4 /* Serial Communications Interface
#define VSPI 0x00QC7 /* Serial Peripheral Interface

#define VPAIE OX00CA /* Pulse Accumulator

#define VPRAO 0X00CD /*

#c=fine VI~T 0xX00D0 /* Timer Qverflow

#c-Iine V7 '3 0X0Q0D3 /* Output Compare 5

#cefine Vi 0X0OD6 /* Qutput Compare ¢

#define VIZZ3 (X00D9 /* Output Compare 3

#define VTOC2 (X00DC /* Output Compare 2

#define VTOC1l OXO0ODF /* Qutput Compare 1

#define VTIC3 O0XQ0E2 /* Input Capture 3

#define VTICZ2 OXO00ES /* Input Capture 2

#def.-e VTIC1 OX(QOES /* Input Capture 1

#def- e VRTI 0X00EB /* Real Time Interrupt

#define VIRQG O0XOOEE /* Maskable Interrupt Request

#define VXIRQ O0X00F1l /* Non-Maskable Interrupt Request

#define VSWI 0X00F4 /* Software Interrupt

#define VILLOP O0X00F7 /* Illegal Operation

#define VCOP 0X00FA /* Computer Operating Properly

#define VCLM 0X00FD /*

#define VRST SE000 /* Restart Buffalo Monitor using assembly

28

FAME/AFOSR Hintz, March 29, 1992




[ H e v ae e e e v v e e e e e Y e e e e e A e e e e v e e e T T e e e e e e e e e e e e e ey e e R
/* Definiticns for Handshaking -
/! ~~~~~~~~~~ C oy o A ot oy At Ty Sy By Ay D e e e Re T e B e e Sy By Sy e Ty e P e g v e e VM e T e Aw e My mw e oy S e Ay A Ay Ae e e Pm A e e ae W
/* Disable TX data buffer empty interrupt -
#define DisableTXbuffEmptyInc() ClearBic (SCCR2_Add,7)

/* Enable TX data buffer empty interrupt .
#define EnableTXbuffEmptyInt () SetBit (SCCR2 Aadd, 7!}

/* Disable TX complete interrupt - .
#define DisableTXcompleteInt () <ClearBit (SCCR2_Add, 6)

/* Enable TX complete interrupt *
#Jefine EnakbleTXcompletel.it{; ZetBlit (SCCR2_Add, 6!

/* Disable RX start interrupt -
#define DisableRXint () ClearBit (SCCR2_Add, <)

/* Enable RX start interrupt

#define EnableRXint () SetBit (SCCR2_Add, 3)

/* Disable idle line interrupt "
#define Disableldlelnt () ClearBit (SCCR2_Add, 4)

/* Enable idle line interrupt *
#define Enableldlelnt() SetBit (SCCR2_Add, 4)

#define START_CHAR (unsigned char) S’ /*0x53 upper case 3 -+
#define STOP_CHAR (unsigned char) ‘s’ /*Cx73 lcwer zase s *

/* Command Char RXed by HCll that initiates calc. & TX of pesit. values =/

#define POS_REQ_COM_CHAR (unsigned char) ‘R’

/* Command Char RXed by HCll that preceeds servo control valu ~/

#define SER_REQ COM_CHAR ‘C’

/* Command Char TXed by HCll that preceeds position values *

#define POS_ACK_CHOM_CHAR 'P’

/* Command Char TXed by HCll that ack receipt of servo control values *

#define SER_ACK_COM_CHAR ‘A’
/* Command not yet implemented*/
#define BAD_REQ_COM CHAR 'x’

#define START_CHAR_INDEX 0
#define COM_CHAR_INDEX 1

/* 12 position bytes = 6 values + 4 handshaking chars *
#define POS _ACK_STRING_LENGTH 16
/* 1 start char, 1 command char, & 1 stop char -
#define SER_ACK_STRING_LENGTH 3
/* 1 start char, 1 command char, & 1 stop char *

#define POS_REQ_STRING_LENGTH 3

/* 10 servo control bytes = 5 values + 4 handshaking chars .

tdefine SER_REQ_STRING_LENGTH 14

/* number of points (0 included) of position data x

#define POS_ACK DATA_ONLY 11

/* number of points (0 included) of servo control data o

#define SER_REQ_DATA_ONLY 9

tdefine X_MSB
#define X_LSB
#define Y MSB
#define Y_LSB
#define 2_MSB
#define Z_LSB
#define ROLL_MSB
#define ROLL_LSB

WO WN
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#define PITCH_MSB 10
#define PITCH_LSB 11
#define YAW_MSB 12
#define YAW_LSB 13

#define THROTTLE_MSB 2 /* index of servo 2onIICl reguest I7srs
#define THROTTLE_LSB 3 /* in string fzeom pc O mou

#define AILERON_MSB 4

#define AILERON_LSH S

#define ELEVATOR_MSB 6

#define ELEVATOR_LSB 7

#define RUDDER_MSB 8

#define RUDDER_LSB 9

#define COLLECTIVE_MSB 10

#define COLLECTIVE_LSB 11

/* index variables */

unsigned char TXindex: /* index of char to be TXed in the buffer
unsigned char RXindex; /* number of chars which have been reze.ved
/* TX Buffers for HCll, RX Buffers for PC

/* position values ack TX buffer

unsigned char PosAckBuff[POS_ACK_STRING_LENGTH]:

/* servec control ack TX buffer

unsigned char SerAckBuff([SER_ACK_STRING_LENGTH}:

/* RX Buffers for HCll, TX Buffers for PC

/* Buffer of position request

ungsigned char PosReqBuff[POS_REQ_STRING_LENGTH]:

/* Buffer of received Data

unsigned char SerReqBuff[SER_REQ_STRING_LENGTH]:

unsigned char WorkSCSR; /* status register of the SCI
unsigned char WorkRXdata; /* received data register
unsigned char WorkCommandChar; /* Command character RXed from PC
unsigned char ValidCommandChar; /* Most recent valid command rx'd
unsigned char BadStopChar: /* char rx’'d in place of stop

/* Sephamores

/* TRUE if there is Noise,Framing error or an Overrun error
unsigned char NoiseFraming:

unsigned char Overrun;

/* TRUE if an unknown command char is RXed

unsigned char UnknownCommandl:

unsigned char UnknownCommandZ2;

unsigned char NoStopChar:

unsigned char CheckSumBad; /* rx’d bad checksum

unsigned char IndexError; /* Indexing Error

unsigned char RXstream; /* TRUE implies that a sequence is being RXed
/* TRUE when a TX should take place

unsigned char AckWanted = FALSE:

unsigned charxr OC3triggered;

unsigned char 0OCAtriggered;

unsigned char OCStriggered;

J* v e e e e e e e e e e e s

/* Byte operation variables used to concatenate and cut byres

/X e v v v v e e e e e e e g e e e 2 0 B o B e B e B e B P e e P e e e e e e e e e e e e R
unsigned char LSBits:

unsigned char MSBits:; /* LSbits or MSbits to concat or results
unsigned int Int_To_Split;

unsigned int Concat_2B;
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unsigned char PosOrSer = BAD_REQ CCM_CHAR: /* Temp Z:il Crnks.m anz

#define
#define
#define
#define
#define

#define
#define

#define
#define

/* 2 mhz, 500 ns per clock cycle cf timer, so 2000 clock cyc

#define
#define
#define
#define
#define
#define
#define
#define

#define

#define
#define
#define
¥define
#define
#define
#define
#define
#define
#define

RX_RANK 2 /* Rank of the I1C used Icr Recsiver
RX_NUM (RX_RANK+1) /* Numper of the IC used for Recerver
APM_CHAN RANK 2 /* rank of the pulse tha:t gives tne 2N
NUM_IC 3 /* number cf input captures in tna H5CLL
NUM_PULSE 8 /* Number of channels to rszad .o 3 signal

/* the synchronization pulse is nct .nz_uz
TCNT MAX VAL OxFFFF /* Maximum value of the main 16 bit -imer

OVERFLOW_MAX VAL OxFF/* Maximum value of the 8 bit overflcw

/* software counter (see type definition)
SET_PIN TRUE /* used by to determine next state ¢f gutput
CLEAR_PIN FALSE /* ditto */

1o
ONE_MS 2000 /* min acceptable time between two RX :i
ONE _ POINT TWO_MS 2400

ONE POINT THREE _MS 2600

ONE_ POINT FIVE MS 3000 /* Servo Midpoint

ONE POINT SEVEN _MS 3400

ONE POINT TEIGHT MS 3600

TWO_MS 4000 /* max acceptable time between two RX rising edges

SOFTWARE CORRECTION 0 /* compensates for instructicon

execution time before clearing pulse

number of 500 ns ticks tec subtrac:

INTER_PULSE_DURATION 4000 /* arbitrary delay between individual

servo pulses
THROTTLE_LOWER_LIMIT ONE_MS /* should get green light
THROTTLE UPPER LIMIT TWO MS /* should get red light
AILERON_LOWER_LIMIT ONE_MS
AILERON_UPPER_LIMIT TWO_MS
ELEVATCR_LOWER_LIMIT ONE_MS
ELEVATOR UPPER LIMIT TWO MS
RUDDER _ LOWER LIMIT ONE MS
RUDDER UPPER LIMIT TWO MS
COLLECTIVE LOWER LIMIT ONE_POINT _TWO_MS /* controls bind
COLLECTIVE_ UPPER LIMIT ONE POINT SEVEN _MS /* controls bind

/* default servo values for initialization

#define
#define
#define
#define
#define
#define

#define
#define
#define
#define

THROTTLE_DEFAULT THROTTLE_LOWER_LIMIT
ELEVATOR_DEFAULT ONE POINT _FIVE MS
AILERON_DEFAULT ONE POINT FIVE_| _MS
RUDDER_DEFAULT ONE POINT _FIVE MS

TO_ GYRO DEFAJLT ONE_; POINT _FIVE MS
COLLECTIVE _DEFAULT COLLECTIVE LOWER LIMIT

NUM PA 8 /* number of pins in port A
NUM_PB 8 /* number of pins in port B
NUM_OC 7 /* number of output compares of HCi.
MAX SERVO_LABEL 5 /* what is largest number of servo

/* labels are for indices into arrays and match servo assignments on rx
/* these numbers are also the numbers on the servo output block

#define

FROM_GYRO 0 /* input from gyro */
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#define THROTTLE 1 /* store throttle control value in PB’'s arcray nos o o«
#defire AILERON 2 /* store aileron contrcl value in PA‘s array zoz [

#define ELEVATOR 3 /* store elevator control value in PB’s array zos ot
#define RUDDER 4 /* store rudder control value in PA‘s array pos 4§ -
tdefine TO_GYRO 5 /* 1.5 ms pulse always to gyro .
#define COLLECTIVE 6 /* store pitch contrcl value in PA‘s arr-ay £2s5 4 .
/t~~~~~~ ~~~~~~~~~~~~~ B N e ey~ P e ke B T T T I IV NPy SNV *
/* 6811 Evaluation Board Hardware Definizions .

A R e R ey e e v A A e e e A e e A e e e e e A S e A e e -

#define LATCH_SCI 0x4020 /* address of flipflop to enable 32X of zaza -

A R e e i kR R N RPN *

/* Stand hardware definitions b
A R e D e e R e e UV PP x !
#define LENGTH_ARM1 64 /* length of lower arm in centimerers -
#define LENGTH_ARMZ 94 /* length of elevation arm in centimeters -
/* pot number match A/D block numbers but do not match Por%t E pin numierst

#define AZ POT 0 /* PE 4 */
#define ROLL_POT 1 /* PE 1 %/
#define EL_POT 2 /* PE 5 =/
#define YAW_POT 3 /* PE 2 =/
¥define H_POT : 4 /* PE & */
#define PITCH_POT 5 /* PE 3 */
#define SHOW_ CAL_VALUE 6 /* used by FAMECAL.C to show cal values *~
#define QUIT_VALUE 8 /* used by FAMECAL.C to ouit \
#define EDIT_CAL_VALUE 7 /* used by FAMECAL.C to edit cal values =/

/*~~~~~~~~~~~~-~~~~~~~~-~-~~ TYPE DEFINITION ~~~cmnmmammcnccc~nm~ -~~~ x/
/*~~~~~~~~~~~~~~~~~~~~~~~~~~q~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~t/
/* TimeMemo: type associated to each input capture function IC */
/* */
/* Time{2): used to store two consecutive values of the IC register *y
/* ie time of capture of 2 consecutive edge */
/* x 4
/* OverflowCount: software 8 bit counter to count the number of main =/
/* timer overflows that has occur between the capture of two *
/* consecutive edges by a given input capture pin */

JH v e e e e e e e e e e e e e e e 0 0 0 0 e e e e e e e e .

typedef struct

{

unsigned int Time(2]:;

unsigned char OverflowCount; /* software overflow counter */
} TimeMemo;

TimeMemo IC[NUM_IC]);/* Counter overflow & array to save time for each IC */
/* Values of the receiver channels belonging to the same frame =/
unsigned int PW_RX([NUM_PULSE];

unsigned int BUFF RX[NUM PULSE]; /* Buffer to store the received values */

/*~~~~~~~-~~---~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-~~~~~~ ~~~~~~~~~ * ¢

/* VARIABLES RELATIVE TO THE RECEIVER INPUT */
/*~~~~~~~~~~-~~~~~~~~~~~~-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ x ,1
/* PWtempo: When two successive edge have been detected by the Input */
/* Capture number (i) the time betweenn them is computed and*/
/* and stored in PWtempo(i-1] */

F A b T R e L L R e b b bt e T L R NP S 3

unsigned int PWtempo[NUM_IC]; /* array of PWtempo for each input capture*/
unsigned char PW_Read[NUM_PULSE}; /* PW_Read(i] indicates if channel(i) */

/* has been already read x/
unsigned char Synch; /* Set when the system is synchronized */
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i* Lo the recelvus
unsigned char RXFirstInter; /* 3et when capture cf
/= Cleared wnhen first e

/* caprture has been enabled again -
unsigned char RX Read; /* Sert to 1 if a full f'ame nas ceen r2ai -
/* ~~~~~~~~~~ o ey~ B N VW S N [T N T *
/* VARIABLES RELATIVE TO THE QUTPUT CCMPARE F"\CTISV: .
/*~~~~~~~~~~~~~~~~~~~~-~~~-—~—~ ~~~~~~~~~~~~~~~~~~~~~~ e P T e *x .
/* Generates signal on a Port A pin & a Port B pin usSing cne zutcizt -
/* compare. o
/* arrays are larger than necessary 50 that cutput block nurkers can ze *
/* used as indices. i

unsigned int ThighPA[NUM_PA+1l});

unsigned int ThighPB([NUM PB+1]; /* Buffer to store time high £fcr =azn zZin”
unsigned int Alndex;

unsigned int BlIndex:

unsigned int ServoStatus(NUM_0C); /* remembers which servo is active =
/*~~~~-~-—~~~~~~~~~-—~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ v e e - . A R Ay e A L
/* HC1l REGISTER VARIABLES -
/*-~~~~~..~., ~~~~~~~~ A vt v e e e At Y v A A e B A A A B A g e o A A A A e e e A v e ey e e A e v x
unsigned int *TCNT Add; /* main timer counter register *
unsigned char *TMSK2_Add: /* main timer interrupt mask -
unsigned char *TFLG2_Add: /* maintimer flag register *s
unsigned int *IC_Add{NUM_ICl; /* pointer to input capture registers. -/
unsigned int *QC_Add(NUM OC]: /* pointer to output compare registers “f
unsigned char *TMSK1l_add: /* output compare and input capture int masxs*/
unsigned char *TFLG1 Add: /* output compare and input capture £lags it

unsigned char *TCTL2_Add:

unsigned char *TCTL1_Add:

unsigned char *OClD_Aadd;

unsigned char *OC1M Add; /* Output 1 control -/
unsigned char *PACTL_Add;

[¥vmmmmnnnnnann v mmensam~n~~ SCT REGISTERS ~~e~v~mmonmsocmnnsnrsas v ~/
unsigned char *SCSR_Add; /* status register of the SCI:£flags v 7
unsigned char *SCDR_Add; /* received and transmit data register */
unsigned char *SCCR2_Add; /* interrupt enables and state of SCI =/
unsigned char *SCCR1_Add; /* data format 8 or 9 bits */
unsigned char *BAUD_Add: /* baud rate register */
unsigned char *LATCH_SCI_Add; /* software controllable latch to connect
pin PDO to I/0O connector «/

/*~~~ Port A & B registers: for sending pulses using output compare ~~~~~*/
unsigned char *PORTB_Add;
unsigned char *PORTA _Add;

/X~ mm v mm v~~~  Port D registers ~~~~~~~~-~~ ALt A L E S */
unsigned chasr *PORTD_Add: /* Port D =~/
unsigned charxr *DDRD Add, /* Data Direction for Port D */
unsigned char *SPCR . _Add; . /* SPI Control Register ./
[X~mmmmsmsmnanmnananans~~~ EEPROM programming registers ~~~-~~~~ R bbb =/
unsigned char *PPROG_Add; /* HCll registers v/

unsigned char *CONFIG_Add;

R o e e e e e v e e e e e e e e e e 0 e s e 0 S 0 0 e 0 e e Pt e e g e e e g e e e e e K]
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/t

unsigned

unsigned

unsigned
unsigned

unsigned

unsigned

A/D CONVERSICN
/!~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ o~
double PiQOverTwo; /*
double PiQverFour; /*

char *OPTICN_Add: /x
char *ADCTL_Add: /=
char *ADRLl_Add; /*
char *ADR2_Add;
char *ADR3_Add;
char *ADR4_Add;

compute che
compute the

HCll registers

Control Register X
loc where converted values

£~
or

-2

G
L8]
{
<

/* Bit patterns written to ADCTL to trigger A/D converters

#define PEQto3_ADCTL 0x10 /* Scan=off,

#define
#¥define
#define
#define
#define
¥define
#define
#define

[ X ———

/*

A e T T L T L L TPV VPP

Mulciple charnrel,

Convert Port E channels { zin:
#define PE4to7_ADCTL 0xl4 /* Scan=off, Multiple channel

Co

PEO_ADCTL 0x00 /* Value to
PE1_ADCTL Q0x01 /* Value to
PE2_ADCTL 0x02 /* Value to
PE3_ADCTL 0x03 /* Value to
PE4_ADCTL 0x04 /* Value to
PES_ADCTL 0x05 /* Value to
PE6_ADCTL 0x06 /* value to
PET_ADCTL 0Qx07 /* value to

nvert

load
load
load
load
load
load
leoad
load

’
Port E channels 4§ thriz

ADCTL
ADCTL
ADCTL
ADCTL
ADCTL
ADCTL
ADCTL
ADCTL

with
with
with
with
with
with
with
with

Lo
to
je}
to
Lo
to
to
to

measure
measure
measure
measure
measure
measure
measure
megasure

variables relative to the pesition determinaticn

[

-

-

A e e e e A e e e e e L A o e ey e e e

~4
<y

LIRS CIL o A0 I O LV IR0 BV
U RUNUEOROUNONL

BV IS ANV I - P I A O

- -~

/* Stand potentiometer angles used to determine the Cartesian location
double anglelz:;
double angleZ2z;
double angle2x;

/* Potentiometer angles used to determine the rotatiocnal locaticn
double angle3pitch:
double angle3roll;
double angle3yaw;

/* First
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned

Voltage from AD converter
char V3pitcho0;

char V3rollQ;

char V3yaw0;

char v2z0;

char V2x0;

char V1z0;

/* Second Voltage from AD converter

unsigned
unsigned
unsigned
unsigned
unsigned
unsigned

#define DLY10 O0x4E40

chaxr V3pitchl;
chaxr V3rolll;
char Viyawl;
char v2z1;
char V2x1;
char V1zl:

/* Global variables used to cut Double_To_Split into 4 unsigned char

unsigned
unsigned

34

char Byte0;
char Bytel;
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unsigned char Bytel;
unsigned char Byte3;
double Double_To_Split;

| /* Cartesian position of the Heliccpter .
o int Xcord;
int Ycord:
int 2cord;

/* rotational position of the Helicopter -
int Roll:
int Pitch:

L 4 int Yaw;:

th

8]

/* constants relative to coordinate conversicn and scaling
double RadiansToDegrees:

double AngleTxScaleFactor:

double PositionTxScaleFactor:

/K e e e e e e e e e e e e e e e e e e e e o 0 g e e e e e e e e e e e e e e e o .
d /* variables for retrieving calibration values from the EEPRCM *
K e e e e e e e e e P e e e e e 0 e e e e e e e e e e e e e e e
/* EEPROM Slope values x
double *Slopelz_Add:
double *Slopelz_Add;
double *Slope2x_Add:
® double *Slope3pitch_Add;
' double *Slopeldroll_add:
double *Slopeldyaw_Add:

(A}
ot

/* EEPROM DC offset voltage values =/
unsigned char *V1z0_Add;
unsigned char *V2x0_Add;
unsigned char *V2z0_Add:
| unsigned char *V3pitch0_add;
unsigned char *V3roll0_Add;
unsigned char *V3yaw(_Add;

/* EEPROM addresses of calibration values for potentiometers =
#define SLOPElz_ADDRESS 0x7£11
° #define V1z_ ADDRESS 0x7£15
#define SLOPE2x_ADDRESS 0x7£21
#define V2x_ADDRESS 0x7£25
#define SLOPEZ22z_ADDRESS 0x7£31
#define V2z_ ADDRESS 0x7£35
@ #define SLOPE3pitch_ADDRESS 0x7£41
#define V3pitch_ADDRESS 0x7£45
#define SLOPB3Iroll ADDRESS (0x7£51
#define V3iroll_ADDRESS Ox7£55
#define SLOPE3yaw_ADDRESS  0x7f61
® #define V3yaw_ADDRESS 0x7£65
® FAME/AFOSR Hintz, March 29, 1992
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/*.,....-...................,............~~~~~~~........_..~~~~~....~~~..~...-..........,~~.~~.. ~~~~~~~ L N N

/* Declaration of the Hll register addresses defined in the library
/* ¢ \Lntro‘\kjh\kjhstazt oll

/* ~~~~~~~~~~~~~~~~~~~~~~~ v e v e - 1y s w2t P 2 o A - - Bt P By Ao s Aw e e - o e e e
extern unsigned char H11PORTA; /* i/0 port A

extern unsigned char H11PIOC: /* parallel i/o ceonurol zsgilster
extern unsigned char H11PORTC; /* i/o port C

extern unsigned char H11PORTB; /* i/o port B

extern unsigned char H11PORTCL; /* alternate latch ooz
extern unsigned char H11DDRC; /* data directicn fz2r gooz C
extern unsigned char H11PQRID; /* i/o po*t D

extern unsigned char H11DDRD; /* i/o data direction £or zozz O
extern unsigned char H11PORTE; /* i/0 port D

extern unsigned char H11lCFORC; /* compare force register
extern unsigned char H110CIM; /* OCl action mask regiscer
extern unsigned char H110ClD; /* OCl action data register
extern unsigned int HI11TCNT: /* timer cocunter register
extern unsigned int HllTICl‘ /* input capture register .
extern unsigned int H11TTC2: /* input capture register 2
extern unsigned int HllTIC3~ /* input capture regisi-=r 3
extern unsigned int H11TOCl:; /> output compare register
extern unsigned int H11TQOC2: /* output compare register 2
extern unsigned int H11TOC3; /* output compare register 2
extern unsigned int H11TOC4, /* output compare register 4
extern unsigned int H11TOCS:; /* output compare register 5
extern unsigned char H11TCTL1: /* timer control register 1
extern unsigned char H11TCTL2; /* timer control register 2
extern unsigned char H11TMSK1: /* main timer interrupt mask .
extern unsigned char H11TFLGl: /* main timer interrupt flag 1
extern unsigned char H11TMSKZ2; /* main timer interrupt mask 2
extern unsigned char H11TFLG2; /* misc timer interrupt flag 2
extern unsigned char H11PACTL: /* pulse acc control register
extern unsigned char H11PACNT; /* pulse acc count register
extern unsigned char H11SPCR; /* SPI control register

extern unsigned char H11SPSR: /* SPI status register

extern unsigned char H11SPDR; /* SPI data in/out

extern unsigned char H11BAUD: /* SCI baud rate control

extern unsigned char H11SCCR1: /* SCI control register 1
extern unsigned char H11SCCR2: /* SCI control register 2
extern unsigmed char H11SCSR; /* SCI status register

extern unsigned char H11SCDR: /* SCI data

extern unsigned char H11ADCTL: /* A to D control register
extern unsigned char H11lADR1: /* A to D result 1

extern unsigned char H11ADR2: /* A to D result 2

extern unsigned char H11ADR3; /* A to D result 3

extern unsigned char H11ADR4; /* A to D resul: 4

extern unsigned char H11OPTION: /* System configuration options
extern unsigned char H11COPRST: /* arm /reset CCOPtimer circutry
extern unsigned chzr H11PPROG: /* EEPROM programming control
extern unsigned char K11HPRIO; /* highest priority I bit and misc

36
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?

extern unsigned char HIIINIT: /* RAM /1o mapping ragl.cEcs
extern un.igned char H11TESTI; /* factory Test IonTrs.

;* 2P, RIM, SEEPRCM enatl.es -
extern unsigned char H11CONFIG;

»

/******t**x*t*tt**t*tttt*ttttt:tttttttittt:ttttttwtuttw:xxx--:xu-::::'-v--

b /* PROTOTYPES -
/*t**tt**ttxtt*t*t********t**t*xwtt*xﬂtttk*trttgtt:t:gg::-:-:a—-rxv....».--
/* functions for measuring pots and calculating positicns anz ang.es .
void InitADconverter(void):
r0id MeasureAngles(void);
void PositionDetermination(void):

b /* functions used for both TX & RX v

void SCI_ISR{(void):; /* ISR for transmission or reception over 3CI i
unsigned char Checksum{int maxnum, unsigned char CheckArray!(]):
/* Transmission / Acknowlegement prototypes *
veid SCI_init_TX(void): /* initializes TX to PC =
void SCI_TX ISR(void); /* ISR that transmits position values to 2C </
void TXfirst(void):

o d void FillPosAckBuff (void);
void FillSerAckBuff (void):
void Split_Int(int i): /* function that calls asm function belcw *
void split_int (void); /* assy lang to prepare pos values for TX to PC =
/* Reception of Position value requests & servo control requests -
void SCI_init RX(void); /* initialize for reception over SCI .

g void SCI_RX ISR(void); /* ISR that receives and stores charicters -
void ReinitializeReceive{void);
void SaveReg(void); /* reads RX buffers & saves values to work registezs =
void RXerror(void):
void CharRX(void):
void CompleteRXstream(void); /* verify that checksum is valid & store

servo control data in array -

I® /* function to call asm routine below -
int Concat_Int(unsigned char MSbits,unsigned char LSbits):

/* asm routine for concatenating servo control values =,
void concat_int (void);

void ClearWorkVar(void):;

/* Servo Control Prototypes *

@ void InitOC{int OCnum, int Enable):
void DecodeAndStoreServoString(veid);
void InitServos(void);
void SendPulsePA_PB(int OCnum, int PAnum, int PBnum);
void OC3_ISR(void);
void OC4_ISR(void):
void OCS5_ISR(void):

® void InitOverflow(void); /* enables ISR below */
void TCNT_Overflew(void): /* ISR counts number counter overflows v
/* functions for doing basic bit operations on register settings b
void InitializeConstantVariables(void):
void InitializeVectcorTable(void):

L FAME/AFOSR Hintz, March 29, 1992
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void

InitPointer{void);

void ClearBit (unsigned char *pointer,ins NumBiz);

void ClearFlag(unsigned char *pointer,int Numlis):
void SetBit (unsigned char *pointer,inzt NumBit);
unsigned char GetBit(unsigned char *pointer,int NumBix
unsigned char GetBit Char(unsigned char reg,inz Num3:.-

38
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/*twtrttttrttwtxt:t--rtrr:x:tcr:-r:r.g'q-r:::x:-:-'-n-:..'nr.-.-...'.-.n-.

/* Seocr3e Mascn Un:iversizy

/* Department of EZlectirical and Computer Ingineszlng :
/* .
/* File Name: FAMEmain.C .
/% «
/* Authors: Bertina Ho-Mock-Qai, Zarrell Zuane, ¥en Hiso: N
/* Update History: Version 1.0, February 23, 13%2 .
/t ~
/* *=* jndicates functions and their preototypes M
/* =--- indicates ISRs .
/* .

/t*ﬂ***tt*t*********it!ﬁﬂt‘k!‘*tttt*!t’ﬁttt'ﬂ**i*tll'tkttttq"l!"t:v'w.-'-n
#include "c:\introl\k3jh\KJHSTDIC.h"
#inciude "c:\introllinclude\MATH.h"

#include "c:\introl\ddB\FAMEDEF 4"
#include "c:\introl\dd8\FAMELI3.c"
#include “c:\introl\dd8\FAMEINIT.C"
#include "c:\introl\dd8\FAMEISR.c"

/x*t*tft*ttttt*tttt*wt*****wt*t!I!*'it**itt*ttt***«tttkr-'r::«:tc:r::guvvv

/* resets receive indices and initializes rx interrupts -

/tt*ttt***t*t*!**ttt**w*t*txtwtttttkttt:ttttttlttitttt*ktttwr:-rtt-:rnwcv'

void ReinitializeReceive(void)

{
RXindex = §;
RYstream = FALSE:;
EnableRXint ().
CheckSumBad = FALSE:;
}

/* reset index */

/* Enable RX interrupts */

/t*************i********t**tti**********i**i*t*iittt**ttltttttttttxavq::-x/

/* Function to initialize the different reception variables *
/**t*ﬁ**************i*t******i**t***t*itk*tt***itt**t*tt'tiitltttt=*wututgr

void ClearWorkVar (void)

{

int i;
WorkCommandChar=0;
/* clear servo control request buffer *
for(i = 0; i < SER_REQ_STRING_LENGTH; i++)
{
SerReqBuff[i])=0;
}
/* clear entire position value request buffer hl

for(i = 0; i < POS_REQ_STRING_LENGTH; i++)
{

PosReqBuff[i]=0;

}
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/.tt!t!t'ltxtt!tt'rttttttt:kt!"tﬂt'lanlttttwttrlntll'..-.-tn:w-..-: ------
/* Function called when 3 Comp.ete 32rIve CCALITL seguence L33 Sewn ot oLof
/* verifies chec<s-m ccrrect, LI ves LT calls Stzrzelava, wnen i

/* servo SONTroLls 3re 2uULIDuL T3 %Th2 Jutpul Tompare guLns

/* only called wnen serwvs canzTrsl f€Juest values FXsd foim BT

TR R E A A A AT XA A XA T XTI AN ST AR AT X AAK T NN X v T X w e ® ¥ XXX M et . -

>1d DecodeAndStoreServeszring (void)

{
unsigned int LocalUI:

L. sableRXint ()
L. 7alUI = Concat_Int(SerReqBuff {THRCTTLZ_MSB],
SerRquuff{ThQOTTLE LsBl);
if | (LocalUI >= THROTTLE_LCWER LIMIT)
&& (LocalUI <= THROTTLL_VP? R LIMIT))
{
ThighPB{THROTTLE] = LocalUI:
}
LocalUIl = Concat_Int (SerReqBuff{AILIRCN_MSB],
SerRecBuff~A'L:RON LSBI)
JE A (Loc2lUI >= AILERON_I 'WER_LIMIT)
&& (Loc:.JI <= AILERON_ .?ER LIMITY)
{
ThighPA {2~ _ZRON] = LocalUl:
}

LocalUI = Concat_Int (SerReqBuff [ELEVATOR_MSB],
SerRquuff[ELEVATOR LSB1)Y
if { (LocalUI >= ELEVATOR_LOWER_LIMIT)
&& (LocalUI <= ELEVATOR_UPPER_LIMIT))
{
ThighPB[ELEVATOR] = LocalUI;
}
LocalUI = Concat_Int (SerReqBuff [RUDDER_MSB],
SerReqBuff [RUDDER_LSB]);
if (LocalUI >= RUDDER_LOWER_LIMIT)
&& (LocalUI <= RUDDER_UPPER_LIMIT))
{
ThighPA[RUDDER] = LocalUI;

}
LocalUI = Concat_Int (SerReqgBuff (COLLECTIVE_MSB],
SerRquuff[COLLECTIVB LSBl) .
if ( (LocalUIl >= COLLECTIVE_LOWER_LIMIT)
&& (LocalUl <= COLLECTIVE_UPPER_LIMIT))

{
ThighPA[{COLLECTIVE] = LocalUI:

“.initializeReceive();
, . * end function Complete RX stream */
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/'tt!'t’i**t'*'ltt!t*t*ltlttﬁi****ttl!llttlt!!ll!!ltilllllu'!llll!lwiRlklx
/* Function called after a complete position raquest sequencte .s receivel”
/* It triggers the A/D converters to sample the potentiometers ang.es, .
/* and fills the TX buffer with the measured values. -

/tt*tﬁ*ttttttttttt'tt*tt*ttttlltxxttl!it#tttxtt:vtxtxtt*n:rttt::w--x'--:--

void TillPosAckBuff (void)

{
MeasureAngles () /* trigger A/D conv., & measure all arngles *
PositionDetermination();

PosAckBuff [START_CHAR_INDEX] = START CHAR:
PosAckBuff [COM_ CHAR INDEX] = PCS A”K _CCM_THAR:
POSACkBuUf£[POS_, ACK S”R*NG LENGTH - 1] = STOP _CHAR;

nt
(]

Split_Int(Xcord): /* send X cartesian coordinate of heliccipter
PosAckBuff[X_MSB] = MSBits,
PosAckBuff[X_LSB] = LSBits:

o1
@)

"\
)

Split_Int(Ycord): /* send Y cartesian coordinate of heliccgter
PosAcCkBuff([Y _MSB] = MSBits;
PosAckBuEf[Y_LSB] = LSBits;

i ¥
)

Split_Int{(2Zcord): /* send 2 cartesian coordinate of helicopter
PosAckBuff{Z _MSB] = MSBits:
PosAckBuff(Z_LSB] = LSBits;

o
[¢]
g
O
L]

Split_Int (Roll): /* send roll to PC */
PosAckBuff [ROLL_MSB] = MSBits:
PosAckBuff [ROLL_LSB] = LSBits;

Split_Int(Pitch); /* send pitch to PC */
PosAckBuff[PITCH_MSB] = MSBits;
PosAckBuff[PITCH_LSB] = LSBits:

Split_Int(Yaw): /* Send yaw to PC b
PosAckBuff([YAW MSB] = MSBits;
PosAckBuff[YAW_LSB] = LSBits;

/* Calculate checksum */
PosAckBuff[POS ACK_ STRING LENGTH - 2]
= Checksum (POS ACK STRING _LENGTH, PosAckBuff);

/*****i**************t******ti****tk****tt*****tt***t**ttt*tttt**t!ttttttt;

/* Calculates X,Y,2 positional & rotational coordinates using the ./
/* wvalues read from the A/D converters which measure the potentiometers. =/
/* double precision numbers from positions are scaled before converting */
/* to integer before transmission. The position scale factor can be fou*/

/* in FAMEDEF.h as POSITION_TX_SCALE_FACTOR. *
/* The same goes for angles except they are converted to degrees also an*~/
/* their scaling factor is ANGLE_TX_SCALE_FACTOR. 7

/*****t**ti**ﬂ.*tﬁ***ﬂi***t*tt****i******tttttttkt***i****tttﬁt*ttt*tt*ttt/

void PositionDetermination(void)

{
double d;

d = {(double)LENGTH ARM1 * cos(anglelz)

+ (double) LENGTH_ARM2 * cos(anglelz + angle2z) * cos(angle2x):
Xcord = (int) (PositionTxScaleFactor * d);
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d = (double) LENGTH_ARMl * sin(anglelz)
+ (double) LENGTH_ARM2 * (sx"(a“g elz v anglelZz)) ~ zostanglelxi.
Ycord = (int) (PositionTxScaleFactor * d);
d = (double)LENGTH ARM2 * sin(angle2x):
Zcord = (int) ( PositionTxScaleFactor * d):
Pitch = (int) ( RadiansToDegrees * AngleTxScaleFactor * a
Roll = (int) ( RadiansToDegrees * AngleTxSca;eFaﬁto: * an
Yaw = (int)( RadiansToDegrees * (angle3yaw + anglelz + anglelz)
* AngleTxScaleFactor };
} /* end function PositionDetermination */

/:**tt*tt***tﬂ*******tt*****tttttk****titt*ttttwttnx:ittttnt*u:t-::-frn-uw

/* Function that calculates the angles measured by the pcrenti:zmet=rs -

/* Measure values of A/D converters for cartesian location calc. .
/*******!*******t**i***l!tl*ttt**!ﬂlk!!ti!*!Rk’tiﬁﬁ'*l*tttttllttltt'rrlt't

void MeasureAngles (void)

{

/* convert voltages measured on pins PE4 through PE7 .
*ADCTL_Add = PE4to7_ADCTL;

whxle(Getht(ADCTL Add, 7) ==0) ; /* wait for conversicn to complete *-
/* Calibration of the cartesian angle values using the EEPRCM cceff.z:enzs *

anglelz = ( (double)*Slopelz_Add *

{double) ((int) *ADR3_Add - (int)*V1z0_Add) ):
angle2x = ( (double)*Slope2x_Add *

{double) ((int)*ADR2_Add - (int)*V2x0_Add) ):
angle2z = ( (double)*Slope2z_. Add ~*

(double) ( (int) *ADR1_Add - (int)*V22z0_Add) ):

*ADCTL_Add=PEOto3_ADCTL; /* convert voltages measured on pins PEQ
through PE3 */

while {(GetBit (ADCTL_Add,7)==0); /* wait for conversion to complete */

/* Calibration of the rotational angle values using the EEPROM coefficients =~
angle3dpitch = ( (double)*Slopel3pitch_Add * (double) ({int)*ADR4_Add
(int) *V3pitch0 Add) ):
(double) *Slope3roll_Add * (double) ((int)*ADR2_Add
{int) *V3rollQ_Add) ):

(double) *Slopeldyaw_Add * (double) ((int)*ADR3_Add
{(int) *V3yaw(_Add) )
} /* end of function ConvertAD */

angle3roll =

1~ t ~ 1t

angle3yaw =

/i***t****t********i**t******t***ti*******t******t*tt*t*ittttr!lltltttttl:/

/* TXes the first char of the TX buffer, which spawns the TX of the rest */
/* of the buffer. ~/

/it********************ﬁ*****i*t****t*ﬁﬁ***t*t*ﬁ*i*tﬁttt***tit*ittttt*xttt/

void TXfirst(void)

{
TXindex = 0;
*SCSR_Add = *SCSR_Add; /* TDRE flag cleared after function writes to TIR */
switch(ValidCommandChar)
{
case POS_REQ COM _CHAR:
*SCDR Add = PosAckBuff (TXindex]:
T/* Write to the TDR & clear TDRE flag */
EnableTXbuffEmptyInt(); /* enable transmit complete interrupt
macro */
break;
case SER_REQ_COM_CHAR:
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*SCCR_Add = SerAckBuff[TXindex!:
T/* Write vy the TDR & clear TORE flag ~

(R
()

()

t

N
ral
[113

i

EnableTXbuffEmptyInt(); /* ernable zransmit nTerzicet
macro */
b break;
default:
printf ("Attempt to TX unknown type in TXEfirsz () .z"):
break:
} /* end switch() */
/* The next value that should be sent by the ISR will nave an irnzex = . *
} /* end TXfirst */
/*tt*t!**t**x*t*i*****t**tt***t*i*t***tit**tttt*tkin*lwlxt:tt:txtxxtx-nlvn
/* Main function to receive a character according to the control werd -
/* the corresponding functions are called, 2 possible sequences can ze -
/* received "position sequence” and the "servo control sequence” = ‘
/****ti*i**tt***tt*t****tiiﬁ*lttttt*!titttitt*tt*kk*t**tttttnﬂtx'attwtkw'n ’
b void CharRX (void)
{
if (RXindex == START_CHAR_INDEX) /* Determine command, start only zx’d =/
{
RXindex++;
WorkCommandChar = WorkRXdata; /* WCC used for further character routing*/
switch (WorkCommandChar)
» {

case POS_REQ COM CHAR: /* is this a position request? */
PosRquuff[RX;ndex] = WorkRXdata; /* Store command char */
break;
case SER_REQ _COM_CHAR: /* is this servo control request? */
SerReqBuff [RXindex] = WorkRXdata; /* Store command char fcr Checksum =
break:;
default: /* i3 this an unknown request? */
UnknownCommandl = TRUE;
RXindex = 0;
RXstream = FALSE.
break;
} /* end switch() for command character */
} /* end if this is the command character */
else /* any character other than the start char or command char */
{
RXindex++;
switch (WorkCommandChar)
{
case POS_REQ_COM CHAR: /* is this a position request (no data)? */
if{ (RXindex == (COM_CHAR_INDEX+1l))
&& (WorkRXdata == STOP CHAR)) /* i3 this the stop char? */
{
ValidCommandChar = WorkCommandChar;
AckWanted=TRUE; /* set sephamore to trigger acknowledgement to PC ~.
} /* disable rx inter */
else /* error */
printf ("No stop character in position request \r");
ReinitializeReceive();
break;
case SER_REQ_COM_CHAR: /* is this servo control sequence {(need data)? */
if( (RXindex > COM CHAR_INDEX)
&& (RXindex < (SER_REQ_STRING_LENGTH - 1))) /* All but stop char*/
{
SerReqBuff {RXindex] = WorkRXdata;
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} /* save servo control Or checksum values to <his array -
else if (RXindex == SER_REQ_STRING_LENGTH = 1) /* BRXINZEX => 53777 CTHaz =
{
if (WorkRXdata == STOP_CHAR) /* is it the stop char? =~/
{
SerReqBuff [RXindex] = WorkRXdata:
if (SerReqBuff [SER_REQ_STRING_ LENGTH - 2]
== Checksum(SER_REQ_STRING_LENGTH, SerRegBuff))
{ /* and checksum CK -
ValidCommandChar = WorkCommandChar:;
AckWanted = TRUE; /* Let foreground kncw new CImmanz *
}
else

{
CheckSumBad = TRUE;
ReinitializeReceive();
}
NoStopChar = FALSE;
}  /* disable RX while TXing ack */
else /* error */
{
NoStopChar=TRUE;
BadStopChar = WorkRXdata;
ReinitializeReceive():
}
}
/*else*/ /* indexing error */
/* |
IndexError=TRUE;
NoStopChar = FALSE:
ReinitializeReceive();
}*/
break;

default: /* is this an unknown request? */
UnknownCommand2 = TRUE;
ReinitializeReceive ()
break:;
} /* end switch{) */
} /* end else this is not the Command Char */
} /* end of function CharRX */

/***t*t***t***i*i******t****ii*t***t*t*tt****!k*ttt*t*ttt**tt***tﬁ:tttrrt:/

/* Main 68EVB FAME program ./

/***t**ttttttttttﬁ*it*i*ttttitﬁt****ittt*ttt*t*tttttttt*t*t*ttttttqtttttxt/
int main{()

{

asm{"disint SEI\n"): /* disable global interrupt of HCll */
InitializeConstantVariables();
InitializeVectorTable(); /* init ISR jump table in RAM */
InitPointer(): /* Initialize values of pointers to HCll registers */
InitSezxvos(): /* initialize durations for high & low values
Qutput compares (servo control) */
InitADconverter(); /* initialize OPTION register for A/D converters */
ClearWorkVar(): /* Initialize the communication buffers ~/
InitOC(OC3_NUM, TRUE); /* initialize Qutput Compare #3 set time=0,
clear flag, enable interrupt -/
InitOC(OC4_NUM, FALSE);/* ditto for #4, no enable */
InitOC(OCS5_NUM, FALSE);/* ditto for #5, no enable */
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SCI_init_TX(): /* Initialize zhe 5CI

cransmitter
SCI_init_RX(): /* initialize the 3CI receiver
asm{"inter CLI\n"); /* enable global interrzupt of HCi:
while (TRUE) /* endless loop awaiting ISRS § semaghores </

{

if (QOverrun)

{

Querrun=FALSE;

printf ("Overrun\r");

}
if (NoiseFraming)

{

NoiseFraming=FALSE;

printf ("Noise/Framing\r"):

}
if (UnknownCommandl)

{

UnknownCommandl=FALSE;

printf ("Unknown Command 1 Char RXed from PC\z");
}
if (UnknownCommand2)

{

UnknownCommand2=FALSE;

printf ("Unknown Command 2 Char RXed from PC\r"}:
}
if (NoStopChar)

{

NoStopChar=FALSE:

printf {"Character RXed where stop char expected not a stsp char.\z");
printf ("Character RXed instead = %c \r", BadStopChar):

if (IndexError)
{
IndexError=FALSE;
printf("Index Error\r%);
}
if(0C3triggered)
{

OC3triggered=FALSE;
}

if£(0C4triggered)
{

0C4triggered=FALSE;
}

if (0CStriggered)
{
QOCStriggered=FALSE;

}
if (AckWanted)
{
putchar(’A’); /*(int)0x4l); A */
putchax(’!’); /*(int)O0x21); ! */
AckWanted = FALSE: /* Reset Semaphore */
switch(ValidCommandChar)
{
case POS_REQ COM_CHAR: /* Set Sephamore to TX Position Values Reguest
Acknowledgement */
FillPosAckBuff(); /* Fill the TX buffer with the position values */
TXfirst ()
ReinitializeReceive():
break;
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case SER_REQ CCM_CHAR: /* 3et Sephamore T3 TX la:o
Acknowledgement */
DecodeAndStoreServeString ()

FillSerAckBuff(); /* Fill the TX buffer with =hne posiciin val_.es

TXfirsc ()
ReinitializeReceive({):
break;
default:
printf("Invalid Acknowlegement type requested.\r");
ReinitializeReceive();
break;
} /* end switch */

} /* end if AckWanted */

} /* while true */

} /* main routine */
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/ttttttt**t!!tttl:t*ttt*tttttrt*tx!tttrittttwtwt:trltl-t-w::ttx-.n--'---w-

/* George Mascon University .
/* Department of Electrical and Ccocrmputer Engineering ‘
/* .
/* File Name: FAMEINIT.C .
/* -
/* Authors: Bertina Ho-Mock-Qai, Zarrell Duane, Xen Hinzz -
/* Update History: Version 1.0, February 23, 1992 -
/* L
/* -

/tx****t***t***t!t***t*t**t*t**tt*t**x'*tt*wtttt’ttﬁtt«:ttr.rxr:t-vw'z'g.,,..

/* Initializes some constants so that they do not have t5 te ccmputeld .

/* repeatedly during program execution -
/***********************ft***t*!!!t*ttk*iit*ttltlll"ttttt't'trt'rttt'trftn"

void InitializeConstantVariables(void)

{

PiOverTwo = PI / 2.0:

PiOverFour = PI / 4.0:

RadiansToDegrees = RADIANS_TOC_DEGREES:

AngleTxScaleFactor = ANGLE_TX_SCALE FACTOR; /* scaled integers are senc*,
PositionTxScaleFactor = POSITION_TX_SCALL_FACTOR;

/*t***i*t*****i************************************tkttt*itt*ttt*ltt!tit:trt!/

/* Not Complete, add vectors as needed */
/*t**t**t************t*t*tt*i*****tt**t***t*****tt*tttt***t:ttwtti!tttnixttntj

void InitializeVectorTable(void)

{
unsigned char *TempPointer;

/* Vector to SCI ISR */
TempPointer = (unsigned char *)VSCI;
*TempPointer = (unsigned char) JUMPEXTENDED;
* (TempPointer + 1) =
(unsigned char) ((0x££00 & ((unsigned int) (&SCI_ISR))) >> 3);
* (TempPointer + 2) =
(unsigned char) (0x00ff & ({unsigned int) (&§SCI_ISR)));

/* Vector to QC3 ISR */

TempPointer = (unsigned char *)VTOC3;
*TempPointer = (unsigned char) JUMPEXTENDED;
* (TempPointer + 1) = !

(unsigned char) ((Ox££00 & ((unsigned int) (&40C3_ISR))) >> 8);

* (TempPointer + 2) =
(unsigned char) (0x00ff & (unsigned int) (&O0C3_ISR) ):

/* Vector to OC4 ISR */

TempPointer = (unsigned char *)VTOC4;
*TempPointer = {(unsigned char) JUMPEXTENDED:;
* (TempPointer + 1) =

(unsigned char) ((0xff00 & ((unsigned int) (40C4_ISR))) >> 8);

* (TempPointer + 2) =
(unsigned char) {(0x00ff & (unsigned int) (&QC4_ISR) );

/* Vector to OC5 ISR */

TempPointer = {unsigned char *)VTOCS:
*TempPointer = {unsigned char) JUMPEXTENDED;
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* (TempPointer + 1) =

(unsigned char) ((Cx££00 & ((unsigrned inzy (3ITS5_I33, . .. &
* (TempPointer + 2) =

(unsigned chax) (0x032ff & (unsigned inz) (&CCS5_ISR) .

/Rt*t********************I****t**t**t*t'**tltttt!'*!tl‘tt*'tt!ttlttkttll r R W Ew

/* Function assumes that the OC that we used is not CCI -
/* (OCl does not work as the other 0C c¢f HC1l manual) .
/* Number passed is the output compare number less one =

/******t*****t*tt****t**t**i*****it*t*tt*ﬂtttttttttt*ktttt*ttt-x'-:':'::xtv-

void InitQOC{int OCnum, int Enable)

*QC_Add[OCnum] = 0x0000; /* set output compare timer .rndexes Tt zezr:t -
/* set register so that ncthing is done to A’s pin upcn next interz.gt °
ClearBit (TCTL1_Add, (9 - ( 2 = OCnum ) ) ):

ClearBit (TCTL1_Add, (8 - (2 * CCaum )} )} );

ClearFlag(TFLG1l_Add, (8- (QCnum + 1))); /* clear interrupt flag f£or ZCx =
ServoStatus[OCnum] = B_LOW:
if (Enable)

{

SetBit (TMSK1_Add, (8- (OCnum + 1))): /* enable interrupt for CCx =/

| .

}

/******#t********t****ﬁ*******ti**t****ti*i********'t'*ﬁtt*ttt*t*twt*'ttxrlit/

/* Initialize the HCll flags, baud rate...to enable the reception i

/* must be called once before using the SCI transmission features */
/**t**i****t****t****ﬁttir*t**it*t**t**ti*t***t***ttttttttxtrxtttttt*:*ttr:t-;

void SCI_init_TX(void)

{

SetBit (SCCR2_Add, 3): /* Enable transmission TE=1 */
DisableTXbuffEmptyInt(): /* sable TX data buffer empty interrupt */
DisableTXcompletelnt (); /* Disable TX complete interrupt */

}

/*****************t*t****t**t***i*t*i******t*ttttt*******tt*txtw*t*tttxit!'rt

/* Initialize the HCll flags, baud rate...to enable the reception ./

/* must be called once before using the SCI reception features M
/tt*tt*t*t*********t*t*********tt*t*tt*ttt*tttt*ti**tt*ttt*x*tt*t*ttt:t-:tr:r;

void SCI_init_RX(void) )

{

*LATCH_SCI_Add = 0x01; /* enable SCI on HCll board by setting flip flcp*:
AckWanted = FALSE;
Overrun = FALSE;
NoiseFraming = FALSE;
UnknownCommandl = FALSE;
UnknownCommand2 = FALSE;
NoStopChar = FALSE:;
IndexError = FALSE;
RXstream = FALSE;

/* baud=4800 assuming 8 MHz clock */
SetBit (BAUD_Add, 4);
SetBit (BAUD_Add, S):
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}

SetBit (BAUD_Add, 0):
ClearBit (BAUD_Add, 1):
ClearBit (BAUD_Add, 2):

ClearBit (SCCR1_Add, 4); /* format of the datas is 3 ti<s l:ing -
ClearBit (SCCR1_Add, 3):

SetBit (SCCR2_Add, 2); /* Enable RX RE=1 */
ClearBit (SCCR2_Add, 4): /* Disable Idle Line Interrug:t Znazle *~

ReinitializeReceive();
/* end function SCI_init_RX */

/***********************#*****t****tt*****tttt**t***t**ttxtttttrwttlttt:x:rx

/* Initialize the time low for all Output Compares (set to lms minimum) <
/* Initialize the time high for them as well */
/*******************t****ti*!t******t*tt*t*t*ttx**t*!'t*xktltﬂtxtr*.z:crx:tw

veid InitServos (void)

{

int 1i;

/

}

/
/
/

for(i = 0; i <= NUM_PA; i++)

{

ThighPA([1i] = (unsigned int)ONE_MS;

} /* Set Sephamore to indicate that Port A i3 low */
for(i = 0; i <= NUM_PB; it++)

{
ThighPB(i] = (unsigned int)ONE_MS;
} /* set Sephamore to indicate that Port B is low */

* set specific values for particular servo controls */

ThighPB [THROTTLE] {unsigned int) THROTTLE_DEFAULT:

ThighPA [AILERON] {(unsigned int)AILERON_DEFAULT;

ThighPB [ELEVATOR] {unsigned int)ELEVATOR_DEFAULT;

ThighPA [RUDDER] {unsigned int)RUDDER_DEFAULT;

ThighPB [TO_GYRO] (unsigned int)TO_GYRO_DEFAULT;

ThighPA [COLLECTIVE] (unsigned int)COLLECTIVE_DEFAULT;
*TCTL1_Add = 0x00; /* 0C2,3,4,5 set register OC disconnected from outputs =/
*TFLG1_Add = 0; /* clear all pending IC and OC interrupts =/
*PORTA_Add = 0; /* set all servo outputs to zero */
*PORTB_Add = 0;

*OC1M_Add = 0x00; /* disable OCl (default) */

/* end initialize high & low times for servo control */

AR ANRKRERE TR TR TR AR TRAARERRRNANARERAARAANANRARRAR AN R AT AT A A A A ANk koo wxx
* Initialization of the HCll registers to use the ADconverter =/

L2 S SR 2R 2 R R 8RR a2 R R AR SRR R R SRS ARE RS S RN N

void InitADconverter (void)

{

}

SetBit (CPTION_Add, 7):; /* ADPDU=1 */
ClearBit (OPTION_Add, 6): /* CSEL=0Q =/
SetBit (OPTION_Add, 4); /* DLY=1 */
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/*iitkt*ttt*ttktt*tttttttti*tttl*ﬂtttttngtxl!tlttt'wtw,Axkxtxtnr-y.: -------

/* This routine makes the pointer variables regpresenzing =ne =711 reg s37s2r:-
/* point to the corresponding addresse-~ .
/lttwtt*lt*ttttt*tt*tttﬂtxttttt:x:txrr:*x:xxtt11:1*::.:1:«:::«:-::- ---------

void InitPointer(void)

{

TCNT_Add = &HL1TCNT: /* Main Timer count register =/

TMSK2_Add = &H11TMSKZ:; /* Interrupt Mask for timer cperazicns *:
TFLG2_Add = &H1lTFLG2; /* Flag Register for timer cperations */

IC Add[ICl NUM] = &H1lTICl; /* Array of the 3 Input Capture reg.3%=2rs °

IC_Add[IC2_NUM] = &H11TIC2:
IC_Add(IC3_NUM] = &H11TIC3:

TMSK1_Add = &H11TMSK1l; /* IC & OC mask register */
TFLGl_Add = &H11TFLGl; /* IC & OC flag register */
TCTL2_Add = &H11TCTL2; /* 22 */

OC_Add({OCl_NUM] = &H11TOCl: /* Array of the 5 Output Compare regizrers ~-
QC_Add ([0C2_NUM] = &H11TOCZ;
OC_Add[OC3_NUM] = &H11TQC3;
OC_Add[OC4_NUM] = &H11TOC4;
OC_Add[0CS5_NUM] = &H11TOCS;

TCTL1_Add = &H11TCTL'- /* Timer Control Register #1: for OC5 - QC2 */
OClD_Add = &H110C1D; /* Data for OCl */

OC1M_Add = gHllOoC1M: /* Mask for OCl */

PACTL_Add = &HLl1PACTL; /* Pulse Accumulator Control register */
SCSR_Add = &H11SCSR; /* SCI registers */

SCDR_Add = &H11SCDR;

SCCRZ2_Add = &H11SCCRZ;

SCCR1_Add = &H11SCCR1;

BAUD_Rdd = &H11BAUD;

LATCH_SCI_Add = (unsigned char *)LATCH_SCI; /* Latch to enable the 3CI =X
*

/

/* This latch is software controllable and must be initialized =~/

PORTB_Add = &H11PORTB: /* communication ports */

PORTA_Add = &H11PORTA;

OPTION_Add = &H11lOPTION; /* AD Converter control registers */

ADCTL_Add = &H1lADCTL:

ADR1_Add = &H11lADRI1: /* AD converter reqg that hold the converted values
*/

ADR2_Add = &H11ADR2;
ADR3_Add = &H11ADR3;
ADR4_Add = &HL1ADR4;

/* Calibrated values of the potentiameters programmed in the EZPAOM */
Slopelz_Add = (double *)SLOPElz_ ADDRESS:
Slope2z_| “Add = (double *)SLOPE2z . _ADDRESS;
Sloper Add = (double *)SLOPEZx ADDRESS;
v1z0_Add = (unsigned char *)V1z ADDRESS;
V2z0_Add = (unsigned char *)V2z ADDRESS;
V2x0_Add = (unsigned char *)V2x_ADDRESS;
Slope3pitch_Add = (double *) SLOPE3pitch_ADDRESS;
Slope3roll_Add = (double *)SLOPE3roll ADDRESS:
Slope3dyaw_Add = (double *)SLOPE3yaw_ZDDRESS;
V3pitch0_Add = (unsigned char *)v3p1tch ADDRESS:;
V3roll0_Add = (unsigned char *)V3roll _ADDRESS:
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}

V3yawQ_Add

= (unsigned char *)V3yaw_ADDRESS;
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/* 32crge Mason University

/= Department of Ziectrizal and Tomputer Zrgirneer.ny
/* File Name: FAMEISR.c

/*

/* Authors: Bertina Ho-Mccxk-Qai, Zarrell Cluane, Ken Hino:
/= Update History: Versicn ..., Teopruary 23, 1232

/* ISR for QOC3, 0C4, CC5
/* ISR triggered when value in OC3’s register = timer valu=

void QC3_ISR(void)

{
switch (ServoStatus[OC3_NUM]})

{

case B_LOW:
{
ServoStatus (CC2_NUM] = A HIGH:
/* set -uitput compare to new value
'OC_Ad” 33_NUM] = *TCNT_Add + ThighPA[COLLECTIVE]

- SOFTWARE _CORRECTION;

SetBit (+JRTA_Add, PAS) ; /* set Port A Bit

ClearFlag ( TFLGl_Add, (7 - OC3_NUM ) ); /* clear int flag

SetBit (TMSK1_Add, (7 - OC3_NUM ) ); /* enable interrupt fcr ICx
break;

}
case A_HIGH:
{
/* autc clear does not seem to work correctly

ClearBit (FORTA_Add,PAS): /* cCLEAR Port A Bit
ServoStatus{OC3_NUM] = A LOW;

*QC_Add[0OC3 NUM} = *TCNT Add + INTER_PULSE DURATION

-~ SOFTWARE CORRECTION /* delta pulses

ClearFlag ( TFLG1_Add, (7 - OC3_NUM ) ); /* clear lﬂt flag

SetBit (TMSK1_Add, (7 - OC3_NUM ) ); /* enable interrupt f£or CCx
break;

}
case A_LOW:

{

ServoStatus[OC3_NUM] = B_HIGH:

/* set ocutput compare to new value

*0C Add[OC3 _NUM] = *TCNT_Add + ThizhPB([TO_GYRO] - SCFTWARE_CORRECTIIN:

Seth*(PORTB Add,PB2); /* s~z rort B Bit

ClearFlag { TFLG1 _Add, (7 - 0C3_..UM ) ) /* clear int flag

SetBit (TMSK1 Add,(7 ~ OC3_NUM )7); /* enable interrupt £or ICx
break;

}
case B_HIGH:
{

ClearBit (PORTB_Add,PB2); /* set Clear Port B Bit
ClearFlag ( TFLGl_Add, (7 = OC3_NUM ) ); /* clear int £flag
/*disable OC3 interrupt
ClearBit (TMSK1_Add, (7 - OC3_NUM ) ); /* disable interrupt Iz-r 203

ServoStatus [OC3_NUM] = B_LOW;
/* load OC4 timer for short interpulse duration
*OC_Add{[OC4_NUM] = *TCNT_Add + INTER_PULSE_DURATION
"OFTWARE CORRECTION
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/* enable int for #4 now so Lt has a chance without fewng in%2rrig-a:
ServoStatus [CC4_NUM] = B_LCOW:
ClearFlag ( TFLGl_Add, (7 - CCs_NUM ) ); [/=* clear inc £.ag
SetBit (TMSK1_Add, (7 - CC4_NUM ) ) /* enable interruct for 73
break;
}
?

asm(" RTI\n"™); /* asm command: Return from Interruz:t

- - W M G e . e N e - A e e o e A e e S e e e e M e T L e S W e e e e e e W v e e e o = €

switch (ServoStatus[0C4_NUM])

{
case B_LOW:

{

ServoStatus{OC4_NUM] = A_HIGH;

/* set output compare to new value

*QC_Add[0C4_NUM] = *TCNT_Add + ThighPA[RUDDER]

- SOFTWARE _CORRECTION;

SetBit (PORTA_Add, PA4); /* set Port A Bit

ClearFlag ( TFLGl Add, (7 - OC4_NUM ) ); /=* clear int £flag
SetBit (TMSK1_Add, (7 - OC4_NUM ) ): /* enable interrupt for CCx
break:

}
case A_HIGH:

{

/* auto clear does not seem to work correctly

ClearBit (PORTA_Add, PA4): /* set Port A Bit
ServoStatus[0C4_NUM] = A_LOW;

*OC_Add[OCé_NUM] = *TCNT Add + INTER_PULSE_DURATION

- SOFTWARE CORRECTION, /* between pulses
ClearFlag ( TFLGl_Add, (7 - OC4_NUM ) ): /= clear int £flag
SetBit (TMSK1_Add, (7 - OC4_NUM ) ); /* enable interrupt fcr CCx

break;

}
case A_LOW:

{

ServoStatus[0C4_NUM] = B_HIGH;

/* set output compare to new value

*OC_Add[OC4_NUM] = *TCNT_Add + ThighPB[ELEVATOR]

- SOFTWARE_CCRRECTION;
SetBit (PORTB_Add, PBl):; /* set Port A Bit
ClearFlag ( TFLG1_Add, (7 - OC4_NUM ) ); /* clear int flag

ServoStatus[OC4_NUM] = B_LOW:

/* load OC5 timer for short interpulse duration

*OC_Add[0OC5_NUM) = *TCNT_Add + INTER_PULSE_DURATION
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SetBit (TMSK1 Add,(7 - QC4_NUM ) ) /* enable interrupt for CCx
break:

}
case B_HIGH:

{

ClearBit (PORTB_Add, PBl):; /* set Clear Port B Bit

ClearFlag ( TFLGl_Add, (7 - OC4_NUM ) ); /* clear int flag

/*disable 0C4 interrupt
ClearBit (TMSK1_Add, (7 - OC4_NUM ) ); /* disable interrupt for CC4

A
b

*/

. % » #

/

LA
Lo




- SOFTWARE_CORRECTICN;
/* enable int for #S
ServoStatus[OC5_NUM] = B_LOW;

ClearFlag ( TFLGl _Add, (7 - ocs _NUM ) ): /* clear int flag
SetBit (TMSK1_add, T - OC5_NUM ) Ty /* enable interrupt £z ITx -
break:
}
}
asm(" RTI\n"); /* asm command: Return frem Interrucpe
}
/* _______________________________________________________________________ v
/* ISR triggered when value in CCS’s register = timer value -
/! _______________________________________________________________________ *
void OCS5_ISR({void) /* ISR triggered when OC5's register = =Z.mer .:..e

{
switch (ServoStatus{QOCS_NUM])

{

case B_LOW:
{
ServoStatus [OC5_NUM] = A_HIGH;
/* set output compare to new value .
*OC_Add[OC5_NUM] = *TCNT_Add + ThighPA[AILERON]

- SOFTWARE CORRECTION;

SetBit (PORTA_Add, PA3): /* set Port A Bit *
ClearFlag ( TFLG1 _Add, (7 - OC5_NUM ) ): /* clear int flag */
SetBit (TMSK1_Add, (7 ~ OCS_NUM ) K /* enable interrupt for CCx */
break;

}
case A _HIGH:

{

ClearBit (PORTA_Add, PA3): /* set Port A Bit .
ServoStatus{OCS_NUM] = A_LOW;

*OC_Add{OC5 NUM] = *TCNT Add + INTER_PULSE_DURATION

- SOFTWARE CORRECTION, “/* INTER PULSE bl
ClearFlag ( TFLGl_Add, (7 - OCS_NUM ) ); /* clear int flag .
SetBit (TMSK1_Add, (7 - OC5_NUM ) ): /* enable interrupt f£or CCx *

break;

}
case A_LOW:

{

ServoStatus{OC5_NUM] = B_HIGH;

/* set output compare to new value .
*OC_Add{OCS_NUM] = *TCNT_Add + ThighPB{THROTTLE] - SOFTWARE_CORRECTICN:
SetBit (PORTB _Add, PBO) ; /* set Port A Bit b
ClearFlag ( TFLGl_Add, (7 - OC5_NUM ) ):; /* clear int flag "/
SetBit (TMSK1_Add, (7 - OCS_NUM ) ): /* enable interrupt for OCx */
break;

}
case B_HIGA:
{

ClearBit (PORTB_Add, PBO); /* set Clear Port B Bit */
ClearFlag ( TFLGl_Add, (7 - OCS_NUM ) ):; /* clear int flag */
/*disable OCS interrupt */
ClearBit (TMSK1_Add, (7 - OCS_NUM ) ): /* disable interrupt for CCS5 =/

/* *OC_Add[(OC5_NUM] = *TCNT Add.*/ /* set output compare to new value
*/
ServoStatus[CC5_NUM] = B _LOW;
/* load OC3 timer so that only one roll over is used before next pulses */

FAME/AFOSR Hintz, March 29, 1992
54




*OC_Add{CC3_NUM] = ~TCNT add: /% set SuIpPuT CImEarze = rew o

s

3

)

[t
.

/= enable int for #3 - -
ServoStatus[QC3_NUM] = B_LCW:
ClearFlag ( TFLGl_Add, (7 - CC3_NUM ) ), /% zlzar int flag «
SetBit (TMSK1_Add, (7 - OC3_NUM ) ); /* enaple interrupt foz IC .
break;
}
}
asm(" RTINa"); /* asm command: Return frem Interrupt -
/A e o e 5 A e e e e e
/* ISR for data received or transmitted via the SCI. As there s
/* physical interrupt for the SCI, function checks to see which

/* is occuring according to the flags and calls the correspondin
void SCI_ISR(void)

{

if( (*SCSR_Add & Ox2E) '= 0x00) /* was this ISR triggered by a char Riad-
SCI_RX_ISR(}:
else
if( ((*SCSR_Add & 0x80) != 0x00) )
/* was this ISR triggered by TDRE=1 (the TX data register empty) =~
SCI_TX_ISR(); /* transmit acknowledgement values to PC *
else

{

printf("SCI ISR triggered for reasons unknown. SCSR= Oxix SCCRI= Oxix'
*SCSR_Add, *SCCR2Z2_Add):

DisableTXbuffEmptyInc ().

}

asm(" RTI\n"); /* asm command Return From Interrupt s

}  /* end SCI_ISR */

R T pety iy p ey g g g i gy g g g g iy ey g g *
/* Main ISR to transmit characters to the work station. x
/* Transmits second through last characters of string. -
/* Sending of first character done by TXfirst *
/t _______________________________________________________________________ *

void SCI_TX_ISR(void)

{
TXindex++;
switch(ValidCommandChar)
{
case POS_REQ_COM_CHAR:

*SCSR_Add =  *SCSR_Add: /* Flag TDRE is cleared =

*SCDR_Add = PosAckBuff [TXindex): /* normal transmission x

if (TXIndex >= (POS_ACK_STRING_LENGTH - 1)) /* last char of sequence =/

{
DisableTXbuffEmptylInt ()
}

break;

cage SER_REQ COM_CHAR:
*SCSR_Add = ¥SCSR_Add: /* Flag TDRE is cleared .
*SCDR Add = SerAckBuff [TXindex]); /* normal transmission *

if (TXindex >= (SER_ACK_STRING_LENGTH - 1))/* last char of sequence ? =~

{
DisableTXbuffEmptylInt ():
}

break;

default:
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printf ("Unknown type of request for TX in SCI_TX ISR() r"::
break;

} /* end switch{()

} /* end ISR to TX

void SCI_RX_ISR{void)

{

SaveReg(}; /* Read SCDR & SCSR --> clear RDRF bit
#ifdef TESTO

putchar ((int)WorkRXdata)

#endif
RXerror():; /* Check for Reception Errors
if¢ { Qverrun == FALSE)

&& ( NoiseFraming == FALSE)) /* we are NOT presently rxing a string:
{
if( (WorkRXdata == START_CHAR)
&& (RXstream == FALSE)) /* and the first character is the star:t ghar
{
RXstream = TRUE; /*set the rxing stream semaphore
RXindex = START_CHAR_INDEX;
/* start char is NOT put into string buffer
}
else if (RXstream == TRUE)
{
CharRX():; /* in string, after start char, store character
}
}
else
RXstream = FALSE;
}
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/Ittt**ttttt*ltwtwttt**ttttt*ttrtntkxtt-ttttt::qt-tttttnq:x'lnt---...,,,,.

/* George Mason University -
/* Department c¢f Electrical and Computer Enginesering .
/* "
/* File Name: FTFAMELIB.C .
/: v
/* Authors: Bertina Ho-Mock-Qai, Darrell Zuane, Xen Hintz "
/* Update Histcry: Version 1.0, February 23, 19%2 -

/*tttt****ti*tttt*'**ﬁt*ik***l**ttt*ﬂttt*t*ri*tl*!ttttl*rtttthz-w-n-'tvn-

/* Function called after a complete servo command sequence 135 recs.lw

/* transmits

"SAs’

1]

-~
-

/i*t**tw*tttttwtxt**t*tttktttwﬁttt**kktiltkt:ttttttt:rttr:w:::z:-vr----:xc

void FillSerAckBuff(void)

{

SerAckBuff [START_CHAR_INDEX] = START_CHAR;
SerAckBuff [COM_CHAR_INDEX] = SER_ACK_COM_CHAR:
SerAckBuff [SER_ACK_STRING_LENGTH - 1] = STOP_CHAR:

1

/********ﬁ******************t**t************'**I*t*t'tl*l"!II!!llliltl!tl

/* Checks for overrun, framing, noise error .
/I**********t*********ttt*t**t*t*t**t*t*i***t*t***ttttt!!t*xtt*ttt!ttt::rzx

void RXerror (void)

{

Overrun = FALSE;
NeciseFraming = FALSE;
if¢ (GetBit_Char (WorkSCSR,1) !=0)

|1 (GetBit_Char (WorkSC3R,2) !'=0))
éoise?raming = TRUE;
i%(GetBit_Char(WorkSCSR,3)
éverrun=TRUE;
} }/* end of function RXerror() */

'= Q)

/***tt*i*t*t***tt*****t*t*t*t**t**x**tt***tt*ttl*tttkfﬁtttt!t!t**!tttt:lrt

/* Save the SCI receive buffer and the flag register of the SCI -

/* It is the first operation performed when a RX interrupt occurs ™
/******t*********t*tt******tt**t*tt****ﬂi**t**k*kt*ttx**ﬁtt*tktxt*i:q:tnrt,

void SaveReg{void) /* This function clears the RDRF flag of the SCSR */
{

WorkRXdata = *SCDR_Add;

WorkSCSR = *SCSR_Add;

WorkRXdata = *SCDR_Add; /* to clear interrupt =/
asm("int2 CLI\n"); /* enable interrupt to allow OCs to operate */

}
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/t*it*tttittltt:ttk**wtttt*tttxtt!xtnrt:twttt'--ttttttr:--..-:---:.....'..

/* Concatenates 2 characters RXed into an integer val..e
/********'*"t"*f**t"**itlll’!"ﬂl!!t!!*!!ltt"klt'(tlilellwt'.lt'tt(.u

-

int Concat_Int(unsigned char MSbits,unsigned char L3bics;

{
MSBits = MSbits;
LSBits = LSbits;
concat_int (}; /* assembly language routine in file conczat.sil -
return Concat_2B;
}

/l***t**i*****ttt******tktttx**t**t*****l*ttt!i!l!ttttt*aﬁt:rtttttttrrf:-v

/* This routine clears to 0 a given bit of a given by:e. .
/* This byte is pointed to by pointer -

/***********t***t***!r**ttt**t*t**?*****tt*t**ttt***tttwt!txt!anlwrtun-ne

void ClearBit (unsigned char *pointer,int NumBit)

{
switch (NumBit)
{
case 0: *pointer = *pointer & MASK(;

break;

case 1l: *pointer = *pointer & MASK1l;
break;

case 2: *pointer = *pointer & MASKZ;
break;

case 3: *pointer = *pointer & MASK3;
break:

case 4: *pointer = *pointer & MASK4;
break;

case 5: *pointer = *pointer & MASKS;
break;

case 6: *pointer = *pointer & MASKS6;
break:;

case 7: *pointer = *pointer & MASK7;
break:;

}

/k*****t**#***ﬂ********t***t**t**t*****t**i*t*t**t*ﬁ****ittt*tt**tttttttt-

/* This routine clears to 0 a bit of a given flag register (TFLGl or «
/* TFLG2). To do so, a 1 must be written to the bit to be cleared. *
/* (see HCll manual) It was verified that the assembly language bl
/* translation of this function uses the BCLR instruction as prescrited =/
/* 1in section 10.2.4 of the reference manual .

/t*****t*it***i**tt***i***t*Itti***t*t*tittt*t**t***ttktttttt!ttttxtrttttt]
void ClearFlag(unsigned char *pointer,int NumBit)

{

switch (NumBit)

{

case 0: *pointer = CMASKO;
break:;

case 1l: *pointer = CMASKl;
break;

case 2: *pointer = CMASK2;
break:;

case 3: *pointer = CMASK3;
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oreaxk;

case 4: *pointer = CMASK4:;
break;

case S5: *pointer = CMASKS:
break;

case 6: *pointer = CMASKSE:;
break;

case 7: *pointer = CMASK7:
break;

/t*itttt*ttit*t*t**tttttttttttttr*t*tt:xttrtttttttttttttrttt-rirvttx-:-:--
/* This routine sets to 1 a given bit of a given byte. v
/* This byte is pointed to by a pointer. *
/**t***t********t*tt***t*tt*t*t******t*t*****ttitttt*t!tttrtkt:tturulvvxx- -

void SetBit (unsigned char *pointer,int NumBit)

{
switch (NumBit)
{
case 0: *pointer = *pointer | CMASKO;

break:

case 1: *pointer = *pointer | CMASK1;
break:

case 2: *pointer = *pointer | CMASK2;
break:

case 3: *pointer = *pointer | CMASK3;
break:;

case 4: *pointer = *pointer | CMASK4;
break;

case 5: *peointer = *pointer | CMASKS;
break;

case 6: *pointer = *pointer | CMASK6:
break;

case 7: *pointer = *pointer | CMASK7;
break;

default: printf("Invalid Request to change bit = %d",NumBit);
}

/k*t***t*t***t******t***ttt********ﬂ*****tii*t*tttt*it***t*t***tttttt*ttt*/

/* This routine allows to test the value of a given bit of a byte. =/
/" This byte is pointed to by pointer. x/
/**********ﬁ********ﬁﬁt*ﬁ*****i****ﬁ*******ﬂiﬁ*******i******ﬁ*t****t**t*xw/

unsigned char GetBit (unsigned char *pointer,int NumBit)

{
unsigned char BitResult;

switch (NumBit)

{

case 0: BitResult=(*pointer & CMASKO);
break;

case 1: BitResult=(*pointer & CMASKl):
break;

case 2: BitResult=(*pointer & CMASK2):;
break;

case 3: BitResult=(*pointer & CMASK3);
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break:

case 4: BitResult=(*pointer & CMASK4):
break:

case 5: BitResult=(*pointer & CMASKS);
break;

case 6: BitResult=(*pointer
break:

case 7: BitResult=(*pointer & CMASK7):
break:

CMASKG) ;

2

}
return(BitResult);

}

/*t****k*t*****t*t***t!***tt*t*t*ttttttt**!ttitk*'ttttrlttwl':tt:qttthw--

/* This routine allows to test the value of a given bit <f a3 zytz.
/**t**t*tt****itt*****ttt*t***twttttt***!t***tttwt*tytxwtt-x-'rtw-'w..-v-.

unsigned char GetBit_Char(unsigned char reg,int NumBit)

{
unsigned char BitResult:

switch (NumBit)
{
case 0: BitResult=(reg & CMASKO):
break;
case 1: BitResult=(reg & CMASK1l):
break;
case 2: BitResult=(reg & CMASKZ2);
break:
case 3: BitResult=(reg & CMASK3):;
break:
case 4: BitResult=(reg & CMASK4);
break;
case 5: BitResult=(reg & CMASKS):
break;
case 6: BitResult=(reg & CMASKSG):
break:;
case 7: BitResult=(reg & CMASK7):
break:
}

return (BitResult);
}

/****t****f*t*******t**ttttit*ttt**i**i**tt*t*t*t*ttttttt*tttttt!tttwt:"t,

/* Cuts an integer into 2 bytes & returns the values in MSbits and L3Bizs~:
/***tt*t****t*****ttt**tt*tﬁi******t***ti*t*ittt*t*t*ltt*f*ttttt*!tttttttt/

void Split_Int(int Data_To_Split)

{
Int_To_Split = Data_To_Split;
split_int();

}
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/t***tiit*i****t**ttt*tttttkttillltt*tttlllxtxw:ﬂ!!ltltxptﬂl!:wll:rnxx--u
/* This function calculates the checksum of seguences
. /* ignores Oth, last, and (last - 1) elements of array

/* i.e., it ignores the start, checksum, and stop characrzers

/tttt*tt*t*t*tt*t***ttxtt*xtttxttx**tx*txxx*xnxwttttttxxx:trxzr-u:---wxw:

unsigned char Checksum(int stringlength, unsigned char Creckirrayl})

{

unsigned char ChecksumResult = 0;

. unsigned int sum = (;
int i;

for(i = 1; 1 < stringlength =~ 2; i++)

sum = sum + CheckArray(i}];

ChecksumResult = (unsigned char)sum;
return ChecksumResult;

% } /* end checksum function */
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6.2. Append;x II: MC68HCll Assembly Source Code

K on e - o e - - L e m 4 . o A Y e AN e e S o o w— v e - . e . v - - F

* Function to split an integer intc 2 tytes M33.2s L3zt
K o o s e 20 - —— T " o e " " " A - - 4 " v = - ——— — .
import MSBits * Most significant byte resul:c
import LSBits * Least significant byte resul:s
x

import Int_To_Split Integer to splic

section .text

split_int:
ldaa Int_To_Split
staa MSBits
ldaa Int_To_Split+l
staa LSBits
rts
end

import M$Bits * Most significant bits of the integer
import LSBits * Least significant bits of the integer
import Concat_2B * result of the concatenation

section .text

concat_int:
ldaa MSBits
staa Concat_2B
ldaa LSBits
staa Concat_2B+1
res
end
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] K e e e e e e e e e e e e «
/* File: fame32-3.1d .
/= vers=1l.0 -
ix -
/= Configuration is a Mcrtorcla MC6EBHCLIEVB eva.uation crard, -
/* This is designed four prcocgrams that are used WITH the .
/* BUFFALO monitor. The eoxecutable code and inicialized data will ¢
/x* placed in an B8Kx8 RAM ar 0xC00C. .
/* "
/* Modification history: -
/* KJH: for 32kbyrte SRAM 1/2%/92 .
/t ________________________________________________________________________
set H11RAM = 0x00; /* page containing -
set H11REG = 0x01; /* page <ontaining -
set H11lVECSIZE = 42; /* size of 6BECli vecnors .
set H11RAMREG = (H11RAM<<4) |H11REG:/*mask for setting HLLIINIT in starz.s -
set H11REGORG = (H11lREG<<12) /* origin of 6B8HCll registers */
set H11VECORG = 0x10000-H11VECSIZE; /* orxigin of 68HCll vectors =
section .base bss ofigin 0 maxsize = 0x34 = .base; /* uninitialized kase
storage */

section .textl origin 0x1800 maxsize (0x4000 - 0x1800) = .text;

section .text2 origin 0x60C0 maxsize = 8192 = .text;

section .bss bss origin endof (.text2) bss comms:/* followed by uninitc

~

‘0
«2
<

storagex*/

section .data origin endof (.bss): /* followed by data .
section .const origin endof(.data); /* followed by constants <
section .strings origin endof (.const); /* followed by strings N

section .init origin endof(.strings); /* data to be copied to RAM -~

section .heap bss origin endof (.init); /* followed by heap .
section .stack bss origin 0xd000 minsize (512):

/* -------- . > A o ——— P . - - A T W " T " - - - —— T ——— " e x
/* The following line can be used to copy data from ROM into RAM .
/* substitute in place of the section .data line above where the .
/* underscore is replaced with the address of the ROM where the dazsa -

/* is to be stored .

/* .

/* section .data origin copiedfrom .init = .data; -

/* _______________________________________________________________________ «

/* _______________________ - o - . " > " wn - e A T . - = = =/
/* Sections particular to the registers and vectors in the EVB. */

/* Used by the assembler to lccate the registers and interrupt vectors

/* at their proper location in memory since I/0 is memory mapped.

/t ...... - - > - - - [ - - — " 120 8 - -~ ———— — ———
section .H11REGS bss origin H11REGORG;

section .H11lVEC data origin H11VECORG maxsize H11VECSIZE;

/* _______________________________________________________________________
/* Checks for sections which exceed the limits of RAM on the EVB

/*
/t

If the optional RAM is installed, then modify the limits accordingly

- - A A . . - A . . b S P WS WA AN A e A . A M AR o - ——— " - — = e
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check endcf(.heap) >= Ox7fff facal “"C:de area tco laxgs"

check s.zeof(.base) > 0x34 fazal "Base paje toC Larye";

/* ____________ - A D - s P P T W a0 - - - = = - n s ot . - — - _ - —— = s o o -
/* Initializes some values which are used by the initializatic: <cde =2 =
/* initialize various areas of RaM

-—— - - W TP S W S = D WP A Y WP A S N TR T D e b s e W G T NS M AR W T e R TS AN e v Y s 08 e —

set _ramstart = startof(.bss);

set _ramend = endof(.bss);

set _heapstart = startof (.heap):
set _heapend = endof (.heap);

set _stackstart = startof(.stack):
set _stackend = endof (.stack):

set _initstart = startof(.init});
set _initend = endof(.init);

set datastart = startof(.data):
set _dataend = endof{.data):

check _stackend - _stackstart < 256 fatal "Stack too small':

»

~ el s

R o4 R A %X % & N R %

.S e

N

x -

€

/t ______________________________________________________________________ -
/* These object files replace functions in the library that are unigue *
/* to the Buffalo monitor version .
/* *
/* kjhstart.o, kjhiob.o and kjhbuff.o are recompiled versions cf

/* (kjh)start.s, (kjh)icb.s, and (kjh)buffalo.s which allows using the

/* Buffalo monitor routines for 1/0

/t

/* printf.o has been compiled to use the BUFFALO I/0Q Calls and should

/* not be included unless necessary since it takes up quite a bitc of

/* space.

/*

/* ofmt.o has been compiled with the #define FLOATS and LONGS cmitted

/* to reduced size of code.

[ - 0 2 = 8 e o 8 2 o o i e e ——————
‘c:\introl\kjh\kjhstart.o’ /* start up routine */
‘¢:\introl\kjh\kjhiob.o’ /* buffalo input output calls *
"e:\introl\kjh\kjhbuff.o’

‘c:\introl\dd8\concat.o’ /* puts two bytes RXed together to form an In:
c:\introl\dd8\split.o’ /* splits an Int into two bytes for TX to BC
readline: /* read the command line */

/t ........... - . . S AR W G D - S - A - - = 4 - > o - - " - - - . e =~ — o~ =
/* inclusion of the standard libraries to resolve external references

/a ............. - - - - - - — - - . - — — - ——— . — . > " W W > A . k- - * -

-lc /* use the C library ~/
-lcio /* C i/o library x/

-im /* math library */
-lgen /* general library </
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/ ® = e e _
/* File: fcal32~3.1ld
/* vers=1.0
/ * "
/* Configuration is a Mevtorola MCE3HCLIZIVE evaluatisn olars, :
/* This is designed for prcgrams that aze used WITH zne .
/* BUFFALO monitor. Ths executable code and iniclallzed daza ~i1. -
/* placed in an 8Kx8 RAM at 0xC000. .
/ *x x
/* Modification history: -
/* KJH: for 32kbyte SRAM 1/29/92 x,
/* DD: put Jjump commands for ISRs dir in locations at $0000 2/6/82 =7
/ W am e o - - > o = . - W P = - . . i L . e " - - - - = x
set Hl1lRAM = 0Ox00; /* page containing 68HCll rase gage -
set H1lREG = Ox01l; /* page containing 68HCl. registers -
set HL1VECSIZE = 42; /* size of 68RCll vectors <
set H11RAMREG = (H1lRAM<<4) {H1lREG,/*mask for setting HI1lINIT in star:t.s =/
set HIIREGORG = (H1l1REG<<12) /* origin of 6B8HCll registers o
set Hl1VECORG = 0x100C0-HL1VECSIZE; /* origin of 68HCll vecrtors -
set CAL_START = (x7£00; /* start of calibraticn val:ues ~/
section .base bss origin 0 maxsize = 0x34 = .base; /* uninitialized tase gage
storage */
section .ivt origin 0x00cq4 = .ivt: /* Begin Interrupt Vector Table (SCI is
first) at 0x00cqd */
section .textl origin 0xc000 maxsize 8192 = .text;
section .text2 origin 0x1800 maxsize (CAL_START - 0x1800) = .text:
section .bss bss origin endof (.text2) bss comms;/* followed by uninic
storage*/
section .data origin endof (.bss); /* followed by data -
section .const origin endof(.data); /* followed by constants =
section .strings origin endof(.const): /* followed by strings *.
section .init origin endof(.strings): /* data to be copied to RAM ~;
section .heap bss origin endof (.init): /* followed by heap */
section .stack bss origin (CAL_START - 512) minsize 512;
/ W o o o o o o o e o - - - v W A W W D > A W - - U e - - > - ———— */
/* The following line can be used to copy data from ROM into RAM */
/* substitute in place of the section .data line above where the =/
/* underscore is replaced with the address of the ROM where the data */
/* is to be stored =/
/* *x;
/* section .data origin copiedfrom .init = .data; */
/ W vy oy v - D D = " T D D D D Wt N - - T . o P i = a8 = = > . - - - - - dn . e «;
/ W - -———— D P G D G D A B U it b S W o " . S P WD v R WS M w0 M M S = — . . R A W 4 aW W R W W S M R WA S = e wm m e mm x i
/* Sections particular to the registers and vectors in the EVB. =
/* Used by the assembler to locate the registers and interrupt vectors * 7
/* at their proper location in memory since I/0 is memory mapped. */
/ b . . 2 e > > - —— - ———— -~ " > " _  E W = - - v W = - - - - - x/
section .H11lREGS bss origin H11REGORG:
section .H1lVEC data origin H11lVECORG maxsize H1l1VECSIZE;
/* ____________________ - - - - - - - - S - - . . - . S N D e AN A D WA e G WD S G W W > - -  /
/* Checks for sections which exceed the limits of RAM on the EVB x
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/* Tf the cpticnal RAM 1s :nstalled, then modify the limoics 32I2702ir3.

/t _______________________________________________________________________ x
check endof (.stack) > TAL_3TART fazal "Ccode arzea Tio lirge”

zheck endof(.base) > 2x34 f3azal "3ase gage =22 .arge"

/x ........................................................................
/* Initializes some values which are used by =he tnitiazlozztoin fiiz -.

/* inicialize various areas cf RAM

/: ________________________________________________________________________

set _ramstart = startof(.oss);

set _ramend = endof(.bss):

set _heapstart = startof (.heap):
set _heapend = endof (.heap):

set _stackstart = startof{.stack):
set _stackend = endof(.stack):

set _initstart = startof(.iniz}):
set _initend = endof(.init):

set _datastart = startof(.data);
set _dataend = endof(.data):

check _stackend - _stackstart < 256 fatal "Stack too small";

/* ——————————————————————————————————————————————————————————————————————— ®
/* These object files replace functions in the library that are unigue *
/* to the Buffalo monitor version .
/t *
/* kihstart.o, kjhiob.o and kihbuff.o are recompiled versions cf *
/* (kjh)start.s, (kjh)iob.s, and (kjh)buffalo.s which allows using the *,
/* Buffalo monitor routines for I/0 -
/* -
/* printf.o has been compiled to use the BUFFALO I/0 Calls and shoculd .
/* not be included unless necessary since it takes up guite a .z ¢ -
/* space. .
/t -
/* ofmt.o has been compiled with the #define FLOATS and LONGS cmictec -
/* to reduced size of code. *
/t ....................................................................... *
*c:\introl\kjh\kjhstart.o’ /* start up routine -
‘c:\introll\kjh\kihiob.o’ /* buffalo input output calls .
‘c:\introl\kjh\kjhbuff.o’

ci\introl\dd8\splitdb.o’ /* splits an Int into four bytes for savinz
EEPROM */

readline; /* read the command line *
] e e e —————— e o o o e e o e o e e o 2 .t
/* inclusion of the standard libraries to resolve externa. references .
/* ...... - - - . - - - - — = - —_— - - o " - - " o An -y x
~-lc /* use the C library *.
-lcio /* C i/o library *
-lm /* math library o
-lgen /* general library .
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6.4.  Appendix IV: PC (Workstation) Software

/t#*t*i*ttttttil!*itt*tntttkrt:ttttttttwuunwkttxttnxtg:xa-t-uu:tu:u'...-.-

/* George Mascn University

/* Department of Electrical and Ccmputer Enginesr.ng .
/o

/* File Name: FAMEpc.C -
/t

/* Authors: Bertina Ho-Mock-Qai, Darrell Duane, Ken Hin-:

/* Update History: Version 1.0, February 23, 1832 -
/: .
/* »

/tt*tttttt*ﬁtﬁtt-ttittatt:rt*rt.tt*wttitnttt'.t'atxtttttur":w-w-u-u'-.q.c

#include <stdio.h>
#include <dos.h>
#include <conic.h>
#include <float.h>
#include "famedef.h"
#include "pcdef.h"

alint) {veid)

static void (interrupt far ~oldse 1i
int(void):

ri
static void interrupt far newserial
void main ()

{ unsigned char MenuChoice[3];

int Continuelt,i, j,delay:; /* used to allew for centinuous creraziza *
SERIALPORT=1; /* set port to com 1 */
disable(): /* General interrupt mask */
DisablePC_TXint (); /* Local TX mask */
clrscr();
InitSerialPort():; /* Initialize the UART: baud, port...*/
InitTXparm(); /* Initialize the TX parameters */
InitRXparm{) ; /* Initialize the RX parameters */
DisablePC_RXint ():
enable(): /* General interrupt mask */
Continuelt=TRUE;
NewData=FALSE:
delaytime=5; /* set delay between TX equal to 5 milliseccnds «.

while (Continuelt)
{

printf("\n . Fast Adaptive Maneuvering Experiment -- PC
Interface\n\n"):
printf (" Do you want to send (P)csition request, (R)epetitive posizicn

request, \n");
printf(" (S)ervo control values, (D)efault servo control values, ‘n":;
print£(" r(E)petitively send variety of servo control values, “n"i;
printf (" (I)nteractively send position requests & a variety of serv: z:inzr:
values, \n"};
printf (" (V)ary servo settings repetitively with keyboard, set (T):me
in\n"):;
printf (" milliseconds to delay between transmissions, (C)hange Com port or
{(Q)uit?\n");
scanf ("%1s", MenuChoice);
switch (toupper (MenuChoice[0]))
{
case 'P’:
PosQrSer='PpP’;
ClearRXbuffer():

FAME/AFOSR Hintz, March 29. 1992




TXEfirst () /® Transmlz flrst char 2£ tne FosregBufs «
AwaitAck():

DisplayData();

break;

case 'R’:
PosQrSer='P?P';
¢lrscr():
printf("\n Repetitvely send position request 22 HCLL. Pres: znv
exit.");
WaitForEnter():
while('kbhit ())
{
ClearRXbuffer():

TXfirst () /* Transmit first char of the PosRegBuff =/
AwaitAck(): /* */
clrscr () /* clear screen */
DisplayData{);
H
break;
case 'S’:

PosOrSer='S’;
EnterServoControlvValues ()

FillSerRegBuff ();
ClearRXbuffer();
TXfirst (). /* Transmit first char of SerReqBuff ~/
AwaitAck ()
break;
case ’'D’:

PosOrSer='S’; /* servo control values desired */
DefaultServoControlValues ()

FillSerRegqBuff(]):

ClearRXbuffer();

TXfirsc():

AwaitAck ()

break:

case 'E’:
i=0;
PosOrSer='S’';
clrscri{);
printf ("\n Repetitvely send varying servo control request to HCLL.
printf{"\n Press any key to exit."):
WaitForEnter ()
while(!kbhit ())
{
VariableServoControlValues (j);
clrescr ()
FillSerReqBuff ();
ClearRXbuffer();
TXfirst (), /* Transmit first char of the PosReqBuff */
AwaitAck():
if (++jmmll) §=0;

}
break;

case 'I’:
J=0;
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clrscr();

printf("\n Interactively send positicn reguests & waryiry sq
requests \n");

printf(" to HCll. Press any Xey to exit."):

WaitForEnter ()

while ('kbhit ())

/

{

10
1y
'
)
'
)

PosQrSer= 'P’;

ClearRXbuffer ()

TXEirsc () /* Transmic £irst char 2I the FisFez3.id -
AwaitAck(); /x =/

clrscr();

Displaylata():
PosOrSer="5§";
VariableServoControlValues(3):
FillSerReqBuff ()
ClearRXbuffer();
TXEirst () /* Transmit f£irst char of the PcsRegBufs =/
AwaitAck();
if (++j==11) 3=0;
}
break:

case 'V’
PosOrSer='S’; /* TX servo control wvalues */
ContinueKeyboard=TRUE;
DefaultServoControlValues();
¢clrscr ()
printf ("\n\n Type capital letters Lo increase & lowercase .at%ers =
decrease \n");
printf (" servo control settings\n"):
printf(" (T)hrottle, (A)ileron, (E)levator, ({(R)udder, (C)ollective:n "::
printf (" Type Q to quit this session\n");
WaitForEnter ()
while (ContinueKeyboard)
{
KeyboardServoControlvValues ()
clrscr():
FillSerReqBuff ();
ClearRXbuffer():
TXfirst () ;
AwaitAck{()
}
break;

case 'T’':
clrscr();
printf ("\n Delay time = %d ms.\n", delaytime):;
printf (" Delry time should be greater than 4 ms. \n");

"y
scanf {"%d", &delaytime);
break;

case 'C’:
clrscr():;
BeginChangeComPort:
printf("\n Change Com Port Value. Com port = %d. \n",SERIALPCRT):
printf (" Enter new value for Com port (1l or 2): \n"):
scanf ("%d", &SERIALPCRT):
if ((SERIALPORT < 1) || (SERIALPORT > 2))
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{ printf(" Invalid Com pcrr value = 3d. Re-enter'.n", 3ZRIALEIRT. .
gotc BeginChangeComPort; !}

SERIALPORT=1; /* set port to ccm 1 o=/
disable{(): /* General interrupt mask */
InitSerialPort(); /* Initialize the UART: baud, por: =
InitTXparm(); /* Initialize the TX parameters </
InitRXparm(); /* Initialize the RX parameters *
enable () /* General interrupt mask */
break:
case 'Q':
RestoreOldISR{); /* Restore the old interrupt service ri.tire °
ContinueIt=FALSE:
break:
defaule:
printf("Invalid key hit-- reenter ‘n\n");
break:;

} /* end switch() =*/
} /* end while loop for Continuelt == TRUE */
} /* end main routine */

/*t*****x*******t**Qtﬂtt*ttx*t*w**I**titwtttrttttwttwtntx:t:xxux-u-tx/

/* this function awaits acknowledgement from the HCll & displays an =/

/* error message if it isn‘t received in time b
/***tt*tt*r******ttt*tﬁtt*tt:ttt*ﬁ'tt*tt*tttttttttt:t:ttttt:-ntttttt:/

void AwaitAck(void)

{
delay (delaytime)
while (RXint_Enabled)
{ if( (biostime(0) > (TXtime + ONE_BIOS_SECOND)) )
{ printf(" Timeout: ACK not Received from HCll! \n");
DisablePC_RXint(}; /* set equal to true so that user screen pecires
available */
}
} /* end while RXint_Enabled */

}  /* end function AwaitAck() */

/**X***i***********ﬂ**tt****t*****ﬁ******i***ﬁ**tt*t*t**t'tttk!t!t*!ttqttt

/* Function to initialize the UART, attach the new ISR, save the old ISR -

/**********t*tﬁ*t*******t*t**t*ti*ﬁ**t*****t*ﬁ**tttttttiﬂl!t*ttxxtrti!trtt;

void InitSerialPort (void)
{
initserial.ser’al_initial_bits.parity= PARITY==2 ? 3 : PARITY ;
initserial.serial Lnltxal bxts stopbita= STOPBITS-1;
initserial. serial initial bzts wordlen= WORDLEN-S;
initserial. sorlal initial blts brk =0;
initserial.serial _initial blts divlatch =1;

outportb(LINECTL, initserial.serial_initial_char):

outportb (DIVLSB, (char) ((115200L/BAUD) & 255));
outportb (DIVMSB, (char) ((115200L/BAUD) >> 8));

initserial.serial_initial_bits.divlatch = 0;
cutportb (LINECTL, initserial,serial _initial char):

initializeISR():
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i

/tiit**t*t*ﬂi***r*tttitxr(ttw*x-nt::u-xxtvxrwttnxr.:txﬁ.u.yx:-r-.,,.,.. .....

/* Initializes ISR for TX & RX over serial pcrt °f 2C
/xtx**tttt*twt*tt:tt*tttzttxu.x::::*t:nx::-.x:‘:;:........,,,..,..,,,,.,.,..
void initializelISR(void)

:

{

oldserialint = getvect (SERIALINT): /* save the cld ISR addrass ~,

setvect (SERIALINT, newserialint) /* atrtach the new ISR t2 the welitsr -
outportb(MODEMCTL,(inportb(MODEMCTL & OxXEF | DTR | RTS ; CZUTZI)):
outportb(PIC01l, (inportb(PICO0l) & SERIALIRQ)):; /* enable =he 5233 _az2r -

outportb (PIC00,EQCI)

inportb (RXDATA) ;
inportb (INTIDENT)
inportb (LINESTATUS),
inport (MODEMSTATUS) ;

/* printf(" Serial port initialized.\n"): */
i

/* Restore the old ISR attached to the cocm that we have used */
void RestoreQldISR(void)
{
setvect (SERIALINT,oldserialint):;
printf("0ld ISR restored\n");
}

/*************t*t****t*i*k**!*ti’****t**t*t*i*t*t*i*tt***tttttttt!’t!tttt:xx:vt:

/* Initialize parameters for TX to 68HClI1l board *

/t**t*****tttt***t*t**fi*ttt**itttt*t*t:t***ttt*t***ttt*:**ttf*t:t**x:ntxx:wz

void InitTXparm{void)

{
/* Buffer to request position values of the heliocopter =/

PosReqBuff [START_CHAR_INDEX]=START_CHAR:
PosReqBuff [COM_CHAR INDEX] =POS_REQ_| "~ COM | _CHAR;
PosReqBuff[POS_REQ__ STRING LENGTH- 1]=STOP CHAR;

TXindex=0;
}

/‘k*ti*****t*i***ﬁﬁ*it*t**f**ﬁi*t*t*ﬁ*iitttt*t*t***ttttttttt*t*itttttitxt'txt! ‘

/* Prompts user for values to request servo control on heliocopter. =
/*ﬁ***t***titﬁitﬁ**i*t#tttt**ttt*tt*ﬁt***ttt**tit*t'tt*tt::nvzt:trttn—w:r: IR R X
void FillSerRegBuff (void)

{

SerReqBuff [START_ CHAR_INDEX]=START_CHAR;
SerReqBuff (COM_CHAR INDEX]*SER REQ COM_CHAR:

SerReqBuff [THROTTLE MSB] =(unsigned char) (ServoValues{[THROTTLE!>>3); .
put msbits here */

SerReqBuff [THROTTLE_LSB] = (unsigned char)ServoValues{THRCTTLE], . = z.=
lsbits here */

1
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printf("Throttle: ¥4d\n", Servovalues (THRCTTLE )/

SerReqBuUff[AILERCN_MSB] =(unsigned char) (ServovValues AILZREIN!>»4 - .
put msbits here */

SerReqBuff [AILERON_LSB] = (unsigned char)ServoValues AILEZAIN: oot
lsbits here */

printf("Aileron: ¥4d\n", ServoValues{AILERCN]

SerReqgBuff [ELEVATOR_MSB] =(unsigned char) (ServeValues EZLIVATIR >::
put msbits here */

SerReqBuff [ELEVATOR_LSB] = (unsigned char)ServoWValues ZLZVATIR ! A
lsbits here */

printf(“"Elevator: $4d\n", Servovalues [ELEVATCR}) ;

SerReqBuff [RUDDER_MSB] =(unsigned char) (ServoValues [RUDIER)>>3, f oLl
msbits here */

SerReqBuff (RUDDER_LSB] = (unsigned char)ServoValues[RUDDER;; .=~ cu-=
lsbits here */

printf ("Rudder: %$4d\n", ServoValues [RUDDER]) ;

SerReqBuff [COLLECTIVE_MSB] =(unsigned char) (Servovalues [COLLECTIVE >>%j:
/* put msbits here */

SerReqBuff (COLLECTIVE_LSB] = (unsigned char)ServoValues[CCLLECTIVE;: *
put lsbits here *x/

printf(“"Collective: %4d\n",ServoValues[COLLECTIVE}):

SerReqBuff [SER_REQ_STRING_LENGTH-2 ]=Checksum(SER_REQ_STR®ING_LENGTH,
SerRegBuff); /* Calculate Checksum for servo control values */
SerRegBuff [SER_REQ_STRING_LENGTH-1 ]=STOP_CHAR;
} /* end function FillSerReqBuff*/

/*************t***t****t**t****tt*****tt******t***t*t*i**ktltttttttrtttttt:t'

/* Takes input from keyboard to determine servo control values. *
/i****t*********ttt*t***"kt**tﬁ**tt*t*i**t*t***ttitltt*!ttkttlttttltxr:xtit't

void EnterServoControlValues(void)
{
printf (*\nEnter servo control value between 2000 & 4000 for THRCTTLZ:
scanf ("%d", &ServovValues[THROTTLE]);

printf ("\nEnter servo control value between 2000 & 4000 for AILERCN: "
scanf ("%d", &ServoValues{AILERON]):

printf ("\nEnter servo control value between 2000 & 4000 for ELEVATIR: "}:
scanf ("%d", &ServovValues{ELEVATOR]):

printf ("\nEnter servo control value between 2000 & 4000 for RUDDER: "}
scanf ("%d", &ServoValues(RUDDER}):

printf ("\nEnter servo control value between 2000 & 4000 for CCLLECTIVE: "):
scanf ("%d”, &ServoValues[COLLECTIVE]):

} /* end function EnterServoControlValues()*/
void DefaultServoControlValues (void)
{

printf ("\nLoading Default Servo Control values \n"):

FAME/AFOSR Hintz, March 29, 1992
72




ServovValues [THROTTLE]=THROTTLE_CE ‘
Servovalues [AILERON]=AILERCN_DEFAULT;
ServoValues [ELEVATOR] =ELEVATOR _PEFAULT:
ServoValues [RUDDER] =RUDDER _ DEFAULT;
ServoValues{COLLECTIVVJ—COLLECTEVE_DEFAULT,

i /* end function DefaultServoCcontrolValues */
void VariableServoControlValues(int multiplier)

{

printf ("\nLoading Variable Servo Control Value ser # 3d -n",mulzicle
ServoValues (THROTTLE] =CNE MS*(‘“c)((nu-v*p,--: * ONE M3y 120
ServoValues (AILERCN]=0ONE_MS+ (int) ((multiplier * CNE MS)/13};

ServoValues [ELEVATOR] =ONE_MS+(int) ((multiplier * ONE MS)./.1):
ServoValues (RUDDER] =ONE MS+(1nt)((mult*plLer * ONE MS)/-V)
ServoValues [COLLECTIVE]=ONE_MS+ (int) ((multiplier * ONE _MS).11):

} /* end function VariableServoControlValues */
void KeyboardServoControlValues (void)

{
while (kbhit ())
{
switch{getch(}}
{ case 'T’:

ServoValues (THROTTLE] +=SERVO_CHANGE RATE:

break;

case ‘t’:
ServoValues{THROTTLEI-=SERVO_CHANGE_RATE;

break;

case 'A’:
ServoValues{AILERON]+=SERVO_CHANGE_RATE:

break;

case "a’:
ServoValues [AILERON] -=SERVO_CHANGE_RATE;

break:

case ‘'E’:
ServoValues[ELEVATOR}+=SERVO_CHANGE_RATE:

break;

case ’'e’;
ServoValues {ELEVATOR] -=SERVO_CHANGE _RATE:

break;

case 'R':
ServoValues (RUDDER] +=SERVO_CHANGE RATE;

break;

case ‘r’:
ServovValues[RUDDER] -=SERVO_CHANGE_RATE;

break;

case 'C’:
ServoValues[COLLECTIVB]+-SERVO CHANGE_RATE:

break;

case '¢c’:
ServeValues (COLLECTIVE] -=SERVO_CHANGE_RATE;

break;

case 'Q’:

case 'q’
ContinueKeyboard=FALSE;
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}

break;

default:
break;
} /* end switch() *~/
} /* end while(kbhit ()) */

/* end function KeyboardServoControlValues() =/

/t**tttt*tt*ttt*tttt*t*ttt******tttttt***tttttttt**ttttttt*t:-xtxttgt«::xru'

/

* Initiates TX Sequence to the HCl1

*

/t*!t*ttt****t*i**ti*t**t**tt***t******ttii*ttttttttl!xtttlttttrtlttt-tvw:tr

void TXfirst(void)

{

TXindex=1; /* This will be the index that the ISR will use to TX =ne z.3%z::

first value */

/* This is not the TX ISR */

while (getbit (inportb (LINESTATUS),S)==0) {putch(‘w’):
/* wait for TX to complete */
switch (PaosCrSer)
{
case 'P’':

outporthb (TXDATA, PosRegBuff [START_CHAR_INDEX]):
EnablePC_TXint ();
break;

case 'S’:
outportb (TXDATA, SerReqBuff [START_CHAR_INDEX]):
EnablePC_TXint () ;
break:

default:

printf{("Error Unknown Type ¢f TX i\n");
break:;

}

TXtime=biostime (0);

}

putch (' 1/

/****ti*t**t*********ﬂ************i**t*ﬁt**********'ttt****t*ttt*t*rttrtrrttr

/*

initialized flags and semaphores for receiving data from HCll

x .

/*************t*t***t*t******tt*t***tttt*ttt*tt:t*it**t:*tttttt'*ttntrtx-"'
volid InitRXparm(void)

{

RXstream=FALSE;
RXindex=0;
ocutportb (LINECTL, (inportb (LINECTL) | 0x80));

/* printf£("DLAB bit in LCR is set = 1"); */
/* printf{"LCR = 0x%x\n",inportb{LINECTL)): */ /* Line Control Register =
/* printf(“BAUDO = 0x%x ",inportb(DIVLSB}}: */
/* printf("BAUD]1 = Ox%x ",inportb(DIVMSB)); */

/* printf£("DLAB bit in LCR is set = 0 *); */
/* printf ("DATA = Ox%x\n", inportb(RXDATA)); */ /* Receive data value *~
/* printf£ ("LCR = Ox%x\n", inportb(LINECTL)); */ /* Line Control Register
/* printf("MCR = 0x%x\n", inportb(MODEMCTL)); */ /* Modem Control Register
*

/

outportb (LINECTL, (inportb (LINECTL) 40x7£) )

/* printf ("IER = 0x%x\n", inportb(INTENABLE)); */ /* Interrupt Enable
Register */
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/= printf("LSR = Ux¥x\n", inporiD(LINESTATUS)), =~/ = Lire I-237.3 Fai_i-<.
L i

/* printf ("MSR = Ox¥x\n", inportD(MCDIMSTATUS!). */ .= MiZem I-a37.3 Z27.--2
Values */

/* printf("IID = Ox¥x\n", InportD{INTIDENT)). =*; /* Interrupt I22n-_t.l z%_.:
% Causes =/

}

/t*ttt*!t***t***ktk**tktls:tt*wttttttttti*ltrttttltn-t'x:r:w'vt'---v --------

/* Clears RX buffer */

/i*t**************i********‘ktk*t*tt**‘kx*t*tt!t*i‘l**l!‘l’l‘!lll’l’lrt:Itstrr'r P

veid ClearRXbuffer (void)

{
char extra;

while (getbit {inport (LINESTATUS),0))
{ extra=inportb (RXDATA);
printf("Cleared byte = 0x%x = ’%¢’ from serial port RX
puffer.\n", (unsigned char)extra, extra):
}
} /* end function ClearRXbuffer =/

/***tt*tt**t****t***tk****x********t*t***t****t**t**ﬁ**Ikt*rt*itxtfrttir!t'-,

/* Checks for the noise and overrun errors after reception */
/*tt*******t**t*****ttt********ﬁ****t**!i***fitttttt*ttlttltlt*t*'lkttttltt[
void RXerror{void)
{
if ((getbit (WorkLinestat,3)'!=0) |/ {getbit (WorkLinestat,2)!=0))
NoiseFraming=TRUE;
else
{ NoiseFraming=FALSE;
1f (getbit (WorkLinestat,1l)'=0)
if ((RXindex==(POS_ACK_STRING_LENGTH-1-1})&& (WorkRXca
Overrun=FALSE;
else
Overrun=TRUE;

ot

a==3

else
Overrun=FALSE;

}

/*********************'**********'****************i********t**********?**'!t/

/* Test if the received word is the start word *
/******t*t**#i*t**ttiﬂ********'****tﬁti“*ﬁt!***I**tt*tt****tt!t**t**ttwtt'tv:_‘
void ResearchStartChar(void)
{ if (WorkRXdata==START_CHAR)
{
RXstream=TRUE;
RXindex=START_CHAR_INDEX;
/* putch(’A’); putch(’'!’): A! start char received! */
}
else
{ putch(’S’); puteh(’'!’); } /* display S! for start char not received =~/
}

/ﬁ********iﬁfiit*iti***t***ii****ﬂt*****i**ttitttt*ttttttttltftttxttttrutt:'

/* Function to receive data from the HC1l1 .
/**i*****l**ﬂ**************ﬁ*'*****t*t**t*ﬂ!ttlttﬂtitl*tllltt'tﬂttwRtttt-w'y

void CharRX(void)
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{
RXindex++;

1 £ (RXindex== _CHAR_INDEX) /* should this te the Zsmmana Tharzzness
{ Worx. -mandChar=WorkRXdata;
switch (WorkCzmmandChar)
case POS_ACK_CCM_CHAR:
PosAckBuff{COM CHAR INDEX ] =WorkRXdata;
break:;

case SER_ACK_COM_CHAR:
PosAckBuff[COM_CHAR_INDEX]=WorkRXdata:
break;

default:
putch(’'U’); putch(!’):
ClearWorkVar():

break;

} * end switch for Command Character =/
} /* er.i should this be the Command Character */

else { /* this is not the command character */
switch (WorkCommandChar) {

case POS_ACK_COM_CHAR:
if ( (RXindex > COM_CHAR_INDEX)
&& (RXindex <= (POS_ACK_STRING_LENGTH-1-1)) )
{ PosAckBuff[RXindex|=WorkRXdata; /* put Pcsition or Thecksum
values into array to be un-concatenated */
/* putch{’I’); print ‘I’ to the screen */
}
else
if (RXindex == POS _ACK_STRING_LENGTH-1)
{ if (WorkRXdata == STOP CHAR)
{ CompleteStream();
DisablePC_RXint (); |}
else { putch(‘Y"); putch(’!’); ClearWorkvar():; } }
else
{ ClearWorkv. {): putch(’27); putch{(’'!’); }
/* error out .f synch */
break:;

-

case SER_ACK COM CHAR: /* is this a servo control acknowl.adgermen
lf(RXlnGGX"SER ACK_STRING_LENGTH-1} /* should this ke tne st

Q
0ot

char? */
if (WorkRXdata==STOP_CHAR) /* is this the stop char? =/
{ ClearWorkVar();
/* putch{’R’); putch({’!’); Servo Control Ackncwledgement RXXed
} /* disable rx inter */
else /* error */
{ putch(‘W’); putch(’!’); ClearWorkVar(); }
else
{ putch(’X’); putch(’'!’); ClearWorkVar(); }
break;
default:
printf ("Work Control Word Not Recognized as RXed ")
ClearWorkVar :;
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break:;
} /* End of switch() */
} /* End of else this shculdn’

ot

> < 5 ~ - .
be the ZTommand Characzar -

L= RS

i /* end function CharRX */

/t*t*tt*x*ltt**t***xtttttttxxkt't**x!t:xxx::xx--rttttxx:x::k:rlx-:xrt:rt-...
/* Initialize semaphores for RXing a new string f£rcm the HCIL. v
/****ttt**kt*******tttttttttttt'*tttttt*ttxgt*ttttttttttttttt::txt::xxxx--::
void ClearWorkVar(void)

{ int i:

RXindex=0;
RXstream=FALSE;
DisablePC_RXint ()’

/t***t!*t!*****t***'tttttt*txﬁt'*!ttt*!tf'iiitll!ktI!tll'tlrt!(itlrgtnlnv-u-

/* Called upon RX ¢f Stcp char ¢f Positicn acknowledgemen:t seguzn:ie -

IEEEEEE SRS SRR EARRERE SRRl SRR RS EEREERERREEREERERRERERERERERSREEEEIEINNN

void CompleteStream(void)
{

1f( PosAckBuff[POS_ACK_STRING_LENGTH-1-1] == Checksum(PCS_ACK_ STRING_LINGTEH,
PosAckBuff) ) /* Checks if the checksum is correct */
{
/* printf (“"\nStream complete\n™"); «/
/* printf ("command char = %x \n",WorkCommandChar); */

NewData=TRUE;
}
else
{ printf{"Checksum Error: RXed Checksum= %x, Calculated Checksum = 3ix
\n", PosAckBuff [POS_ACK_STRING_LENGTH-1-1], Checksum(POS_ACK_STRING_LENGTH,

PosAckBuff)); 1

ClearWorkVar():}

/*t*t*t*****t****tt***************************it**t**i***ttttt*tt*t!ttt:tt:tr

/* This function calculates the checksum of sequences -
/* ignores Oth, last, and (last - 1) elements of array -
/* i.e., it ignores the start, checksum, and stop characters

*/

/***t***kt****t****ttttti*****tttikt**t*********tt*******t**t**ﬂ*#twttt:xrwrt
unsigned char Checksum(int stringlength, unsigned char CheckArray(})

{

unsigned char ChecksumResult = 0;
unsigned int sum = 0;
int i;

for(i = 1; 1 < stringlength - 2; i++)
sum = sum + CheckArray(i]:

ChecksumResult = (unsigned char)sum;
return ChecksumResult;

}] /* end checksum function */

/*ﬁ**t*t*****ﬁ*******t*t***iﬁ****ttt*ﬁ***ﬁ***t**i*i**i**t*!*t*tt*t*ttttttti!/
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/* concats 2 unsigned characters ©o an in-eger
*x/
/*'***t'*t"****tl’***t!l‘!"l’*!‘!*l‘l"!lt'tt’ll*tt*tttw'ttttlxl.l't" ...........

int Concat_Int (unsigned char MSbits,unsigned char LSti-s)
{ unsigned int resulc;

result=(int)MSbits;
result=(result << 8);
result=result+LSbics:
return result:

/***t*t********ﬁ**t*tt*t*t*t**t**tttt*t**tt'*i****!*it*tttt*r!!lt!!lxtt:t-txr

/* Concats Position values from the RX buffer & displays them zc the scrssn -
/*t*t****t****t****t**t*tt****t*ttt**tt*ttitii*ittt**wttttw:xuttnttz:-x:x--vr

void DisplayData{void)

{ int i:

clrscr();

printf (" X= $7.2f cm \n", (float)Concat_Int (PosAckBuff /X MS3;,
PosAckBuff{X_LSB}) /100 ).

printf(" Y= %7.2f cm \n", (float)Concat_Int (PosAckBuff Y MS3:},
PosAckBuff (Y LSB]) /100 );

printf(* 2= %7.2€ cm \n", (float)Concat_Int {PosAckBuff{Z MSB:,

PosAckBuff[2_LSB]) /100 )

printf (" Pitch= %7.2f deg \n", (flcat)Concat_Int(PosAckBuff[PITCH MSB;,
PosAckBuff[PITCH_LSB]) /100 ):

printf (" Roll= %7.2f deg \n", (float)Concat_int (PosAckBuff[ROLL_M51;,
PosAckBuff [ROLL_LSB]}) /100 )

printf (" Yaw= $7.2f deg \n", (float)Concat_Int (PosAckBuff[YAW MS3:,
PosAckBuff {YAW_LSB}) /100 );

/* printf (" X= %7.2f cm MSB: %¥2x LSB: %2x\n",
{float)Concat_Int (PosAckBuff[X_MSB], PosAckBuff(X_LSB]) /100,
PosAckBuff [X_MSB], PosAckBuff[X_LSB] );

printf (" Y= $7.2f cm MSB: %2x LSB: %2x\a",
{(float)Concat_Int (PosAckBuff(Y_MSB), PosAckBuff(Y LSB])/100,
PosAckBuff[Y_MSB], PosAckBuff[Y_LSB] );

printf(" 2Z= $7.2f cm MSB: %2x LSB: %2x\a",
{float)Concat_Int (PosAckBuff{Zz_ MSB], PosAckBuff({2_ LSB]) /100,
PosAckBuff([Z_MSB), PosAckBuff[Z_LSB] ):

printf (" Pitch= %7.2f deg MSB: %2x LSB: %2x\n",
{float)Concat_Int (PosAckBuff(PITCH_MSB], PosACkBuff(PITCH_LSB}) /100,
PosAckBuff [PITCH _MSB], PosAckBuff[PITCH LSB] )
printf ("™ Roll= %7.2f deg MSB: %2x LSB: %2x\n",
(float)Concat_Int (PosAckBuff [ROLL_MSB], PosAckBuff(ROLL_L3SB])/10C,
PosAckBuff{ROLL MSB], PosAckBuff[ROLL_LSB] )
printf (® Yaw= %7.2f deg MSB: %2x LSB: %2x\n",
(float)Concat_Int (PosAckBuff [YAW MSB], PosAckBuff(YAW_LSB]) /100,
PosAckBuff[YAW_MSB}, PosAckBuff{YAw LSB] )
*
/
for(i=0; i<=PCS_ACK_STRING_LENGTH-1 ; i++) PosAckBuffl[i)=0

/* ISR for transmitting to HC1ll ¥/
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@

{
switch{PosOrSer)
{

case ‘P’: /* We want to transmit the PIsReg Buffar -
while(getbit (inportb (LINESTATUS),S)==0) lgutzni’y’' . z.ozzn 7
outportb (TXDATA, PcsRegBuff[TXindex] ),
if (TXindex++==POS_REQ_STRING_LEINGTH-1) | IZisacleFfl TXun-
ZnablePC_RXir= (); }
break;
case "8’ /* We want t2 Transmit The Servs ITInTIIl CEIaTeTsld
while (getbit (inportb (LINESTATUS), 3)==0) iputch{’z’y; zutzn:’ '
outportb (TXDATA, SerReqgBuff [TXindexj):
if£(TXindex++==SER_REQ_STRING_LENGTH-1) { DisablePl_TX:unzij:
EnablePC_RXint (); |}
break;
default:
printf ("general error \n"):
break;
} /* end switch() =/
}
/* _____________________________________________________________________ x !
/* Reception ISR x/
[ K e e e e e e e e e = e e - x/

void PC_RX ISR (void)
{ WorkRXdata=inportb (RXDATA):;

/* putch(WorkRXdata); putch(’*’); display values received from HZLl*/
WorkLinestat=inportb (LINESTATUS) ;
RXerror ()
if ((Overrun==FALSE)&& (NoiseFraming==FALSE))
if (RXstream==FALSE) /* we want the start char */
{ /* putzh('£’); */ ResearchStartChar(}: }
else
{ /* putch('t’); */ CharRX{); !}
else
ClearWorkVar();
}
/* _____________________________________________________________________ x
/* New communication interrupt service routine *
/* _____________________________________________________________________ =

static void interrupt far newserialint (void)
{ char identreg;

identreg=inportbh (INTIDENT) ;
switch (identreg)
{
case 4:
PC_RX_ISR():
break:;

case 2:
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/*
/7 *

default:
printf(“defauls ingt n");
inportb (RXDATA) ;

break:
!
sutportb (PICOC, 2CI) ;

B A RS RS R SRR SRR RS SRR RSl EREESERSEREESEEEEEIFEEEEIEIER SN N L R I A N A

Pauses for user to read message on screen.

/l**!ttti**iil**!ﬂ!*'ktkttt!ttt**'tttkt!!t!t!!tllklrl'wt'!llcllt"itt':'v.'--

vold WaitForEnter(void)

1

/*
7*

printf("\n Press any key tc begin."):

while(!xbhiz {))

getch ()

/* end function WaitForEnter() =~/

e e e o e e 7 o 2 2 e S e o e i e e o e e e .
File which contains some basic functicns */

- — - Vb ww U e m WS — . . S W S R TS W M . N W e D e A - A - - — . e = - — x

unsigned char clearbit (unsigned char reg,unsigned char NumBit

{

}

un
{

80

unsigned char treg;

switch (NumBit)
{ case 0: treg = reg & MASKO:
break;
case 1: treg = reg & MASKL;
break;
case 2: treg = reg & MASKZ;
break;
case 3: treg = reg & MASK3;
break:
case 4: treg = reg & MASK4:
break;
case S: treg = reg & MASKS;
break;
case 6: treg = reg & MASKG:
break;
case 7: treg = -eg & MASK7;
break;
}
return{tregj};

signed char setbit(unsigned char reg,unsigned char NumBit)
unsigned char treg;
switch (NumBit)

{ case 0: treg = reg | CMASKO;
break;
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zase .. treg = r23 TVMASKL
break;

case 2: treg = reg CMASKZ
break:

case 3: treg = reqg : CTMA3K3,
break;

case 4: treg = reqg ! CTMA3K4:
break;

case 5: treg = reg CMASKE;
break;

case 6: treg = reg CMASKS,
break;

case 7: treg = reg | CMASK7.
break;

}
return{tregqg).
}

unsigned char getbit(unsigned char reg,unsigned char Num3i=z)
{

unsigned char BitResult:

switch(NumBit)
{ case 0: BitResult=(reg & CMASKQ);

break;

case l: BitResult={(reqg & CMASKLl);
break:;

case 2: BitResult=(reg & CMASK2);
break;

case 3: BitResult=(reg & CMASK3):
break;

case 4: BitResult={(reg & CMASK4);
break;

case 5: BitResult=(reg & CMASKS);
break;

case 6: BitResult=(reg & CMASKS):
break;

case 7: BitResult=(reg & CMASK?);
break;

}
return (BitResult):
}
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6.5.  Appendix V: Mechanical Drawings
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Figure 2 Bracket supporting potentiometer at center of base (H) of stand.
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Figure 4 Bracket for supporting azimuth potentiometer at middle joint.
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Figure 6 Adapter shaft to connect potentiometer to H-potentiometer and Azimuth-Potentiometer.
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Figure 7 Adapter to connect elevation potentiometer to parallel elevation arms.

FAME/AFOSR Hintz, March 29. 1992




- )-3/18°

L&l/?’

o3
Top View f /(P

E ey '—/ - T3
00wy 1% b

- LB- v

End View

l-.-?lr
|

—0 O

/10
T

Side View v L Le-rve

T

44

11/ 10 =

Orawing #1
Ken Hintz
George Mason Universityl
2-ve 8/28/81
(783198313892

Material: 178" Aluminum
Bracket NBI
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