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System for broadcasting and receiving digital data, receiver and transmitter for use in 

such system. 

The invention refers to a system for broadcasting and receiving digital 

data within time divisional multiplexed channels, grouped in frames, each frame 

comptjsing multicarrier symbols, including data symbols and system symbols, each 

symbol comprising a set of orthogonal frequency division multiplexed carriers at carrier 
5 positions within a frequency raster with regular carrier spacing. 

The invention also refers to a receiver and to a transmitter for use in such 
system. 

Such system as well as a receiver and a transmitter for use in such system 
is known e.g. from the article •Digital Sound Broadcasting to Mobile Receivers" by B. 

10 Le Floch et al, published in •IBEB Tnnsactions on Consumer Electronics", Volume 35, 

number 3, August 1989. 

In the abovementioned known system taeh carrier position within the 

symbols is occupied either by a data carrier or by a virtual carrier, having a window 

length being at least equal to one period of the lowest data carrier frequency, the vinual 

15 carriers having no signal power. 

The digital data to be broadcasted are modulated on said data carriers 

using differential quadrature phase shift key modulation (DQPSK). The carriers are 
thereafter conversed via an inverse FFI' (Fast Pourrier Transform) processor into I (In­

phase) and Q (Quadrature) time signals, followed by a quadrature modulation of these 

20 time signals on a transmission carrier. This system can be used for broadcasting digital 

audio signals and is therefore indicated as OPDM DAB (Orthogonal Frequency Division 

Multiplex Digital Audio Broadcasting) system. 

In the receiver the reverse signal processing occurs: by using a local 
tuning oscillator followed by a quadrature demodulator the above baseband I and Q time 

25 signals are derived· from the received quadrature modulated transmission . carrier. After 

an analog to digital conversion these baseband I and Q time signals are applied to an 

FFI' processor, subsequendy followed by a differential demodulator, a circuit for 

sample deinterleaving and error correction, a sound decoding device and sound 
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In a typical usage mode an FFl' of 512 points is used for modulating 448 

data carriers, the remaining 64 carriers being virtual carriers as these virtual carriers 

have no signal power and therewith no transmission capacity. The data carriers occupy 

5 the middle range of the frequency raster, the virtual carriers are located in two mutually 

equal numbered groups adjacent to the group of said data carriers. The virtual carriers 

therewith occupy frequency ,ranges at each of both edges of the frequency raster which 

fall within the transition bands of the filters, used for selecting the useful signal at the 

receiver's side. 

10 Each symbol is preceded by a guard interval for dealing with multipath 

effects. Each frame starts with a number of system symbols, including a zero symbol, f 
which is used for a.o. frame synchroniz.ation and for determining channel properties and 

a phase reference symbol, hereinafter referred to as reference symbol, for initial phase 

reference. 

15 In order to avoid carrier leakqe, the FFI' window has to be equal to an 

integer number of the period of the baseband signals. This means, that the frequency 

deviation of the local tuning oscjJJator in the receiver may only deviate from that of the 

local oscillator in transmitter over a very small distance. A typical value for a single 

frequency network (SFN) with a symbolperiod Ts-1250 microsec. is 25 Hz relative to 

20 125 MHz or 0.2 p.p.m .• 

In the above article an AFC (Automatic Frequency Control) system is 

disclosed, which is based on a detection of the systematic deviation of the DQPSK 

signal vector from its expected value. In this way it is pouible to detect .. and correct a 
,;. ' 

maximum phase deviation of ±4S degrees. Because of the use of differential 

25 modulation, this corresponds to a maimum frequency deviation of· :t 1/8Ts. 

In the above example of a SFN the required stability or free running 

frequency tolerance range of the local oscillator is then 100 Hz relative to 125 MHz or 

0.8 p.p.m. 

It is a first object of the invention to provide in a system for broadcasting 

30 and receiving digital data the possibility for a dynamic and accurate synchronization of 

the local oscillator of the receiver with that of the transmitter while allowing the free 

running tolerance range of the receiver's local oscmatot to be much wider than that of 

the known receiver. Such local oscillators are relatively cheap. 
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It is a second object of the invention to provide a receiver with an AFC 

circuit for use in such lastmentioned system to realiz.e a coarse AFC tuning of a local 

receiver oscillator frequency to the local transmitter oscillator frequency, which is 

especially suited to be used in combination with a fine AFC tuning circuit for 

5 substantively extending the tracking range of such tine AFC tuning circuit and which 

allows the use of a relatively cheap receiver local oscillator. 

It is a third object of the invention to provide a receiver with an AFC 

circuit for use in the lastmentioned system to realiz.e a fine AFC tuning of a local 

receiver oscillator frequency to the local transmitter oscillator frequency, which, with 

10 regard to that of the known receiver has a wider tracking range and allows the use of a 

much cheaper local receiver oscillator. 

It is a fourth object of the invention to provide a transmitter which is 

suitable to be used in cooperation with each of the lastmentioned receivers. 

In order to meet said first object a system for broadcasting and receiving 

15 digital data within time divisional multiplexed channels, grouped in frames, each frame 

comprising multicarrier symbols, includin1 data symbols and system symbols, each 

symbol comprisin& a set of orthoaonal frequency division multiplexed carriers at carrier 

positions within a frequency raster with regular carrier spacing, according to the 

invention is characterized in that said frames include frequency reference symbols, each 

20 carrying information to 1enerate a peak value at at least one reference peak position 

within the frequency raster being separated by at least one carrier position from each of 

the edges of the frequency raster and by at least two carrier positions from an eventual 

subsequent iefermce peak position. 

As already mentioned above each carrier position withllr the symbols is 

25 occupied either by a da1a carrier or by a virtual carrier, the virtual carriers having no 

signal power. 

The beforementi.oned system according to the invention is preferably 

characteri1.ed in that each of the frequency reference symbols comprises at each 

reference peak position a data carrier having a peak sipal power level, each such data 

30 carrier being separated by at least one virtual carrier from each of the edges of the 

frequency raster and by at least two virtual carriers from the data carrier at an eventual 

subsequent reference peak position. 
~~~~~~-=-~-

iiiilirn1nr 
In order to meet said second object of the invention a receiver for use in 
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the atJove system according to the invention, is characterized by means for detecting the 

frequency position of each peak value within the frequency raster of a received 

frequency reference symbol, means for deriving a first AFC signal from the frequency 

difference between the lastmentioned position on the one hand and the initial reference 

s peak position on the other hand, said first AFC signal being supplied to frequency 

control means for reducing said frequency difference. 

In order to meet the third object of the invention a receiver for use in a 

system according to the invention is characteriz.ed by means for determining the ratio of 

leakage components occurring at both adjacent carrier positions of a peak position, 

10 means for deriving a second AFC signal from said ratio, which varies with said ratio, 

said second AFC signal being supplied to frequency control means for reducing the f 
difference between said ratio and unity. 

Preferably the lastmentioned receiver according to the invention is 

· characterized in that said second AFC signal varies with the power ratio of the carrier 

15 leakage components occurring at both adjacent carrier positions of a peak position. 

A further prefened embodiment of the lastmentioned receiver is 

characterized in by a window signal processing of the received frequency reference 

symbol for emphasizing the power of the carrier leakage components increasingly in the 

direction of the reference peak position. 

20 In order to meet the fourth object of the invention a transmitter for use in 

a system according to claim 1 according to the invention is characteri1.ed by a signal 

generator for generating said frequency reference symbol. 

Pmfaably such transmitter is cbmcteriz.ed in that said sipal generator 

comprises means for generating within each frequency reference symbol at each 

25 reference peak position a data carrier having a peak signal power level, each such data 

carrier being separated by at least one virtual carrier from each of the edges of the 

frequency raster and by at least two virtual carriers f!Qm the data carrier at an eventual 

subsequent reference peak position. 

In the following a description of an example of the invention is given 

30 with reference to the drawing. 

Figure la and lb show the spectral power of a received AFC symbol 

according to the invention having a single data carrier on a linear scaJ:_e_wi_'th_o_u_t ____ _ 

frequency deviation respectively with a frequency deviation of 30'6 
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Figure 2a. and 2b show similar diagrams after using a Hanning window 

Figure 3 shows a flow diagram illustrating a first or coarse AFC 

combined with a second or tine tuning AFC signal derivation algorithm according to the 

invention. 

Figure 4 shows a block diagram of a DAB receiver according to the 

invention. 

Figure S shows the generation of an AFC symbol according to the 

invention in a DAB transmitter. 

Figure 6 shows a block diagram of a DAB transmitter according to the 

1 O invention. 

Figure la shows on linear scale the spectral power of a frequency 

reference symbol according to the invention, hereinafter also referred to as AFC symbol 

having a single data carrier calculated with an FFI' (Fast Fourrier Transform) using a 

rectangular window. In this example, the AFC symbol shown includes one peak value 

15 occurring at the frequency of said single data carrier, hereinafter also indicated as initial 

reference peak position or reference peak position. If such AFC symbol is transmitted 

and received without any frequency deviation, then the power spectrum of the received 

AFC symbol calculated with an FPT (Fut Fourrier Transform) using a rectangular 

window is identical to the one shown in this fig. la. 

20 If however a frequency deviation of 30,041 occurs during transmission, 

then the power spectrum on linear scale of the received AFC symbol calculated with an 

FFl' (Fut Fourrier Transform) usin& a rectanaular window is as shown in fig. lb. Due 

to the flequm:y deviation, sipal power dispersion occurs resulting in -.mmetrical . 
lrabae components at carrier frequencies adjacent to the reference J>'!* position. From 

25 the ratio of the levels of these leakage components the direction of the frequency 

deviation can be derived, whereas the amplitude of the frequency deviation can be 

derived from this ratio and the amplitudes of these levels with regard to the peak value 

at the reference peak position. 

Fia. 2a shows on linear scale the spectral power of an AFC symbol 

30 having a peak value at a single data carrier, teeeived without any frequency deviation, 

calculated with an FFT using a Hanning window. 

Fig. 2b shows on linear scale the spectral power of an AFC symbol 

having a peak value at a single data carrier, received with a frequency deviation of 
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These Figures 2a and 2b illustrate the selective amplification of the 

leakage components, which can be achieved by using an FFI' algorithm with a Hanning 

window in the calculation of these leakage components. 

Figure 6 shows a bl~ diagram of a DAB transmitter according to the 

invention, comprising parallel DAB channels a, b • . . n, respectively including sound 

coding devices SCa .•• SCn and connected thereto error coding devices ECa ... ECn. 

Outputs of the error coding devices ECa ••• ECn are connected to a first multiplexer 

MUXl for converting the parallel output bit sequencies of the DAB channels a-n into 

10 one serial sequence of digital data bits. The first multiplexer MUXl supplies the series 

of digital data bits to a differential modulator DM. An output of DM is being connected f 
via a one symbol delay device D to an input of a second multiplexer MUX2, this 

second multiplexer MUX2 being connected to an input of DM. DM, D and MUX2 

function as a differential quadrature phaseshift key (DQPSK) modulator in the frequency 

15 domain. An initial or reference phase is supplied to MUX2 from a generator RSF for 

generating reference symbols in the frequency domain, whereby one reference symbol 

per each frame is generated. In the sequence of data symbols within a frame, the 

reference symbol is used as a phase mferenc:e in the differential modulation of the first 

data symbol following the reference symbol, whereas in the differential modulation of 

· 20 the second data symbol, the first data symbol is used as phase reference, and so on. 

An output of the DQPSX modularor is connected to a first inverse digital 

Fourrier transform device IFTl. IFTl naH• a digi1al inverse Fourrier transform of 

the output signals of the DQPSK modulator, tbemlith converting these ~tput signals 

from the fiequency domain into the time domain. To the time domain signals of IFrl . 
25 are added the iefennce symbols of the pncrator RSF after being converted from the 

frequency domain to the time domlin in a second inverse Foulrier transform device 

IFT2. The so obtained time domain leference and da1a symbols ue theteafter grouped 

into frames in a fnme building device FB, in which fnme building device FB a zero 

symbol is inserted in each frame, precedina any other symbol within the frame (see 

30 Figure SA and SB). The fnme buildina device FB is connected to an input of a digital 

f to analog converter aRct filter device DAC. An output of DAC is connected to a 

q~ modulation stage QM for modulating in quadrature the output signals of the 

digital to analog converter and filter device DAC. QM is connected to an RF modulator 

-
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M for modulating the DAB signal on a main RF transmission carrier. A r being 
selectively filtered the RF modulated DAB signal is transmitted through an RF antenna 

device ANT. 

The DAB transmitter described sofar is on itself known e.g. from the 

5 article "Principles of Modulation and Channel Coding for Digital Broadcasting for 
Mobile Receivers" published in "EBU Review Technical" No. 224, August '87 by M. 
Allard e.a. For a proper understanding of the invention it is not necessary to go further 
into the details of the functions of the separate blocks of the DAB transmitter as shown. 
Reference is made to the lastmentioned article for a preci7.e and detailed explanation of 

10 this known DAB transmitter. 

A DAB transmitter according to the invention comprises in addition to 
the beforementioned known one, a generator AST for generating frequency reference 
symbols, hereinafter also refemd to as AFC symbols. In the embodiment shown in 

Figure 6 one AFC symbol is inserted into each frame in the time domain subsequent to 
15 the 1.er0 symbol. The AFC symbols include information to generate at least one peak 

value occuring at a reference peak position beins separated by at least one carrier 
position from each of the edges of the frequency raster and by at least two carrier 
positions from an eventual subsequent reference peak position. In practise AFC symbols 
may· comprise more than one peak value. Fipre la showing the spectrum of an AFC 

20 symbol.with one peak value within its fnq1*lCJ raster, is merely given by way of 
example. 

In Fipre Sa is shown in functional blocks on a time scale, how the 
ultimate bueblnd DAB sipal is build up from the various symbols. A a,neration of 

.. 
AFC symbols in the frequency domain occun in a 1enerator ASF, the complex 

25 frequency spectrum of an example of such AFC symbol being shown· in block ASF. 
ASP together with an inverse Fourrier transform in a third inverse Fourrier transform 
device IFT3, supplies AFC symbols in the time domain and as such functions as the 
beforementioned generator AST. In Fipre Sa is also shown the function of the 

beforementionecl generator RSF for 1eneratin1 refenmce symbols in the frequency 
30 domain. The complex fnquency spectrum of a reference symbol may be as e.g. shown 

in block RSF. The generator RSF is coupled to the second inverse Fourrier transform 
device IFT'2. The above reference symbols in the frequency domain are supplied to the 
DQPSK modulator together with the digital data bit stream coming from MUXl. As 
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already mentioned in the beforegoing these digital data are differential quadrature phase 

shift key modulated in the DQPSK modulator with the help of the reference symbol 

coming from RSF. The first data symbol within the frame following the reference 

symbol is differentially modulated with a phase reference indicated by the reference 

5 symbol, resulting in a signal having a complex frequency spectrum as given in block 

DSF of Figure SA. This first data symbol is used as a phase reference in the differential 

modulation of the second data symbol indicated with block DQPSK', and so on. The so 

obtained DQPSK modulated digital data are inverse Fourrier transformed in IFT l and 

therewith converted into the time domain. The time domain I and Q output signals of 

10 IFTl, IFT2 and IFT3, i.e. the time domain data symbols DSl •.• DSm, the time domain 

reference symbols RS and the time domain AFC symbols AS are thereafter grouped into f 
frames in the frame building device FB. As alttady mentioned above in FB a socalled 

zero symbol is added to each frame, this zero symbol preceding any other symbol 

within the frame. This results in a time domain DAB signal as shown in Figure SB, 

15 each frame starting with a zero symbol Z.S, subsequently followed by an AFC symbol 

AS and data symbols DSl ••• DSm. 

figure 4 shows a block diagram of a DAB receiver according to the 

invention comprising an RP filter RP connected at its input to an RF antenna A and at 

its output to a first controlled amplifier CAL An output of CAI is connected to a. mixer 

20 M for converting a wanted RF DAB nc:eiving signal into an intermediate frequency (IF) 

DAB signal. This is achieved by supplyin1 a tunin1 oscillator frequency from a local 

tuning oscmator TO to the mixer M. TO may be included in a fequency synthesizer (not 

shown). An output of the mixer Mis connected through an IF filter IF to,.a second 

controlled amplifier CA2. Control inputs of CAl and CA2 are supplied with an 

25 automatic pin control (AGC) sipal f'mm an AGC signal generator AGC. An output of 

the second controlled amplifier CA2 is connected to a quadrature demodulator for 

demodulating the IP DAB signal into quadrature baseband. DAB signals, comprising· in 

in-phase (I) and quadrature (Q) signal paths in-phase and quadrature mixers MI 

respectively MQ, which are supplied with quadrature local osciJJator frequencies from a 

30 local osc:ilJator LO. Outputs of MI and MQ are connected to respectively in-phase and 

quadrature baseband filters LPI and LPQ, which ue connected to in-phase and · 

quadrature analo& to digital converters ADI and ADQ. Outputs of ADI and ADQ are 

connected to a digital Fourrier transform device DPT. DPT converts the quadrature 



fO 92/16063 
PCT /NL92/00039 

9 r THIS SHEET HAS BEEN 
L- REPLACED -------

signals from the time domain into the frequency domain. An output of DFr is 

connected to a differential demodulator DD, which in tum is connected to an input of a 

sample de-interleaving and error correction device SDI. An output of SDI is connected 

to a sound decoding device SD, which delivers its signals to a sound amplifier AMP. 

s The sound amplifier AMP is connected to means L for sound reproduction. 

Outputs of the in-phase and quadrature baseband filters LPI and LPQ are 

connected to an to a time base circuit TC as well as to inputs of the beforementioned 

AGC signal generator AGC. Control of e.g. the time base circuit and the tuning of the 

local tuning oscillator TO takes place from a microprocessor MP, which in tum can be 

1 O manually conttolled from a key board. The part of the DAB receiver described so far is 

on itself known from e.g. Figure 12 of the article •Digital Sound Broadcasting to 

Mobile Receivers" published in "IEEE Transactions on Consumer Electronics", Vol. 

35, No. 3, August '89, by Bernard Le Floch. A precise and deta.iled description of the 

functions of the separate blocks shown in Figure 4 is not necessary to understand the 

15 invention and can be derived from the lastmentioned article. 

The DAB receiver according to the invention shown in this Figure 4 

comprises in addition to the above known DAB receiver an AFC (automatic frequency 

control) device AFC. As will be clearified hereinafter the AFC device AFC derives a 

first or coarse AFC signal and a second or fine AFC signal from the received AFC 

20 symbols. An input of the AFC device AFC is therefore connected to the quadrature 

signal paths, e.g. at the outputs of the in-phase and quadmtme baseband tilters LPI and 

LPQ. Outputs of the AFC deYice AFC ue connected to the local tuning oscillator TO 

and the local oscillator LO for respectively supplyinc thereto said first ~£C)a1'Se AFC 

signal and said second or fine AFC sipal for an automatic frequency c0ntrol or 
, 

25 frequency synchronization of the received DAB sipa1 with the transmitted DAB signal. 

In the embodiment shown in this Fiame 4, the osci11ator TO and/or LO function as 

frequency conttol means to achieve said freq1*lCJ synchronization. It will be clear, that 

both AFC output signals of the AFC device AFC may very well be used to control 

either TO or LO or to control other known alternative means for frequency control and 

30 that dependent on the manner how the AFC symbols are separated from the rest of the 

DAB signals, the AFC device AFC may have its input connected at other points of the 

signal path of the DAB receiver. 
~~~~~~~~-

111111ii~i ~r 
The derivation of said fint or coarse and said second or fine AFC signals 
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in the automatic frequency control device AFC of the DAB receiver according to the 

invention will be explained in the following: 

An orthogonal frequency division multiplex (OFDM) digital audio 

broadcast (DAB) receiver has to work properly under varying receiving conditions like 

s speed, temperature and humidity, and this at a reasonable cost. Since DAB 

demodulation is very sensitive with respect to frequency deviations, some kind of 

Automatic Frequency Control (AFC) is needed. 

Since differential encoding is used, phase locking is not necessary 

because in this case the previous symbol is used as a phase reference. The only 

10 requirement is that the frequency deviation is sufficiently small, so that the phase shift 

between two suceeeding symbols is neglectable with respect to T/4. We assume that the f 
frequency drift· of the Local OsciJJator (LO) over one frame will be low enough so that 

a feedback at the frame repetition rate will be sufficient to keep the LO locked to the 

received signal. 

15 A frequency deviation II of the LO with respect to the suppressed 

carrier, will result in a shift at in the received spectrum. Fast frequency transform 

(FFI') techniques can be used to determine this deviation. A coarse detection according 

a first aspect of the invention can be obtained by comparing the position of the received 

spectral lines with the initial reference peak positions, hereinafter also referred to as 

20 expected positions. In this cue an accuracy of ± fs/2 can be obtained, where fs is the 

frequency spacing of the data carriers. 

However, a lot of 'leakage' components (unwanted harmonics) will be 

generated if the FFT window does not fit with an integer number of periQds of the 

received signal. Therefore, fine tuning is needed. 

25 A method for implementing a dynamic fine tuning AFC according to a 

second aspect of the invention will be liven. By tmnsmitting peak values at widely 

spaced reference peak positions e.g. data carriers with a large number of virtual carriers 

in between, the power of the Jeanae components in the vicinity of each data carrier can 

be calculated and an algorithm can be set up for reduciq this leakage power to a 

30 minimum. Since at least two virtual carriers between the subseqeuent data carriers are 

necessary and furthermore at least one virtual carrier should be located adjacent to each 

i of both edges of the frequency raster, an extra AFC symbol, preferably per frame, is 

( 1fifi~f ··~~mwb~Mm·~=~g~ 
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A preferred algorithm for the lastmentioned dynamic fine tuning AFC is 

a1s0 presented. When a Hanning window is used, the leakage energy is more 

concentrated around the data carriers and a nearly linear regulation law for the AFC is 

5 obtained. Multiple frequency components can be processed, so that the system is 

resistant to frequency selective fading. The data carriers of the AFC symbol may 

additionally be used to carry other useful infonnation, which e.g. is phase modulated on 

these carriers. 

A possible AFC implementation sttategy is presented, as well as a 

10 transmitter and a receiver concept accordin1 to the invention. 

Coarse AFC A11orithm 

In the DAB system, known from the firstmentioned article, the baseband 

time signals I and Q are genemted with a complex FFr. algorithm starting from a given 

15 complex frequency spectrum. If, for simplicity, we assume a single frequency 

component at frequency 01 with a unity amplitude in real and imaginary channel, the 

baseband signal Vb(t) can be written as : 

20 

25 

Vb(t) = cosOlt ± j sinOlt = e±jOlt (1.1) 

In the transmitter, this sipal is modulated in quadrature with a carrier 

frequency Oh, multin1 in a transmitted signal Vt(t) : 

Vt(t) • cosOht cosOlt ± sinOht sinOlt • cos(Dh-±Ol)t (1.2) 

Normally, the receiver will have a frequency deviation clO. with respect to 

Oh. After quadnture demodulation with a proper scale factor and low-pass filtering, the 

resulting baseband signals can be written as : 

30 lr{t) = 2 cos(Oh+60)t cos(Oh-±Ol)t • cos(60±01)t (1.3) 

Qr(t) = 2 sin(Oh+aO)t cos(Oh-±Ol)t • sin(60±01)t (1.4) 

Or, in complex notation : 
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5 a. as expected, with c50=0, we get correct demodulation. 

10 

15 

b. if 80< >0, the complete spectrum (positive and negative frequencies) are shifted in 

the same direction. 

c. the direction of shifting is determined by the sign of the frequency deviation. 

d. investigation of the position of the spectral lines provides sufficient information for 

the implementation of an AFC algorithm. 

In the· DAB system, symbols of length NT are used, where T is the 

sample period, and N the number of samples in one symbol. The Discrete Fourier 

Transfonn (DFr) of such a symbol is given by: 

n 
Vr(-) • 

H'1' 

l B-1 
- Z Vr(kT) e-j2trnlc/R 
R k•O 

(1.6) 

20 Using (1.5) with 0=2ri and fs= l/NT we get : 

25 

1 R-1 
Vr(nf•) • - ~ ej2w(HlfT ~ RflT - n)k/H (l.7) 

II k-0 

If 8f•O, we find a single carrier at n•±NfiT. With elf< >0, the 

truncation int.erval of the DPT is not equal to an integer number of periods, and the 
.i 

energy is spread out over all carriers. This effect is known as lra1rare. Only when Narr 

is an integer, all eneqy is concentrated in the fmquency line n•Nclfr±NflT. 

30 Therefore, a coarse detection in the receiver can be implemented by 

searching for the canier with the maximum or peak energy (assuming that only one 

carrier is transmitted) occurring witllln a received symbol and comparing its frequency 

location with the expected carrier location. 

By applying an appropriate feedback signal to the local oscillator, we can 

3S get the carrier with the muimum energy at the correct (expected) location in the 

frequency raster. 
With this technique, also indicated as coarse AFC, an accuracy of ±fs/2 
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can be obtained. Of course, this is far from the target. For fs= 1S62S Hz we get a 

resolution of ±8 kHz, while our target is ± 100 Hz (±3~ phase error for a symbol 

duration of 80µs) or lower. We only want to indicate that it is possible to correct a 

frequency deviation exceeding fs. The maximum range is determined by the number of 

5 virtual carriers (signal power = 0) between the data carriers in the symbol in question. 

Preferrably a new reference symbol, also indicated as AFC symbol, should be 

introduced therefore. It is therewith possible to reali7.e a tracking range of this coarse 

AFC, which is much wider than that of the beforementioned known AFC circuit. 

In order to increase the accuracy, we can try to maximize the energy of 

10 the received carrier. This, however, is not recommended since the received signal is 

noisy and fluctuating. 

15 

In the following an accurate dynamic tine tuning AFC algorithm is 

presented, which can be used on itself, ~ in combination with the above coarse AFC 

and which also makes use of the abovementioned new AFC symbol. 

An accurate dynamic fine tunin& AFC alpjthm: 

For an accurate AFC according to the invention use the power of the 

carriers ±NflT-1 and ±NfiT+ 1, which are located on the left side and on the right 

side of a received data carrier are to be investigated. In figure 1 the spectral lines are 

20 shown for a carrier without frequency error (Fig. la) and for a carrier with a frequency 

error of +3011 (Fis. lb). As can be seen in Fig. lb, there is a difference 8P between 

the power of the two side carriers. 

25 

30 

35 

The relation between ap and ar can be calculated using (1-::"J'>· 

With n•m±NfiT, expression (1.7) can be written as: 

1 •-1 
Vr((ll*BflT)f•J • - ~ ej2•(RlfT - m)k/R 

R kwO 
(2.1) 

For small values of at and high values of N, the sommation can be 

approximared by an integral, which leads to : 

1 ,.,. 
Vr[(9*Bf1T)f•J • - j ej2•(1f - mf•)t dt 

T• 0 
(2.2) 
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Due to the movement of the receiver and/or the varian.,..o_n_o__,,.....e ____________ __, 

transmission channel, the signal amplitude may vary continuously. In order to make the 

error estimation independent of the signal amplitude, it is recommended to calculate 

fJP/P, where Pis the power of the received main carrier, and 8P the power difference 

s betWeen the upper and the lower leakage carrier. Therefore, expression (2.2) has to be 

evaluated for m=O and m=±l. 

10 

15 

20 

25 

The general solution of integral (2.2) is given by : 

6f 
Vr[ (m:tRflT) f•) • 1t 

5f - mf• 
(2.3) 

With 
•in(2tr5fT•) + j (1 - co•(2tr5fT•)) 

lt - (2.4) 
2tr6fT• 

The relative power of both side carriers can then be written as : 

P+ - . 
PO 

{5f)2 

(5f - f•)2 

P-- . 
PO 

while the difference 8P/'PO is given by : 

5P P+ - P- 4 (5f/f•)3 

(5f)2 

(5f + f•)2 

- • • (2.6) 
PO PO (1 - 6f/f•)2 (1 + 6f/f•)2 

(2.5) 

With computer simulations, the value of 8P/'PO is calculated for different 

30 values of af/fs. In table 2.1, these results are compared with the estimated values, 

obtained from (2.6). Aa can be seen, there is an excellent agreement for all frequency 

deviations up to S05. 

35 
5f /f• :t0.001 :t0.01 :t0.1 :t0.2 :t0.3 :t0.4 :t0.5 

•imulated :t4.0B-9 :t4.0S-6 :t4.1S-3 :t3.5S-2 :tl.3B-3 :t3.6B-l :t8.9E-l 

expr.(2.6) :t4.0S-9 :t4.0B-6 :t4.1S-3 :t3.SS-2 :t1.3B-3 :t3.6B-l :t8.9E-l 

40 Table 2.1 : Difference between •imulated value• for 5P/PO and the 
value• calculated with (2.6). 

From (2.6) and Table 2.1 we can draw the following important conclusions: 

45 1. With this. system, a control algorithm for a more accurate AFC can be 

implemented. 

f 
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2. The sign of 8P/PO is the same as the sign of 8f. This is very important in order to 

detmnine whether the carrier frequency is lower or higher than the expected value. 

3. The difference in power is proportional to the third power of M. Therefore it is 

difficult to obtain a linear regulation law for the AFC. In addition, the error signal 

s becomes very small for small values of 8f. 

4. The value of 8P/PO is not a function of fl. Therefore, several carriers can be used 

and a mean value for 8P/PO can be calculated. This makes the algorithm resistant to 

frequency selective fading. 

5. The distance between the different carriers must be large enough, so that the power 

10 of the 'far-away' leakage components of other carriers can be neglected with 

respect to P+ and P-. 

A meferred accurate dynamic fine tuninl AfC alpitbm: 

Although the above described algorithm can be used for accurate AFC, it 

lS has the disadvantage of a cubic relationship between 8P and af. In addition, the large 

amount of high power leakage components, as shown in Fig. 2.1, will disturb this 

relationship when multiple carriers are used. 

The energy distribution over the different leakage components can be 

changed by an appropriate windowing of the time signal. Figure 2 shows the spectral 

20 lines for the same symbol as used for Fia. 1, but after the application of a Hanning 

window. As ·can be seen, when 8f•O two side carriers of equal power appear. For 

af< >0 there is alao a difference IP between both carriers, as with the·previous 

method, but the energy of the 'far-away' l•Jca1e components is much redqced with 

repect to Fig. 1. Computer simulations also showed a nearly linear relationship between . 
2S 8P/PO and M/fs. 

30 

A theoretical value for 8P/PO can be calculated with the abovementioned 

formulas. 

In order to apply a Hanninl window, we multiply the time function Vr(t) 

with the followin& 'weipting' function Vh(t): 

ejQ8t + e-jG•t 
Vh(t) • l - co•(G•t) • 1 - -----

2 
(l.l) 

35 The multiplication of (3.1) with (1.5) leads to: 
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vrh<t> • •j(aa:al)t - ~ •1<5G:a1+a•>t - ~ •j(5a:a1-a•>t (3.2> 

This result indicates that for 8f•O, two side carriers are generated with 

half the amplitude of the main carrier. This can be expected, since applying a Hanning 

5 window is equivalent with an amplitude modulation of the time signal with a frequency 

fs. 

Expression (3.2) is a sommation of components as given in (1.5), but 

with different exponents. Therefore, the above formulas can be used in order tot find 

the relation between 8Pb/PO (with Hanning window) and 8f/fs. 

10 The amplitude of the carriers can be written in the same form as 

expression (2.3), leading to : 

Vrh((mzHflT)f•J • - ~ - ~ (3.3) 
15 5f-mf • 5f+f•-mf• 5f-f•-•f• 

The relative power of both side carriers can be written as : 

20 
P+ (Vrh[(l:Nf1T)f•J)2 P- (Vrh((•l:Hf1T)f•))2 - . (3.4) - . 
PO (Vrh[(:Hf1T)f•])2 PO (Vrh((:Hf1T)f•))2 

The difference 3Ph/PO • (P+-P-)/PO is then given by : 

25 5Ph (1 + o.s (lf/f•)2) (1 - (lf/f•)2) 
- • 1.5 * - • (3.S) 
PO f• ((1 +~.S (lf/f8)2)2 - 2.25 (lf/fa)2)2 

30 Par small frequency deviations, the second order terms can be neglected, 

35 

. ., 
giving the ver/ simple result : · 

lft If 
• 1.1 for If cc f• (3.6) 

" f• 

In Table 3.1 the theoletical values of aPh, calculated with (3.5) and (3.6) 

are compared with computer calcuJations. As can be seen, there is an excellent 

agreement for expression (3.5). Expression (3.6) is very useful for small frequency 

40 errors. For hi&h frequency deviations the accurary is lower, with a maximum error of 

309' on 6f/fs when it is close to 0.5. Thelefore, expression (3.6) can be used for 

making an estimation of the frequency error If usina the relative power difference 



5 

10 

15 

17 

aPh/PO of the leakage carriers. 

5f/f• :t0.001 :t0.01 :t0.1 

simulated :U.51-l :U.SB-2 :tl.SB-1 

expr.(3.5) :tl.SE-3 :tl.SB-2 :tl.SB-1 

expr.(l.6) :tl.SB-l :tl.SE-2 :tl.SB-1 

:t0.2 

:tJ.lB-1 

:t3.1B-1 

tl.OE-1 
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:t0.4 :o. s I 
I 

' :t7.0E-1 :t9.6E-l 

:t7.0E-1 :t9.6E-1 

:t6.0E-1 I 
:t7.SE-l! 

TaDle 2.l Difference between aimulated valu•• for 5Ph/PO with 
Hanning window and the theoretical values calculated with 
expr•••iona (3.5) and (3.6). 

When multiple carriers are used, an average value (8Ph/P)av can be cal­

culated, which takes into account the relative power Pi of each carrier i. 

With linear weighting we get : 

20 Z IPhi 

25 

30 

(5Ph/P)av • (3.7) 
J: Pi 

An estimation of the frequency error is then given by : 

I If • 0.1117 f• • (IPh/P)aT I (3.8) 

By applyina a Hanning window, the drawbacks of the firstmentioned tine 

tuning AFC method are avoided, while its advantqes are preserved. The additional 

effort required is a multiplication of-2N points (ml and imaginary time signal) with the 

Hannin& window (3.1). After FF1' and calculation of the power of the carriers near the 

transmitted carriers, an error sipal can be obtained which is nearly propof#onal to the 

35 frequency deviation of the local oscillatot, independent of the sipal amplitude, and 

resistant apinst frequency selective fading. In this way, an accurate Automatic 

Frequency Control can be implemented. 

As aheady mentioned above an extra AFC symbol has to be introduced in 

order to.implement this APC algorithm. Since the al&orithm has to be resistant against 

· 40 frequency selective fadina, this seems to be unavoidable. However, since the proposed 

AFC algorithm deals only with powers, the data carriers in the AFC symbol can carry 

useful phase information. 

111iii1ii1nr 
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A possible strategy for implementing an Automatic Frequency Control in 

the receiver is vizualized with the flow diagram of figure 3. The method steps therein 

indicated by their reference numbers are as follows: 

0. Synchronize time base with frame. 

1. Read in I &. Q channel of the AFC symbol. 

10 2. Apply the Hanning window (3.1) on both Ir(t) and Qr(t). 

15 

20 

25 

30 

3. Calculate the complex FFT transform of Irh(t) + j Qrh(t).· 

4. Calculate the power of each frequency component. 

S. Determine the frequency location of the carriers with maximum energy above a 

certain treshold. 

6. If the location fits with the expected value, goto 9. 

If not, aoto 7. 

7. Calculate avenge ± deviation. 

8. Is this averap deviation mo? If so, goto 9 (end of AFC coarse tuning). If not, 

goto 13. 

9. Calculate aPh for each carrier i. 

ii1i1iff 1i1i1Hir 
10. Calculate a weighted average (8Ph/P)av using (3. 7). 

11. Calculate a second or fine tuning AFC correction signal as a function of the 

estimated frequency error 3f, pven by (3.8), and apply it. 



PCT/NL92/00039 

19 TIIIS SHEET HAS BEEN 
REPLACED 

12. Process other symbols (reference, data, 7.CrO) and goto 1 (get a new AFC symbol 

or start processin& data when 8f < Bfmax.) 

13. Calculate a first or coarse AFC correction signal as a function of the frequency 

s shift (number of carrier shifts) and apply it. 

Goto l. 

The above described new OFDM DAB system is merely given as· an 

illustration of the basic idea to introduce in the OFDM DAB signal format a new AFC 

10 symbol with a predetermined location of peak values or data carriers, such that, the 

sequential peak values or data carriers within the above frequency raster are mutually 

separated from each other by a predetermined number of carrier positions or virtual 

carriers greater than two, at least one such carrier position or virtual carrier being 

located between such peak value or data carrier and the edges of the frequency raster. 

15 The symbol length or window of the AFC symbol may deviate from, e.g. 

may be smaJJer than, that of the data symbols. It will be clear, that the invention is not 

restricted to the above described eumples and that it is very well possible to apply the 

invention e.g. without using a Hanning window or with another window signal 

processing, with only one data canier per AFC symbol, and in case various data 

20 carriers are used with an irregular frequency spacing between the data carriers. It is 

furthermore possible to combine the AFC symbol with the mo symbol, to superpose it 

in a piederterminecl manner on one or men certain data symbol(s), or to use a yet 

undefined symbol u AFC symbol. 
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1. System for broadcasting and receiving digital data within time divisional 

multiplexed channels, grouped in frames, each frame comprising multicarrier symbols, 

including data symbols and system symbols, each symbol comprising a set of onhogonal 

frequency division multiplexed carrien at carrier positions within a frequency raster 

5 with regular carrier spacing, being characterized in that said frames include frequency 

reference symbols, each carrying information to pnerate a peak value at at least one f 
reference peak position within the frequency raster being separated by at least one 

carrier position from each of the edges of the frequency raster and by at least two 

carrier positions from an eventual subsequent mference peak position. 

10 2. System for broadcasting and receivin1 diptal data within time divisional 

multiplexed channels accordin1 to claim 1, each symbol including virtual carriers and/or 

data carriers at the carrier positions within the frequency raster, the virtual carriers 

having no signal power, beina characterU.ed in that each of the frequency reference 

symbols comprises at each reference peak position a data carrier having a peak signal 

15 power level, each such dala canier bein& separated by at least one virtual carrier from 

.each of the edps of the frequency raster and by at least two virtual carriers from the 

data carrier at an eventual subsequent reference peak position. 

3. Receiver for use in a system accordinl to claim 1 or 2, ~ by 

means for detectin& the frequency position of each peak value within the frequency 

20 raster of a nceived frequency refem1ce symbol, ·means for deriving a first AFC signal 

from the frequency diffelellce between the lastmelltioned position on the one hand and 

the initial refemlc:e peak position 0n the other band, said first AFC signal being 

supplied to frequency control means for reducina said frequency difference. 

4. Receiver for use in a system accordina to claim 1 or 2, characterized by 

25 means for determining the ratio of leakage components occurring at both adjacent 

carrier positions of a peak position, means for derivin& a second AFC signal from said 

ratio, which varies with said ratio, said second AFC sipal bein1 supplied to frequency 

control means for reducina the difference between said ratio and unity. 
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characterized in that said second AFC signal varies with the power ratio of the carrier 

leakage components occurring at both adjacent carrier positions of a peak position. 

6. Receiver according to claim S, characterized by a 'A-indow signal 

s processing of the received frequency reference symbol for emphasizing the power of the 

carrier leakage components increasingly in the direction of the reference peak position. 

7. Receiver according to claim 6, characterized by a Hanning window signal 

processing of the received frequency reference symbol. 

8. Transmitter for use in a system according to claim 1, characterized by a 

10 signal generator for generating said frequency reference symbol. 

9. Transmitter according to claim 8, characterized in that said signal 

generator comprises means for generating within each frequency reference· symbol at 

each reference peak position a data carrier having a peak signal power level, each such 

data carrier being separated by at least one virtual carrier from each of the edges of the 

15 frequency raster and by at least two virtual carriers from the data carrier at an eventual 

subsequent reference peak position. 


