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Objective:

Development of test-bed platform for demonstration of voice, video, and
data transmission from numerous antennas on the aircraft

Architecture of Optical Communication
Configurations Arranged On-Board Aircraft

using the fiber optical networking methodology.

Significant Benefits for implementation of fiber optical NETwork:

Existing Networking

RF/Optical Networking

Interference

System System
Immune to Immune to EMI
Electromagnetic No need of EMI back-shells

Increased volume of
Cables/\Wires

Single fiber for transmission-
less space and reduced
weight; greater bandwidth

Susceptible to Electrical
Spark Influence

Network design flexibility and
capacity

Improved reliability,
simplified maintenance

Reduction in RF emissions
from leaky coaxial cable

GPS Navigation

Frequency: 1.1 - 1.5 GHz

VHF Omni-directional Range
Fre.:10§-117 MHz

HF comm
Frequency: 1.8-2.2 MHz SATCOM
Frequency: 1.5-1.6 GHz

Landing system

Fre.: 5 GHz ILS marker beacons
Fre.: 74 MHz

Broadcast satellite
service providers

Phased-array antenna allowing
simultaneous connections between
satellites and ground stations

Simplified and light-weight
optical networking system

Passenger Data Services:

« Providing live television, Internet, HDTV,
financial news, E-commerce, stock-market
reports, etc.

Aircrew / Flight Attendants
« Benefits from administration
functions, weather reports, etc.

Fiber optic based architecture configuration
for On-board applications.

GTE airphone
Fre.: 840-895 MHz

WVHF Comm for
Air-ground & air-air voice/data
Frequency: 117-137
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All Optical Ring-Infrastructure Solution Using SONET
over Wavelength Division Multiplexing process.

Page 3



Experimental Setup

* Optical testing points

* RF Transmission and reflection
« Signal-to-noise ratio

+ Signal and video quality test

RF RF P RF A RF
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251t £ 155( nm

RF
[ | Optical filter

nr-——-—---
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: RX aurora |
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Requirement of Analog and Digital System

=20
25 LA PIN PIN: PIN photodiode (no gain)
. APD: Avalanche photodiode (internal gain)
S i |
2 PIN | .- APD
3 PN C52[ el / —18 0
S - ~— [N e
B e / =
S APD  }e7 sl a
o -6 L T -
5 / APD = -20 50 um —
T84 i 2 Power
o
85, 5 9 um
1% 01 0.1 1 10 100 110° 4
0.01, NRZ x10°, £
NRZ Bit rate (Mbps) =51~ 60
Digital signal (BER= 10-°) 0 1200 240 360 480 600
10, Distance 500,
[}
. 0 —— SNR=700B Distance (m)
% -20F L d-em77 — Fiber distance compared for two fiber’s size: 50 and 9 um
g ' .--| SNR=40dB
= - at 1330 nm wavelength and 500 Mbps.
S SNRAPD -40 |- J R gl g P
g7 1l
g SNRPIN g0 [ R AR
g ..... UL e - Rt SNR =0dB
100, =100
0.01 0.1 1 10 100
0.01, BW 100,
Bandwidth
Analog signal
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Experimental Results

Transmitter: Point 1

Receiver: Point 16

: . : el Ch29 at the receiver wdn
HCUINHE M2 M DISRMERY) - SPEC AVG:1 RES:0.02nm N:2001 ADAPTIV
! ! ! ! ! 15.0 MULTI
PEAK dBn PEAK
SHR -35.0 SHR
10.0
dB/D
‘ : —g5.0 ™ RELATIVE
5.0 o ‘ ‘ ‘ RELATIVE 1550.00 1554, 000nm 0.80nn/D  1558.00
1549.00 1553.000nm 0.80nn/D 1557.00 | << ITU Grid b33 Ref Ch: 1/1 | Tl G
| &« Tl 6rid 5 Ref Ch: 1/1 i 1T GRID No. W1{nm) WI{THz) GRID{rm)} WI1-GRID{nm} Lw1{dBm)
Ho. WI(nn) WI(THz) GRID(nm)  WI-GRID(nm)  Lv1{dBn) 1 1554.144 192.8988 1554.134 0.010 -12.06 | I
1 1554.152 192.8976 1554.134 0.018 8.47 | I

* Wavelength : 1554

» The optical power level of -12.06 dBm is sufficient to allow error
free data transmission in this channel.

+ Wavelength 1554
» The optical output power of transmitter is 8.47 dBm

Transmitter: Point 2

ITU Channel 31 wdn

SPEC GIL RESI0.Om 501 MORMAL | Receiver: Point 15
: . . . . PEAK Ch31 at the receiver wdm
SPEC AVG:1 RES:0.02nm N:2001 ADAPTIV
15.0 ; : : ; ! . ; MULTI
SHR dBn B PEAK
-35.0 SHR
: : : : RELATIVE 10.0
1549.00 1553.000nm 0.800n/D  1557.00 dB/D SR
: : < —g5.0, 8 RELATIVE
| & I 6rid Ref Ch: 171 1548 .00 1552 .000nm 0.80nmn/D 1556 .00
Ho. WI{nn) WI{THz) GRID(nm) WI-GRID{nm) Lw1{dBn) | &< N 53 EECTE R Ty erD
1 1552.552 193.0966 1552.524 0.028 B.47 | No. W1(nm) WI(THz) GRID(nm) W1-GRID(nm) Lwv1(dBm)
1 1552.540 193.0981 1552.524 0.016 -10.57 | (

* Wavelength 1552

* Wavelength : 1552
* The optical output power of transmitter is 8.47 dBm

» The optical power level of -12.06 dBm is sufficient to allow error

free data transmission in this channel.
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Experimental Results

Transmitter: Point 5

Receiver: Point 14

1550 nm after the optical filter wdm
Ll T i SPEC AV6:1 RES:0.02nm H:2001 ADAPTIV
AVG:1 RFS:0.020mWi501 _ WORMAL | 15.0 . oo eni B HULTI
PEAK dBn B PEAK
SHR -35.0 SHR
10.0
dB/D
RELATIVE :
0 ~65 .0 b i P i v e iy | RELATIVE
1546.00 1550 . 000nm 0.80nn/D 1554.00 1548 .00 1552 ..000nn 0.80nm/D 1556..00
| < I Grid > Ref Ch: 1/1 T G - - 1
Ho . Wi1(nn) WI(THz) GRID(nm) WI-GRID(nm)  Lu1(dBn) | << I Grid  »> Fe Gy L ITU 6RID
1 1551.520 193.2250 1550.918 0.602 2.73 | I RO ¥1(nm) WI(THz)  GRID(nm)  W1-GRID(hm)  Lv1(dBn)
—— 1 1550.688 193.3287 1550.918 -0.230 -5.50 | (
* Wavelength : 1551
- Wavelength 1551 Thaos 9 | ovel of — 5.50 dB
. . . . € optical power level Oof — o. m.
» The optical output power of transmitter is 2.73 dBm P P
Transmitter: Point 8 Receiver: Point 9
Ll R B i s lzligcnm ot the recetuer AVG:1 RES:0.02nm H:2001 ADAPTIV wn
SPEC AVG:1 RES:0.02nm H:2001 ADAPTIV 15.0 : —-—enn o HULTI
15.0 ; ; . . ! ! MULTT o PEAK
dBm PEAK dBm
o SHR
-35.0 SHR ig'g
10.0 dB/D
d8/D RELATIVE
: : i : : : SR | RELATIVE -85.0
-85.0 1307 .00 1311 .000nm 0.80nn/D 1315 .00
1308.00 1312..000nm 0.80nn/D 1316.00 -
- - q | <K IT Grid  >> Ref Ch: 1/1 I 6RID
| ]<;H IT:R‘;B'd >:” GRIDRef Ch'L 1]”1“3 ITU 6RID Ho . W1 {nm) WI{THz) GRID(nm) WI-GRID(nm) Lwv1{dBm)
Ho. W1 W -
g (nm) (THz) (nm) (nm)  Lv1(dBn) 1 1311.472 228.5323 1312.002  -0.530 a81 | {
1 1311.472 228.5923 1312.002 -0.530 8.23 | {

* Wavelength : 1311
» The optical power level of 4.81dBm is sufficient to allow error
The received power of 4.81 dBm is high enough to achieve

error free data transmission from this channel (well aboveF;Qgee 7
receiver sensitivity).

» Wavelength 1331
» The optical output power of transmitter is 8.23 dBm



Experimental Results

Transmitter: Point 1

Receiver: Point 16

: . : el Ch29 at the receiver wdn
HCUINHE M2 M DISRMERY) - SPEC AVG:1 RES:0.02nm N:2001 ADAPTIV
! ! ! ! ! 15.0 MULTI
PEAK dBn PEAK
SHR -35.0 SHR
10.0
dB/D
e -g5.0 ™ HELGINIRE
5.0 o ‘ ‘ ‘ RELATIVE 1550.00 1554, 000nm 0.80nn/D  1558.00
1549.00 1553.000nm 0.80nn/D 1557.00 | << ITU Grid b33 Ref Ch: 1/1 |
B . i No. W1{nm) WI{THz) GRID{rm)} WI1-GRID{nm} Lw1{dBm) ITU GRID
| € ITU6rid >  RefCh: 111 T
Ho. WI(nn) WI(THz) GRID(nm)  WI-GRID(nm)  Lv1{dBn) 1 1554.144 192.8988 1554.134 0.010 -12.06 | I
1 1554.152 192.8978 1554.134 0.018 8.47 | I
* Wavelength : 1554
* Wavelength 1554 « The optical power level of -12.06 dBm is sufficient to allow error
» The optical output power of transmitter is 8.47 dBm free data transmission in this channel.
o
20 200 400 600 800 1000
18 wit\h RF Amplifier -2
16 |
5 ] WWWWWWMWW a .
§ 12 ]
a 10 - 8
8 10
6 4
F 4 without RF Amplifier =
0 i i i . Frequency (MHz)
o 200 400 600 800 1000

F MH
requency (MHz) » Reflected power is due to the impedance mismatch between the RF

» Transmission response without the RF amplifier varied around 2dB input cable and the transmitter.

over the frequency range of 55-900 MHz. * Also, reflected power can be due to the transmitter laser modulation
+ Transmission response with the RF amplifier varied around 16 dB over circuitry.

the same frequency range. + Reflection response for channel 29 varied around -10 dB over the

frequency range 55-900 MHz.
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Experimental Results

80

70

60

50

40

SNR (dB)

30

20

—e—without Amp.

—m—with Amp

0 100 200 300 400 500 600 700 800 900 1000

Frequency (MHz)

» SNR without the RF amplifier varied between 38.77 dB and 60.69 dB
over the frequency range 55-900 MHz.

* SNR with the RF amplifier varied between 43 dB and 68.69 dB
over the same frequency range.

Page 9



Transmitter: Point 2

Experimental Results

Receiver: Point 15

wan Ch31 at the receiver wdm
AVG:1 RES:0.02nmN:501  HORMAL SPEC AVG:1 RES:0.02nm N:2001 ADAPTIV
HULTI 15.0 HULTI
PEAK I e e e S e ks SE PEAK
SHR =3.0 SHR
10.0
dB/D
—g5.0 ™ . g i RELATIVE
5.0 i i i RELATIVE 1548.00 1552.000nm 0.80nm/D  1556.00
1549.00 1253.000nm 0.80nn/D  1557.00 | « ITu Grid >> Ref Ch: 1/1 ITU GRID
I << ITU Grid >> Ref Ch: 1/1 { Ho. Wi (nm) Wi (THZ) GRID(nm) Wi -GRID(nm) LU](dBI’I‘I)
No.  Wi(n)  WI{THz) GRID(hm) WI-GRID(hm) Lvi(dBn) e N DB -10.67 | |
1 1552552 193.0966 1552524  0.028 8.47 |

* Wavelength : 1552
» The optical power level of -12.06 dBm is sufficient to allow error

* Wavelength 1552 free data transmission in this channel.

» The optical output power of transmitter is 8.47 dBm

20 o
18 wit{FAmpmier 200 400 600 800 1000
2
%. 16 WMWWWWMWMWWWM
S 14 g 1
§ 12 = 6
10 E 8
6 12
w ithout RF Am plifier = T
F o4 o
2 4 -14
o T T T T 16
o 200 400 600 800 1000 Frequency (MHz)

Frequency (MHz)

» Transmission response without the RF amplifier is approximately 4 dB
over the frequency range 55-900 MHz

» Transmission response with the RF amplifier is approximately 16 dB
over the same frequency range.

» Reflection response for channel 31 is varied between -8.16 dB to
-13.91 dB over the frequency range 55-900 MHz.
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Experimental Results

80
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50

40

SNR(dB

30

20

—e— without Amp.

10

—m— With Amp.

o 200 400 600 800 1000
Frequency (MHz)

* SNR without the RF amplifier varied between 39.81dB and 60.53 dB
over the frequency range 55-900 MHz.

* SNR with the RF amplifier varied between 43.71 dB and 69.51 dB
over the same frequency range.
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Signal Quality Test

) FM input for 100MHz
+ Signal Quality measured with the digital oscilloscope

* Input and Output FM measured
* Network Analyzer used to enable analog traffic on the second
channel
S

Transmitter: Point 1 E‘ -0.0 -000 04 o 3 0.0005
. Wavelength 1554

. The optical output power of transmitter is

o

8.47 dBm 6
Receiver: Point 16 Time (s)
) Wavelength : 1554 Receiver: Point 16
. The optical power level of -12.06 dBm. - Wavelength : 1554
FM modulation * The optical power level of -12.06 dBm.

Carrier: 100 MHz
Modulating signal: 1000 Hz
Deviation:20 KHz 0.0

: ‘ ‘ W/
B Output shows very little distortion, which E -0.0 TE' "'4 o3 - E : -0003 %005
the Distortion Test -0/an
-0.02 -

FM output at 100 MHz

B High signal quality of the FM signal is
preserved in the output waveform.

is numerically measured and presented in
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* Video Tester provides a baseband test video signal to the Input
path

* The video signal goes through FDM and is output on a 1554
fiber in the Input path

* Network Analyzer used as analog traffic on the second channel

* Output amplification due to input path
TX

» Almost no distortion in the output
waveform

B Cross correlation of the input and output
xcorr=.9984

E-E’I@F CEHERE 3 E-SEJF EENERS

Input Output

« Camera snapshot input and output show identical quality
* No distortion in the output picture

Amoplitude (V)

L
o

Video Test

Input for Multiburst Test Video Signal

F(5 20E 05 -1 0E ogngpf

0.004 MJW\

V.UU4

Time (s)
Output for Muliburst Video Test Signal

+00 1 0E05 2.0E-05 30E05 4.0E-05 5.0-05

&
o

Amplitude (V)

Jr105 4.0E-05 5.0F-

05
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SONET over Optical Wavelength Division Multiplexing (WDM) Approach

Ring Protection Path Scenario

Methods of multiplexing different network data into * Each time a wavelength is dropped at a node, a SONET
a single transport stream. Add/drop module is needed to process the dropped
wavelength.

+ SONET/SDH time division multiplexing system ) .
» The use of dual links for fast failover and backup.

WDM system . ,
* Protection and restoration data paths to prevent data loss

- Different wavelengths support different “electrical” multiplexing due to cable failure, port failure, or catastrophic failures.

services.

RING REDUNDAMNCY AND PROTECTION NETWORKING ARCHITECTURE
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