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1. ABSTRACT

\Ve report the integrated tran.smi.,ion oj a 6.21?Mb/s (SONET

STS-lf? rate) data signal with three Jrequency-modulated (FLf)

component HDTVaignals over .2 km oj.single-mode jiber. At -10

dBm received optical power a BER <10–9 was measured on the

data channel while simultaneously, the unweighed signal/noise

ratio (SNR) was over .98 dB jor the IIDTV signals.

2. INTRODUCTION AND SUMMARY

NTSC video distribution using fiber optic subcarrier multiplexed

(SCM) systems, in which analog modulation techniques and

frequency-division multiplexing (FDhl) at RF or micro~vave

frequencies are employed, is a subject of great interest

[1],[2],[3],[4]. With regards to SCM video distribution, two major
concerns exist for the telephone companies - the transport of

future wide-bandwidth HDTV signs]> [5], and the compatibdity

of SCM systems with baseband digital facilities [6],[7]

We suggest a solution to the above concerns in the manner of

[6],[7], taking into consideration an emergmg, switched 62? hfb/s

(SONET STS-12 rate) broadbaud integrated services digital
network (B-ISDN) which, in addition to providing vo]ce and

data services, will presumably carry multiple extended-quality

NTSC channels [8]. It is intended to provide HDTV transport

over this network. We propose here a possible interim solution

whereby SChf HDTV signals and a baseband B-ISDN channel

are simultaneously transmitted using a single optical transceiver

pair. Iu this paper, we expel iment ally demonstrate the

integrated transmission of a 622 Xfb/s data signal, IU baseband

form, to~ether with three FM compol]ent IIDTV signals at

carrier frequencies 1.3, 1.55 and 1.8 GIIz over 2 km of aingle-

mode (SM) fiber. At -10 dBm received optical power, a EtfZR

<10–9 was measured on the data channel while simultaneously
the measured unweigbted signal/noise ratio (SNR) was over 3S
dB for each component HDTV signal, The measured ShTR value

is within 4 dB of the inherent SNR capability of our IIDT1’

source. No FM preemphasis/deen~ phasis filtering was employed
in the experiment The measured system frequency response for

each of the Fhf channels was greater than ’20 hlIIz, the source

signal bandwidth. In addition, the differential delay between

the received component signals was less than 20 ns, and imposed

no spatial color misregistration in the resulting picture.

3. EXPERIMENTAL SETUP AND RESULTS

The experimental setup is S11OMn by Fig. 1. The optical
transmitter is a 156 pm DFB laser diode and the rcceivcr
consists of a p-i-n pbotodiode with built-in 50 Q matching
resistor, followed by a low-noise, wldeband, 50 ~ preamplifier.

The bench-top Fhf modulator and demodulator are constructed
using standard, commercial microwa~re componentfi. The FM

modulator is a 1-2 GHz voltage-controlled oscillator (l’CO) and
the FM demodulator is a phase-shift discriminator using a

power divider, delay line, double-balanced mixer and low-pass

filter. R, G and B component IIDTV signals, on separate FM

carriers between 1.3 and 1.8 GHz, are combined with a pseudo-

random 62? Mb/s baseband digital signal to intensity modulate

the laser diode. No optical isolator was employed in the laser

transmitter. The optical signal propagates through 2 km of Shl

fiber followed by an optical attenuator After the optical

receiver, the electrical signal is sp]lt four ways, each undergoing

appropriate signal processing to recover the video and data
signals. The Fhl demodulated component IIDTV signals are

connected to an IIDTV monitor while 1313R measurements are
performed on the data channel.

Fig. 1. Block diagram of experimental set-up.

For each IIDTV channel, the optical modulation index, m,
P –P.

defined by m = ‘ax
PO ‘

is 0.13, where P. and PmJX are,

respectively, the average and peak received optical power, with

no other signals being simrdtancously transmitted. The Il!l
devia.tlon ratio D = A j/ W is about 2.1 where A j ]IS the peak
carrier frequency deviation and Ii’ = 20 LIHZ is the bandwidth

of the modulating HDTV signal The RF handwiclth per
componcut is approximately L’r = 2(D + 2) W, In our
experiment, the system noise is dominated by the thermal noise
of the 50 ~ receiver preamplifier, and the carrier/noise ratio

(CNR) is given by

~NR = (?1/1,)’50
81x’TB~ ‘

(1)

where Id is the DC photocurrent, and F is the amplifier noise

figure. FIvI provides an improvement in SNR after

demodulation over CNR given by [~]

SNR 3
—= TD2$=3D~(D +2),
CNR .

indicating a factor of improvement proportional to D3. SNR in

this paper refers to unwe.ighted quantities.
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As shown by Fig. 2, measurements indicate that the analog

video signals had minimal effect on the received BER of the

digital data. In contrast, the data signal significantly afTected

the quality of the video signal, as evidenced by approximately 6

dB improvement in CNR when the data signal was extinguished

at the transmit side. This is attributable both to a factor of

two decrease in effective optical modulation index of the video
signals due to large amplitude data modulation, and “in-band”

leakage interference from the data signal due to non-ideal band

limiting of this signal prior to the power combiner.
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Fig. 2. Measured data BERandvideo CNRm functions

of received optical power.

At -10 dBm received optical power, a summary of the video
signal parameters is given by Fig. 3. With tbe data turned off,

the average measured CNR is 27.4 dEt, in excellent agreement
with the expected CNR of 28 dB using (1) and given

Id = 901sA, F=3 dB and B~=164 MHz. With the data on, the

average measured SNR is 38.1 df3, again in close agreement
with the expected SNR of 38,7 dkf using tbe average measured

CNR of 21.4 dB in (?). The term “average” refers to the mean

of the R, G and B channel values. The inherent 4? dB SNR

limitation of our HDTV source determined the FM improvement
obtainable in this experiment. In case of a practical system

where higher SNR is desired for the same CNTR, simple

preemphasis and reemphasis filteriug would provide about 15

dB additional SNR improvement. Average measured frequency

response of the FLf channels is 26.7 kfIIz. Differential delay
among the three received component signals is less than 20 us,

Overall, the quality of the rcccived picture was excellent,
reproducing the detail of the source program and disl)laying
only a slight noise increase over the original picture.

The receiver sensitivity of -10 dBm for 10–g B13R on the data

signal is attributable primarily to the thermal noise of the

widcband 50 ~ receiver, and to over 4 dB extinction ratio power

penalty incurred in order to accommodate the required video

signal amplitudes. A well-designed recewer should give much
better sensitivity. As it, is, with O d13m optical power launched
into tbe fiber at the transmitter, the experimental link would

provide a 5 dB optical loss budget with 5 dB margin,

4. CONCLUSION

We have demonstrated the simultaneous transport of a

component HDTV signal using FM techniques with a baseband
622 Mb/s signal over 2 km of SM fiber using standard fiber

optic and microwave components. At -10 dBm received optical
power, a BER <10–9 was obtained on the digital signal.

Simultaneously, the received HDTV signal had SNR > 38 dB
and provided full accommodation of the 20 MHz signal

bandwidth. Furthermore, we have shown, in principle, an

overlay architecture where compatibility is maintained between

an SCM system for video distribution and a B-ISDN lightwave

transmission facility. This hybrid transmission architecture has

advantages of compatibility with existing systems, IIexibdity of

service accommodation, and near-term implementability. It can

serve as an interim strategy for integrated transport of
telephony, data, and various video services, including IIDTV,

until the future establishment of an all-digital network.
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Fig. 3. %rnmaryof received HDTVsignal parametersat

-10 dBm detected optical power.
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