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Getting Started

To turn on the Flight Unit:

1. Place the quadcopter on a level surface.
2. Plug in the battery to the JST-SH connector.
3. Wait for the quadcopter to calibrate the accelerometer and gyroscope (~3 seconds).

To turn on the Remote Unit:
1. Plug a micro-B USB cable into the transmitter (can be powered by a normal PC USB port)

Once the Flight Unit is calibrated and the Remote Unit is on, the quadcopter should be ready to fly.

Controls
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Figure 2. The analog joysticks of the Remote Unit.

The Remote Unit has 2 analog joysticks that are used to control the quadcopter while in flight mode:

1 The vertical axis of the right stick controls the throttle of the quadcopter; pushing the stick up
increases the overall throttle.

1 The horizontal axis of the right stick controls the yaw rate of the quadcopter; pushing the stick
left rotates the quadcopter counter-clockwise (when seen from above), while pushing the stick
right rotates the quadcopter clockwise.

1 The vertical axis of the left stick controls the pitch of the quadcopter. Pushing the stick up will
make the quadcopter pitch forward in the direction it is facing, causing it to move in that
direction. Pushing the stick down will move the quadcopter backwards.

1 The horizontal axis of the left stick controls the roll of the quadcopter. Pushing the stick left will
make the quadcopter roll left and move left relative to its facing direction. Pushing the stick
right will make the quadcopter roll and move right.



User Interface

The Remote Unit has 2 main modes; flight mode and PID tuning mode. Clicking the right analog stick
switches between the two modes.

Flight Mode

Figure 3. Two of the displays in flight mode (default and pitch angle time series).

This is the default mode of the Remote Unit, where the analog sticks directly control the quadcopter,
as described in the previous section. In this mode, different status information can be displayed on
the LCD screen of the Remote Unit. The different displays in flight mode are:

Default (shows all status info in numeric form)
Filtered pitch angle time series

Filtered roll angle time series

Accelerometer x-axis time series

5. Attitude time series
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Clicking the left joystick will rotate between the displays in the order specified.



PID Tuning Mode

Figure 4. The display in the PID tuning mode (default coefficient values).

This mode lets the user change the coefficients for the various PID loops of the Flight Unit. The left
analog stick changes the coefficient selection. The vertical axis of the right analog stick changes the
value of the currently selected coefficient. The abbreviations seen above are translated as follows:

1 prS - pitch/roll stability PID
1 prR - pitch/roll rate PID

1 yaw - yaw rate PID

i alt - altitude PID (unused)

Clicking the left stick sends the PID coefficients to the Flight Unit. In addition, on receiving these new
PID values, the Flight Unit will recalibrate its accelerometer and gyroscope (~3 seconds).



Hardware System Overview

The Quadcopter system is composed of two distinct hardware parts; the Flight Unit and the Remote
Unit. The Flight Unit board is physically attached to the quadcopter and controls the motors. The
Remote Unit board acts as the user interface unit and controls the quadcopter wirelessly.

Both the Flight Unit and Remote Unit use the same MCU (ATmega328P), which runs the main
application code and communicates with the various other modules for each unit. They also use the
same RF Transceiver (nRF24101+), which enables the units to communicate with one another. In
addition, both units use a voltage requlator to supply 3.3V to their various hardware blocks.

The Flight Unit also includes an accelerometer, gyroscope, and ultrasonic range finder, which it uses
help it balance the quadcopter properly. It uses 4 MOSFETS to control the motors of the quadcopter.

The Remote Unit includes 2 analog joysticks for user interface input (controlling the quadcopter) and
an LCD for user interface output (for displaying things like quadcopter status and PID tuning).
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Figure 10. The PCB layout of the Remote Unit (top layer on top, bottom layer on bottom)




Shared Hardware System Detalls

The Flight Unit and Remote Unit use the same hardware for certain modules. This includes the main
microcontroller unit, the RF transceiver module, and the voltage regulator.

MCU

Overview

The MCU block on both the Flight Unit and the Remote Unit mainly consists of U1, an ATmega328P
microcontroller. U1 runs the code and controls/communicates with the different modules to implement
each system.

Ul includes 32KB of flash memory, 1KB of EEPROM, and 2KB of SRAM, so no external ROM or
RAM is required. The application code is directly uploaded and stored into the flash memory.

In addition, there is no separate reset circuitry; both units rely on the internal power-on reset feature
of the microcontroller.

Clock

Ul s clock speed i s deter mi ne dnofldgrto@ake theaATrhedd328P c r
chip use this external resonator, the Low Fuse byte is programmed to OxF7. This corresponds to:

1 Full-swing crystal (CKSEL = 0111)
1 Start-up time: 16K CK/14 CK + 65 ms (SUT = 11)
1 Disable divide clock by 8 internally (CKDIV8 = 0)

Programming

To program U1, an external AVR programmer is used (usbtiny). The programmer interacts with Ul
using SPI; specifically, it uses the following pins of U1l:

T R S T
1 MOSI

1 MISO

1 SCK

These signals are exposed through the header pins in J1. Because U1 runs at 12MHz (on both units),
the SPI clock for programming can be set up to 400KHz (the maximum for usbtiny).
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RF Transceiver

Overview

The Flight Unit and the Remote Unit also have the same kind of RF Transceiver block. The main
component of this block is U4, a 2.4GHz nRF24L01+ chip. The block also includes all of the external
di screte components (capacitors, resistors, indu

U4’ s data and c ont rsothe chimigcenndctadctaethe MO®I,IMISO Rahd SCK pins
of U1. In addition, the PCO pin of Ul is connected to S Nthe SPI chip select pin on U4, and PC1 of
U1 is connected CE, the chip enable pin on U4.

The interrupt pin IRQ is not used and is left unconnected.
Antenna

The nRF24L01+ expects a 500hm impedance antenna. On the Flight Unit, a copper wire is used as
the antenna (~4cm). On the Remote Unit, a 4-inch duck antenna (RP-SMA connector) is used.

Voltage Regulator

Overview

Because many modules on both the Flight Unit and Remote Unit require 3.3V supply voltage (such as
the nRF24L01+), both units have a MIC5219 3.3V voltage regulator (U6). The MIC5219 was
specifically chosen for its low dropout voltage, largely due to the supply input of the Flight Unit. The
regulator is always enabled, so the EN pin is tied high to the input supply voltage.

Input Supply

In the Flight Unit, the supply input is provided by a 300mAh Lithium polymer battery with a nominal
voltage of 3.7V. The actual voltage varies from 4.2V down to below 3.3V based on charge. This
unregulated power supply also powers the four DC motors.

The Flight Unit also includes U5, another MIC5219 regulator. The supply input to this regulator comes
from the external AVR programmer (5V USB); this supply input is not connected to motors, since they
would draw too much current for a normal USB port. This additional regulator allows the Flight Unit to
be partially powered through the programmer, which allows for debugging without using the battery.

In the Remote Unit, the supply input can be provided through the external programmer (J1), the
micro-B connector, or possibly some other voltage source (JP3).

13



Flight Unit Hardware System Detalls

Accelerometer

The accelerometer block consists of U2, an MMA8452Q accelerometer chip and some bypass
capacitors (C3-C5).

U2 'data and controlint er f ace uses | 2 , so the chip’s S L an
and SDA pins of U1, respectively. The SAO pin (which determines the LSB of the device 12C address)
is tied low, so the 7-bit device address of the accelerometer is 0011100.

The interrupt pins INT1 and INT2 are unused and left disconnected.

Gyroscope

The gyroscope block consists of U3, an ITG-3200 gyroscope chip and some bypass capacitors (C6-
C9).

U3'data and control interface uses | 2 , s$odhe 6CGLe c h
and SDA pins of U1, respectively. The SAO pin (which determines the LSB of the device 12C address)
is tied low, so the 7-bit device address of the accelerometer is 1101000.

The interrupt pin INT is unused and left disconnected.

Range Finder

An external Maxbotix LV-EZ1 ultrasonic range finder is connected to the Flight Unit via JP6. The AN
(analog) output of the range finder is connected to the ADC6 pin of U1.

Issues

The range finder operates at ~40KHz; this is close enough to the motor PWM frequency of ~20KHz
that there is too much noise to use the range finder while the quadcopter is flying.
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Motors/MOSFETs

The quadcopter frame comes from a Syma X1 and consists of 4 brushed DC motors. The Flight Unit

controls the speed of these motors using 4 ZXMN3F30FH N-channel MOSFETs (Q3-Q6), one for
each motor.

The source S of each FET is tied to GND; the drain D is tied through the motors to VCC (Li-Po battery
supply). The gate G of each FET is tied to a unique PWM pin (OCO0A, OCO0B, OC1A, and OC1B); this

allows U1 to vary the speed of each motor independently. The PWM frequency is approximately
~20KHz, with a resolution of 256 different levels.

In addition, diodes D1-D4 are connected across the motors to prevent counter-EMF.
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Remote Unit Hardware System Details

Analog Joysticks

The Remote Unit takes input from 2 xbox-style analog joysticks (U3, U7) that are clickable through
built-in buttons.

The motion in each axis of the joysticks is measured using a potentiometer; the outer pins of each
potentiometer are connected to VCC and GND, respectively, and the middle pin is connected to one
of the analog-to-digital pins of U1 (ADC3-ADCS6).

Normally, pins PD2 and PD3 are pulled up to VCC through a 10K ohm resistor. When a joystick
button is pressed, the respective pin is pulled down to GND. Debouncing of button presses is done
through software.

LCD

The Remote Unit displays information on a Nokia 5110 LCD (84x48 pixels), which is connected
through JP1.

The L D's data and control interface uses SPI

Ul. The SPI chip select pin S on the LCD is connected to the slave select pin S Son Ul. The D/
pin that specifies a data versus command input is connected to PBO on U1.

) S

T he L RDBpisis connected to PD7. Its LED pin (which controls the brightness of the backlight
LEDSs) is connected to OC1A (for potential PWM).
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Hardware Construction Detalls

Both the Flight Unit and Remote Unit boards were ordered from OSH Park (http://www.oshpark.com).
The surface mount components were reflow soldered using Chip Quick low temperature solder paste,
which was applied using stencils ordered from OSH Stencils (http://www.oshstencils.com), and an

electric griddle (Presto 07211 Liddle Griddle).

FLtry
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Figure 11. Applying solder paste on Remote Unit board using stencil.

Figure 12. Placing components on Remote Unit board.
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Figure 14. Successfully reflowed Remote Unit board.
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Software System Overview

The software for both the Flight Unit and Remote Unit is written in C and compiled using avr-gcc
4.3.3. The code is documented through doxygen commenting, but the source files and their
descriptions are as follows:

Filename Description
comm.h Definitions for the communication protocol between the Flight Unit and Remote Unit
common.h Common definitions and macros for manipulating pins
nrf24101.c/h Interfaces with the nRF24101+ transceiver chip
spi.c/h Functions for SPI communication

Table 1. Code files shared by both the Flight Unit and Remote Unit.
Filename Description
flightunit.c Flight Unit main function
i2c.c/h Functions for I2C communication
itg3200.c/h Interfaces with the ITG-3200 gyroscope chip
mma8452q.c/h | Interfaces with the MMA8452Q accelerometer chip
motors.c/h Interfaces with motors through PWM
pid.c/h Implements PID controller functions

Table 2. Flight Unit specific code files.

Filename Description

remoteunit.c

Remote Unit main function

joysticks.c/h

Interfaces with the analog joysticks

Icd.c/h

Interfaces with the Nokia 5110 LCD

lcd font.h

Contains ASCII font table for the LCD software

Table 3. Remote Unit specific code files.
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Software Block Diagrams

motors

N
G
D

Shared Code
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Figure 15. A high level block diagram of the Flight Unit software. The hardware blocks are shown in
orange. The code in the “shared code” Sdftwatei on i s
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Figure 16. A high level block diagram of the Remote Unit software. The hardware blocks are shown
in orange. The code in the “shared code” sect.
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Software System Detalls

PID Controllers

The quadcopter is controlled and balanced using a number of PID control loops.

For the pitch and roll axes, the Fight Unit attempts to use both the accelerometer and gyroscope to
mai ntain the quadcopter’s absol ut e allehgvere Toad thid, h e
it uses 2 PID loops (per axis):

accelerometer
angle
controller
angle

v Stability PID Rate PID

Complementary —| SP —| SP
Filter —#| PV output »| PV output >

Figure 17. The PID loops for the pitch/roll axes.

gyroscope
angular rate

For the yaw axis, the Flight Unit cannot get any useful absolute angle information from the
accelerometer; thus, it uses only 1 PID |l oop to
controller set rate (0 for approximately no yaw):

gyroscope
angular rate

Rate PID
—»| sP
controller PV s .
angular rate

Figure 18. The PID loop for the yaw axis.
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Filters

To estimate the rotation of the quadcopter along the pitch and roll axes, a complementary filter is
used to combine the accelerometer angular data and the gyroscope angular rate data. Specifically,
the filter updates the angle estimate as follows:

WE VW MOWOE QAT €00 T8IP DO K

where @ ¢ "Qi& e angle estimate along an axis, "Qw i i€the gyroscope angular rate along the axis,
& widthe accelerometer angle along the axis, and ‘Q ds the time step since the last update. In this
system, Q ds approximately 10ms.

In addition, because the raw accelerometer data is relatively noisy, the accelerometer angle is first
filtered using an exponential moving average filter applied approximately every 10ms before it is fed
into the complementary filter:

WO TBOX QWO TBIoE QU W
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Communication Protocol

The Flight Unit and Remote Unit communicate using 5-byte packets. The following types of packets

are used:

Flight Command Packet

This is sent by the Remote Unit to the Flight Unit to directly control the quadcopter in fight mode. It is

sent approximately every 20ms:

Byte # | Data

100

Yaw angular rate

Throttle level

Roll angle

AIWINIFLO

Pitch angle

PID Tune Command

This is sent by the Remote Unit to the Flight Unit to change the coefficients of the different PID loops
that the Flight Unit uses to balance the quadcopter:

Byte # | Data

0

PID loop index

(1 = pitch/roll stability)
(2 = pitch/roll rate)

(3 = yaw rate)

(4 = alt rate - unused)

P coefficient

| coefficient

D coefficient

AIWINPEF

unused

Calibrate Command

This is sent by the Remote Unit to the Flight Unit to make the Flight Unit zero the accelerometer and
gyroscope (the process takes involves averaging 10 samples and using that as the zero level for both

chips):

Byte # | Data

0
unused
unused
unused
unused

AIWIN|IFL IO
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Flight Unit Status

The Flight Unit acknowledges each command packet from the Remote Unit with this status packet
(using the built-in ack payload feature of the nRF24101+ chip). Each status packet contains the
following data:

Byte # | Data

Battery voltage - unused

Filtered pitch angle

Filtered roll angle

Filtered accelerometer x-axis angle
Altitude

AIWIN|FLO




Software Code Listings

comm.h

/**

* @file comm.h
* @brief Communication protocol defines.
*
* @author Kevin Chen <<kchen2@caltech.edu>>
*/
#ifndef COMM_H
#define COMM_H

#define FLIGHTUNIT_ADDR "addrF"
#define REMOTEUNIT_ADDR "addrR"

#define COMM_TYPE 0
#define COMM_TYPE_MOVE 100
#define COMM_TYPE_CALIBRATE 200

#define COMM_YAW 1
#define COMM_THROTTLE 2
#define COMM_ROLL 3
#define COMM_PITCH 4

#define COMM_P 1
#define COMM_I 2
#define COMM_D 3

#define COMM_BATTERY 0
#define COMM_PITCH_ANGLE 1
#define COMM_ROLL_ANGLE 2
#define COMM_ACC_X 3
#define COMM_ALTITUDE 4

#endif
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common.h

/**

* @file common.h
* @brief Common definitions and macros.
*
* @author Kevin Chen <<kchen2@caltech.edu>>
*/
#ifndef  COMMON_H __
#define _COMMON_H_

/I Represent bool as uint8_t with 1 = true, 0 = false
typedef uint8_t bool;

#define true 1

#define false 0O

/I Defines for nested macros (used for pin macros below)
#define P(a, b) a## b
#define P2(a, b) P(a, b)

/I Set a pin as input or output

#define set_input(bit) P2(DDR, bit ## _PORT) &= ~(1 << bit)
#define set_output(bit) P2(DDR, bit ## _PORT) |= (1 << bit)
/I Enable or disable the pullup of a pin (input)

#define pullup_on(bit) P2(PORT, bit ## _PORT) |= (1 << bit)
#define pullup_off(bit) P2(PORT, bit ## _PORT) &= ~(1 << bit)
/I Set the state of an output pin

#define set_high(bit) P2(PORT, bit ## _PORT) |= (1 << bit)
#define set_low(bit) P2(PORT, bit ## _PORT) &= ~(1 << hit)
#define toggle(bit) P2(PORT, bit ## _PORT) "= (1 << bit)

/I Check the state o f an input pin

#define is_high(bit) (P2(PIN, bit ## _PORT) & (1 << hit))
#define is_low(bit) (! (P2(PIN, bit ## _PORT) & (1 << bit)))
#endif
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nrf24/01.h

/**

* @file nrf24101.h

* @brief NRF24L01+ 2.4Ghz transceiver function declarations.

*

* @author Kevin Chen <<kchen2@caltech.edu>>
*/

#ifndef NRF24L01 H_

#define _NRF24L01_H_

#include <avr/io.h>
#include <util/delay.h>
#include <util/delay.h>
#include "common.h"
#include "s  pi.h"

#define NRF24L01_CSN  PCO
#define NRF24L01_CSN_PORT C
#define NRF24L01_CE PC1
#define NRF24L01_CE_PORT C

#define R_REGISTER 0x00

#define W_REGISTER 0x20
#define R_RX_PL_WID 0x60
#define R_RX_PAYLOAD 0x61

#define W_TX_PAYLOAD  OxAO
#define W_ACK_PAYLOAD  OxA8
#define W_TX_PAYLOAD_NO_ACK 0xBO

#define FLUSH_TX OxE1l
#define FLUSH_RX OxE2
#define NOP OxFF

#define CONFIG 0x00
#define PWR_UP 1
#define PRIM_RX 0

#define EN_AA 0x01
#define ENAA P1 1
#define ENAA_PO 0

#define EN_RXADDR 0x02
#define ERX_PO 0
#define ERX P1 1
#define SETUP_RETR 0x04
#define RF_CH 0x05
#define RF_SETUP 0x06
#define RF_DR_LOW 5
#define RF_PWR1 2
#define RF_PWR0O 1
#define STATUS  0x07
#define RX_DR 6
#define TX_DS 5

#define MAX_RT 4
#define TX_FULL O
#define RPD 0x09
#define RX_ADDR_PO Ox0A
#define RX_ADDR_P1 0x0B

#define TX_ADDR 0x10
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#define RX_PW_P0 0x11
#define RX_PW_P1 0x12

#define DYNPD 0x1C
#define DPL_PO O
#define DPL_P1 1

#define FEATURE 0x1D
#define EN_DPL 2
#define EN_ACK_PAY 1
#define EN_DYN_ACK 0

#define PAYLOAD_SIZE 5

void nrf24101_init(void);

uint8_t nrf24101_read_reg(uint8_t reg);

void nrf24l01_write_reg(uint8_t reg, uint8_t data);
uint8_t nrf24101_get_status(void);

void nrf24l01_set_rx_addr(char *addr);

void nrf24l01_set_tx_addr(char *addr);

bool nrf24101_data_available(v oid);
bool nrf24101_read(uint8_t data[]);

bool nrf24101_write(uint8_t data[], uint8_t ack(]);
void nrf24l01_write_ack(uint8_t data[]);

#endif

nrf24101.c

/**

* @file nrf24101.c
* @brief NRF24L01+ 2.4Ghz transceiver function definitions.
*

* @author K evin Chen <<kchen2@caltech.edu>>
*/
#include "nrf24101.h"

/**

* @brief Read from a register.

*

* @param reg The address of the register to read from.

* @return The byte read.

*/

uint8_t nrf24101_read_reg(uint8_t reg) {

set_low(NRF24L01_CSN);
spi_transfer(R_REGISTER | reg);
uint8_t data = spi_transfer(NOP);
set_high(NRF24L01_CSN);
return data;

}
/**

* @brief Write to a register.
*

* @param reg The address of the register to write to.

* @param data The byte of data to wri te.

*/

void nrf24101_write_reg(uint8_t reg, uint8_t data) {

set_low(NRF24L01_CSN);
spi_transfer(W_REGISTER | reg);
spi_transfer(data);
set_high(NRF24L01_CSN);



/**
* @brief Read the status register.
*
* @return The byte of status data
*/
uint8_t nrf24101_get_status() {
set_low(NRF24L01_CSN);
uint8_t data = spi_transfer(NOP); //get status, send NOP request
set_high(NRF24L01_CSN);
return data;

}
/**

* @brief Write to one of the address registers (TX_ADDR or RX_ADDR).
*

* @param reg The address of the register to write to.

* @param data The array of data to write.

* @param len The length of the data array.

*/

void nrf24l01_write_addr_reg(uint8_t reg, uint8_t data[], uint8_t len) {
set_low(NRF24L01_CSN);
spi_transfer(W_REGISTER | reg);
for (inti=len -1;i>=0;i - ) {
spi_transfer(datali]);

set_high(NRF24L01_CSN);
}

/**

* @brief Set the receiver address.
*

* @param addr The address to use.

*/
void nrf24101_set_rx_addr(char * addr) {
nrf24101_write_addr_reg(RX_ADDR_P1, (uint8_t *)addr, 5);
}
/**

* @brief Set the transmitter address.
*
* @param addr The address to use.
*/
void nrf24l01_set_tx_addr(char *addr) {
nrf24101_write_addr_reg(TX_ADDR, (uint8_t *)addr, 5);
nrf24101_write_addr_reg(RX_ADDR_PO0, (uint8_t *)addr, 5);
}
/**
* @brief Flush the receiver FIFO.
*/
void nrf24101_flush_rx(void) {
set_low(NRF24L01_CSN);

spi_transfer(FLUSH_RX);
set_high(NRF24L01_CSN);

/**
* @brief Flush the tran smitter FIFO.
*/
void nrf24101_flush_tx(void) {
set_low(NRF24L01_CSN);
spi_transfer(FLUSH_TX);
set_high(NRF24L01_CSN);
}

/**

* @brief Set chip to receiver mode.
*/
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void nrf24101_set_rx(void) {
nrf24101_write_reg(CONFIG, nrf24101_read_reg(CONFIG) | _BV(PRIM_RX));
nrf24101_write_reg(CONFIG, nrf24101_read_reg(CONFIG) | _BV(PWR_UP));
nrf24101_write_reg(STATUS, _BV(RX_DR) | _BV(TX_DS) | _BV(MAX_RT));
nrf24101_flush_rx();
nrf24101_  flush_tx();

set_high(NRF24L01_CE);
_delay_us(150);
}
/**
* @brief Set chip to transmitter mode.
*/
void nrf24101_set_tx(void) {
set_low(NRF24L01_CE);

nrf24101_write_reg(CONFIG, nrf24101_read_reg(CONFIG) & ~_BV(PRIM_RX));
nrf24101_w rite_reg(CONFIG, nrf24101_read_reg(CONFIG) | _BV(PWR_UP));
nrf24101_write_reg(STATUS, _BV(RX_DR) | _BV(TX_DS) | _BV(MAX_RT));
nrf24101_flush_tx();

_delay_us(150);
}
/**
* @brief Power down the chip.
*/
void nrf24l01_disable(void) {
set_low(NRF24L01_CE);
}

/**

* @brief Check if there is data in the RX FIFO.
*

* @return true if there is data available; false otherwise.
*/
bool nrf24101_data_available(void) {
uint8_t status = nrf24101_get_status();
return (status & _BV( RX_DR)) = 0;
}

/**

* @brief Read a packet from the RX FIFO.
*

* @param data The array to write the packet data to.
* @return true if there was a valid packet read; false otherwise.
*/
bool nrf24101_read(uint8_t data[]) {
uint8_t n = nrf24101_re ad_reg(R_RX_PL_WID);
if (n>32){
/I Invalid packet; flush FIFO
nrf24101_flush_rx();
return false;

}

set_low(NRF24L01_CSN);

spi_transfer(R_RX_PAYLOAD);

for (uint8_ti=0; i< PAYLOAD_SIZE; i++) {
data[i] = spi_transfer(NOP);

}
set_high(NRF24L01_CSN);

/I Reset the RX interrupt bit
nrf24101_write_reg(STATUS, _BV(RX_DR));

/l Handle ack payload receipt
if (Nnrf24101_get_status() & _BV(TX_DS)) {
nrf24101_write_re g(STATUS, _BV(TX_DS));
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}

return true;

}
/**

* @brief Send a packet and (hopefully) get an ack payload back.
*

* @param data The array of data to send.
* @param ack The array to write the ack payload to.
* @return true if the packet was se nt successfully (ack'd); false otherwise.
*/
bool nrf24101_write(uint8_t data[], uint8_t ack[]) {
nrf24101_set_tx();

set_low(NRF24L01_CSN);

spi_transfer(W_TX_PAYLOAD);

for (uint8_ti=0;i < PAYLOAD_SIZE; i++) {
spi_transfer(datal[i]);

set_high(NRF24L01_CSN);

/I Start transmission
set_high(NRF24L01_CE);
_delay_us(15);
set_low(NRF24L01_CE);

/I Stop if max_retries reached or packet is sent
do {
_delay_us(10);
} while (/(nrf24101_get_status() & ( BV(MAX_RT) | _BV(TX_DS))));

bool sent = false;
uint8_t status = nrf24101_get_status();
if (status & _BV(TX_DS)) {
sent = true;
if (status & _BV(RX_DR)) {
/I Read the ack payload
nrf24101_read(ack);

}

/I Go back to RX mode
nrf24101_set_rx();

return sent;

}
/**

* @brief Queue an ack payload to be sent on the next receive.
*

* @param data The array of payload data.
*
/
void nrf24l01_write_ack(uint8_t data[]) {
if (nrf24101_get_status() & _BV(TX_FULL)) {
/I TX FIFO is full, so just flush it
nrf24101_flush_tx();

}

set_low(NRF24L01_CSN);

spi_transfer(W_ACK_PAYLOAD | 1);

for (UINt8_ti=0; i < PAYLOAD_SIZE; i++) {
spi_transfer(datal[i]);

set_high(NRF24L01_CSN);
}

/**

* @brief Initialize the nRF24L01+ transmitter chip.
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*

* Requires the SPI system to be initialized.
*
void nrf24101_init(void) {
set_output(NRF24L01_CSN);
set_output(NRF24L01_CE);

set_low(NRF24L01_CE);
set_high(NRF24L01_CSN);

/I Wait for radio
_delay_ms(5);

/I 2mbps, 0dBm
nrf24101_write_reg(RF_SETUP, BV(RF_DR_LOW) | _BV(RF_PWR1) | _BV(RF_PWRO0));

/I Enable dynamic payload and ack payload
nrf24101_write_reg(FEATURE, _BV(EN_DPL) | _BV(EN_ACK_PAY) | _BV(EN_DYN_ACK));

/I Enable rx pipes 0 and 1; 5 bytes
nrf24101_write_reg(EN_RXADDR, _BV(ERX_PO0) | _BV(ERX_P1));
/Inrf24101_write_reg( RX_PW_PO, PAYLOAD_SIZE);
/Inrf24101_write_reg(RX_PW_P1, PAYLOAD_SIZE);
nrf24101_write_reg(EN_AA, BV(ENAA_P1) | _BV(ENAA_PQ));

/I Enable dynamic payload for pipes 0 and 1
nrf24101_write_reg(DYNPD, _BV(DPL_PO) | _BV(DPL_P1));

/I Setup transmit retry settings
nrf24101_write_reg(SETUP_RETR, 0x33);

/I Start in RX mode
nrf24101_set_rx();
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spi.h

/**

* @file spi.h
* @brief SPI communication function declarations.
*
* @author Kevin Chen <<kchen2@caltech.edu>>
*/

#ifndef _SPI_ H_

#define _SPI_H_

#include <avr/io.h>
#include <avr/interrupt.h>

#define SPI_DDR DDRB
#define SPI_PORT PORTB
#define SPI_MISO PB4
#define SPI_MOSI PB3
#define SPI_SCK PB5
#define SPI_SS PB2

void spi_init(void);
uint 8_tspi_tr ansfer(uint8_t data);

#endif

spi.c

/**
* @file spi.c
* @brief SPI communication function definitions.

*

* @author Kevin Chen <<kchen2@caltech.edu>>
*/
#include "spi.h"

/**

* @brief Initializes the SPI system by setting the appropriate registers.
*

* Sets the appropriate pins as outputs and enables SPI as master.
*
void spi_init() {
/I Set MOSI, SS, and SCK pins as outputs
SPI_DDR |= _BV(SPI_MOSI) | _BV(SPI_SS) | _BV(SPI_SCK);

/I Enable SPI in master mode
SPCR=_BV(SPE)| BV (MSTR);
}

/**

* @brief Transfer a byte of data and receive a byte over SPI (simultaneous).

*

* @param data The byte to be sent.
* @return The byte received.
*/
uint8_t spi_transfer(uint8_t data) {
SPDR = data;
while ((SPSR & (1<< SPIF)) == 0); // wait for transfer to complete
return SPDR,;
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flightunit.c

/**

* @file flightunit.c
* @brief Flight unit main function.
*

* @author Kevin Chen <<kchen2@caltech.edu>>

*/
#include <avr/io.h>
#include <math.h>
#include <  util/delay.h>
#include "../common.h"
#include "../nrf24101.h"
#include "../comm.h"
#include "mma8452q.h"
#include "itg3200.h"
#include "motors.h"
#include "pid.h"

#define DBG PD3
#define DBG_PORT D

static PIDData roll_pid;

static PIDData pitch_pid;
static PIDData roll_rate_pid;
static PIDData pitch_rate_pid;
static PIDData yaw_rate_pid;
static PIDData alt_pid;

static float roll_angle = 0;
static float pitch_angle = 0;
static float altitude = 0O;

static float throttle = 0;

static float rol |_angle_cmd = 0;
static float pitch_angle_cmd = 0;

static float yaw_rate_cmd = 0;

static float acc_x = 0;
static float acc_y = 0;

static uint8_t data[PAYLOAD_SIZE];
static uint8_t throttle_watchdog = O;
static uint8_t rf_watchdog = 0;

static uint8_t bat tery_voltage = 0;
static uint8_t battery_count = 0;

int main(void) {
set_output(DBG);

pid_init(&roll_pid, 6.5f, 0.05f, 0.1f, 500, 50);
pid_init(&pitch_pid, 6.5f, 0.05f, 0.1f, 500, 50);
pid_init(&roll_rate_pid, 3.0f, 0.0f, 0.1f, 100, 10);
pid_init(&pitch_rate_pid, 3.0f, 0.0f, 0.1f, 100, 10);
pid_init(&yaw_rate_pid, 3.0f, 0.0f, 0.1f, 300, 50);
pid_init(&alt_pid, 5, 0.0f, 0, 300, 50);

i2c_init();
spi_init();
mma8452q_init();
itg3200_init();
nrf24101_init();
motors_init();

mma8452q_calibrate();



itg3200_calibrate();

nrf24101_set_tx_addr(REMOTEUNIT_ADDR);
nrf24101_set_rx_addr(FLIGHTUNIT_ADDR);

I/l Setup timer to run at 12Mhz/1024
TCCR2B |= _BV(CS22) | _BV(CS21) | _BV(CS20);
uint8_ trange_count = 0;

/I Enable ADC and set prescaller to 64
ADCSRA |= _BV(ADEN) | _BV(ADPS2) | _BV(ADPS1);

while (1) {

bool throttle_set = false;
if (nrf24101_data_available()) {
rf_watchdog = 0;
if (nrf24101_read(data)) {
if (data[ COMM_TYPE] == COMM_TYPE_MOVE) {
throttle_set = true;

throttle = data[2];

roll_angle_cmd = (int8_t)data[3] / 10.0f;
pitch_angle_cmd = - (int8_t)data[4] / 10.0f;
yaw_rate_cmd = - (int8_t)data[1] * 2;

} else if (dataflCOMM_TYPE] == COMM_TYPE_CALIBRATE) {

mma8452q_calibrate();
itg3200_calibrate();

}else {
float kp = datal COMM_P] / 10.0;
float ki = datal COMM_I] / 100.0;
float kd = datal COMM_D] / 10.0;

if (datalCOMM_TYPE] == 1) {
pid_init(&roll_pid, kp, ki, kd, 500, 50);
pid_init(&pitch_pid, kp, ki, kd, 500, 50);

} else if (datafl COMM_TYPE] == 2) {
pid_init(&roll_rate_pid, kp, ki, kd, 50, 10);
pid_init(&pitch_rate_pid, kp, ki, kd, 50, 10);

} else if (datal COMM_TYPE] == 3) {
pid_init(&yaw_rate_pid, kp, ki, kd, 100, 50);

} else if (datal COMM_TYPE] == 4) {
pid_init(&alt_pid, kp, ki, kd, 100, 50);

}

datalCOMM_BATTERY] = battery_voltage;
data[ COMM_PITCH_ANGLE] = (int8_t) pitch_angle;
data[COMM_ROLL_ANGLE] = (int8_t) roll_angle;
data] COMM_ACC_X] = (int8_t) acc_x;
data[COMM_ALTITUDE] = (uint8_t) altitude;
nrf24101_write_ack(data);

}

}else {

rf_watchdog++;

if (rf_ watchdog > 100) {
/I Reset transceiver chip
nrf24101_init();
rf_watchdog = 0;

}

if (throttle_set) {
throttle_watchdog = 0;
}else {
if (throttle_ watchdog > 20) {
/I Gradually decrease throttle until 0.
throttle -
if (throttle < 0) throttle = O;
}else {
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throttle_watchdog++;

}

if (range_count == 10) {
range_count = 0;

ADMUX = 0x06;
ADCSRA |= _BV(ADSC);
while (ADCSRA & _BV(ADSC));

altitude = 0.5f * altitude + 0.5f * (ADC >> 1);
}

range_count++;

/I Check battery voltage
[*if (battery_count == 0) {
I/l Measure 1.1V reference
ADMUX = 0xO0E;
ADCSRA |= _BV(ADSC);
while (ADCSRA & _BV(ADSC));

float voltage = 1.1f * 2 55/ (ADC >> 2);
battery_voltage = (uint8_t) ((voltage - 2)*100);
}

battery_count++; // wraps after 255*/

mma8452q_read_xyz();
float new_acc_x = mma8452q_x();
float new_acc_y = mma8452q_y();

acc_x =0.97f *acc_x + 0.03f * new_acc_x;
acc_y = 0.97f *acc_y + 0.03f * new_acc_y;

itg3200_read_xyz();

float gyro_x = itg3200_x();
float gyro_y = itg3200_y();
float gyro_z = itg3200_z();

float dt = TCNT2 * 0.00008533333f;

TCNT2 = 0;

roll_angle = (0.99f)*(roll_angle + gyro_y * dt) + (0.01f)*(acc_x);

pitch_angle = (0.99f)*(pitch_angle + gyro_x * dt) + (0.01f)*( -acc_y);
float target_roll_rate = pid_update(&ro Il_pid, roll_angle_cmd, roll_angle, dt);

float roll_rate = pid_update(&roll_rate_pid, target_roll_rate, gyro_y, dt);

float target_pitch_rate = pid_update(&pitch_pid, pitch_angle_cmd, pitch_angle, dt);
float pitch_rate = pid_update( &pitch_rate_pid, target_pitch_rate, gyro_x, dt);

float yaw_rate = pid_update(&yaw_rate_pid, yaw_rate_cmd, gyro_z, dt);
motors_set_throttle((int16_t)round(throttle));
motors_set_roll((intl6_t)round(roll_rate));

motors_set_p itch((int16_t)round(pitch_rate));

motors_set_yaw((int16_t)round(yaw_rate));
motors_update();

_delay_ms(10);

return O;

37



12C.h

/**

* @file i2c.h
* @brief I2C communication function declarations.
*
* @author Kevin Chen <<kchen2@caltech.edu>>
*/

#ifndef 12C_H

#define 12C_H

#include <avr/io.h>

#define I2C_ADDR_MASK OxFE // Mask for device addres
#define 12C_READ 0x01 //LSBis 1 for read operation
#define 12C_WRITE 0x00 //'L SB is 0 for write operation

void i2c_init(void);

void i2c_start(void);

void i2c_stop(void);

void i2c_write(uint8_t data);

uint8_t i2c_read_ack(void);

uint8_t i2c_read_nack(void);

void i2c_write_reg(uint8_t addr, uint8_t reg, uint8_t data);

uint8_t  i2c_read_reg(uint8_t addr, uint8_t req);

void i2c_read_reg_mult(uint8_t addr, uint8_t reg, uint8_t datal], uint8_t n);

#endif

12C.C

/**

* @file i2c.c

* @brief I2C communication function declarations.
*

* @author Kevin Chen <<kchen2@caltech.edu>>
*/

#inc lude "i2c.h"

/**

* @brief Initialize the 12C system by setting the appropriate registers.
*

* Sets the SCL clock rate to 400kHz and enables 12C.
*/
void i2¢_init(void) {
TWSR = 0x00; /I clear prescaler
TWBR = 0x0C; /I set SCL ra te to 400kHz
TWCR = _BV(TWEN); // enable 12C

}
/**
* @brief Start an 12C transaction by sending the START condition
*/
void i2c_start(void) {
TWCR = _BV(TWINT) | _BV(TWSTA) | _BV(TWEN); // send start condition

while (TWCR & _BV(TWINT)) == 0); [/ wait for transmit completion
/**
* @brief Stop an 12C transaction by sending STOP condition.
*/

void i2c_stop(void) {
TWCR = _BV(TWINT)| _BV(TWSTO)| _BV(TWEN); // send stop condition
}



/**

* @brief Send a byte of data.

* @param data The byte to be sent.
*/
void i2c_write(uint8_t data) {
TWDR = data;
TWCR = _BV(TWINT)| _BV(TWEN);
while ((TWCR & _BV(TWINT)) == 0);
}

/**

* @brief Read a byte of data and wait for ACK.
*

* @return The byte of data read as a uint8_t.
*/
uint8_ti2c_read_ack() {
TWCR = _BV(TWINT)| _BV(TWEN)| _BV(TWEA);
while (TWCR & _BV(TWINT)) == 0);
return TWDR;
}

/**

* @brief Read a byte of data and don't wait for ACK (NO ACK).
*

* @ret urn The byte of data read as a uint8_t.
*/
uint8_t i2c_read_nack() {
TWCR = _BV(TWINT)| _BV(TWEN);
while ((TWCR & _BV(TWINT)) == 0);
return TWDR,;
}

/**
* @brief Write a byte to a device's register.
*
* @param addr The address of the devic e.

* @param reg The address of the register.
* @param data The data to write.

*

void i2c_write_reg(uint8_t addr, uint8_t reg, uint8_t data) {
i2c_start();
i2c_write((addr & 12C_ADDR_MASK) | 12C_WRITE);
i2c_write(reg);
i2c_write(data);
i2c_stop();

}

/**

* @brief Read a byte from a device's register.

* @param addr The address of the device.
* @param reg The address of the register.
* @return The byte of register data read.

*/
uint8_ti2c_read_reg(uint8 _taddr, uint8_t reg) {
/I Write the register address to read from
i2c_start();

i2c_write((addr & 12C_ADDR_MASK) | 12C_WRITE);
i2c_write(req);

/I Read the register data

i2c_start();

i2c_write((addr & 12C_ADDR_MASK) | I2C_READ)
uint8_t data = i2c_read_nack();

i2c_stop();
return data;
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/**

* @brief Read a byte from a device's register.

*

* @param addr The address of the device.

* @param reg The address of the register to start reading from
* @param data The array to write the data to.

* @param n  The number of bytes to read.

* @return The byte of register data read.

*/
void i2c_read_reg_mult(uint8_t addr, uint8_t reg, uint8_t data[], uint8_t n) {
/I Write the register address to start reading from
i2c_start();

i2c_write((addr & 12C_ADDR_MASK) | I2C_WRITE);
i2c_write(reg);

/I Read the bytes
i2c_start();
i2c_write((addr & 12C_ADDR_MASK) | 12C_READ);

for (uint8_ti=0;i<n -1 i) {
data[i] =i2c_read_ack();
}

data[n - 1] =i2c_read_nack();

i2c_stop();
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11g3200.h

/**

* @file itg3200.h
* @brief ITG - 3200 gyroscope function declarations.
*
* @author Kevin Chen <<kchen2@caltech.edu>>
*/
#ifndef ITG3200_H
#define ITG3200_H

#include <avr/io.h>
#include <util/delay.h>
#include "i2c.h"

#define ITG3200_ADDR 0xDO // device address of the ITG

void itg3200_init(void);

void itg3200_calibrate(void);
void itg3200_read_xyz(void);
float itg3200_x(void);

float itg3200_y(voi d);
float itg3200_z(void);

#endif

11g3200.c

/**

* @file itg3200.c
* @brief ITG - 3200 gyroscope function definitions
*

* @author Kevin Chen <<kchen2@caltech.edu>>
*/
#include "itg3200.h"

static int16_t zero_xyz[3];
static int16_t raw_xyz[3];
static float xyz[3];

/**

* @brief Initialize the ITG - 3200 gyroscope chip.
*

* Requires the 12C system to be initialized.
*/
void itg3200_init(void) {
i2c_write_reg(ITG3200_ADDR, 0x3E, 0x83);
i2c_write_reg(ITG3200_ADDR, 0x16, 0x1B);
i2c_write_reg( ITG3200_ADDR, 0x15, 1);

for (UINt8_ti=10;i<3;i++){
raw_xyz[i] = 0;
zero_xyz[i] = 0;

xyz[i] = 0;
}
}
/**
* @brief Read the X, y, z gyroscope data.
*/

void itg3200_read_xyz() {
uint8_t data[6];
i2c_read_reg_mult(ITG3200_ADDR, 0x1D, data, 6);

for (UINt8_ti=10;i<3;i++){

- 3200 chip
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raw_xyz[i] = data[i*2] << 8;
raw_xyz[i] |= data[i*2 + 1];
raw_xyz[i] - = zero_xyz|[i];

xyz[i] = raw_xyz[i] / 14.375f;

}
/**
*  @brief Get the rate of rotation around the x
*
* @return The rate in degrees/second.
*/
float itg3200_x(void) {
return xyz[0];
}

/**
* @brief Get the rate of rotation around the y
*
* @return The rate in degrees/second.
*/
float  itg3200_y(void) {
return xyz[1];
}

/**
* @brief Get the rate of rotation around the z
*
* @return The rate in degrees/second.
*/
float itg3200_z(void) {
return xyz[2];
}

/**
* @brief Calibrate the gyroscope by by zero'ing.
*/
void itg  3200_calibrate(void) {
_delay_ms(1000);

int32_t avg_xyz[3];
avg_xyz[0] = avg_xyz[1] = avg_xyz[2] = 0;

zero_xyz[0] = zero_xyz[1] = zero_xyz[2] = O;

for (inti=0;i<8;i++){
itg3200_read_xyz();
for (uint8_ti= 0;i<3;i++){
avg_xyz[i] += raw_xyz[i];

_delay_ms(100);
for (UINt8_ti=10;i<3;i++){

avg_xyz[i] /= 8;
zero_xyz[i] = avg_xyz][i];

- axis.

- axis.

- axis.
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mma8452q.h

/**

* @file mma8452q.h

* @brief MMA8452Q accelerometer function declarations.

*

* @author Kevin Chen <<kchen2@caltech.edu>>
*/

#ifndef MMA8452Q H

#define MMA8452Q_H

#include <avr/io.h>
#include <util/delay.h>
#include "i2c.h"

#define MMA8452Q_ADDR 0x38 // device address o

void mma8452¢_init(void);

void mma8452q_calibrate(void);
void mma8452q_read_xyz(void);
float mma8452q_x(void);

float mma8452q_y(void);

float mma8452q_z(void);

#endif

mma8452q.c

/**

* @file mma8452q.c

* @brief MMA8452Q accelerometer function definitions.
*

* @author Kevin Chen <<kchen2@caltech.edu>>
*/
#include "mma8452q.h"

static int16_t zero_xyz[3];
static int16_t raw_xyz[3];
static float xyz[3];

/**

* @brief Initialize the MMA8452Q acceleromet
*

* Requires the 12C system to be initialized.
*/
void mma8452¢_init(void) {
i2c_write_reg(MMA8452Q_ADDR, 0x2A, 0x1D);
/Imma8452q_write(0x0E, 0x10);
/Imma8452q_write(0x0F, 0x10);

for (UINt8_ti=10;i<3;i++){
raw_xyz[i] = 0;
zero_xyz[i] = 0;
xyz[i] = 0;

}
/**
* @brief Read the X, y, z accelerometer data.
*/
void mma8452q_read_xyz() {
uint8_t data[6];

i2c_read_reg_mult(MMA8452Q_ADDR, 0x01, data, 6);

for (uUint8_ti = 0;i<3;i++){

f the MMA8452Q chip

er chip.



raw_xyz[i] = data[i*2] << 8;
raw_xyz[i] |= data[i*2 + 1];
raw_xyz[i] - = zero_xyz|[i];

xyz[i] = raw_xyz[i] * 0.00349716358f;

}
/**
* @brief Get the acceleration along the x
*
* @return The ac celeration (degrees; small
*/
float mma8452q_x(void) {
return xyz[0];
}

/**

* @brief Get the acceleration along the y
*
* @return The acceleration (degrees; small
*/
float mma8452q_y(void) {
return xyz[1];
}

/**
* @brief Get the acceleration along the z
*
* @return The acceleration (degrees; small
*/
float mma8452q_z(void) {
return xyz[2];
}

/**
* @brief Calibrate the accelerometer by by zero'ing.
*
/
void mma8452q_calibrate(void) {
_delay_ms(1000);

int32_t avg_xyz[3];
avg_xyz[0] = avg_xyz[1] = avg_xyz[2] = O;
zero_xyz[0] = zero_xyz[1] = zero_xyz[2] = O;

for (inti=0;i<8;i++){
mma8452q_read_xyz();
for (UInt8_ti=0;i<3;i++){
avg_xyz[i] += raw_xyz[i];

_delay_ms(100);
for (UINt8_ti=10;i<3;i++){

avg_xyz[i] /= 8;
zero_xyz[i] = avg_xyz][i];

- axis.

- angle approximation).

- axis.

- angle approximation).

- axis.

- angle approximation).

*mma8452q_write(0x2F, ( uint8_t) ( -avg_x/2));
mma8452q_write(0x30, (uint8_t) ( -avg_y/ 2));

mma8452q_write(0x31, (uint8_t) ((Ox3ff

- avg_z)/2)¥
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motors.h

/**

* @file motors.h
* @brief Motors control function declarations.
*
* @author Kevin Chen <<kchen2@c altech.edu>>
*/
#ifndef MOTORS_H
#define MOTORS_H

#include <avr/io.h>
#include "../common.h"

#define MOTOR1  PB1
#define MOTOR1_PORT B
#define MOTOR1_PWM OCR1A

#define MOTOR2 PB2
#define MOTOR2_PORT B
#define MOTOR2_PWM OCR1B

#define MOTOR3 PD6
#define MOTOR3_PORT D
#define MOTOR3_PWM OCROB

#define MOTOR4  PD5
#define MOTOR4_PORT D
#define MOTOR4_PWM OCROA

void motors_init(void);

void motors_update(void);

void motors_set_throttle(intl6_t throttle);

void motors_set_roll(intl6_t o ffset);
void motors_set_pitch(intl6_t offset);

void motors_set_yaw(int16_t offset);

#endif

motors.c

/**

* @file motors.c
* @brief Motors control function definitions.
*
* @author Kevin Chen <<kchen2@caltech.edu>>
*/
#include "motors.h"

/** @brief The throttle level of the motors. */
static int16_t motors_throttle = 0;

/** @brief The roll level of the motors. */

static int16_t motors_roll = 0;

/** @brief The pitch level of the motors. */

static int16_t motors_pitch = 0;

/** @brief The yaw level of t he motors. */
static int1l6_t motors_yaw = 0;

/**

* @brief Initialize the motors system.
*

* Sets the motor PWM pins as outputs and sets up the timers for PWM.

*/
void motors_init(void) {
set_output(MOTORL);
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set_output(MOTOR2);
set_output(MOTOR3);
set_output(MOTORA4);

TCCRI1A |=_BV(COM1A1) | BV(COM1B1);
TCCRIA |= _BV(WGM10);
TCCRI1B |=_BV(CS10);

TCCROA |= _BV(COMOAL) | _BV(COMOBL1);
TCCROA |= _BV(WGMO0);
TCCROB |= _BV(CS00);

MOTOR1_PWM = 0;

MOTOR2_PWM = 0;

MOTORS3_PWM = 0;

MOTOR4_PWM = 0;
}

/**

* @brief Get the PWM value for a motor given throttle and offsets.
*

* @param throttle Throttle level value.
* @param pitch  Pitch level value.
* @param roll Roll level value.
* @param yaw Yaw level value.
* @return The PWM value (0 to 255).
*/
uint8_t motor_get_pwm(intl6_t throttle, int16_t pitch, int16_t roll, int16_t yaw) {
if (throttle == 0) return 0;

int16_t p = throttle + pitch + roll + yaw;
f(p<  0)p=0;

else if (p > 255) p = 255;

return (uint8_t) p;

}
/**
* @brief Sets the PWM values of all four motors based on throttle and offsets.
*/
void motors_update(void) {
MOTOR1_PWM = motor_get_pwm(motors_throttle, motors_pitch / 2, - motor s_roll / 2, - motors_yaw /
2);
MOTOR2_PWM = motor_get_pwm(motors_throttle, - motors_pitch /2, - motors_roll / 2, motors_yaw /
2);
MOTOR3_PWM = motor_get_pwm(motors_throttle, motors_pitch / 2, motors_roll / 2, motors_yaw / 2);
MOTOR4_PWM = motor_get_pwm(motors_throttle, - motors_pitch / 2, motors_roll / 2, - motors_yaw /
2);
}
/**

* @brief Sets the throttle of the motors.
*

* @param throttle Throttle level value.

*/

void motors_set_throttle(int16_t throttle) {
motors_throttle = throttle;

}

/**

* @brief Sets the roll level of the motors.
*

* @param offset  Roll level value.
*/
void motors_set_roll(int16_t offset) {
motors_roll = offset;
}

/**



* @brief Sets the pitch level of the motors.

*

* @param offset  Pitch level value.
*/
void motors_set_pitch(int16_t offset) {
motors_pitch = offset;
}

/**

* @brief Sets the yaw level of the motors.
*
* @param offset  Yaw level value.
*/
void motors_set_yaw(int16_t offset) {
motors_yaw = offset;
}
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pid.h

/**

#
#

* @file pid.h

* @brief PID controller function declarations.

*

* @author Kevin Chen <<kchen2@caltech.edu>>
*/

ifndef PID_H

define PID_H

/**

* @brief Data struct for a single PID controller loop.
*/

struct PIDData {

h

/** @brief The proportional coefficient. */
float kp;

/** @brief The integral coefficient. */

float ki;

/** @brief The derivative coefficient. */

float kd;

/** @brief The limit of the output (absolute value). */
float limit;

[** @brief The error from the previous timestep. */
float error;

/** @brief The total integrated error so far. */

float error_int;

/** @brief The limit of the total integrated error. */
float error_int_limit;

typedef struct PIDData PIDData;

void pid_init(PIDData *pid, float kp, float ki, float kd, float limit, float int_limit);
float pid_update(PIDData *pid, float sp, float pv, float dt);
float pid_update2(PIDData *pid, float sp, float pv, float dt, float d_error);

#

endif

pid.c

/**

#

* @file pid.c
* @brief PID controller function definitions
*

* @author Kevin Chen <<kchen2@caltech.edu>>
*/
include "pid.h"

/**

* @brief Initialize the data struct for a single PID controller loop.
*

* @param pid Pointer to the PID data st ruct to initialize.
* @param kp The proportional coefficient.
* @param Ki The integral coefficient.

* @param kd The derivative coefficient.

* @param limit ~ The limit of the PID controller's output (absolute value).
* @param int  _limit The limit of the integrated error (absolute value).

*/

void pid_init(PIDData *pid, float kp, float ki, float kd, float limit, float int_limit) {

pid - >kp = kp;

pid - >ki = ki;

pid - >kd = kd;

pid - >limit = limit;
pid - >error = 0;
pid - >error_int = 0;
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pid - >error_int_limit = int_limit;

}
/**

* @brief Get the output of a PID controller loop for a single timestep.
*
* @param pid Pointer to the PID data struct.
* @param sp  The set point of the controller.
* @param pv The process variable of the controller.
* @param dt  The length of the timestep to update by (seconds).
* @return The output of the PID controller for the given timestep.
*/
float pid_update(PIDData *pid, float sp, float pv, float dt) {
floate rror=sp - pv;
float output = 0.0f;

/I Proportional

output += pid - >kp * error;

I/l Integral

pid - >error_int += error * dt;

if (pid - >error_int > pid - >error_int_limit) {
pid - >error_int = pid - >error_int_limit;

}elseif (p id - >error_int < - pid - >error_int_limit) {
pid - >error_int = - pid - >error_int_limit;

output += pid - >ki * pid - >error_int;

/Il Derivative
output += pid - >kd * (error - pid - >error) / dt;
pid - >error = error;

/I Limit the output

if (output > pid - >limit) output = pid - >limit;
else if (output < - pid - >limit) output = - pid - >limit;
return output;
}
float pid_update2(PIDData *pid, float sp, float pv, float dt, float d_error) {
float error = sp - pv;
float output = 0.0f;
output += pid - >kp * error;
pid - >error_int += error * dt;
output += pid ->ki*pid - >error_int;
output += pid ->kd * (0 - d_error);
pid - >error = error;
return output;
}
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remoteunit.c

/**
* @file remoteunit.c
* @brief Remote transmitter unit main function.
*
* @author Kevin Chen <<kchen2@caltech.edu>>
*/

#include <avr/io.h>

#include "../common.h"

#include "../nrf24101.h"

#include "../comm.h"

#include "lcd.h"

#include "joysticks.h"

#define DBG PB1
#define DBG_PORT B

#define MODE_FLIGHT 0
#define MODE_TUNE 1
#define NUM_MODES 2

#define DISPLAY_NORMAL 0
#define DISPLAY_PITCH 1
#define DISPLAY_ROLL 2
#define DISPLAY_ACC_X 3
#define DISPLAY_ALTITUDE 4
#define NUM_DISPL AY_MODES 5

static uint8_t mode = MODE_FLIGHT;

static uint8_t display_mode = DISPLAY_NORMAL;

static float throttle = 0O;

static uint8_t data[PAYLOAD_SIZE], ack[PAYLOAD_SIZE];

static int8_t tune_param = 0;
static int8_t tune_type = 0;

static int8_t pid_params[4][3] = {
{65, 5, 1},
{30, 0, 1},
{50, 0, 1},
{0, 0, 0}
I3

int main(void) {
/[ Initialize all subsystems
spi_init();
joysticks_init();
led_init();
nrf24101_init();

nrf24101_set_tx_addr(FLIGHTUNIT_ADDR);
nrf24101_set_rx_addr(REMOTEUNIT_ADDR);

intx =0;
while (true) {
if (is_right_clicked()) {
mode = (mode + 1) % NUM_MODES;
Icd_clear();

if (mode == MODE_FLIGHT) {
int8_t rx = joysticks_read(JOYSTICK_RX);
int8_t ry = joysticks_read(JOYSTICK_RY);
int8_t Ix = joysticks_read(JOYSTICK_LX);
int8_t ly = joysticks_read(JOYSTICK_LY);
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[if (ry >10 || ry < -10){
throttle +=ry / 10.0;
if (throttle < 0) {
throttle = 0;
} else if (throttle > 230) {
throttle = 230;
}
)
throttle = (ry > 0) ? (70 + ry * 1.25f) . 0;

data[ COMM_TYPE] = COMM_TYPE_MOVE;
data[ COMM_YAW] = rx;
data[ COMM_THROTTLE] = (uint8_t)throttle;
data] COMM_ROLL] = Ix;
data[ COMM_PITCH] = ly;
uint8_t res = nrf24101_write(data, ac k);
if (res) {
X=(x+1)% 10;

if (is_left_clicked()) {
/I Cycle display mode
display_mode = (display_mode + 1) % NUM_DISPLAY_MODES;
Icd_clear();

}
Icd_clear_rect(0, 0, LCD_WIDTH, 9);
lcd_draw_hline(0, 8, LCD_WIDTH);

lcd_draw_char(x + '0', LCD_WIDTH - CHAR_WIDTH, 0);
uint8_tv;
switch (display_mode) {

case DISPLAY_NORMAL:
/*
v = ackflCOMM_BATTERY];

if (v!=0){
lcd_draw_char('V', 3* CHAR_WIDTH + 5, 0);
lcd_draw_char((v % 10) + '0', 2* CHAR_WIDTH + 3, 0);
v /=10;
lcd_draw_char((v % 10) + '0', CHAR_WIDTH + 3, 0);
v /=10;

lcd_draw_char((v + 2) +'0', 0, 0);
led _set_pixel(true, CHAR_WIDTH + 1, CHAR_HEIGHT

1);
il

Icd_clear_rect(0, 9, LCD_WIDTH, LCD_HEIGHT - 8);
lcd_draw_int(rx, 0, 16);
lcd_draw_int(ry, 0, 24);
lcd_draw_int(Ix, 0, 32);
lcd_draw_int(ly, 0, 40);
lcd_draw_int(acklf COMM_PITCH_ANGLE], 32, 16);
lcd_draw_int(ackl COMM_ROLL_ANGLE], 32, 24);
lcd_draw_int(ack[ COMM_ACC_X], 32, 32);
lcd_draw_uint(ackf COMM_ALTITUDE], 32 + CHAR_WIDTH, 40);
break;

case DISPLAY_PITCH:
lcd_draw_string("pitch: ", 0, 0);
lcd_draw_int(ackfCOMM  _PITCH_ANGLE], 30, 0);
v = (int8_t)acklCOMM_PITCH_ANGLE] /2 + LCD_HEIGHT / 2;
lcd_graph_value(v + 5);
break;

case DISPLAY_ROLL:
lcd_draw_string("roll: ", O, 0) ;
lcd_draw_int(ackf COMM_ROLL_ANGLE], 25, 0);
v = (int8_t)ackl COMM_ROLL_ANGLE] /2 + LCD_HEIGHT / 2;
lcd_graph_value(v + 5);
break;

case DISPLAY_ACC_X:
lcd_draw_string("acc_x: ", 0, 0);
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lcd_draw_int(ackf COMM_ACC_X], 30, 0);
v = (int8_t)ackl COMM_ACC_X] /2 + LCD_HEIGHT / 2;
lcd_graph_value(v + 5);
break;
case DISPLAY_ALTITUDE:
lcd_draw_string("alt: ", 0, 0);
lcd_draw_uint(acklCOMM_ALTITUDE], 25, 0);
v =LCD_HEIGHT - ack[COMM_ALTITUDE] * LCD_HEIGHT / 255;
Icd_graph_value(v);
break;

}

} else if (mode == MODE_TUNE) {
Icd_clear();
int8_t Ix_moved = is_stick_moved(JOYSTICK_LX);
int8_t rx_moved = is_stick_moved(JOYSTICK_RX);
int8_t ly_moved = is_stick_moved(JOYSTICK_LY);

if (Ix_moved == 1 || rx_moved == 1) {
tune_param = (tune_param + 1) % 3;

} else if (IXx_moved == -1|| rx_moved == -1 {
tune_param = (tune_param + 3 - 1)% 3;

}

if (ly_moved == -1

tune_type = (tune_type + 1) % 4;
}else if (ly_moved == 1) {

tune_type = (tune_type + 4 - 1) % 4;
}

int8_t ry_moved = is_stick_moved(JOYSTICK_RY);
if (ry_moved == 1) {
pid_params[tune_type][tune_param]++;
if (pid_params[tune_type][tune_param] > 99) {
pid_params[tune_type][tune_param] = 99;

} else if (ry_moved == -1){
pid_params[tune_type][tune_param] -
if (pid_params[tune_type][tune_param] < - 99)
pid_params[tune_type][tune_param] = - 99;
}
}

lcd_draw_string("prS", 0, 10);
lcd_draw_string("prR", 0, 20);
lcd_draw_string("yaw", 0, 30);
lcd_draw_string("alt", 0, 40);

lcd_draw_char('P', 30, 0);
lcd_draw_char('l', 50, 0);
lcd_draw_char('D', 70, 0);

Icd_fill_rect(tune_param*20 + 20, tune_type*10 + 9, 19, 9);
for (Uint8_ti=0;i<4;i++) {
for (UInt8_tj=0;] < 3; j++) {
if (i == tune_type && j ==tune_p aram)
Icd_set_draw_inverted(true);
lcd_draw_pid_param(pid_paramsl[i][j], 20 + 20%, 10 + 10%, j == 1);
Icd_set_draw_inverted(false);

}

if (is_left_cl icked()) {
Icd_fill_rect(20, 18, 44, 10);
lcd_set_draw_inverted(true);
lcd_draw_string("updating"”, 22, 20);
Icd_set_draw_inverted(false);
lcd_draw();



bool cancel = false;

/I Send calibrate command
data] COMM_TYPE] = COMM_TYPE_CALIBRATE;
while (Inrf24101_write(data, ack)) {
if (is_left_clicked()) {
cancel = true;
break;

}
_delay_ms(20);

}
/l Send PID parameters
if (Icancel) {
for (UINt8_ti=0;i<4; i++) {
datal COMM_TYPE] =i + 1;
data[COMM_P] = pid_params][i][0];
data[COMM_I] = pid_params[i][1];
data[COMM_D] = pid_paramsli][2];
while (Inrf24101_writ e(data, ack)) {
if (is_left_clicked()) {
cancel = true;
break;
}
_delay_ms(20);
if (cancel) break;
}
}
}
}
lcd_draw();
_delay_ms(15);
}
return O;
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joysticks.h

/**

* @file joysticks.h
* @brief Analog joysticks function declar
*
* @author Kevin Chen <<kchen2@caltech.edu>>
*/
#ifndef JOYSTICKS_H
#define JOYSTICKS_H

#include <avr/io.h>
#include <avr/interrupt.h>
#include "../common.h"

#define JOYSTICK_RX 5

#define JOYSTICK_RY 4

#define JOYSTICK_LX 6
#define JOYSTICK_LY 3

#define JOYSTICK_MIN_DIR 3

#define BUTTON_R PD3
#define BUTTON_R_PORT D
#define BUTTON_L PD2

#define BUTTON_L_PORT D

#define BUTTON_DEBOUNCE_COUNT 2
#define MAX_MOVE_DEBOUNCE_COUNS8

#define TMRO PD6
#define TMRO_PORT D

#define JOYSTICK_ZERO 128
#define JOYSTICK_MIN 10
#define JOYSTICK_MOVE_MIN 50

void joysticks_init(void);

int8_t joysticks_read(uint8_t axis);

int8_t is_stick_moved(uint8_t axis);
bool is_right_clicked(void);

bool is_left_clicked(void);
ISR(TIMERO_COMPA_vect);

#endif

joysticks.c

/**

* @file joysticks.c
* @brief Analog joysticks function definitions.
*
* @author Kevin Chen <<kchen2@caltech.edu>>
*
#include  "joysticks.h"

/** @brief Debounce count of right joystick press. */
int8_t button_r_count;

/** @brief Debounce count of right joystick press. */
int8_t button_|_count;

/** @brief Debounce counts of pushes (per axis). */
int8_t stick_count[4];

ations.

/** @brief D ebounce reset values for pushes (per axis). */

int8_t stick_debounce[4];
/** @brief Previous state of stick (per axis). */



int8_t prev_stick_value[4];

/**

* @brief Initializes the joysticks system.
*

* Enables the ADC and sets up the timer interrupt fo

*/

void joysticks_

init(void) {

set_input(BUTTON_R);
set_input(BUTTON_L);
set_output(TMRO);

/I Reset debounce counters
button_r_count = BUTTON_DEBOUNCE_COUNT;
button_| _count = BUTTON_DEBOUNCE_COUNT;
for (UINt8_ti=0;i<4;i++){
stick_count[i] = MAX_MOVE_DEBOUNCE_COUNT;
stick_debounce[i] = MAX_MOVE_DEBOUNCE_COUNT;
prev_stick_valueli] = 0;

}
/l Enable

ADC

r debouncing.

ADCSRA |= _BV(ADEN) | _BV(ADPS?2) | _BV(ADPSL1);

/ | Set up timer O interrupt (every ~22ms)
OCROA = 0xFF;
TCCROA |= _BV(COMOADO);
TCCROB |= _BV(WGMO02);
TCCROB |= _BV(CS02) | _BV(CSO00);
TIMSKO |= _BV(OCIEOQA);
/I Enable interrupts
sei();
}
/**

* @brief Gets the analog value of an axis of one of the joysticks.
*

* @param axis The axis to read from.
* @return The analog value of the axis (

*/

int8_t joysticks_read(uint8_t axis) {
ADMUX = (ADMUX & OxFO0) | (axis & OXOF);

ADCSRA

|=_BV(ADSC);

while (ADCSRA & _BV(ADSC));

int8_tv =
if (v==

- 127 to 127).

(ADC >> 2) - JOYSTICK_ZERO;

-128)v = -127;

if (axis == JOYSTICK_RY || axis == JOYSTICK_LY) {

V=

-V,

/I Return 0 if not more than the min threshold
return (v >= JOYSTICK_MIN || v <= -JO

}

/**

YSTICK_MIN) ? v : 0;

* @brief Gets the direction a stick has been pushed along an axis.
*

* @param axis The axis to read from.

* @return 1 if
*

*/

int8_tis_stick |

the stick has been pushed right or down,
0 otherwise.

moved(uint8_t axis) {

int8_t value = joysticks_read(axis);

axis -=

JOYSTICK_MIN_DIR; // get axis into O

int8_t moved = 0;
int8_t dir =0;
if (value >= JOYSTICK_MOVE_MIN) {

- 1if left or up,

- 3range
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dir=1;
moved = (prev_stick_value[axis] < JOYSTICK_MOVE_MIN);

} else if (value <= - JOYSTICK_MOVE_MIN) {

dir= -1,

moved = - (prev_stick_value[axis] > - JOYSTICK_MOVE_MIN);
}else {

stick_debouncel[axis] = 10;

}

if Imo  ved && dir) {
stick_count[axis] -
if (stick_count[axis] == 0) {

moved = dir;
}
}
if (moved) {
stick_count[axis] = stick_debounce[axis];
if (stick_debounce[axis] > 2) {
stick_debounce[  axis] -- ;
}
}

prev_stick_value[axis] = value;
return moved,

}
/**

* @brief Gets if the right stick has been clicked.

* @return true if the stick was clicked, false otherwise.
*/
bool is_right_clicked(void) {
bool clicked = (button_r_count == 0);
if (clicked) button_r_count = -1;
return clicked;

}
/**

* @brief Gets if the left stick has been clicked.
*

* @return true if the stick was clicked, false otherwise.
*/
bool is_left_clicked(void) {
bool clicked = (button_|_count == 0);
if (clicked) button_|_count = -1;
return clicked;

}
/**
* @brief Timer 0 interrupt for debouncing the joystick clicks.
*/
ISR(TIMERO_COMPA_vect) {
if (is_high(BUTTON_R)) {
button_r_count = BUTTO N_DEBOUNCE_COUNT;
}else {
if (button_r_count > 0) {
button_r_count  -- ;
}

}

if (is_high(BUTTON_L)) {
button_| _count = BUTTON_DEBOUNCE_COUNT;
}else {
if (button_|_count > 0) {
button_I|_count -
}
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lcd.h

/**

* @file lcd.h
* @brief Nokia 5110 LCD function declarations.
*
* @author Kevin Chen <<kchen2@caltech.edu>>
*/
#ifndef LCD_H
#define LCD_H

#include <avr/io.h>
#include <stdlib.h>

#include ".. /common.h"
#include "../spi.h"

#define LCD_COMMAND 0
#define LCD_DATA 1

#define LCD_WIDTH 84
#define LCD_HEIGHT 48

#define LCD_DC PBO
#define LCD_DC_PORT B
#define LCD_SCE PB2
#define LCD_SCE_PORT B
#define LCD_RST PD7
#define LCD_RST_PORT D
#define LCD_LED PB1
#define LCD_LED PORT B

#define CHAR_WIDTH 5
#define CHAR_HEIGHT 7

#define LCD_NORMAL 0
#define LCD_INVERTED 1

void lcd_init(void);

void lcd_write(uint8_t type , uint8_t data);

void lcd_clear(void);

void lcd_clear_rect(uint8_t x, uint8_t y, uint8_t w, uint8_t h);
void lcd_draw(void);

void lcd_set_draw_inverted(bool inv);

void lcd_set_pixel(bool black, uint8_t x, uint8_t y);

void lcd_draw_hline(uint8_t x, uint8_t y, uint8_t w);
void lcd_draw_rect(uint8_t x, uint8_ty, uint8_t w, uint8_t h);
void lcd_fill_rect(uint8_t x, uint8_t y, uint8_t w, uint8_t h);
void lcd_draw_char(char c, uint8_t x, uint8_ty);

void lcd_draw_string(char *s, uint8_t x, uint8_t y);

void lcd_d  raw_hits(uint8_t ¢, uint8_t x, uint8_ty);

void lcd_draw_int(int8_t v, uint8_t x, uint8_t y);

void lcd_draw_uint(uint8_t v, uint8_t x, uint8_ty);

void lcd_graph_value(uint8_t y);

void lcd_draw_pid_param(int8_t v, uint8_t x, uint8_t y, bool i);

#endif
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lcd.c

/**

* @file lcd.c
* @brief Nokia 5110 LCD function definitions.
*
* @author Kevin Chen <<kchen2@caltech.edu>>
*/
#include "lcd.h"
#include "lcd_font.h"

/** @brief The pixel data for writing to the LCD (using lcd_draw). **/

static uint8_t lcd_data[LCD_WIDTH * LCD_HEIGHT / 8J;

/** @brief The x coordinate of for plotting (with Icd_graph_value). **/

static uint8_t Icd_graph_x = 0;

/** @brief Whether to draw inverted or not (ie. draw with black vs white). **/
static bool draw_inverted = false;

/**

* @brief Initializes the LCD.
*

* Sets appropriate pins as outputs and initializes LCD settings.
*/
void lcd_init(void) {
set_output(LCD_DC);
set_output(LCD_SCE);
set_output(LCD_RST);
set_output(LCD_LED);

/I Turn on LCD LED
set_high(LCD_LED);

/l Reset LCD
set_low(LCD_RST);
set_high(LCD_RST);

/I Set LCD settings

lcd_write(LCD_COMMAND, 0x21);
lcd_write(LCD_COMMAND, 0xBO0); // LCD Vop (contrast)
lcd_write(LCD_COMMAND, 0x04); // temp coefficent
lcd_write(LCD_COMMAND, 0x14); // LCD bias mode 1:48

/I Set to normal mode
lcd_write(LCD_COMMAND, 0x20);
lcd_write(LCD_COMMAND, 0x0C);

/I Clear LCD
lcd_draw();
}

/**

* @brief Writes to the LCD (either command or data).
*

* @param type The type of write (LCD_COMMAND or LCD_DATA).
* @param data The byte of data to write.
*/
void lcd_write(uint8_t type, uint8_t data) {
if (type == LCD_COMMAND) set_low(LCD_DC);
else set_high(LCD_DC);

set_low(LCD_SCE);

spi _transfer(data);

set_high(LCD_SCE);
}

/**

* @brief Redraws the LCD screen with data from Icd_data.
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*/
void lcd_draw(void) {
lcd_write(LCD_COMMAND, 0x80 | 0);
lcd_write(LCD_COMMAND, 0x40 | 0);

for (uintl6_ti=0;i< LCD_WIDTH * LCD_HEIGHT / 8; i++) {
lcd_write(LCD_DATA, lcd_datali]);
}
}
/**
* @brief Clears the Icd data.
*/

void lcd_clear(void) {
for (uintl6_ti=0;i<LCD_WIDTH * LCD_HEIGHT / 8; i++) {
lcd_data[i] = 0x00;
}

}
/**
*  @brief Clears the lcd data in a rectangle.
*
* @param X  The x coordinate of the top left of the rect.
* @paramy The y coordinate of the top left of the rect.
* @param w  The width of the rect.
* @param h  The height of the rect.
*/
void lcd_clear_rect(uint8_t x, uint8_ty, uint8_t w, uint8_t h) {
for (Uint8_ti=0;i<w;i++){
for (uint8_tj=0;]j<h;j++) {
lcd_set_pixel(false, x +1i, y +j);
}

}
/**

* @brief Sets the draw mode of the LCD should be inverted or not.
*

* @param inv Boolean to set mode to inverted or not.
*/
void lcd_set_draw_inverted(bool inv) {
draw_inverted = inv;
}

/**

* @brief Sets a pixel at a given position to be black or not.
*

* @param black The state of the pixel (true for black, false for clear).
* @param x  The x coordinate of the pixel.
* @paramy The y coordinate of the pixel.
*/
void lcd_set_pixel(bool black, uint8_t x, uint8_ty) {
if(x<0]lx >= LCD_WIDTH ||y < 0| y >= LCD_HEIGHT) return;

*if (black) {
lcd_data[x + (y / 8) * LCD_WIDTH] "= 1 << (y % 8);

¥
bool set = (black && !draw_inverted) || (!black && draw_inverted);
if (set) {
lcd_data[x + (y / 8) * LCD_WIDTH] |=1 << (y % 8);
}else {
lcd_data[x + (y/ 8) * LCD_WIDTH] &= ~(1 << (y % 8));
}
}
/**

* @brief Draws a horizontal line.
*
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* @param X The x coordinate of the left point of the line.
* @paramy The y coordinate of the left point of the line.
* @param w  The width of the line.
*/
void lcd_draw_hline(uint8_t x, uint8_ty, uint8_t w) {
for (Uint8_ti=0;i<w;i++){
lcd_set_pixel(true, x + i, y);
}

}
/**

* @ brief Draws a rectangle (1px outline).
*

* @param x  The x coordinate of the top left of the rect.
* @paramy The y coordinate of the top left of the rect.
* @param w  The width of the rect.
* @param h  The height of the rect.
*/
void Ilc  d_draw_rect(uint8_t x, uint8_ty, uint8_t w, uint8_t h) {
for (UINt8_ti=0;i<w;i++) {
Icd_set_pixel(true, x + i, y);

lcd_set_pixel(true, x +i,y + h - 1);
}
for (uint8_ti=1;i<h - 1 i) {
Icd_set_pixel(true, x, y + i);
lcd_set_pixel(true, x + w - 1,y +i);
}
}
/**

* @brief Draws a rectangle (filled).

* @param X  The x coordinate of the top left of the rect.
*@paramy They coordinate of the top left of th
* @paramw  The width of the rect.
* @param h  The height of the rect.
*/
void lcd_fill_rect(uint8_t x, uint8_t y, uint8_t w, uint8_t h) {
for (UINt8_ti=0;i<w;i++) {
for (uint8_tj=0;]j<h;j++) {
lcd_set_ pixel(true, X + i,y +j);
}

}
/**

* @brief Draws a single ASCII character.
*
* @param ¢ The ASCII character to draw.
* @param x  The x coordinate to draw at.
* @paramy They coordinate to draw at.
*/
void lcd_draw_char(char c, uint8_t x, uint8_t y) {
for (uint8_ti=0;i< CHAR_WIDTH; i++) {
char f = lcd_font[c - LCD_FONT_STARTI[];
for (uint8_t j = 0; j < CHAR_HEIGHT; j++) {
bool black = f & (0x01 << j);
Icd_set_pixel(black, x +i, y +j);

}
/**

* @brief Draws a string.
*

* @param ¢ The string to draw.

* @param X  The x coordinate to draw at.
* @paramy They coordinate to draw at.
*/

e rect.
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void lcd_draw_string(char *s, uint8_t X, uint8_ty) {
uint8_t dx = 0;
while (*s) {
lcd_draw_char(*s, x + dx, y);
dx += CHAR_WIDTH;
S++;

}
/**
* @brief Draws the binary representation of an unsigned byte.
*
* @param ¢ The unsigned byte to draw.
* @param X  The x coordinate to draw at.
* @paramy They coordinate to draw at.
*/
void lcd_draw_bits(uint8_t ¢, uint8_t x, uint8_t y) {
uint8_t mask = 0x80;

uint8 tdx =0;
while (mask) {
lcd_draw_char((c & mask) ? 1" : 'O’ , X +dX, y);
X += CHAR_WIDTH;
mask >>=1;
}
}
/**

* @brief Draws a signed byte integer.

*

* @param v The signed byte to draw.

* @param X  The x coordinate to draw at.
* @paramy They coordinate to draw at.

*/
void | cd_draw_int(int8_t v, uint8_t x, uint8_ty) {
lcd_draw_char(v>=07?"":" =X Y);
lcd_draw_uint(abs(v), x + CHAR_WIDTH, y);
}
/**

* @brief Draws an unsigned byte integer.

*

* @param v The unsigned byte to draw.

* @param X  The x coordinate to draw at.

* @paramy They coordinate to draw at.

*/

void lcd_draw_uint(uint8_t v, uint8_t x, uint8_t y) {
lcd_draw_char((v % 10) + '0', x + 2 * CHAR_WIDTH, y);

v /= 10;
lcd_draw_char((v % 10) +'0', x + 1* CHAR_WIDTH,y);
v /= 10;
lcd_draw_char((v % 10) + '0', X, y);
}
/**

* @brief Graph a single value of a timeseries.
*

* Increments to the next x coordinate (wraps at LCD_WIDTH).
*
* @paramy The y value to plot.
*/
void lcd_graph_v alue(uint8_ty) {
for (Uint8_ti=0; i < LCD_HEIGHT; i++) {
lcd_set_pixel(i ==y, lcd_graph_x, i);
}

lcd_graph_x++;

if (lcd_graph_x >= LCD_WIDTH) lcd_graph_x = 0;

for (uint8_ti=0; i< LCD_HEIGHT; i++) {
lcd_set_pixel (1, led_graph_x, i);

}
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}
/**

* @brief Draws a PID parameter ( -9.9109.9) or ( -.9910.99)
*

* @param v  The signed byte to draw.
* @param X  The x coordinate to draw at.
* @paramy The y coordinate to draw at.
* @parami  True for -.99 to .99.
*/
void lcd_draw_pid_param(int8_t v, uint8_t x, uint8_t y, bool i) {

lcd_draw_char(v>=07?"":" =X Y);
v = abs(v);
lcd_draw_char((v % 10) + '0', x + 2 * CHAR_WIDTH + 3, y);
v /=10;
if (i) {
lcd_draw_char(v +'0', x + 1 * CHAR_WIDTH + 3, y);
lcd_set_pixel(true, x + CHAR_WIDTH + 1, y + CHAR_HEIGHT - 1);
}else {

lcd_draw_char(v +'0', x + 1 * CHAR_WIDTH, y);

lcd_set_pixel(true, x + 2 * CHAR_WIDTH + 1,y + CHAR_HEIGHT- 1);
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lcd font.h

/**

* @file Icd_font.h
* @brief The font table for the LCD
*
* @author Kevin Chen <<kchen2@caltech.edu>>
*/
#ifndef LCD_FONT_H
#define LCD_FONT_H

#define LCD_FONT_START 0x20
/I First character index for font table

/I Font table for LCD (5x8 pixels for each character).

/I Note: First 32 characters are skipped.
static const char Icd_font[][5] = {
{0x00, 0x00, 0x00, 0x00, 0x00} // 0x20
,{0x00, 0x00, 0x5f, 0x00, 0x00} // 0x21 !

,{0x00, 0x07, 0x00, 0x07, 0x00} // 0x22 "

{0x14, Ox7f, 0x14, Ox7f, Ox14} // 0x23 #
{0x24, 0x2a, 0x7f, Ox2a, 0x12} // 0x24 $
{0x23, 0x13, 0x08, 0x64, 0x62} // 0x25 %
,{0x36, 0x49, 0x55, 0x22, 0x50} // 0x26 &
,{0x00, 0x05, 0x03, 0x00, 0x00} // 0x27 *
,{0x00, Ox1c, Ox22, 0x41, 0x00} // 0x28 (
,{0x00, 0x41, 0x22, Ox1c, 0x00} // 0x29 )
{0x14, 0x08, 0x3e, 0x08, 0x14} // 0x2a *
,{0x08, 0x08, 0x3e, 0x08, 0x08} // 0x2b +
,{0x00, 0x50, 0x30, 0x00, 0x00} // 0x2c ,

,{0x00, 0x08, 0x08, 0x08, 0x00} // 0x2d

,{0x00, 0x60, 0x60, 0x00, 0x00} // 0Ox2e .
,{0x20, 0x10, 0x08, 0x04, 0x02} // Ox2f /

{0x3e, 0x51, 0x49, 0x45, 0x3e} // 0x30 0
,{0x00, 0x42, 0x7f, 0x40, 0x00} // 0x31 1
{0x42, 0x61, 0x51, 0x49, 0x46} // 0x32 2
{0x21, 0x41, 0x45, Ox4b, 0x31} // 0x33 3
{0x18, 0x14, 0x12, Ox7f, 0x10} // Ox34 4
{0x27, 0x45, 0x45, 0x45, 0x39} // 0x35 5
{0x3c, 0x4a, 0x49, 0x49, 0x30} // 0x36 6
{0x01, 0x71, 0x09, 0x05, 0x03} // 0x37 7

,{0x36, 0x49, 0x49, Ox 49, 0x36} // 0x38 8

,{0x06, 0x49, 0x49, 0x29, Ox1e} // 0x39 9
,{0x00, 0x36, 0x36, 0x00, 0x00} // Ox3a :
,{0x00, 0x56, 0x36, 0x00, 0x00} // 0x3b ;
,{0x08, 0x14, 0x22, 0x41, 0x00} // 0x3c <
{0x14, 0x14, 0x14, 0x14, 0x14} // 0x3d =
{ 0x00, 0x41, 0x22, 0x14, 0x08} // Ox3e >
{0x02, 0x01, 0x51, 0x09, 0x06} // Ox3f ?
{0x32, 0x49, 0x79, 0x41, 0x3e} // 0x40 @
{0x7e, Ox11, 0x11, Ox11, Ox7e} // Ox41 A
{0x7f, 0x49, 0x49, 0x49, 0x36} // Ox42 B

{0x3e, 0x41, 0x41, 0x41, Ox 22} /1 0x43 C

{0x7f, 0x41, 0x41, 0x22, Ox1c} // 0x44 D
{0x7f, 0x49, 0x49, 0x49, 0x41} // Ox45 E
{0x7f, 0x09, 0x09, 0x09, 0x01} // Ox46 F
{0x3e, 0x41, 0x49, 0x49, 0x7a} // 0x47 G
{0x7f, 0x08, 0x08, 0x08, 0x7f} // Ox48 H
,{0x00, 0x41, 0x7f, 0x41, 0x00} // 0x49 |
{0x20, 0x40, 0x41, 0x3f, 0x01} // Ox4a J
{0x7f, 0x08, 0x14, 0x22, 0x41} // Ox4b K
{0x7f, 0x40, 0x40, 0x40, 0x40} // Ox4c L
{0x7f, 0x02, 0x0c, 0x02, Ox7f} // Ox4d M
{0x7f, 0x04, 0x08, 0x10, 0x7f} // Oxd4e N
{0x3e, 0x41, 0x41, 0x41, 0x3e} // Ox4f O
{0x7f, 0x09, 0x09, 0x09, 0x06} // 0x50 P
{0x3e, 0x41, 0x51, 0x21, 0x5e} // 0x51 Q
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{0x7f, 0x09, 0x19, 0x29, 0x46} // 0x52 R

{0x46, 0x49, 0x49, Ox

49, 0x31} // 0x53 S

{0x01, 0x01, 0x7f, 0x01, 0x01} // Ox54 T
{0x3f, 0x40, 0x40, 0x40, 0x3f} // 0x55 U
{0x1f, 0x20, 0x40, 0x20, 0x1f} // 0x56 V
{0x3f, 0x40, 0x38, 0x40, 0x3f} // OX57 W
{0x63, 0x14, 0x08, 0x14, 0x63} // 0x58 X
,{ 0x07, 0x08, 0x70, 0x08, 0x07} // OX59 Y
{0x61, 0x51, 0x49, 0x45, 0x43} // Ox5a Z
,{0x00, 0x7f, 0x41, Ox41, 0x00} // O0x5b [
,{0x02, 0x04, 0x08, 0x10, 0x20} // Ox5c '
,{0x00, 0x41, 0x41, 0x7f, 0x00} // 0x5d ]

,{0x04, 0x02, 0x01, 0x02,

0x04} // Ox5e ~

,{0x40, 0x40, 0x40, 0x40, 0x40} // Ox5f _
,{0x00, 0x01, 0x02, 0x04, 0x00} // 0x60 *
{0x20, 0x54, 0x54, 0x54, 0x78} // 0x61 a
{0x7f, 0x48, 0x44, 0x44, 0x38} // 0x62 b
{0x38, 0x44, 0x44, 0x44, 0x20} // 0x63 ¢
{0x38 , 0x44, 0x44, 0x48, Ox7f} // 0x64 d
{0x38, 0x54, 0x54, 0x54, 0x18} // 0x65 e
,{0x08, Ox7e, 0x09, 0x01, 0x02} // 0x66 f
{0x0c, 0x52, 0x52, 0x52, Ox3e} // Ox67 g
{0x7f, 0x08, 0x04, 0x04, 0x78} // 0x68 h
,{0x00, 0x44, 0x7d, 0x40, 0x00} // 0x69 i
{0x20, 0x40, 0x44, 0x3d, 0x00} // Ox6a |
{0x7f, 0x10, 0x28, 0x44, 0x00} // Ox6b k
,{0x00, 0x41, 0x7f, 0x40, 0x00} // Ox6¢ |
{0x7c, 0x04, 0x18, 0x04, 0x78} // Ox6d m

{0x7c, 0x08, 0x04, 0

x04, 0x78} // Ox6e n

{0x38, 0x44, 0x44, 0x44, 0x38} // 0x6f 0
{0x7c, 0x14, Ox14, 0x14, 0x08} // 0Ox70 p
,{0x08, 0x14, 0x14, 0x18, 0x7c}// Ox71 q
{0x7c, 0x08, 0x04, 0x04, 0x08} // OX72 r
{0x48, 0x54, 0x54, 0x54, 0x20} // 0x73 s

, {Ox04, 0x3f, 0x44, 0x40, 0x20} // Ox74 t
,{0x3c, 0x40, 0x40, 0x20, 0x7c} // 0X75 u
{0x1c, 0x20, 0x40, 0x20, Ox1c} // OX76 v
,{0x3c, 0x40, 0x30, 0x40, 0x3c} // OX77 w
{0x44, 0x28, 0x10, 0x28, 0x44} // 0x78 x
,{0x0c, 0x50, 0x50, 0x50, 0 x3c} // 0x79 y
{0x44, 0x64, 0x54, Ox4c, 0x44} /] Ox7a z
,{0x00, 0x08, 0x36, 0x41, 0x00} // 0x7b {
,{0x00, 0x00, 0x7f, 0x00, 0x00} // Ox7c |
,{0x00, 0x41, 0x36, 0x08, 0x00} // Ox7d }
,{0x10, 0x08, 0x08, 0x10, 0x08} // Ox7e ~
{0x78, 0x46, 0x41, 0x46, 0x78} // Ox7f DEL

h

#endif
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