


7-2. Cost

Preliminary costs of the main circuit components are shown below in Table 7.2.1.
Housing and final costs will be calculated upon completion.
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Table 7.2.1: Main circuit component costs.

Part Ref. Mfg. Part # Description DK PIN Unit Price
Ul MSP430F2274IDAR IC MCU 16BIT 32K FLASH 38-TSSOP 296-21439-1-ND $5.3600
U2 CC2500RTKR IC RE TXRX SNGL-CHIP LP 20-QFN 296-19586-1-ND $2.7000
U3 TPS62050DGSR IC STEP-DOWN CONV HI-EFF 10-MSOP 296-14392-1-ND $3.3300
U4 TPS62056DGSR IC STEP-DOWN CONV HI-EFF 10-MSOP 296-14212-5-ND $3.3300
U5 TPS2052BDR IC POWER DIST SWITCH DUAL 8-SOIC 296-17451-1-ND $1.1000
L1 SLF7032T-100M1R4-2-PF INDUCTOR SHIELD PWR 10UH 7032 445-1998-1-ND $0.9650
L2 SLF7032T-100M1R4-2-PF INDUCTOR SHIELD PWR 10UH 7032 445-1998-1-ND $0.9650
X1 NX3225SA-26.000000MHZ CRYSTAL 26.000000 MHZ SMD 8PF 644-1054-1-ND $0.6130
H1 22-28-4060 CONN HEADER 6POS .100 VERT TIN WM6406-ND $0.4040
Cl ECE-V1CS100SR CAP 10UF 16V VS ELECT SMD PCE3061CT-ND $0.1960
Cc2 ECJ-0EC1H070D CAP 7.0PF 50V CERAMIC 0402 SMD PCC070CQCT-ND $0.0141
C3 ECE-V0JS220WR CAP 22UF 6.3V ELECT VS SMD PCE3308CT-ND $0.1820
C4 ECE-V0JA101SP CAP 100UF 6.3V ELECT VS SMD PCE3058CT-ND $0.2400
C5 ECJ-OEC1H270J CAP 27PF 50V CERAMIC 0402 SMD PCC270CQCT-ND $0.0141
C6 ECJ-0EC1H270J CAP 27PF 50V CERAMIC 0402 SMD PCC270CQCT-ND $0.0141
Cc7 ECJ-0EB1C103K CAP 10000PF 16V CERAMIC 0402 SMD PCC103BQCT-ND $0.0141
C8 ECJ-0EC1H221J CAP 220PF 50V CERAMIC 0402 SMD PCC221CQCT-ND $0.0141
c9 ECJ-0EC1H221J CAP 220PF 50V CERAMIC 0402 SMD PCC221CQCT-ND $0.0141
C10 ECJ-OEC1H221J CAP 220PF 50V CERAMIC 0402 SMD PCC221CQCT-ND $0.0141
Cl1 ECE-V1CS100SR CAP 10UF 16V VS ELECT SMD PCE3061CT-ND $0.1960
D1 1PS76SB10 T/R DIODE SCHOTTKY 30V 200MA SOD323 568-3406-1-ND $0.0875
D2-13 SLX-LX5093UWC/C LED 5MM WHITE WATER CLEAR LENS 67-1691-ND $0.6628
R1 ERJ-3EKF7153V RES 768K OHM 1/10W 1% 0603 SMD P768KHCT-ND $0.0279
R2 ERJ-3EKF9532V RES 93.1K OHM 1/10W 1% 0603 SMD P93.1KHCT-ND $0.0279
R3 ERJ-2RKF5622X RES 56.2K OHM 1/16W 1% 0402 SMD P56.2KLCT-ND $0.0304
R4 ERJ-2RKF4752X RES 47.5K OHM 1/16W 1% 0402 SMD P47.5KLCT-ND $0.0304
S1 MP3-37 PowerFilm MP3-37 3 Volt 50 mA Thin Flexible Solar Module $5.9500
S2 MP3-37 PowerFilm MP3-37 3 Volt 50 mA Thin Flexible Solar Module $5.9500
Bl 18650 Tenergy Li-lon 18650 3.7V 2200mAh Battery $4.8900
Printed Circuit Board $3.0000
Housing $7.0000
TOTAL $47.3365
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8. Design Review Discussion

The design of the runway lighting units has been subject to delays since the very
beginning of the project and related design competition. Parts were difficult to obtain, often
did not work on arrival, and manufacturer technical/engineering support was not readily
available. Development of this design began in Autumn quarter of 2007 with conceptual
design completed at that time, and components tentatively chosen. Design and testing began
Winter quarter of 2008. During this time the evaluation modules for the charging system
were tested, the power distribution switch was tested, and the LED lighting array’s power
consumption measured. Some evaluation of the EZ430-RF2500 EVM was completed using
an evaluation board that a team member personally purchased. A circuit board based on the
reference designs for the various TI components was laid out in EAGLE printed circuit board
CAD and fabricated. Sample components were soldered to the PCBs using a hot air rework
process previously described. Charging, power distribution, and microcontroller systems on
the PCBs functioned properly, but the RF integrated circuits had unpredictable failures.
Problems with the RF system can be attributed to soldering problems because none of the
equipment available to the team is capable of properly heating the CC2500 RFIC. In order to
test these designs an IR reflow oven will have to be purchased or the assembly contracted out
to a prototype facility.

Using the EZ430-RF2500 evaluation modules in place of the MSP430/CC2500 pair on
the circuit boards, RF link can be demonstrated using TI sample code, and as before the
lights can be controlled by accessing the registers of the microcontroller through the debug
interface. However, the lack of documentation on peer to peer networking using the
SIMPLICI-TI networking protocol has further delayed the coding. The code included in this
report is only partially functional, and operates the microcontroller and RF circuitry in fully
active mode such that the system uses too much power to be useful. The pilot-controlled
version will be completed at some time in the future.

Finally an all-analog version of the runway lighting system was constructed due to the
problems with the development of the pilot-controlled version. As described in Appendix B,
the light controlled version uses many of the same parts as the more complex pilot-controlled
version, but uses a comparator to determine the appropriate solar light level for activation.
This version has been tested for 2 weeks during the Spring and is capable of collecting
enough solar energy to operate for an entire night. As this system is built from simple and
proven technology, commercial development may follow a series of full scale field tests to
commence Fall of 2008.
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Figure A-1: Detailed Control unit schematic



it
|

_L.L&

] PhvEELG SEAY ey s
] SLYHLNDALG vd S5A0 [y -
—ye| ¥08UL R = .Eﬁ“.._:_.
ke ke e G INOSOYINONHOVIVS Ed -t e _—
¥ o —pr] LWLEd HIUMESULSTL
= .._D 5 OLYOIMIVOr 3H8NSSHAEWI YL T 0N 15H B
aNo 000K |y e 01 YO0+ STHOA - THAFVITYLIF 2d ONISOVINVOXLOVINY o [ IH
aND LOTIE0Y |7 i ¢ —pr—] AL DIV L
% M ] WL EYLELY b [
£ _ —] VLT LE ZUMDBLE ol o
1000 | —p] Z¥LT 1 ZELT ¥ | Al
= ] HOLANINER L Laut v [or— L
Svi B ] SALIVLS 1d CRLY P s
i | MOLNOL YL 1d
d_aH —pr| 1ovnaLeYLL L DI g
N
H105 |r -] JLSTYINHIO0E0NE £d HOVORYOVAIZ Zd [y
Uy (1002105 | T 1250830VINDS 1030NT T
aanY 15 | =] YOSOEINVONISOEINVL Ed OOV YA INSNTINIVA/E Td [
aaAy ug) | | SYAMIOIVONELS0BIN € RO 2ol [
oany :muhﬂmmw T ..un%:._Ox i 4
Qaay 9 NI SOHS Td T
aan ¥ v 2900 |
005200 WOIPLZZA0ERISIN
n n
=Ty
- Al
a k& & oownesosntios
HLEE
" £4-]
—d 220 aND
zinp N3 | = No - nrz
— ne w3 | R o = it i
" (e —
—rin WP o weT
[ &l o1 05ea1 4 oy
sn z T3
[t}
ESHLSL
on 4
Mol Z1 FO0E S0L9EAL ia oL 11 TA0507964L
L1} m

A-2

Figure A-2: Detailed Lighting unit schematic
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Code

Master control unit

#include "bsp.h"
#include "mrfi.h"
#include "nwk_types.h"
#include "nwk_api.h"
#include "bsp_leds.h"
#include "bsp_buttons.h"
#include "vlo_rand.h"
#include "nwk.h"

void linkTo(void);
void MCU _Init(void);

void main (void)

{

WDTCTL = WDTPW + WDTHOLD; // Stop WDT
{
// delay loop to ensure proper startup before SimpliciTI increases DCO
// This is typically tailored to the power supply used, and in this case
// is overkill for safety due to wide distribution.
volatile int i;
for(i = 0; i < OxFFFF; i++){}
}

/I SimpliciTI will change port pin settings as well

P1DIR = OxFF;

P10OUT = 0x00;

P2DIR = 0x00; // P2 will be an input from the hamtronics
P3DIR = 0xC0;

P30UT = 0x00;

P4DIR = OxFF;

P40OUT = 0x00;

P10OUT = 0x00;

BSP_Init();
SMPL _Init(0);

linkTo();

void linkTo()

{
BSP_TOGGLE_LEDI(); //red
BSP_TOGGLE_LED2(); //green

NWK_DELAY (0xFFFF);
NWK_DELAY (0xFFFF);
NWK_DELAY (0xFFFF);
NWK_DELAY (0xFFFF);
NWK_DELAY (0xFFFF);

if (BSP_LED1_IS_ON())
{



BSP_TOGGLE_LEDI();
}
if (BSP_LED2_IS_ON())

BSP_ TOGGLE_LED2();
h

uint8_t msg[1];

int high =1, low =2;

while (1)
{
if (P20UT == 0x01 || P20UT == 0x11)
{
if(P20UT == 0x01)
{
msg[0] = high;
H
else
msg[0] = low;
H

/Iwait "a while"
NWK_DELAY (0xFFFF);
NWK_DELAY(0xFFFF);

// send. doesnt need to be link to anyone they just have to listen

int i = 20; //try for 20 secs

while (SMPL_SUCCESS != SMPL Send(SMPL_LINKID USER_UUD, msg, sizeof(msg)&& i >0))

int j = 12000; // Delay 1 sec

do (j--);
while (j > 0);

} //keep trying

}
/*

* ADCI10 interrupt service routine

*/

#pragma vector=ADC10_VECTOR
__interrupt void ADC10_ISR(void)
{

__bic_SR register_on_exit(CPUOFF);
}

Lighting unit
#include "bsp.h"
#include "mrfi.h"
#include "nwk_types.h"
#include "nwk_api.h"
#include "bsp_leds.h"

// Clear CPUOFF bit from O(SR)



#include "bsp_buttons.h"
#include "vlo_rand.h"
#include "nwk.h"

void linkTo(void);
void MCU_Init(void);

void main (void)

{

WDTCTL = WDTPW + WDTHOLD; /I Stop WDT
{
// delay loop to ensure proper startup before SimpliciTI increases DCO
// This is typically tailored to the power supply used, and in this case
// is overkill for safety due to wide distribution.
volatile int 1;
for(i = 0; i < OxFFFF; i++){}
}

// SimpliciTI will change port pin settings as well

P1DIR = OxFF;

P10OUT = 0x00;

P2DIR = 0x3F; // set P2.3,4 to output direction to control lights
P20UT = 0x00;

P3DIR = 0xC0;

P30UT = 0x00;

P4DIR = OxFF;

P40OUT = 0x00;

P10OUT = 0x00;

//initiate chip
BSP_Init();

TACCRO = 12000; // ~1 sec

//initiate the SympliciTI network
SMPL _TInit(0);

linkTo(); //start main program

}

void linkTo()
{

uint8 t msg[1], len; //define the recieving class

//signal the start main fuction
BSP_TOGGLE_LEDI(); //red
BSP_TOGGLE_LED2(); //green

NWK _DELAY (0XxFFFF); //delay the lights so they can be seen easley
NWK_DELAY (0xFFFF);

//turn off the LEDs
if (BSP_LEDI1_IS_ON())
f

R
BSP_TOGGLE_LEDI();

}

if (BSP_LED2_IS_ON())

{
BSP_ TOGGLE_LED2();
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}

int ONLOW = 1, ONHIGH = 2; // set the light conditions

while(1) //main loop

{
BSP_TOGGLE_LED2(); //green -signal in main loop waiting for a recieved transmission

NWK_DELAY(0xFFFF);
NWK_DELAY(0xFFFF); //delay the lights so they can be seen easley
NWK_DELAY (0xFFFF);

if (BSP_LED2_IS_ON())

BSP_TOGGLE_LED2();
}
NWK_DELAY(0xFFFF);
NWK_DELAY (0xFFFF);//delay the lights so they can be seen easley
NWK_DELAY (0xFFFF);

//this will accept a message from any device they do not have to be link
if (SMPL_SUCCESS == SMPL_Receive(SMPL_LINKID USER UUD, msg, &len)) //did we recieve a message?

{
if (len && (msg[0] == ONHIGH || msg[0] == ONLOW)) //is it valide
if(msg[0] == ONHIGH)//need lights on high?
P20UT |= 0x18; //turn lights on high

else //else they go on low
S

1
P20UT |= 0x08; //turn lights on low
}

int i = 30, sent = 0; //for at least 30 sec try to send to next device for 30 secs
while(i > 0 && sent == 0)

{
BSP_TOGGLE_LED2(); //green- try to send the received message
int j = 12000; // Delay 1 sec
do{
i

//this will try to send a message to any device without being link
//the recieving device only has to be listening
if(SMPL_SUCCESS == SMPL_Send(SMPL_LINKID USER UUD, msg, sizeof(msg))) //was the sending a success?
//if yes then stop trying
//wait "a while"
NWK_DELAY (0xFFFF);
NWK_ DELAY (0xFFFF);//delay the lights so they can be seen easley
NWK_DELAY(OxFFFF);

BSP_TOGGLE_LEDI1(); //red -recieved message sent

NWK_DELAY (0xFFFF);

NWK_ DELAY (0xFFFF);//delay the lights so they can be seen easley
NWK_DELAY(0xFFFF);

if (BSP_LEDI1_IS_ON())

{
BSP_TOGGLE_LEDI();
}

sent=1;
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twhile (j =0 && sent == 0);

i

}

i=270; // Delay 4min 30 secs

//keep lights in for another 4 min 30 sec

do{
i
int j = 12000; // Delay 1 sec
do (j--);
while (j !=0);

ywhile (i 1= 0);

//after 4 min 30 sec start too flash lights
if(msg[1] == ONHIGH)//if lights on high flash high

// toggle turn-on high
for(i = 30;i > 0; i--) // Delay 30 sec
S

1
P20UT "= 0x18;

int j = 12000; // Delay 1 sec
do (j--);
while (j !=0);
j
P20UT &= ~0x18; // Clear P2.0 LED off - lighst off

else//else flash lighst low

// toggle turn-on low
for(i=30;i > 0;i--) // Delay 30 sec

P20UT "= 0x08;

int j = 12000; // Delay 1 sec
do (--);
while (j !=0);
}
P20UT &= ~0x08; // Clear P2.0 LED off- lights off
}
}
I

//if no message recieved or a message was just handled then sleep for 1 sec
SMPL _Ioctl( IOCTL_OBJ RADIO, IOCTL_ACT RADIO_SLEEP, "");

__bis_ SR register(LPM3_bits+GIE);

// LPM3 with interrupts enabled

SMPL _Toctl( IOCTL_OBJ _RADIO, IOCTL_ACT RADIO_AWAKE, "");

}
/*

* ADCI10 interrupt service routine

*/

#pragma vector=ADC10_VECTOR
__interrupt void ADC10_ISR(void)
{

__bic_SR register_on_exit(CPUOFF);
H

// Clear CPUOFF bit from 0(SR)



/*

* Timer AO interrupt service routine

#pragma vector=TIMERAO VECTOR
__interrupt void Timer A (void)

~

__bic_SR register on_exit(LPM3_bits);
}

*/

// Clear LPM3 bit from O(SR)
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Appendix B:

Light Level Controlled Runway Lighting Unit
System Design

A “pure hardware” design was desired due to delays in the coding for the radio controlled
lighting system, resulting in the light controlled variant of the previously described system. This
design can be built using modified printed circuit boards designed for the radio controlled
system, and also required four integrated circuits.

Components Used

T1- TPS6205x

The TPS6205x is a 95% efficient synchronous step-down converter. The device pulses
current through an external inductor based on an internal frequency reference that is
typically 850kHz. The compact MSOP-10 package is capable of handling 800mA output
current, and is available in fixed-voltage and adjustable-voltage versions.

T1- TPS2090D

The TPS2090D is a dual channel switch using a pair of 70 mQ N-channel MOSFET
power switches whose gates are driven by an internal charge pump resulting in complete
isolation between the control side and the power side of the IC. The TPS2090D is
current limited to 5S00mA and has an undervoltage lockout at 2.7V which would
theoretically prevent damage to the Li-Ion cell from excessive discharge.

TI- TLV3492

The TLV3492 is a dual channel, push-pull output, comparator. The device operates on
supply voltages as low as 1.8V using CMOS technology, and has an extremely low
supply current of 0.8V, and is referred to as a nanopower device.

Solar energy is collected by four PowerFilm MP3-37 thin film photovoltaic cells
configured as 6V pairs. This configuration yields 6V at 100mA into the TPS62050 DC/DC buck
converter under full direct sunlight. The DC/DC converter is set to 4.5V and charges a Tenergy
18650 Li-Ion cell through a Schottky diode for isolation.

The battery provides power to a TLV3492 dual channel low power comparator which
compares the voltage output from the solar cells to a 0.3V reference set by a Schottky diode. If
the solar cell voltage drops below 0.3V, then output one goes high. Using the photovoltaic cell
as a light reference allows the standard resistive photocell to be omitted. The other channel
compares the battery voltage to a 2.7V Zener diode voltage reference, and output two goes low
when required to protect the lithium cell.

The TLV3492 comparator drives a TPS2090D dual channel power distribution switch.
Channel one of the chip closes when the comparator detects that the ambient light is low enough
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to turn on the LED array. The output of channel one is looped back to the power input of
channel two, which is closed when the comparator determines that the lithium cell has sufficient
voltage.

The TPS2090D drives the input of a TPS62056 fixed voltage DC/DC buck converter.
The TPS62056 is set to output 3.3VDC nominal at 95% efficiency, and in this application is
delivering 3.1V to the LED array comprised of eight white LEDs. The power converter
maintains the LED array at a constant light level for most of the runtime and by reducing voltage
drain reduces the current draw.
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Figure B-1: Light Controlled Runway Light--System Schematic
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Power Analysis

Unlike the radio controlled version of the lighting system, the light controlled version
must capture significantly more solar energy. Four of the MP3-37 photovoltaic cells are used on
this design rather than the two cells in the radio controlled version. This configuration yields
6VDC at 100mA in direct sunlight. The more robust four cell design is able to capture still
significant energy under obscured sunlight. Power outputs of 50mA can be observed on days
when the cloud ceiling can be described as broken, and 25mA under an overcast layer. Usable
charging current has been observed under a thick, low altitude overcast. Assuming 100mA for
four hours and partial sunlight providing 40mA for eight hours, the power stored in the battery is

as follows: E =Y Eppecr + Ennpreer = 4(100MA) +8(40mA) = 720mAh

The power consumption of the control circuitry is 0.24mA in the off-state. Power
consumption with the LED array activated is 95mA. Based on the 720mAh delivered to the
battery during the charge cycle, the effective runtime of the lighting unit is just under eight
hours. As cell voltage decreases so does the current draw from the LED array, and visible light
can still be observed after a 10 hour runtime.

Cost Analysis

The light controlled version of the runway lighting unit uses the same housing as the
radio controlled design which is described in Section 4.6. For test and evaluation purposes the
same printed circuit board can be used, although this design requires less board area for
implementation.



Table B-1:

Light-Controlled Lighting Unit Bill of Materials

Part Ref. Mfg. Part # Description DK P/N Unit Price
Ul TPS62050DGSR IC STEP-DOWN CONV HI-EFF 10-MSOP 296-14392-1-ND $2.4600
U2 TLV3492AID IC COMPARATOR P-P NANOPWR 8-SOIC 296-14054-5-ND $0.8700
U3 TPS2090D IC POWER DIST SWITCH DUAL 8-SOIC 296-3437-5-ND $0.9100
U4 TPS62056DGSR IC STEP-DOWN CONV HI-EFF 10-MSOP 296-14212-5-ND $2.4600
L1 SLF7032T-100M1R4-2-PF INDUCTOR SHIELD PWR 10UH 7032 445-1998-1-ND $0.9650
L2 SLF7032T-100M1R4-2-PF INDUCTOR SHIELD PWR 10UH 7032 445-1998-1-ND $0.9650
C1l ECE-V1CS100SR CAP 10UF 16V VS ELECT SMD PCE3061CT-ND $0.1960
C2 ECJ-0EC1H070D CAP 7.0PF 50V CERAMIC 0402 SMD PCC070CQCT-ND $0.0141
C3 ECE-V0JS220WR CAP 22UF 6.3V ELECT VS SMD PCE3308CT-ND $0.1820
C4 ECE-V1CS100SR CAP 10UF 16V VS ELECT SMD PCE3061CT-ND $0.1960
C5 ECE-V0JS220WR CAP 22UF 6.3V ELECT VS SMD PCE3308CT-ND $0.1820
D1 1PS76SB10 T/R DIODE SCHOTTKY 30V 200MA SOD323 568-3406-1-ND $0.0875
D2 MAZ30270HL DIODE ZENER 2.7V 200MW MINI 3P MAZ30270HLCT-ND $0.2050
D3-11 SLX-LX5093UWC/C LED 5MM WHITE WATER CLEAR LENS 67-1691-ND $0.6628
R1 ERJ-3EKF7153V RES 768K OHM 1/10W 1% 0603 SMD P768KHCT-ND $0.0279
R2 ERJ-3EKF9532V RES 93.1K OHM 1/10W 1% 0603 SMD P93.1KHCT-ND $0.0279
R3 ERJ-3EKF2802V RES 28.0K OHM 1/10W 1% 0603 SMD P28.0KHCT-ND $0.0279
R4 ERJ-3EKF2802V RES 28.0K OHM 1/10W 1% 0603 SMD P28.0KHCT-ND $0.0279
S1 MP3-37 PowerFilm MP3-37 3 Volt 50 mA Thin Flexible Solar Module $5.9500
S2 MP3-37 PowerFilm MP3-37 3 Volt 50 mA Thin Flexible Solar Module $5.9500
S3 MP3-37 PowerFilm MP3-37 3 Volt 50 mA Thin Flexible Solar Module $5.9500
S4 MP3-37 PowerFilm MP3-37 3 Volt 50 mA Thin Flexible Solar Module $5.9500
Bl 18650 Tenergy Li-lon 18650 3.7V 2200mAh Battery $4.8900
Printed Circuit Board $3.0000
Housing $7.0000
Total Cost $49.1568

Performance Analysis

The light controlled version of the runway lighting system has a demonstrated runtime of
10 hours when operated in the summer months when the daylight period is 14 hours and the
night 10 hours. This means that the runway lighting system is proven acceptable for use in the
tested region of 40° North Latitude during the Spring/Summer months. This system would be
effective for VFR (visual flight rules) use when supplemental runway lighting would be a safety
benefit to the pilot. Given that most recreational night flights are conducted at twilight or no
more than several hours afterward, this would be extremely effective for lighting a grass runway.
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Figure B-2: Light-Controlled Lighting Unit Prototype
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Figure B-3: Light-Controlled System Schematic (Full Size)
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