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Abstract

This paper summarizes some of the key features of a High Speed FM Subcarrier Data System (HSDS); with emphasis on the 
subcarrier data channel.  The modulation and demodulation techniques used by HSDS are described.  HSDS receiver 
sensitivity and its relationship to coverage are discussed, along with compatibility of the subcarrier with the main channel 
audio and RDS.  The packet and frame structures and multi-station methods are defined and the reliability techniques are 
explained.  In addition, general specifications for the modulator and available receiver and demodulator integrated circuits are 
described.  Results from lab and field tests are provided including error correcting effectiveness.  Results of the Portland, 
Oregon coverage tests are reported.  Finally, the services currently provided in the Northwest USA are described.

Introduction

Wireless personal communication is becoming an increasingly important aspect of the communications industry.  One facet 
of this rapidly evolving technology is the development of one-way systems providing messaging and information services 
including: personal messaging, traffic information, time of day, news, sports, weather, business and emergency information.

SEIKO Communications (SEIKO) has developed such a system.  It is a flexible High Speed FM Broadcasting Subcarrier 
Data System (known as HSDS) with capability for worldwide operation.  HSDS is fully developed and has been deployed by 
SEIKO under the ACTTIVE™ trademark in a number of cities around the world.  Its commercial introduction was in 
Portland, Oregon in July of 1990.  Seattle - Tacoma, Washington began commercial operation in October of 1992.  Currently 
marketed applications include paging and information services to numeric display wristwatch receivers (Seiko® 
MessageWatch™).

Two highly integrated circuits -- a receiver and demodulator, operating with 3 volt lithium cells, are available for small, 
inexpensive, low power designs.  These IC’s are the basis for the wristwatch receiver.  Queuer/encoders and modulators are 
also available for the system.  Utilization of existing FM radio broadcast infrastructure, currently available integrated circuits 
and transmission equipment make this system very inexpensive to deploy. 

Summary of HSDS System

The HSDS protocol is a very flexible, one-way, communications protocol.  The system design permits very small receivers.  
Receivers, with duty cycles varying from continuously on to duty cycles of less than 0.01%, provide flexibility to select 
message delay, data throughput and battery life.   HSDS can operate as a stand-alone single station (channel) system, or as 
multiple systems operating independently in a geographical area with each system including multiple stations.  Multiple 
stations are accommodated by frequency-agile receivers, time offset message transmission on each station, and transmitted 
lists of stations surrounding each station.  Reliability can be enhanced via multiple transmissions of messages.  Duplicate 
messages are rejected via comparison with the transmitted message number.

The system is time division multiplexed.  Time is subdivided into a system of master frames, subframes and time slots.  Each 
slot contains a packet of information.  In multiple station systems, each station's transmissions are synchronized to UTC 
ensuring synchronization between stations.  Each receiver is assigned a subset of slots as times for monitoring transmissions.  
Multiple receivers may share time slots, due to the random nature of expected communications.  Each slot is numbered and 
each packet contains the slot number that permits rapid location of assigned time slots. 



The error correction scheme is very flexible.  The methods used vary with the applications.  The method used in the watches 
is designed to correct a short burst of errors associated with random noise or automotive ignition noise.  The standard CCITT 
16 bit CRC is typically added as a component of each packet and minimizes the chance of false messages.

HSDS modulation and encoding provide a high data rate, a narrow bandwidth with high spectral efficiency and negligible 
impact on the main channel.  HSDS modulation is AM-PSK with duobinary encoding.  The HSDS data rate is 19,000 bits per 
second in a bandwidth of 19kHz, centered at 66.5kHz.  The HSDS signal is modulated as a subcarrier ranging from 5% to 
20% injection, but typically at 10% on a commercial FM radio station's carriers in the frequency range of 87.5 to 108kHz.  
Sharp transmission filter skirts cause extremely little impact on the main channel in no multipath situations; and generation of 
a pseudo-randomized data stream reduces impact on the audio even in multipath situations.  The narrow bandwidth of HSDS 
allows for compatibility with RDS operation worldwide.  HSDS allows for use of subcarriers above 76kHz in the USA and 
compatibility with European spectrum allocation. 

Physical Layer

This section describes the characteristics of the subcarrier data channel for the HSDS messaging system.  Included in this 
discussion are the modulation and demodulation techniques used to achieve communications through the subcarrier channel 
at an acceptable bit-error-rate (BER), and the performance of  the subcarrier channel in the FM broadcast channel. The 
ultimate performance or reliability of the HSDS messaging system is determined not only by the physical layer, but also by 
the characteristics of the messaging protocol described in later sections.   Additional considerations of the physical layer 
included in this section are the issues of subcarrier interference with the main channel audio, and the compatibility of the 
HSDS subcarrier signal with an RDS signal.

Modulation and Demodulation
The HSDS modulation / demodulation scheme was chosen to satisfy the following criteria:
 Non interference with commercial FM radio receivers
 Compatibility with worldwide broadcast FM regulations
 Simplicity in IC implementation of the demodulator
 Low-cost mobile receiver with a small form factor
 Adequate BER performance in the presence of noise
 Commercially satisfactory coverage area
 High data rate.

Modulation
The HSDS subcarrier channel is centered at 66.5kHz.  The choice of 66.5kHz as a subcarrier frequency is compatible with 
international (CCIR) standards of 53 to 75kHz and the US standard of 53 to 99kHz.  The 66.5kHz center frequency was also 
chosen because it is 3.5 times the 19kHz pilot which allows phase-locking to the pilot.  Additional advantages include 
reduced receiver parabolic noise in relation to higher frequency subcarriers and better audio performance than other 
subcarrier frequencies because 67kHz subcarriers have been common for many years and receivers typically have 67kHz 
reject filters.

For ease of receiver implementation the subcarrier frequency and transmitted data are phase-locked to the main channel 
19kHz stereo pilot.  The subcarrier data to pilot phase relationship is approximately 63 degrees.  The raw data rate of the 
system is 19kbps.  The 66.5kHz  subcarrier is a double-sideband suppressed-carrier amplitude modulated signal using the 
duobinary technique described by Lender (1963).  The duobinary technique uses controlled intersymbol interference to 
achieve 1bits/sec/Hz  efficiency with realizable filters, while a 2-level DSB PAM system cannot achieve this efficiency.  The 
duobinary encoding technique achieves this result by using a filter to create intersymbol interference that combines the 
current and previous data bit, creating a three level output signal in the demodulator.  Normally, intersymbol interference 
degrades the performance of a demodulator, but for duobinary, the use of a cosine filter allows the receiver to decode the 
current bit in the presence of the intersymbol interference using a simple symbol-by-symbol decoding scheme.  In addition to 
the improved spectral efficiency obtained by the duobinary modulation technique, the cosine filter required for optimum 
performance is simple to implement. 

The transfer function  of the duobinary filter is given by



, 
= 0 elsewhere  where T is the symbol period = 1/19 kHz.

In the usual situation where the channel symbol power is limited, the optimum filtering required to maximize the signal-noise 
ratio at the receiver would involve equally splitting the filtering between the transmitter and  the receiver as .  However, the 
FM subcarrier situation is different in that the limiting factor for the channel is not symbol power but the frequency deviation 
of the carrier caused by the modulation.  This frequency deviation constraint implies a voltage-limiting constraint for this 
modulation rather than a power-limiting constraint.  As a result, the usual matched-filter theorem for maximizing signal-noise 
ratio does not apply.  An improved filtering split between transmitter and receiver when a voltage constraint is applied has 
been found through simulation to be:

  at the transmitter, and

    at the receiver.

Demodulation
Synchronous demodulation with sub-Nyquist sampling is achieved by phase-locking the sampling clock to the 19kHz pilot.  
The receiver filter is implemented as an FIR with symmetrical coefficients.
 

HSDS Subcarrier Receiver Performance
It is of particular interest to determine the signal-to-noise ratio in the subcarrier channel SNRsc , since this determines BER 
performance for a given modulation technique.  For an FM receiver system in the absence of multipath effects,  SNRsc 
depends primarily on the following parameters:
Carrier power C in dBm in the main FM channel receiver IF
Percentage of power available to the subcarrier, typically specified as an injection percentage
Effective subcarrier channel bandwidth Bsc in Hz
Receiver noise figure Nfrcvr .

The relationship that contains all the above factors then becomes a key system design equation for coverage tradeoff studies.  
Assuming narrowband FM and an ideal FM demodulator, the general  relationship for the SNR in any subcarrier channel is 
given by:

SNRsc=C*2/(FrcvrkTBsc),

 where 

 = ratio of peak frequency deviation of the subcarrier to the subcarrier modulating frequency,

k = 1.38*10-23Joules/K  Boltzmann's constant,

T = 290K  Thermal noise temperature.

Expressed in logarithmic units the result becomes:

SNRsc=C+20*Log()-10*Log(kT)-10*Log(Bsc)-10*Log(Frcvr).

As an example of the use of the above formula we will consider the HSDS case: 

kT=-174dBm/Hz

NFrcvr=5dB (worst case for current receiver IC)



Bsc=25kHz   (10Log(Bsc)=44dB)

SNRsc=12dB,

20Log()=-19dB (10% injection),

where an SNRsc of 12dB is assumed to be the minimum required for an acceptable BER performance, and Bsc, the noise 
bandwidth at RF is twice the effective receive filter bandwidth at baseband.

Under the above conditions with a subcarrier injection of 10%, the weakest signal at the receiver input that can be 
demodulated to give an adequate BER performance can be calculated as receiver sensitivity:

Cmin = SNRsc-20*Log()+10*Log(kT) +10*Log(Bsc)+NFrcvr
= 12 +19 -174 +44 +5 
= -94 dBm.

The above result can now be used to consider coverage.  To this end a relationship is needed connecting receiver sensitivity 
with an electromagnetic field strength value.  This is obtained using the standard free-space half-wave dipole equation 
relating field strength E (volts/m) to power Pdipole  (watts) developed at the dipole terminals.

Pdipole=(E2/120)*(2/4)*1.64

=wavelength of the radiation and is assumed = 3 meters (f = 100MHz) for illustration purposes.

For a given antenna gain, relative to a dipole, the receiver sensitivity computed above can be related to the required field 
strength E.  Two cases are considered:

1.  An automobile whip antenna with a gain of 0 dBd with an appropriate receiver results in a field strength requirement of 
23.5 dBuV/m.  

2.  A wrist-sized loop antenna with a gain of -29dBd and the current HSDS MessageWatch™ module results in a sensitivity 
of 52.5 dBuV/m.

The nominal sensitivity of the HSDS MessageWatch™ receiver and an HSDS automobile receiver sensitivity as computed 
above can then be related back to the standard coverage charts for any given FM station. 

FM Broadcast Environment

Compatibility of HSDS with the audio and RDS is discussed. 

HSDS in the FM Broadcast Channel
The HSDS subcarrier is added onto the FM station's baseband signal before being FM modulated onto the RF carrier.  The 
band width of the signal used is symmetrical, about 66.5 kHz.

Compatibility with main channel audio
In subcarrier applications it is critical that the subcarrier not interfere with the audio channel in a way that would affect a 
listener's perception of audio quality.  There are two principal considerations in this regard.  The first relates to the 
transmission filter and the out-of-band filter attenuation.  HSDS filtering at the transmitter is implemented digitally with a 
finite impulse response filter.  The subcarrier is more than 60dB below the pilot at the band edges.

The second interference source is potential nonlinear mixing of the subcarrier with the audio due to multipath.  As a 
countermeasure to interference from multipath, the HSDS protocol (described in later sections) uses data randomization to 
'whiten' the signal and in particular avoid the generation of tones in the audio portion of the band.  Extensive field and 
laboratory testing, along with significant operational experience in Seattle and Portland, have demonstrated HSDS has no 



noticeable interference with the main channel audio.

Compatibility with the RDS subcarrier
RDS is a subcarrier standard first available in Europe and now gaining acceptance in the USA.  The standard occupies the 
band of 54.6kHz to 59.4kHz and provides a data rate of 1187.5 bps.  Lab tests were performed to evaluate the effects of the 
HSDS signal on RDS reception.  A highly compressed audio was used for these tests.  Seven commercial RDS automobile 
radios were tested.  RDS receiver sensitivity was defined as .01 BER using 2.66% injection.  Results from a representative 
receiver are summarized in Table 1.

  
RDS receiver sensitivity No Audio With L-R Audio

No HSDS -93.5 dBm -92.5 dBm
With HSDS -93.0 dBm -91.75 dBm

    Table 1

As can be seen from the table, impact of HSDS signal is less than .75 dB with or without audio.  The impact of L-R audio on 
RDS sensitivity is 1 dB or more.  Considering L-R audio has a greater impact on RDS than HSDS, the impact of HSDS on 
RDS is entirely acceptable. 

Link Layer

This section describes the link layer.  The layer includes features required to make a reliable single station data link.  The link 
layer includes the frame structure and packet structure (size, word synchronization, error detection and correction). 



Figure 1



Packet Structure
HSDS Data is transmitted in fixed-length packets. The bottom part of Figure 1 illustrates the packet structure used in the 
HSDS Protocol.  Each packet is 260 bits long.  Packet format bits in each packet control the packet's structure.  A typical 
packet format consists of a word synchronization flag, error correction code (ECC), information bits and error detection code 
(CRC).  The following description assumes the packet format used in currently operating HSDS systems.

The information bits from higher layers consist of 18 octets (8 bits per octet) per packet.  A two octet CCITT standard 16 bit 
CRC is generated from the 18 octets and appended, thus creating a 20 octet link data unit.  The first octet (the incrementing 
slot number) of the 20 octet data unit is XOR'd with each of the following 19 octets that results in pseudo-randomized data.  
(In the event of multipath or other distortions to the signal during reception, data randomization tend to 'whiten' the sounds in 
the audio channel.)  Appended to each octet of randomized data are 4 bits of Hamming ECC, the resulting 20 - twelve bit 
words are referred to as ECC'd data.  This error correction method provides single bit error detection and correction in 12 
bits, or 8.3% correction capability.  This method is quite easy to decode and reasonably efficient.

To increase burst error correction capability, the ECC'd data is interleaved on transmission providing immunity to 20 bit error 
bursts.  Word synchronization is established by a 20 bit flag sequence that is added at the beginning of the CRC'd, 
randomized, ECC'd, interleaved data.   Table 2 shows the steps in the link layer transmitter encoder and the reverse steps 
performed by the receiver decoder.

A double error correction on a stream of packets is being planned for applications with less severe power constraints, and 
requirements for higher data reliability.

Step Transmit Encoder Receive Decoder
1 Compute and add CRC Find flag
2 Randomize data Deinterleave data
3 Add error correction Apply error correction
4 Interleave data Derandomize data
5 Add flag Compute and compare CRC

Packet Structure Encode and Decode steps
Table 2

Frame Structure
The HSDS Protocol is based on a packet oriented time division multiplexed (TDM) scheme.  The top section of Figure 1 
illustrates the frame structure used in the HSDS Protocol.  The largest structure used by the protocol is a master frame.  Each 
master frame contains 64 subframes.  Each subframe is divided into 1027 units called time slots.  Each slot contains a packet.  
The first three times slots in each subframe are control slots, and the remaining 1024 are regular message time slots.  Control 
slot packets include time of day and date, and lists of surrounding stations using the HSDS Protocol.  Regular message time 
slot packets typically include a slot number, receiver address, data format, packet format and the message data. 

The 19kHz stereo pilot signal is used as the clock for the data.  Since the stereo pilot may not be exactly 19kHz at the time of 
transmission, a single bit may be added (pad bit) between packets as required to maintain exactly 19,000 bits per second data 
rate.  This occasional addition of a pad bit maintains proper synchronization with UTC.

Network Layer

This section describes the network layer.  The network layer includes features required to make a number of individual 
stations act as a single system.  The network layer includes receiver addresses, multiple application multiplexing,  multiple 



station concepts such as local station lists, station time offsets and synchronization between stations via UTC, and network 
reliability concepts.  

Multiple Station Systems
When multiple station systems are required, master frames are synchronized to UTC and begin at the start of each quarter 
hour (plus an individual transmitter's time offset).  The synchronized and time offset stations provide an opportunity to 
change the tuned frequency and make subsequent attempts on other frequencies to receive packets.

System Reliability
Robust wireless systems require methods to address multipath and shadowing issues.   The effects of multipath, which are not 
included in the analysis of receiver performance earlier, play a significant role in determining system performance.  Multipath 
can be viewed as a time-varying nonlinearity that can distort or reduce the received signal to a point that reliable reception is 
no longer possible.  Shadows behind hills and mountains or due to man-made obstacles to radio frequencies can reduce signal 
strengths below sensitivity levels.

Some systems attempt to address these issues with extensive error correction schemes.  While these techniques are useful for 
the moving receiver, they become ineffective when the receiver is stopped in an extremely low signal strength area or moving 
very slowly through multipath nulls.  A car stopped at a traffic light or a person at a desk wearing a receiver are two examples 
of the breakdown of even the most robust error correction methods.  Diversity techniques are frequently used to combat 
multipath effects.  HSDS addresses multipath and barrier issues with a combination of frequency, space and time diversity 
and message numbering. 

Diversity Techniques possible with HSDS
Frequency diversity can be achieved through the capability to tune any frequency in the range from 87.5 to 108MHz.  By 
transmitting on multiple frequencies a receiver in a multipath null at one frequency is not likely to be in a multipath null on 
another frequency.  In the event a receiver is behind a hill or other such obstacle to reception, space diversity can be used as 
required by the application. 

Space diversity (transmitters at different locations) provides paths from two or more directions reducing the size of shadowed 
areas, and reducing the possibility of missed messages. 

Time diversity can be provided in two ways -- multiple transmission on the same station and delayed transmission between 
stations.  Multiple transmissions of information several minutes apart is utilized for wrist mobile applications where a 
receiver may be passing through a radio frequency shielded area, such as a tunnel or deep basement.   The second method for 
time diversity includes a time offset for data transmission.  This time offset between stations provides an opportunity to 
change the tuned frequency and make subsequent attempts to receive a packet for low data rate receivers.  When much  
greater throughput is required, receivers operate on the best station selected from the stations available.

Message Numbers
In addition to diversity techniques, each transmission includes a transmitted message number that eliminates duplicate 
messages and permits detection of missed messages.  When there are multiple transmissions of a message, it is possible to 
receive the same message several times.  By rejecting duplicated message numbers, multiple transmissions do not appear as 
duplicate messages.  A receiver can keep track of the received message numbers, and if there is a skip in the message number 
sequence, it can be concluded that a message was missed.  The input system can log each message by message number and 
permit retrieval of missed messages by the owner of the receiver.

Implementation

Receiver Integrated Circuit
The receiver integrated circuit's primary function is an FM receiver that takes the RF signal from the antenna and generates 
the baseband signal from 0 to 100kHz.  General Specifications for the IC are as follows:
 sensitivity < -91.5 dBm at 10% subcarrier injection
 12 dB subcarrier to noise ratio output at sensitivity
 frequency range from 87.4 to 108MHz
 power required 2.1 to 3.3 Volts, 18 mA  maximum 



 operating temperature 0 - 50° C
 number of external components - about 29
 number of adjustments required - none.

Demodulator Integrated Circuit
The demodulator integrated circuit's primary function is to demodulate the baseband signal into a 19 kbs synchronous binary 
data stream. Other functions include a synthesizer for the receiver IC (providing 100kHz steps over the FM band) and loop 
antenna tuner control, and a 256 bit EE-PROM.  General specifications for the IC are as follows:
Demodulator

data filter - 32 point FIR square root cosine filter, 66.5kHz center
variable level data detection from 5% to 20% injection levels
clock - 19kHz digital phase locked loop

power required - 2.1 to 3.3 Volts 
3.5 mA  maximum - data demodulator
1.5 mA  maximum - synthesizer

 operating temperature 0 - 50° C
 number of external components -10
 number of adjustments required - none.

Complete Receiver / Demodulator Module
The above integrated circuits have been combined into a complete receiver / demodulator module.  This module, when 
attached to an external antenna, provides 19,000 bit per second synchronous data to external decoder chips and processors.  
Its approximate size is 30 x 27 x 6 mm.

Subcarrier Generator
An HSDS subcarrier generator using DSP technology is available.  Features include:
Data phase locked to 19kHz pilot with adjustable phase angle
Full redundant operation including automatic switch-over to secondary subcarrier generator with separate power supply
Out-of-band energy detection and auto shutdown for fail-safe operation of audio
Internal watchdog timer for automatic reset
Remote control operation.

Protocol Queuer / Encoder
An HSDS Protocol Queuer and Encoder is also available.

Lab Tests

HSDS, with a 10% injection and the described integrated circuits, provides a receiver with  a  -91.5 dBm sensitivity, 12 dB 
subcarrier to noise ratio,  2x10-2 BER, a 0.55 packet completion rate (PCR) and, with 3 transmissions on a single station, a  
0.91 message completion rate (MCR).  This is illustrated graphically with Figure 2, which shows the various components and 
their sensitivity specifications

Figure 2



A plot of a current MessageWatch™  module's performance PCR versus input power in the lab is shown in Figure 3. 



Figure 3

Figure 4



Field Tests 
Results from two field tests in Portland, Oregon are shown.  The first tests, in 1987, were used for initial range and 
performance evaluation including error correction techniques.  The second tests, in 1989, were used to determine coverage of 
the then planned commercial system.

1987 Field Test -- Error Correction 
Results shown are from field tests in Portland, Oregon in 1987 on a single station.  The transmitter is 100 kW ERP on a tower 
830 feet above average terrain on frequency 101.1MHz located  45-30-55 N and  122-43-50 W. 

A sample from a single run from the intersection of Oregon Highway 217 and Interstate 5 (7 miles from the tower) going 
South toward Salem on I5 (41.5 miles from the tower) is used for all the following analyses. This data is referred to as the I5 
to Salem run.

Figure 4 shows basic results from the I5 to Salem run  -- the packet completion rate (PCR), mean received power in dBm, 
standard deviation of the power in dBm, and travel speeds in miles-per-hour are plotted versus the distance traveled.  The 
signal to the receiver was reduced to reflect a -30 dBd wrist band antenna.  Each plotted point represents a distance of about 
500 feet and the average of 250 samples of PCR and received power.  The standard deviation is plotted as a negative value to 
help distinguish it from PCR data.  Standard deviation of the received power reflects the degree of multipath -- the larger the 
deviation, the greater the multipath.  Travel speed was maintained at about 55 miles-per-hour.  Received power level is 
clearly declining as one moves away from the tower.  The highest PCR appears to be in areas with adequate signal and 
minimal multipath, as would be expected.

 Figure 5

A study of bit errors and the effectiveness of the Error Correction method was performed.  An analysis of the I5 to Salem run 
shows the packets sorted into four categories -- error-free packets requiring no error correction, packets that could be 
corrected, packets that could not be corrected, and packets missed entirely due to failure to obtain word synchronization.  
Fully 64.1% were error-free prior to error correction, 11.9 % were correctable,  7.2% were in error after error correction and 
16.7% were missed due to lack of synchronization flag.  (A later modification of the system decreased the percentage of 
packets with missed word synchronization by looking for either the leading flag of the packet of interest or the flag of the 
following packet.)   

Figure 5 shows the correctable and not correctable packets sorted for the number of bits initially in error.  This shows a nearly 
log log linear decline in the percentage and the number of the errors in the packets.  All packets with 1 bit in error were 
corrected while the majority of packets with less than 10 bits in error were corrected.  Again from Figure 5, the correction 
scheme performed poorly with greater than 10 bits in error but there are few packets with such errors. 

 
No error correction method can be 100% successful.  Of the packets needing error correction, more than 62% of the packets 
were correctable, while 38% were not correctable.  These results lead to the conclusion that repeating packets is necessary to 
provide satisfactory completion rates for receivers with very small mobile antennas and the error correction scheme should 
not be too extensive.

Figure 6

The same data was then sorted based on received signal power and is plotted in Figure6.

The distribution of samples from that run are also included.  The effectiveness of error correction is clearly significant and is 
even very helpful at relatively high RF power levels.  More extensive error correction schemes cannot improve these results 
significantly and the capacity of the system used by extensive correction schemes is better used for repeating transmissions. 

1989 Field Tests -- Portland Range / Coverage
The following set up was used for 1989 Portland range / coverage testing.  Three stations were selected for commercial 
operation: 95.5MHz, 98.5MHz, and 101.1MHz.  The recorded signal strength was taken from a quarter wave vertical 
monopole mounted on a vehicle's roof with its center height 2 meters above ground through a splitter to a spectrum analyzer 
measuring the power.  The recorded Packet Completion Rate results were obtained using the same antenna used for signal 



strength and a -90 dBm receiver padded down to simulate a -30 dBdvertical antenna at a center height of 1 meter.  Current 
MessageWatch™ receiver sensitivity of  -91.5 dBm and antenna gain of - 29 dBdvertical specifications are 2.5 dB better than 
simulated in this testing.   Results indicate there was dramatic increase in coverage associated with multiple transmissions.

Commercial Operations
Currently, commercial service under the ACTTIVE trademark is offered in three metropolitan areas: Portland, Oregon, 
Seattle/Tacoma, Washington and Los Angeles, California.  [Note:  San Diego, California, Las Vegas, Nevada and the 
country of the Netherlands have been added since the writing of this paper.]  Portland utilizes seven FM radio stations to 
provide a coverage footprint with approximately 1.2 million people living within Oregon's Willamette Valley boundaries.  In 
Seattle and Tacoma, seven FM radio stations are used to provide a coverage area with 2.6 million people.  In LA/San Diego/
Palm Springs, nineteen FM radio stations are used to provide a coverage area with approximately 17 million people.

Beside numeric and standardized messages ( such as Call Home, Call Office, etc.), more than 20,000 customers receive 
various combinations of the following informational services:

Professional football, basketball, hockey, and baseball scores
Daily weather forecast (p.m., for next day) and weather report (a.m., for current day)
Local ski reports during winter months
Environmental Indexes
Daily Financial Information (Dow Jones, New York Gold, Prime Interest, Standard & Poors 500)
Winning daily and weekly lottery numbers.

Summary
A high speed data system (HSDS) delivered over commercial FM radio subcarriers has been shown.  It is a flexible system, 
providing inexpensive, one-way wireless data communications that will be used in many applications.
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