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OFDM RECEIVING SYSTEM 

Field of the Invention 

This invention relates to channel equalization and frame synchronization for 

S Orthogonal Frequency Division Multiplexing (OFDM) data broadcast for non-mobile 

transmitters and receivers. 

Background of the Invention 

In recent years, telecommunications technologies became a field of the 

10 industry having one the greatest expansions ever. This is caused by the ever­

increasing demand to broadcast larger amounts of data that require higher bandwidth 

of the telecommunication channel. One of the proposed wireless technoJogies that 

provides such a broad bandwidth. is a modulation technique called the Orthogonal 

Frequency Division Multiplexing (OFDM) and which has been recently suggested for 

15 use in a digital video non-mobile broadcasting. OFDM appears to be a powerful 

means of providing a power efficient signaling for a large nwnber of users on the 

same channel. 

The basic idea of OFDM is to transmit blocks of data in parallel by employing 

a large number of orthogonal subcarrlers. 

20 Although OFDM transmission is an accurate modulation technique compared 

to other broadcasting techniques, there are two problems associated with it: one is 

frame synchronization and the other is channel equalization. In OFDM data is broken 

up into individually modulated sections called· frames. These :frames are strung 

together in a continuous manner and transmitted over an OFDM channel. It is of 

25 utmost importance for the receiver to know precisely where the frames begin and end, 

in order to recover the valuable data. Finding these beginnings and endings of the 

frames is what is known as frame synchronization. Various techniques ofperfonning 

frame synchronization exists. but they usually involves adding data flags for marking 

the beginning or the ending of the frames. This is done at the expanse of adding 

30 portions of data that slow down the speed of transmitting valuable data. 

Because OFDM channels sometimes distort the data they carry to the point 

that it is thoroughly unrecognizable. a scheme to correct any channel distortion is 

required. Such equalization techniques exist, but they often require the data correction 

to be done at the transmitter side so the state of the channel has to be known to the 

35 transmitter. Furthennore, these techniques do not apply to point to multipoint OFDM 
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transmission since multiple paths are involved, each having its own different 

response. 

It has to be noted that throughout the present application the term OFDM 

channel is used to designate the air path of the electromagnetic waves representing 

5 OFDM frames to be transmitted from a transmitting system to a receiving system. 

When a channel involves multiple receivers th.at capture the same transmitted signal, 

the present application refers to point-to-multipoint channel. 

Summary of the Invention 

10 It is therefore an object of the present invention to provide a method and an 

apparatus for performing accurate OFDM frame synchronization by appending a 

small portion of each OFDM frame to be transmitted to its own beginning, thus 

creating a cyclic prefix for each frame. This cyclic prefix is then used at the receiver 

side for finding the beginning of the received OFDM friunes. 

15 It is another object of the present invention to provide a powerful method of 

accurately equalizing the OFDM frames received over an OFDM channel. This 

method does not require the transmitter to know anything about the OFDM channel 

conditions so that it can be used for point to multipoint OFDM data broadcasting. 

In a preferred embodiment of the present invention, the transmitted OFDM 

20 information frames include reference frames, inserted at predetennined intervals, and 

these reference frames contain data known to· the receiver. Upon receipt of these 

frames, the receiver uses th.em in order to collect data about the state of the OFDM 

channel. Having this information available, the receiver creates a correction or 

equalization vector, which is then multiplied with each of the information frames 

25 received in order to eliminate the undesirable effect of OFDM channel distortions. 

The end-result frames are verified for accuracy by multiplying the correction vector 

with a distorted reference frame and if the end-result is the accurate enough, the 

correction vector is considered to be reliable and may be used for correcting all 

subsequent information frames received. If the correction vector is inaccurate, another 

30 equalization vector may be created using other reference frames. If the vector is still 

inaccurate, then some pilot tones, consisting in very small samples of data known to 

the receiver and contained in the information frames, may further be used for updating 

the correction vector, for better results. 

In order to perfonn the channel equalization, accurate OFDM frame 

35 synchronization is needed. Thus, it is another object of the present invention to 

provide a method of OFDM frame synchronization that uses a cyclic prefix and that_ 
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consists of appending to the beginning of each frame sent by the transmitter a small 

part of its last part. This serves two functions, the first being to protect frames from 

the impulse response spill-over generated by the previous frame, thus fortifying the 

system against ISI (Inter-Symbol Interference) and the second, to provide a method of 

5 accurate frame synchronization by using these cyclic prefixes for detennining the 

exact locations of the beginning of the received OFDM frames. 

According to a first broad aspect of the present invention, a method of frame 

synchronization for OFDM channels is provided, wherein a frame synchronization 

starting point is to be located within an incoming data bit stream signal having 

10 repeated portions of data at predetennined intervals, wherein the method comprises 

the steps of; 

a) subtracting data collected from two points of said bit stream signal 

separated by a predetermined number of bits; 

b) detecting when said data is identical at said two points of said bit stream; 

15 c) obtaining said frame synchronization starting point from a result of step b). 

According to a second broad aspect of the present invention, a method of 

channel equalization for point-to-multipoint OFDM channels is provided, wherein the 

method is perfonned at a receiver side of an OFDM channel and comprises the steps 

of: 

20 a) receiving an incoming data bit stream signal comprising interleaved 

sequences of reference and information frames, each of said reference frame 

containing data known to a receiver; 

b) detecting said reference frames in said incoming data bit stream signal of 

OFDM frames; 

25 c) transfonning said incoming stream of OFDM frames from a time domain to 

a frequency domain; 

d) creating a correction vector using said sequence of reference frames and 

data known to a receiver for correcting broadcast errors created by distortions caused 

by said OFDM channel; 

30 e) cOirecting each information frame from said sequences of infonnation 

frames received at said receiver using said correction vector for countering a 

distortion effect of said OFDM channel on said frames. 

Brief Description of the Drawings 

35 The present invention is described and will be better understood with reference 

to the following drawings, in which: 
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Figure 1 shows a preferred embodiment of the present invention related to the 

frame synchronization; 

Figure 2 shows the cyclic prefix for two consecutive frames. 

Figure 3 represents a typical sequence of information frames preceded by a 

5 sequence of three reference frames used for frame synchronization at the receiver side; 

Figure 4 shows the application of the window or subtraction :function on a 

sequence of incoming OFDM frames for roughly detecting the sequence of reference 

frain.es; 

Figure S shows a preferred embodiment of the invention related to the fine 

10 reference frame search; 

· Figure 6 illustrates a flowchart of the . initialization routine of receiver, 

according to a preferred embodiment of the present invention; 

Figure 7 shows the information frame processing according to a preferred 

embodiment of the invention; 

15 Figure 8 shows a detailed view of a preferred embodiment of the present 

invention related to the channel equalization; 

Description of the Preferred Embodiments 

In a preferred embodiment of the present invention there is provided a method 

20 for OFDM frame synchronization and channel equalization that allows accurate 

transmission of OFDM data without the need for the tran:smitter to know anything 

about the state of the channel. This method is especially suited for wireless non­

mobile point-to-multipoint broad band data transmission, where multiple channels are 

involved, each having its own different response. 

25 A preferred embodiment of the present invention related to the frame 

synchronization is partially illustrated in Fig. 1. This figure shows ·the prior art 

technique of OFDM modulation at the transmitter side and the demodulation of data 

at the receiver side. However, Fig. 1 also comprises objects of the present invention 

which will be described in the following lines. First, at the transmitter,s side, a 

30 common string of bits 10 representing the valuable data-to be transmitted from one 

point to another is fed into a digital string splitter 12 which splits the bit string I 0 into 

separate words of bits 14, each having a pre-determined length. In our example, words 

of 6 bits are used. Then, each word 14 is processed by the digital word mapper 

module 16 which maps that word into the complex plane to one of the possible states 

35 of the word. Since the word 14 is 6 bit long, 26=64 states are possible, so each of the 

four quadrants of the complex p18'1-e comprises 16 possibfalities. The result of th\8 step 
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;·: .-iS a complex number 18 of the fonn A+Bj which represents the p;rocessed~d-'bitword.'1 

14. Data words are successively put into an array 19~ tb.uS iofuiliig a on.t•iofi' . : ~-,,-. 
array 19 of words 18 which has the dimension of one~ of"fu.roJ.matio~~\~ arf 

Inverse Fast Fourier Transfonn (IFFf) module 20 receives as an inpufa~serieti3 _,_., 
' - . -~ - . I 

comprising the real parts of the complex numbers 18 and the imaginary parts oftbaf· 

same complex numbers 18 and perfonns on that series an IFFT. The result is. a Fourferv. 
trausfonnation that creates an interleaved time series of data, so that the ~ut senes iS 'f. 

converted from the frequency domain into the time dcirttain. The output of the IFFTC 
module 20 is a time series of complex numbers 22 o:f'the fonn C+Dj wherelli"tiie first'1 

index represents the real parts C and the second the ~maginary parts D. Each -~f thes!'~ ... __ . 

indices C and D represents the valuable portion of a data frame 30, as shownui"'.Figur~{-
1. As before, a one-dimension complex anay 23 contains all the complex ·~nnbers 2i · 
which result from the IFFT operation. Since the. time series represenif-' U>24~ 
consecutive words, the output of the IFFT module 20 is a pair.of data frames 30;·each­
representing 1024 words 14. The frame 30 has the form.of.an analog cm-Ve-~~·sbOWii·' 
in Fig. 1, but is in fact represented by a series of discrete points, eaeii' bi.fmg fts:' 
coordinates in a digital representation. This is common OFDM processin(i.and is· 
known in the prior art. 

20 Frame Synchronization . . _ _ . 
, • • & ....... - •' """'"• 

The next step of the method shown in Fig. 1 is a. prefe.tted embodimerit of the · 

present invention and relates to the frame synchroni~on. Frame syncp'.rotnzation1 

means that the receiver has to detect a reference throughout the incombig.data 'bit'. 
signal that indicates the beginning of the frames. Therefore, in- .~- _pjef'erred; 

25 embodiment of the invention, at the transmitter's side,--each frame 30 «~an;• tlle'·-: .· · · 
. . . ·- ... _ .. :.,...-,,,;.._. . ··;. ~ 

valuable data to be transmitted enters a transtnitter fraine synchronization):tlOclute 24~ 
whose :fttnction is to add a reference in front of each- frame in order ti{dow thtf-

. . . .-.- ;~t~:.i- .. 

receiver to detect the beginning the :frames. Fig. 2 show~ a better view of ~e' fta:ni~ '-· 
comprising a cyclic prefix 25 composed of two id~cal segments 26~ O~e of~·: 

30 novel features of the present invention resides in the' fact that, each frame· JO to lie; 

transmitted, is transformed in such a way that a segnl,(mt of data 26 of the· frame is5 
. . ~·. . 

copied and appended to the beginning of the :fram~ tbns- creating a longer ftam.e 28~'' 
than the valuable data segment 30 that contains the- ~se:ful- data. This s~~mt, orf 
valuable data 30, contains the useful data to be transmitted from a transmi~ to one:· 

. .. -·t·-t ..... ~ 

35 or more receivers. When the cyclic prefix is created, a small data segment26 having' 
preferably approximately 10% of the length of the valuable data pcrtfon 30 lQ oopied1 

-~.: 
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and appended to the beginning of the portion 30, thus increasing the length of the 

frame by 10 % only. The process of creating a cyclic prefix 25 is performed on both 

the reference frames and the data frames and the result is that each transmitted frame 

begins and ends by the same segment of data 26. These identical segments 26 inside a 

5 frame 28 are used at the receiver side in order to detect the beginning of the :frames, in 

a manner which is disclosed in detail further in this text. 

In a preferred embodiment of this invention, the transmitter preferably sends 

out at prescribed intervals sequences of three consecutive reference frames 34 

between sequences of about 100 information frames 36. All reference frames contain 

10 identical data which is known to the receiver and these reference frames are used for 

frame synchronization pwposes. An example of frame sequences sent out by the 

transmitter 8 is illustrated in Fig. 3. 

In a preferred embodiment of the present invention, the receiver frame 

synchronization module 32 must perform two tasks, the first is to locate the sequence 

15 of reference frames 34 between two sequences of information frames 36 and the 

second is to precisely locate the first sample of data of the first reference frame 34 of 

that sequence of reference frames. Accurate detection of the beginning of the 

·.reference frames is needed in order to subsequently perform channel equalization. As 

mentioned above, the reference frames 34 are frames of information known to the 

20 ·receiver 40 and are preferably sent by the transmitter 8 in sequences of three 

· · consecutive :frames, at prescribed intervals among the information frames 36, as 

··shown in Fig. 3. Other sequences Comprising. more or less reference frames may be 

used as well. The receiver 40 may use a frame synchronization module 38 in order to 

detect the location of the reference frames 34 by comparing sequences of data from 

25 : the beginning and the end of the frame, separated by a length equivalent or bigger 

than ·a length of a frame. The principle, shown in Fig. 4, is to apply a subtraction 

· between the two sections of data, one at the beginning of the reference frame 34 and 

· the other at its end, which are supposed to be identical. In fact the two sequences are 

no longer identical, but only close to be, since the OFDM channel have distorted the 

30 data during the broadcast. This distortion is a difference in the form of the data 

between the transmitted data and the received data. Most part of the distortion takes 

place over the air transmission of the electro-magnetic waves, while a small part of the 

distortion is due to· the local oscillators from the IQ modulator 35 and the IQ 

demodulator 37 as well as from other electronic components. 

• •V ........ •.•" 
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The subtraction function is applied on all the range of the sequence of three 

reference :frames, as shown in Fig. 4, and produces a minimum at the location of the 

·first twQ teference frames :from a sequence of three reference frames. 

. ·. -: ·First, a rough reference frame detection is perfonned. The presence of the 

5 seq-uence of three reference frames 34 is detected using an algorithm based on the 

mllowlilg window :function, or subtraction .function: 

t 

'W(x) = E[D(x+i)-D(x + i + N)] 
l~O 

1 O where xis the sample index, k is an arbitrary "window size11
, D is the data set and N is 

the number of samples in one or more frames of data. 

When the routine locates the location of the falling edge of the function W(x), 

it finds the location of the sequence of reference frame 34 only roughly. The purpose 

of this first searching routine is to locate the falling edge 39 of the subtraction 

15 :function curve only roughly. Another routine is then employed to precisely find the 

location of the first sample of data of the reference frames 34. This is accomplished 

using a process similar to the one used at first. As it was mentioned above, at the 

transmitter's side, an ending segment 26 of each :frame 22 is copied and appended at 

the beginning of that frame 22, thus creating a cyclic prefix 25 as shown in Fig. 2. The 

20 cyclic prefix 25 comprises the two identical segments of data 26, one being located at 

the beginning of the frame while the other is located at the end of the frame. The 

cyclic prefix 25 serves two functions: the first one is to protect frames from the 

impulse response spill-over generated by the previous frame, thus fortifying the 

system against ISI (Inter-Symbol Interference); the second and more crucial to frame 

25 synchronization is to provide a method of applying a variant of the W(x) functio~ call 

it w(x» such that w(x) encounters a minimum at the beginning of a reference frame 

10. w(x) is then of the same fonn as W(x) but has different parameters: k is now the 

length in samples of the cyclic prefix, D is the input data set, N is the length in 

samples of one :frame minus the extra part donated by the cyclic prefix and x remains 

30 the data index. This second routine is illustrated in Fig. 5 and resemble to the first 
routine with the difference that it is only applied onto the first reference frame 34 of 

the sequence of reference frames. Its purpose is to trace a curve of the comparison 

between. t!>-e two segments 24 of the cyclic pre.fix 25 of that frame. Since those two 

segments 26 are supposed to be identic~ the routine would have a minimum 43 at the 

35 location of the best match. That location is detected and is used as a frame 
synchronization starting point for reading the subsequent data. The two routines, used 
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consecutively in combination with each other detect precisely the true beginning of 

the first reference frame 34 in a sequence of frames. 

In a preferred embodiment. of the present invention, the rough reference frame 

search and the fine reference frame .search are only perfonn:ed when the receiver is 

5 turned on, until the frame synchronization starting point is found. Once this is done, 

the processor may keep track of the beginning of each subsequent frame, since all 

frames have a predetermined length, so these steps may he skipped after the 

initialization of the receiver. However, when distortions reach a point where keeping 

track of the beginning of the frames is no longer possible, the process of resetting the 

10 receiver and redoing the search for the beginning of the reference frames may he 

restarted. 

After having performed the rough reference frame search and the fine 

reference frame search, a time domain correlation algorithm may be applied to the 

reference data in order to correct the frequency offset, which is a data distortion 

15 phenomena caused by the small variations of the local oscillators from the transmitter 

and receiver's sides. The principle is to perform a correlation between the first and the 

second reference frame in the time domain, by using·a correlation coefficient & in the 

· · time domain. The quantity & is defined as: 

. 20 · B= L[rl {2n)] 

where 
L[a] is the angle of the complex value a; 

r= LiD(x2+i)D*(x2 +i + Nff) (i=0,1...,Nfft-1); 

Nfft is the size of the FFT; 

25 the asterisk denotes the complex conjugate; 

x2 is the starting point obtained from the fine reference frame search; 

In a variant of this point of the technique, it may be useful to average two 

value of e in order to obtain a more accurate value. A first value of e is obtained by 

computing the first and second reference frame while the second value is obtained 

30 computing the second and third reference frames from the sequence of three reference 

frames. Such a value of s better represents the frequency offset correction for an 

average of three consecutive reference frames received over a longer period of time. 

The purpose for the receiver to detect the three reference frames 34 is to use 

them in order to acquire information about the state of the OFDM channel concerning 

35 the current degree of data distortion on that channel. Fig. 6 may be considered a 

continuation of Fig. 1 and mainly shows a flowchart of the receiver's. channel 
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equalization module 50. As data comes into the receiver, frame detection is perfonned 

using the window function descn'bed above and its variant. The next step after finding 

the beginning of the reference frame and hence all frames since the CPU can keep 

track of the input index, is to transform the data into the :frequency domain. This is 

5 accomplished using an FFT algorithm. The radix-4 method may be used and the 

processing is done in real-time. 

It is to be understood that the previous text described only the preferred 

embodiment of the present invention. However, ofuer variants of the present method 

of :frame synchronization are also covered by the broad scope of the invention. For 

1 O example, it is obvious that sequences of other numbers of reference frames may also 

be used or instead of perfonning two consecutive searches for the frame 

synchronization starting point, less or more searches may also be done with the 

present method. In a broad aspect of the inventio~ the reference frames may no 

longer be needed and the frames synchronization may be performed by using the same 

t's method of subtracting applied only on the cyclic prefix segments 26. A minimum 

would then be located that would give the frame synchronization starting point. For 

better results, the frame synchronization may be improved as frames are received by 

applying the subtraction :function on each incoming cyclic prefix for a period of time. 

20 Channel Equalization 
The preferred embodiment of the present invention is an equalization routine 

for OFDM channels which worlcs on the frequency domain data. An equalization 

vector employed for equalizing the incoming data bit signal may be updated at each 

incidence of the three reference frames which occurs every 100 frames approximately. 

25 It was mentioned earlier that the incoming data bit signal comprises reference frames 
34 tliat are data known to the receiver and a sample 45 of a reference frame data is 

hardwired at the receiver's side into a memory 52, such as an EBPROM, onboard the 

recclver's circuitry. Fig. 8 shows a detailed receiver's channel equalization flowchart. 

After the reference frames 34 have been located ~y the frame detection routines, the 

30 first step is to tum them into frequency domain, using an FFT module 54. Then, each 

of the two first reference frames 34 received over the OFDM channel is divided by the 

accurate reference frame sample 4S contained in the memory 52 and the two results 

are the inverses of the frequency response of the OFDM channel. The results are 

averaged and the result is a more accurate correction or equalization vector which 

35 represents the average distortion caused by the OFDM channel on two consecutive 

frames. 
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In a preferred embodiment of the present invention, instead of performing a 
usual average between the two vectors, the correlation coefficient is also involved in 
the mathematical operation in order to counter the problem of the frequency offset, 
described in detail earlier in this application. The formula used is: 

wherein V eq is the averaged equalization vector; 

V eq 1 is the first equalization vector; 

Veq2 is the second equalization vector; 
i is the imaginary unity; 

e is the correlation coefficient; 

This operation results in a more accurate correction vector representing the 
inverse of the frequency response of the communication channel. Other smoothing 

15 algorithms may be applied to this vector in order to filter spurious spikes and noise. 
The correction vector is then multiplied, component by component to the samples 
extracted from the third reference frame received inside the sequence of three 
reference frames, thereby equalizing it and removing the distortion effect of the 
channel. This corrected third reference frame should then be equal to the accurate 

20 reference frame 45 contained in the receiver's memory 52. The verification may be 
performed more than once before the routine continues, and each time the operation is 
·done and the result is not accurate enough, the FFT start point of the third reference 
frame in the sequence may be shifted back one sample of data. When a location that 
result in an accurate equalization vector is found and the equalization vector is 

. 25 gen~ted, that start point with minimum error is used for all subsequent data 
processing and reading. The final equalization vector is calculated and each 
subsequent information frame 36 is multiplied by the same equalization vector 
according to the following algorithm: 

30 J,,,,~J*Veq*EXP(i21l'B) 

35 

wherein Ieq is the corrected data frame; 

I is the distorted data frame; 

Veq is the equalization vector; 

e is the correlation factor; 
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The purpose of this operation is both to correct the distortion caused by the 

OFDM channel on the data frames (by multiplication with the equalization vector 

Veq) and to correct the frequency offset for the data frames (by multiplication with 

EXP(i2B1f)). 

5 Fig. 6 shows a general functioning flowchart of the receiver initialization 

routine th.at is perfonned each time the receiver is turned on. The purpose of this 

routine is to locate a best point in time for starting reading the incoming data and from 

that point, to continue keeping track of the starting points of each incoming frame of 

data. As it can be seen in Fig. 6, after the two steps of reference frame searching are 

10 perfonned and the starting point of the first sample of the reference frames is found 

inside a sequence of reference :frames, the reference frames are correlated into the time 

domain for correcting the effect of the frequency offset. Then, an FFT is performed on 

the reference frames and a first equalization vector is generated according to the 

method shown in Fig. 8. This vector goes through a plurality of verification involving 

15 comparison of the result with the accurate reference frame 45, until a best starting 

point is found for the subsequent reading of incoming data. 

Fig. 7 shows the infonnation frame processing, once the accurate equalization 

vector has been generated. All incoming infonn.ation frames go through a process 

where the cyclic prefix 25 is removed and are then correlated in the time domain for 

20 removing the effect of the frequency offset. Then, they all go through an FFT operator 

and are multiplied by the equalization vector in the manner better explained earlier in 

this text, for removing the distortion caused on them by the OFDM channel. Finally, 
the frames are de-mapped and the digital data is output to the receiver data processing 

unit. 
25 In another preferred embodiment of the present invention, further data 

verification may be performed at the receiver1s side in order to assure that the data is 

restored in an accurate fonn. A verification of the condition of the restored 

information frames may be performed using very small samples of information 

contained in each information frame 36 and called pilot tones. These pilot tones are 

30 very small sequences of data containing information known to the receiver. just like 

the reference frames. Therefore, after each infonnation frame is corrected using the 

correcting vector, these pilot tones can be verified and if they begin to drift from their 

expected values. a feedback signal may be sent in order to update the correction vector 

using the drift-values of the pilot tones. As mentioned earlier in the present 

35 application, once the exact location of the reference frames is found by the rough and 

.fine reference frame search module {when the receiver is first tumed on), the 
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equalization vector is then only updated at each incidence of the reference frdIIl.es, 
which occurs about once each 100 data frames, and the data frames are updated using 
the equalization vector, as described above. In some cases, w~en the OFDM channel 
distortion is small and constant, the updating of the equalization vector may be 

5 performed even more rarely, for example at each third incidence of the sequence of 
reference frames. The rough reference frame search and the fine reference frame 
search do not need to be performed anymore, since the exact location of the reference 
frames is known. This saves time and increases the performance of the receiver. 
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* C L M S * 
CLAIMS 

1. A method of frame synchronization for OFDM channels, wherein a 

frame synchronization starting point is to be located within an incoming data bit 

stream signal having repeated portions of data at predetermined intervals, said method 

comprising the steps of: 

a) subtracting data collected from two points of said bit stream signal 

separated by a predetermined number of bits; 

b) detecting when said data is identical at said two points of said bit stream; 

c) obtaining said :frame synchronization starting point from a result of step b ). 

2. The method of frame synchronization for OFDM channels as claimed 

in claim 1, wherein said data bit stream signal comprises altemate sequences of 

reference frames and infonnation frames. 

3. The method of :frame synchronization for OFDM channels as claimed 

in claim 2, wherein each of said sequences of reference frames comprises three 

consecutive reference frames, each said reference frame comprising identical data. 

4. The method of frame synchronization for OFDM channels as claimed 

in claim 3, wherein each of said reference frames and said infonnation frames 

comprises an individual cyclic prefix composed of a first and a second identical 

segments of data, wherein said first segment of data 1s part of a valuable portion of 

data of said frame and is copied and appended to said valuable portion of data to 

generate said second segment of data. 

S. The method of ~e synchronization as claimed in claim 4, wherein a 

rough reference frame search is perfonned for roughly locating a frame 

synchronization starting point, wherein 

said step a) comprises perfonning a first subtraction on said data collected 

from said two points being separated by an integral number of frames; 

said step b) ·comprises detecting a falling edge of a minimum of a result of an 

application of said first subtraction on a series of data samples ranging from a 

beginning of a first reference frame of said sequence of reference frames to at least a 

This SheeH{as .. Been Replaced 
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second reference frame of said sequence, said minimum beginning with said falling 
edge and ending with a rising edge; 

said step c) comprises roughly locating said frame synchronization starting 
point at a location of said falling edge. 

6. The method of frame synchroniz.ati.on as claimed in claim 5, further 
comprising the steps of: 

d) performing a second subtraction on data collected from two points of a 
frame separated by a length of said valuable portion of data; 

e) detecting a minimum of a result ·of said second subtraction applied on a 
series of pairs of said points; 

t) obtaining a precise location of said minimum detected in said step e) as 
being a precise frame synchronization starting point. 

7. The method of frame synchronization as claimed in claim 1, wherein a 
rough frame synchronization is performed fur roughly locating said frame 

·. synchronization starting point in said incoming bit stream signal, said signal 
comprisingOFDM frames, wherein 

said step a) comprises performing a first subtraction on said data collected 
from said two points being separated by an integral number of frames; 

said step b) comprises detecting a: falling edge of a minimum of a result of an 
application of said first subtraction on· a ·series of data samples ranging from a 
beginning of a first frame to at least a second frame, said minimum beginning with 
said falling edge and ending with a rising edge; 

said step c) comprises roughly locating said frame synchronization starting 
point at a location of said falling edge. 

8. The method of frame synchronization as· claimed in claim 7, wherein 
said data bit stream signal comprises OFDM frames, each of said frames comprising 
an individual cyclic prefix composed of a first and a second identical segments of 
data, wherein said first segment of data is part of a valuable portion of data of said 
frame and is copied and appended to said valuable portion of data to generate said 
second segment of data, said method :further comprising the steps of: 

d) performing a second subtraction on data collected from two points of a 
frame separated by a length of said valuable portion of data; 
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e) detecting a minimum of a result of said second subtraction applied on a 

series of pairs of said points; 

f) obtaining a precise location of said minimum detected in said step e) as 

being a precise frame synchronization starting point. 

9. The method of frame synchronization for OFDM channels as claimed 

in claim 2, further comprising the following steps which are perfonned prior to step 

a): 
g) at a transmitter side, incorporating among said sequences of infonnation 

frames to be transmitted sequences of reference frames at prescribed regular intervals, 

each of said sequences of reference frames comprising at least one reference frame of 

data known to a receiver, each of said at least one reference frame comprising 

identical data known to said receiver; 

h) at said transmitter side, creating said individual cyclic prefix for each frame 
to be transmitted, said cyclic prefix being composed of said two identical segments of 

data, wherein either an ending portion of each said frame is copied and appended to a 

beginning of said each frame, or a beginning portion of said frame is copied and 

appended to an end of said each frame. 

10. A method of channel equalization for point-to-multipoint OFDM 

channels performed at a receiver side of an OFDM channel, comprising the steps of: 

a) receiving an incoming data bit stream signal comprising interleaved 

sequences of reference and information frames. each of said reference frame 

containing data known to a receiver; 

b) detecting said reference frames in said incoming data bit stream signal of 

OFDM frames; 

c) transforming said incoming stream of OFDM frames from a time domain to 

a frequency domain; 

d) creating a correction vector using said sequence of reference frames and 
data known to a receiver for correcting broadcast errors created by distortions caused 

by said OFDM channel; 

e) correcting each information frame from said sequences of information 

frames received at said receiver using said correction vector for countering a 

distortion effect of said OFDM channel on said frames. 
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11. The method of channel equalization as claimed in claim 10 further 
com.prising prior to step c) a time domain correlation operation of each incoming pair 

of reference frames for obtaining an e factor, wherein said step d) comprises a 

correction of a frequency offset effect of said OFDM channel using said & factor. 

12. The method of channel equalization as claimed in claim 10, wherein 

said interleaved sequences of reference and information frames are alternated and 
have a predetennined number of frames, and step b) is performed by keeping track of 

a previously located frame synchronization starting point. 

13. The method of channel equalization as claimed in claim 12, wherein a 

frame synchronization operation is performed prior to step b) for locating a frame 

synchronization starting point within said incoming· stream of OFDM frames, said 

·. frame synchronization comprising the steps ·of: 

f) subtracting· data· collected from two points of said incoming· data bit stream 
signal, said two points being separated by a predetermined number of bits; 

g) detecting when said data is identical at said two points of said data bit 

stream signal; 

h) obtaining said frame synchronization starting point from a result of step g). 

14. The method of channel equalization as claimed in claim 13, wherein 

each of said sequences of reference frames comprises three consecutive reference 

frames, each said reference :frame comprising identical data. 

15. The method of channel equalization as claimed in claim 14, wherein 
each of said reference frames and said information frames comprises an individual 

cyclic prefix composed of a first and a second identical segments of dat~ wherein said 

first segment of data is part of a valuable portion of data of said frame and is copied 

and appended to said valuable portion of data to generate said second segment of data. 

16. The method of channel equalization as claimed in claim 15, wherein a 

rough reference frame search is performed for roughly locating a frame 

synchronization starting point, wherein 

said step f) comprises performing a first subtraction on said data collected 

from said two points being separated by an integral number of frames; 
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said step g) comprises detecting a falling edge of a minimum of a result of an 

application of said first subtraction on a series of data samples ranging from a 

beginning of a first reference ftame of said sequence of reference frames to at least a 

second reference ftame of said sequence, said minimum beginning with said falling 

edge and ending with a rising edge; 

said step h) comprises roughly locating said ftame synchronization starting 

point at a location of said falling edge. 

17. The method of channel equalization as cla:imed in claim 16, wherein 

said data bit stream signal comprises OFDM ftames, each of said frames comprising 

an individual cyclic prefix composed of a first and a second identical segments of 

data, wherein said .first segment of data is part of a valuable portion of data of said 

frame and is copied and appended to said valuable portion of data to generate said 

second segment of data, said method further comprising the steps of: 

i) perfonning a second subtraction on data collected from two points of a 

frame separated by a length of said valuable portion of data; 

j) detecting a minimum of a result of said second subtraction applied on a 

series of pairs of said points; 

k) obtaining a precise location of said minimum detected in said step j) as 

being a precise frame synchronization starting point. 

18. The method of channel equalization as claimed in claim 10, wherein 

said sequence of reference frames comprises at least one reference frame and wherein 

step d) comprises performing for at least one reference frame of said sequence of 

reference frames a division of a first reference frame from said sequence by said data 
known to said receiver stored at said receiver side and obtaining at least one quotient 

representing at least one equalization vector representing an inverse of a frequency 

response of said OFDM channel. 

19. The method of channel equalization as claimed in claim 18, wherein 

when more than one equalization vector is obtained, an average of all equalization 

vectors is computed for obtaining an averaged equalization vector. 

20. The method of channel equalization as claimed in claim 19, wherein 
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each of said reference and information frames comprises a cyclic prefix 
composed of a first and a second identiciil segments of data, wherein said first 
segment of data is· part of a valuable portion of data of said frame and is c0pied and 
appended to said vatuable portion of data to generate said second segment of data; 

said step c) uses a frame synchronization ·starting point within said cyclic 
prefix for transforming said incoming stream of OFDM frames from a time domain to 
a :frequency domain; 

21. The method of channel equalization as claimed in claim 20, further 

comprising the step of: 

verifying an accuracy of said average of all equalization vectors by following 
the steps of: 

performing a multiplication of said averaged equalization vector with a 
last reference frame from said sequence of reference frames, said last reference frame 
having not being used for prior computing of said equalization vectors, wherein said 
result represents an equalized or corrected said last reference frame, whereby the 
corrected reference frame should be equal to said data known to said receiver; 

comparing said result with said data knoWn to said receiver for 
computing an accuracy of said averaged equalization vector; 

moving said frame synchronization starting point within said cyclic 
prefix and using new data· read from a new location for creating a new averaged 
equalization vector, using previous steps. 

22. The method of channel equalization as claimed in claim 12 wherein 
said sequence of reference frames comprises three reference frames and each of said 
reference and information frames comprises a cyclic prefix composed of a first and a 
second identical segments of data, wherein said first segment of data is part of a 
valuable portion of data of said frame and is copied and appended to said valuable 
portion of data to generate said second segment of data, and wherein said step c) uses 
a frame synchronization starting point within said cyclic prefix for transforming said 
incoming stream of OFDM frames from a time domain to a frequency domain. 

23. The method of channel equalization as claimed in claim 22 wherein 
step d) comprises the steps of: 
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dividing a first reference frame from said sequence of reference frames by said 

data known to said receiver stored at said receiver side and obtaining at a first quotient 

representing a first inverse of a frequency response of said OFDM channel which is a 

:first equalization vector for said OFDM channel; 

dividing a second reference frames from said sequence of reference frames by 

said data known to said receiver stored at said receiver and obtaining at a second 

quotient representing a second inverse of a frequency response of said OFDM channel 

which is a first equalization vector for said OFDM channel; 

computing an average of said first quotient and second quotient, said average 

representing an equalization vector of said OFDM channel; 

verifying an accuracy of said equalization vector by comparing a result of a 

multiplication of said vector with a third reference frame fonn said sequence of 

reference frames, with said data known to said receiver, said result representing an 

equalized or corrected reference frame, whereby said corrected reference frame should 

be equal to said data known to said receiver; 

moving said frame synchronization starting point within said cyclic prefix and 

using new data read from a new location for creating a new averaged equalization 

vector, using previous steps. 

24. A method of broadcasting a point to multi-point OFDM signal 

comprising: 

preparing frames of transformed data for broadcasting; 

repeating a portion of said frames and adding said portion to said frames; 

transmitting said frames including said portion added thereto, whereby said 

repeated portion pemrits receivers to identify a synchronisation starting point by 

subtraction of a received signal from itself at a predetermined later time. 

25. An OFDM receiver comprising: 

a received signal subtractor circuit for subtracting a received signal collected 

from two points of said received signal separated by a predetermined time interval and 

generating a subtraction output signal; and 

means for generating a frame synchronization starting point signal 

using said subtraction output signal. 

26. An OFDM receiver comprising: 

iiiiif 
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a receiver circuit detecting an incoming data signal comprising interleaved 

sequences of reference and information frames, each of said reference frame 

containing data known to a receiver; 

a circuit detecting said reference frames in said incoming data bit stream signal 

of OFDM frames; 

a circuit transforming said incoming stream of OFDM frames from a time 

domain to a frequency domain; 

a circuit creating a correction vector using said sequence of reference frames 

and data known to a receiver for correcting broadcast errors created by distortions 

caused by said OFDM channel; and 

a circuit correcting· each information frame from said sequences of information 

frames received at said receiver using said correction vector for countering a 

distortion effect of said OFDM channel on said frames. 
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