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(57) ABSTRACT 

The invention relates to the generation of a trick play 
information stream from a normal play information stream, 
so that they can be recorded together as a composite infor 
mation stream on the record carrier, such that upon repro 
duction in a trick play reproduction mode, an information 
signal of suf?cient quality, eg as regards visibility, can be 
obtained. One aspect of the invention lies in the generation 
of GOPs, each GOP comprising an I-frame retrieved from 
the original normal play information stream, and one or 
more so-called ‘empty P frames’.(FIG. 12) 

Another aspect of the invention is the requirement of gen 
erating GOPs for the trick play information stream that have 
a constant bitcost per GOP. 

Again another aspect of the invention lies in the retrieval of 
the I-frame for the trick play information stream from the 
normal play information. More speci?cally, an I frame is 
generated by retrieving from an I-frame included in the 
normal play information, the DC coefficient of the I frame 
and a number of AC coef?cients from that I frame and 
generate the I-frame for the trick play information stream 
therefrom. More speci?cally, the number of AC coef?cients 
for an I-frame of the trick play information signal depends 
on the difference betWeen the DC coef?cients of tWo sub 
sequent I-frames in the normal play information from Which 
the I-frame to be generated and the just previously generated 
I-frame for the trick play information signal have been 
derived. 
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TRICK PLAY SIGNAL GENERATION FOR A 
DIGITAL VIDEO RECORDER USING RETRIEVED 
INTRA-ENCODED PICTURES AND GENERATED 

INTER-ENCODED PICTURES 

[0001] The invention relates to an apparatus recording a 
digital video information signal and a corresponding trick 
play signal on a record carrier, said digital video information 
signal being meant for a reproduction from said record 
carrier at a nominal play reproduction speed, said trick play 
signal being meant for a reproduction from said record 
carrier at a trick play speed m times said nominal reproduc 
tion speed, m being an integer larger than 1, to a method of 
recording such trick play signal and to a record carrier. 

[0002] An apparatus as de?ned in the opening paragraph 
is knoWn from published international patent application 
WO 95/28061 (PHN 14832), Which corresponds to US. Pat. 
No. 5,751,889. 

[0003] Bit rate reduction of digital television signals has 
been an area of interest for over more than three decades. 
This has resulted in an ISO standard for the coded repre 
sentation of video and associated audio data. The ?rst 
MPEG publication dated April 1992 Which resulted in the 
introduction of MPEG-1. This system Was designed to 
reduce the bit rate doWn to 1.5 Mbits/s. To increase the video 
quality and still use loW bit rates MPEG-2 has been devel 
oped. This technology has been selected to be used in Digital 
Video Broadcasting, (DVB). DVB has the potential to 
transmit studio quality video at an acceptable loW bit rate. 
This enables the customer to receive studio quality at his 
oWn place. In order to enable the customer to store a DVB 
program With studio quality, a digital video recorder is 
required. Since tWo years Digital Video (DV) recorders and 
digital camcorders are available for the consumer market. 
Both systems make use of dedicated video bit rate reduction 
technology Which is not compatible With the compression 
technology that is used in MPEG-2. In order to store a 
selected DVB program and maintaining the high quality, a 
transparent recorder is required. Although a standard has 
been de?ned to store MPEG on a DV recorder, up to noW no 
equipment has been produced that support this standard. A 
popular consumer audio visual storage device is the VHS 
based video recorder. This system is capable of storing and 
retrieving analog audio visual programs. To enable storage 
of digital television programs a digital extension is currently 
developed to enable the consumer to store and retrieve DVB 
programs. The currently developed standard describes the 
record and playback aspect of this system. Not yet included 
in this standard is hoW to preform trick play. Trick play 
based on the track select system for D-VHS MPEG-2 STD 
mode format Will be described in this report. 

[0004] Since June 1996 a neW standard has been released, 
D-VHS MPEG2 STD mode format. This digital version of 
the VHS recorder family is capable of recording DVB 
signals at up to 13.8 Mbits/s. The standard, as it is currently 
available, only describes the record- and play back process. 
Visual search better knoW as trick play has not yet been 
de?ned. 

[0005] Proposals for realiZing trick play in general, and 
more speci?cally for realiZing trick play for D-VHS MPEG2 
STD mode format Will be the subject of the present inven 
tion. 
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[0006] In accordance With the invention, the apparatus for 
recording a digital video information signal on a record 
carrier, the apparatus comprising 

[0007] input means for receiving the digital video 
information signal, 

[0008] trick play signal generating means for gener 
ating a trick play signal from said digital video 
information signal, so as to enable a trick play 
reproduction at a speed m times the nominal repro 
duction speed, Where m is an integer larger than 1, 

[0009] merging means for merging said digital video 
information signal and said trick play signal into a 
composite information signal, 

[0010] Writing means for Writing said composite 
information signal in a track on said record carrier, 
said trick play signal generating means being 
adapted to 

[0011] (a) retrieve intra encoded pictures from said 
digital video information signal, 

[0012] (b) generate inter encoded pictures, 

[0013] (c) merge said intra encoded pictures and 
said inter encoded pictures, so as to obtain a trick 
play signal comprising subsequent groups of pic 
tures, comprising an intra encoded picture, fol 
loWed by a number of n of said generated inter 
encoded pictures, Where n is an integer larger than 
0, the generated inter encoded pictures being such 
that, upon reproduction at said trick play speed, an 
inter encoded picture folloWing an intra encoded 
picture results, upon decoding, in a repeated pre 
sentation of a picture obtained from decoding said 
intra encoded picture. 

[0014] The intra encoded pictures could be in the form of 
intraframe encoded pictures, or in the form of intra ?eld 
encoded pictures. Further, inter encoded pictures could be in 
the form of interframe encoded pictures, or in the form of 
inter?eld encoded pictures. In the folloWing description, it 
Will be assumed that the intra encoded pictures are in the 
form of intra frame encoded pictures and that the inter 
encoded pictures are in the form of interframe encoded 
pictures. 
[0015] The invention is based on the folloWing recogni 
tion. The generation of the trick play information signal is 
based on the retrieval of intra frame encoded pictures, such 
as I pictures in accordance With the MPEG format, from the 
normal play information signal. Simply using intra frame 
encoded pictures (I-pictures) With an acceptable refresh rate 
in the trick play information signal is not possible, as the 
bandWidth available for the transmission of those intra frame 
encoded pictures in the trick play information signal is too 
small. In order to overcome this, so-called ‘empty’ inter 
frame encoded pictures, such as ‘empty’ P-pictures, and/or 
‘empty’ B pictures, are generated and the datastream of the 
trick play information signal is built up of GOPs, each GOP 
comprising an intra frame encoded picture (I picture) and 
one or more of those ‘empty interframe encoded pictures’ 
(eg. empty P-pictures). Such ‘empty’ interframe encoded 
pictures result, upon decoding in the repeated presentation 
of the intra frame encoded picture that preceded the one or 
more ‘empty’ interframe encoded pictures. As the ‘empty’ 
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interframe encoded pictures require a relatively loW bit 
content, it has noW become possible to realize a trick play 
information signal that realiZes upon reproduction and sub 
sequent decoding in a trick play reproduction mode in a 
reproduced video signal With pictures having a suf?cient 
frame rate. Further, such a GOP structure (as an eXample an 
IPP . . . GOP structure), a sufficient refresh rate can be 

obtained. 

[0016] A further aspect of the invention is that GOPs are 
generated for the trick play information signal With a con 
stant bitcost. This has the advantage that a trick play GOP 
can be re-used for higher trick play video speeds. 

[0017] Another aspect of the invention lies in the genera 
tion of the intra frame encoded pictures for the trick play 
information signal from the information comprised in the 
normal play information signal. More speci?cally, an intra 
frame encoded picture comprises a DC coef?cient and a 
number of AC coef?cients. The DC coef?cients of the 
subpictures of an intra frame encoded picture in the normal 
play information signal are retrieved therefrom and used in 
the trick play information signal as the DC coef?cients of the 
corresponding subpictures of an intra frame encoded picture 
in said trick play information signal. Further, from a sub 
picture of the same intraframe encoded picture of the normal 
play information signal, a restricted number of AC coef? 
cients from that picture is retrieved to form the AC coef? 
cients for the corresponding subpicture of the intraframe 
encoded picture in the trick play information signal to be 
generated. This results in a reduction of the number of bits 
in the intra frame encoded picture generated, compared to 
the intraframe encoded picture of the normal play informa 
tion signal. The number of AC coef?cients selected for a 
subpicture of a speci?c intraframe encoded picture of the 
trick play signal depends on the difference betWeen tWo DC 
coef?cients, those DC coefficients being the DC coef?cient 
of the said subpicture and the previous subpicture of the 
speci?c intraframe encoded picture in the trick play signal. 
[0018] The signal processing aspects of loW-end trick play 
Will be described. LoW-end trick play means a trick play 
signal processing algorithm that re-uses pre-encoded MPEG 
video material to create video trick play. 

[0019] The video trick play signal processing in accor 
dance With the invention results in a loW hardWare com 
pleXity. For the video trick play signal processing a Wide 
variety of architectures can be applied. For all those archi 
tectures tWo main parameters can be used to control the ?nal 
quality. The ?rst parameter is the spatial resolution of the 
MPEG encoded picture. The second parameter is the tem 
poral refresh rate at Which the vieWer perceives the decoded 
pictures. The loW-end video trick play signal processing 
algorithm, Will be based on MPEG pre-encoded video 
information, as it is available in case of a DVB broadcast. 
Beside a Wide variety of trick play signal processing algo 
rithms, there is also some variety in the system used to 
implement trick play. The trick play system used in this 
report is based on track select. 

[0020] These and other aspects of the invention Will be 
apparent from and elucidated further With reference to the 
embodiments described hereafter. In the ?gure description 
shoWs 

[0021] FIG. 1 in FIG. 1a a top vieW of a rotary scanner 
With tWo heads A and B and in FIG. 1b the tracks on tape 
With different aZimuth, 
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[0022] FIG. 2 depicts the scan paths of the heads during 
reproduction, Where FIG. 2a shoWs the scan path during 
normal play and FIG. 2b shoWs the scan path for trick play 
With speed equal to four times normal play 

[0023] FIG. 3 shoWs the contents of tWo consecutive sync 
blocks, 

[0024] FIG. 4 shoWs the relation betWeen PAT and PMT 
packet, 

[0025] FIG. 5 shoWs the temporal sub-sampling of a PCM 
video sequence, Where FIG. 5a shoWs the pictures that form 
the normal play video in PCM format, FIG. 5b shoWs trick 
play With a speed of +4 on the PCM pictures and FIG. 5c 
shoWs the pictures that form video trick play With a trick 
play speed of +4 times the normal play speed, 

[0026] FIG. 6 shoWs the temporal sub-sampling of an 
MPEG encoded video sequence With a GOP length N=12 
and M=4, Where FIG. 6a shoWs the normal play video in 
MPEG format, FIG. 6b shoWs trick play With a speed of +4 
on the MPEG pictures and FIG. 6c shoWs the video trick 
play With a trick play speed of +4 times the normal play 
speed, 

[0027] FIG. 7 shoWs the temporal sub-sampling of a 
MPEG encoded video sequence With a GOP length N=12 
and M=3, Where FIG. 7a shoWs the normal play video in 
MPEG format. FIG. 7b shoWs the trick play on MPEG 
pictures and FIG. 7c shoWs the trick play video With speed 
is +4 times normal play speed, 

[0028] FIG. 8 shoWs the scan pattern of DCT blocks 
Within a slice, 

[0029] FIG. 9 shoWs the ?lling degree of the transcoder 
I-frame buffer, 

[0030] FIG. 10 shoWs the ?oWchart for the I-frame 
transcoding buffer regulation, 

[0031] FIG. 11 indicates the relation betWeen the pictures 
for the different trick play tape speeds, 

[0032] FIG. 12 shoWs the extraction trick play informa 
tion for higher video trick play speeds from the trick play 
signal for the +4 times trick play speed, 

[0033] FIG. 13 shoWs the generation of the trick play 
information for a reverse trick play speed by sWapping the 
GOP of the forWard trick play speed, 

[0034] 
level, 

[0035] FIG. 15 shoWs a block diagram of the trick play 
signal processing, 

[0036] FIG. 16 shoWs the decoding and presentation time 
stamps for 25 HZ frame rate on the system time ads, 

[0037] FIG. 17 shoWs in FIG. 17a a transport stream 
Without jitter on a PCR packet and in FIG. 17b a transport 
stream Which has jitter on a PCR packet, 

[0038] FIG. 18 shoWs the manipulation of distance of 
succeeding transport stream packets, and 

[0039] FIG. 19 shoWs the recording apparatus in accor 
dance With the invention. 

FIG. 14 shoWs the GOP layout at transport stream 
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[0040] In the following ?gure description, the invention 
Will be described in the form of an example Where the intra 
frame encoded pictures are in the form of I pictures as 
encoded in accordance With the MPEG encoding standard, 
and Where the interframe encoded pictures are in the form of 
P pictures as encoded in accordance With the MPEG encod 
ing standard. 

[0041] The general principles of track select trick play Will 
be ?rst described. D-VHS, like its analog counter part, is a 
helical scan recorder. This means that the information is 
Written on tape by means of a scanner Which is positioned 
under a angle With respect to the longitudinal direction of the 
tape. The D-VHS scanner used for the MPEG-2 STD mode 
has tWo heads A and B With different aZimuth. FIG. 1a 
indicates the position of the tWo heads A and B positioned 
on a rotary scanner and FIG. 1b shoWs the tracks With 
different aZimuth on tape, obtained during recording, using 
the above head con?guration. 

[0042] During normal play reproduction, those tWo heads 
read information from tape in such a Way, that head A read 
the tracks Written With head A during recording. The same 
procedure is valid for head B. During trick play reproduc 
tion, the heads A and B have a different scan path With 
respect to the normal play situation. As a consequence, head 
A and head B crosses tracks that have been Written With a 
different aZimuth and tracks that have been Written With the 
right aZimuth When compared to the aZimuth of the heads 
themselves. FIG. 2 depicts the above described phenom 
enon, Where FIG. 2a shoWs the scan path during normal 
play and FIG. 2b shoWs the scan path for trick play With 
speed equal to four times normal play. 

[0043] Track select trick play is based on the fact that head 
A and B crosses pre-determined tracks. When such a system 
is realiZed, then it is possible to Write information on tape in 
such a Way that this data becomes visible during trick play. 
Consequence of this system is that this data can only be used 
for one trick play tape speed. For this reason speci?c trick 
play areas are de?ned for different trick play speeds. A tape 
format Which contains trick play areas that are de?ned to 
implement the trick play speeds +/—4, +/—12 and +/—24 times 
normal play speed is described in earlier ?led patent appli 
cations of applicant, such as US. Ser. No. 09/13547 (PHN 
16211), Which corresponds to international patent applica 
tion IB 98/00088, and international patent application IB 
98/00131 (PHN 16614). With the above de?ned trick play 
speeds, it can be concluded that the values m, p and q, as 
de?ned in the claims, equal 4, 3 and 2, in the present 
eXample. 

[0044] The burst length of the trick play areas determines 
the amount of data that can be stored Within these areas. The 
tape format, described in the above mentioned patent appli 
cations, indicates that the amount of data, that is read during 
one revolution of the scanner, is equal for each trick play 
speed. The amount of data that Will be retrieved, during one 
revolution of the scanner, from tape is 112 syncblocks, as 
described in IB 98/00131. Ten syncblocks Will contain the 
outer parities of a second error correction layer, Which leaves 
102 syncblocks to carry payload. A syncblock is the smallest 
unit that is Written to tape. It has a ?Xed length of 112 bytes. 
TWo consecutive syncblocks Will be used to store one 
transport stream packet, so 51 transport stream packets are 
stored per revolution. The 112 bytes are not only used to 
store payload, some of the bytes contains system informa 
tion and other bytes contain inner parity bytes Which are 
generated during record, and can be used by play back to 
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correct erroneous syncblocks. Apart of the system informa 
tion is necessary to distinguish betWeen normal play syn 
cblocks, dummy syncblocks (stuf?ng) and trick play syn 
cblocks Whereby even a distinction is made for the different 
trick play speeds. For each syncblock, this information is 
Written in the main header. The ?rst syncblock contains 
beside the ?rst part of a transport stream packet, also 
contains a timestamp value, the packet header. This is a four 
byte ?eld Where information is stored Which is necessary for 
the play back side of the system in order to reconstruct the 
original timing of the successive transport stream packets. 
FIG. 3 shoWs the tWo consecutive syncblocks that carry one 
transport stream packet. 

[0045] From the amount of payload syncblocks that are 
read per revolution, the channel bit rate can be calculated. 
D-VHS MPEG-2 STD mode supports tWo scanner revolu 
tions. The ?rst scanner revolution is 30 HZ, the second 
scanner revolution is 30*(1000/1001)=29,97 HZ. For both 
situations, the channel bit rate has been calculated and is 
available in table 1. 

TABLE 1 

Channel bit rate for 30 HZ and 29.97 HZ drum frequency. 

Scanner revolution Trick play channel bit rate (bits/s) 

30 HZ 2301120 
29.97 HZ 229882117 

[0046] The bit rates from table 1.0 are the maXimum bit 
rates that can be used to generate a video trick play stream 
at transport stream level. 

[0047] The MPEG compressed video trick play informa 
tion Will be embedded in a transport stream Which must ?t 
in the trick play bandWidth as calculated above. In order to 
generate video trick play based on the normal play video 
information, the pictures must be eXtracted from the normal 
play video stream. The description beloW Will deal With the 
different processing steps required to generate trick play 
from a received DVB stream. The tWo main processing steps 
are: 

[0048] Transport stream demultipleXing 

[0049] Video elementary stream processing 

[0050] The multipleX operation Which converts the video 
elementary stream back to a transport stream Will be dis 
cussed in chapter three. The reason for this is that the 
transport layer only consumes a part of the bit rate, and does 
not add anything to the video quality. In this chapter, the 
main focus Will be put on hoW to obtain the best perfor 
mance With respect to the spatial resolution and the temporal 
refresh rate. 

[0051] Audio visual information that is broadcasted by 
DVB, makes use of a transport stream layer. This layer is 
con?gurated in such a Way that packets, With a ?Xed length 
of 188 bytes, carry beside audio visual information also data 
like videoteXt and Program Speci?c Information (PSI) from 
the provider to the end-user. For the transmission three 
standards have been de?ned: 

[0052] DVB-S 

[0053] DVB-C 

[0054] DVB-T 
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[0055] the extension S, C and T stands for Satellite, Cable 
and Terrestrial respectively. Each transmission layer is opti 
miZed conform its oWn channel. At the decoder side, the 
output of the channel decoder is a transport stream. Nor 
mally this transport stream carries N programs. After select 
ing one or more programs, Which selection is necessary 
because the recording channel rate is loWer than the trans 
mission channel rate of the transport stream, a recording 
operation is possible. In order to generate video trick play 
based on the recorded program, special signal processing is 
required. The ?rst step is to extract the video elementary 
stream out of the transport stream multiplex. This operation 
is done by the demultiplexer. 

[0056] Video data that is transported in a transport stream, 
is multiplexed together With other information such as 
audio, videotext and PSI. At the receiver side, a program is 
demultiplexed in such a Way that all the data of the same 
type such as video, audio etc are separated from the multi 
plexed stream. The Way to demultiplex program informa 
tion, is carried in the transport stream. TWo tables, Program 
Association Table (PAT) and Program Map Table (PMT) 
carry information Which enables a transport stream decoder 
to retrieve all the information for one program from the 
multiplexed transport stream. This process is described in 
detail in ISO/IEC 13818-1. After retrieving the video data 
from the multiplexed transport stream, elementary stream 
processing can be performed on the extracted video elemen 
tary stream. FIG. 4 shoWs the relation betWeen the PAT and 
the PMT packet respectively. The PAT packet contains all 
the available programs in the multiplexed transport stream. 
Each program number has an associated program map PID. 
This program map PID refers to the PMT packet Which 
contains all the PID values that build up one program. This 
PMT table indicates Which packet contains the video infor 
mation. This is done by means of the stream type identi?er 
and the corresponding elementary PID value. 

[0057] LoW-end video trick play is based on re-use of 
pre-encoded video material. In case of DVB programs, this 
means pre-encoded MPEG video. Video trick play, can be 
treated as a normal play video signal, that is sub-sampled in 
the temporal direction. Practically this means that only some 
pictures in the temporal direction are of interest. The coarse 
ness of the sub-sample process, the amount of pictures that 
are skipped, depends on the trick play speed. If a video 
sequence is available in the PCM domain then the folloWing 
graphical representation can be made. FIG. 5 contains three 
sketches. FIG. 5a indicates the pictures of a normal play 
stream on the time axis. FIG. 5b shoWs the same time axis 
as in FIG. 5a Whereby the pictures that form the video 
contents of a trick play video sequence, With a speed of four 
times normal play speed, are dark coloured, While the 
pictures that are skipped are transparent. Finally FIG. 5c 
contains those pictures from a normal play sequence that 
form a trick play sequence Which corresponds to four times 
normal play speed. 

[0058] The process depicted in FIG. 5 can also be per 
formed on MPEG pre-encoded video. FIG. 6 indicates this 
process. FIG. 6a shoWs a MPEG encoded normal play video 
sequence With N=12 and M=4. Hereby is N the length of a 
GOP and M is the P-frame distance. FIG. 6b indicates the 
sub-sample process for a GOP structure With N=12 and 
M=4. The dark coloured pictures from FIG. 6b are selected 
to form the video trick play sequence. The transparent 
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pictures are skipped. The ?ltered pictures form a video trick 
play sequence, see FIG. 6c. This video sequence does not 
only contain the pictures that corresponds to the trick play 
speed, they even form a valid MPEG stream due to the fact 
that the motion estimation done at the encoder side makes 
use of the selected pictures. This enables the decoder to 
correctly reconstruct the encoded motion compensated pic 
tures. This last point is important because this Will normally 
not be the case. 

[0059] FIG. 7 indicates the same process but the GOP has 
a different structure N=12 and M=3. When a video trick play 

stream is extracted from this GOP structure, Whereby the 
?ltered pictures corresponds to those that build up a video 
trick play sequence for four times normal play speed, the 
temporal MPEG reference is corrupted. 

[0060] From the previous tWo examples it can be con 
cluded that only the intra frame coded pictures can be 
re-used for trick play. The reason for this statement is tWo 

fold. First, these frames can be standalone decoded, no 
future or past picture information is necessary. Second, the 
pictures contain beside the interlace effect, no temporal 
information. The interlace effect does only occur, When the 
original scene is interlaced. If the original video scene is 
progressive, for eg. ?lm material, then there is no interlace 
effect When I-frames are repeated. 

[0061] The elementary stream video processing has as 
task, to generate a valid video MPEG elementary stream that 
can be multiplexed into a MPEG transport stream. The video 
elementary stream has tWo main parameters that must meet 
speci?c requirements. The ?rst parameter is the overall bit 
rate that Will be used for the trick play video elementary 
stream. The second parameter is the frame rate of the video 
elementary stream. This last parameter depends on the 
continent Where the trick play stream is generated. A dis 
tinction can be made betWeen continents that support 25 HZ 
frame rate and those that use 29,29 HZ or 30 HZ frame rate. 

[0062] It has been stated before that for video trick play 
based on video extraction from a MPEG pre-encoded pro 
gram, only the intra frame encoded pictures can be used. The 
bit cost of the intra frame encoded pictures depend, beside 
the siZe of the picture, strongly on the overall bit rate, that 
has been used to encode the normal play video elementary 
stream sequence. For the video elementary stream bit rate a 
simple expression can be used, that de?nes the relation 
betWeen the video elementary stream bit rate and the bit cost 
per picture. In case of a ?xed bit cost per picture the overall 
bit rate Will be equal to equation 1. 

Video bitrate-frame rate*frame bitcost (1) 

[0063] An MPEG encoded video sequence Will normally 
not have a ?xed bit cost per picture. Intra frame encoded 
pictures Will have a bit cost that is larger than the bit cost that 
is used for motion compensated pictures, such as P- and B 
pictures. In general MPEG intra frame encoded picture 
requires a transmission time that is larger than one display 
frame period. For typical I-frame bit cost values see table 2, 
and table 3 for the required transmission times. For encoding 
parameters see table 4. 
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TABLE 2 

Typical I-frame bit cost value found in normal play video 
sequences. 

Average Minimum 
Normal play video I-frame I-frame bit Maximum I-frame 
sequence bit cost. (Bits) cost. (Bits) bit cost. (Bits) 

HARLEY 770.084 430.896 1.099.696 
BARBWIRE 281.126 45.984 564.568 
NEDERLAND-2 417.819 68.344 640.244 
GIRLS 578.032 451.616 909.848 

[0064] These values depend heavily on: 

[0065] The used MPEG encoder 

[0066] The used GOP structure 

[0067] The used picture size 

TABLE 3 

Typical normal play I-frame transmission times. 
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in some MPEG applications. For this reason video trick play 
based on I-frame extraction Will not be possible Without 
extra signal processing. There are some methods that can be 
used to reduce the bandWidth problem and still obey the 
frame rate constrain. 

[0070] A method that is relatively cheap to implement, is 
to insert so called empty P-frames. Empty P-frame are 
pictures that force the decoder to display an exact copy of 
the previous decoded picture. Because no extra information 
is required by the decoder, the P-frame must only transmit 
the minimum MPEG requirements, Which means that only 
the ?rst and the last macro block of a slice needs to be 
transmitted. As a result the empty P-frame bit cost is very 
small. This signal processing step loWers the perceived 
refresh rate, but creates transmission time for the relative 
large I-frames. Disadvantage of this method is, that the 
picture refresh rate Will be reduced, Whereby the picture 
refresh rate can be reduced up to one picture per second, but 
With a spatial resolution equal to that of the original I-frame. 
A better method is to reduce the resolution of each intra 
frame encoded picture. This method Will increase the picture 
refresh rate, but at the same time reduce the spatial picture 
quality. Beside the loWer spatial resolution extra hardWare 
complexity is added to the video trick play signal processing 

Maximum systenL 
Normal play Average I-frame Minimum I-frame I-frame 
video Transmission Transmission Transmission 
sequence time (ms) time (ms) time (ms) TABLE 5 

HARLEY 81.9 45.8 116.9 Video elementary stream trick play bit rates, for N = 1 GOP 
BARBWIRE 82.6 13.5 166.0 length based on I-frame selection from a normal play video sequence 
NEDERLAND-2 83.5 13.6 128.0 
GIRLS 72.2 56.4 113.7 Average video Minimum video Maximum video 

bit rate per bit rate per bit rate per 
frame for 25 frame for 25 frame for 25 

Normal play HZ frame rate. HZ frame rate. HZ frame rate. 

[0068] video sequence (Bits/s) (Bits/s) (Bits/s) 

HARLEY 19.252.100 10.772.400 27.492.400 
TABLE 4 BARBWIRE 7.028.150 1.149.600 14.114.200 

_ _ _ NEDERLAND-2 10.445.475 1.708.600 16.006.100 

Encoding parameters for the video sequences: Harley, BarbWire, GIRLS 14450800 11290400 22746200 
Nederland-2 and Girls. 

Normal play video sequence 
encoding narameters 

Amount Amount 
GOP parameters Bit rate of pels of lines 

Video sequence: M N Mbits/s per line per frame 

HARLEY 3 12 9.4 720 576 
BARBWIRE 3 12 3.4 528 576 
NEDERLAND-2 1 12 5.0 544 576 
GIRLS 3 12 8.0 720 576 

[0069] With aid of the values from table 2, some rough 
calculations can be preformed on the average bit rates per 
I-frame for a GOP structure N=1. Table 5 contains the 
transmission bit rates for the I-frames from table 2. From the 
values depicted in table 5, it should become clear, that 
generating a video trick play sequence With a GOP contain 
ing only the selected I-frame, and maintaining a frame rate 
of 25 HZ, requires a high trick play channel bit rate. Due to 
the fact, that intra frame encoded pictures are selected from 
the normal play video sequence, the peek bit rate Will 
requires huge channel bit rates values, except for the BAR 
BWIRE video sequence, and in some cases the required 
bandWidth is even higher than the maximum bit rate alloWed 

[0071] For trick play based on normal play I-frame selec 
tion, some merits can be de?ned With respect to hardWare 
implementation. First, some merit parameters of I-frame 
selection from a normal play video sequence for one speed 
trick play generation Will be given. Those are: 

[0072] I-frame can be selected by parsing the video 
elementary stream on byte basis 

[0073] The parser required to extract the I-frame pictures 
from the normal play stream has loW complexity, due to the 
fact that the stream at picture level is byte based. 

[0074] High spatial quality, equal to the original 
I-frame resolution. 

[0075] Because the selected I-frames are not transcoded, 
the original spatial resolution is maintained. 

[0076] Next, some demerit parameters of normal play 
I-frame selection for one speed trick play generation Will be 
given. 

[0077] LoW picture refresh rate 

[0078] Due to large I-frame bit costs and a loW bit rate 
trick play channel, the transmission of one compressed intra 






























