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[57] ABSTRACT 

A communication system and protocol uses retransmission 
techniques for video transmission on mobile/Wireless chan 
nels. The system partitions frames of a moving image into 
frame segments. and combines a sequence of frame seg 
ments to form a sub-sequence of the moving image. The 
sub-sequences are treated as separate images which are 
separately encoded and transmitted to a receiver and then are 
combined to reassemble the moving image. A sender trans 
mits to the receiver data packets. each data packet repre 
senting all or part of a digital code for a frame segment. The 
receiver requests retransmission of data packets containing 
detectable errors. indicates in a status buifer which digital 
codes have been received and whether the digital codes are 
intra or inter codes. and displays a frame only after all 
required data packets have been received without detectable 
errors. The segmented frames limit occasional failures to 
accurately retransmit data to individual sub-sequences. so 
that the failure to accurately transmit data is compensated 
for by subsequent transmission an intra coded digital code 
for a frame segment. 

21 Claims, 2 Drawing Sheets 
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VIDEO CODING USING SEGMENTED 
FRAMES AND RETRANSMISSION TO 
OVERCOME CHANNEL ERRORS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates generally to coding. transmission. 
and display of video in telecommunication systems having 
bursty channel errors and in particular relates to mobile/ 
wireless videophone systems. 

2. Description of Related Art 
Digital mobile/wireless telephones use mobile/wireless 

channels to transmit digital signals representing audio. Such 
signals are normally in the form of packets. More 
speci?cally. a sender transmits a signal representing packets 
of digital audio data where each packet represents 30 ms of 
audio; and a receiver decodes one packet every 30 ms to 
maintain continuous audio output. However. channel (or 
transmission) errors in the data packets can be as many as 
one bit in 103 to 102 which can interfere with the decoding 
process. Typically. channel errors for mobile/wireless tele 
phone channels tend to be bursty. that is the errors occur in 
bursts or groups that are clumped together. Such burst of 
errors may correspond to events such as an object becoming 
temporarily interposed between the sender and receiver. To 
correct for the channel errors. the packets contain error 
correction codes (ECCs) with which the receiver attempts to 
correct the errors. 

In some other types of data transmission systems. a 
receiver which detects errors in a data packet from a sender 
requests that the sender retransmit the data packet. A variety 
of retransmission strategies are available and include basic 
automatic repeat request (ARQ) and hybrid ARQ protocols. 
Examples of ARQ systems are described in “Error Control 
Coding: Fundamentals and Applications”. by Shu Lin and 
Daniel J. Costello. Jr.. copyright by Prentice-Hall. Inc. 
(1983) which is incorporated herein by reference in its 
entirety. 

Retransmission is typically not used for mobile/wireless 
telephones because retransmission introduces unacceptable 
delay jitter into the audio. For instance. a receiver must 
receive packets representing 30 ms of audio at a rate of one 
per 30 ms. Otherwise. skips and breaks appear in the audio. 
Buffering or temporarily storing data packets in the receiver 
allows some ?exibility in the timing of the data packets. but 
bu?ering delays generation of audio from the packet. If the 
delay is too large. it becomes noticeable to users and changes 
the pattern of telephone conversations. If the delay is small 
enough not to be noticed. there is insu?icient time to allow 
the receiver to request and receive a retransmitted data 
packet before the data is needed for audio generation. 
especially if a data packet must be retransmitted more than 
once before being received without errors. 

Accordingly. instead of retransmission. mobile/wireless 
telephones have used techniques such as algebraic error 
control coding for correction of channel errors and equal! 
unequal error protection coding to provide more error cor 
rection coding for the most critical data. With the error 
correction coding. retransmission is not required. and delay 
jitter caused by retransmission is avoided. Errors which 
cannot be corrected from the error correction codes cause 
static which is acceptable for most communications. 

Recently. systems have been proposed for digital mobile! 
wireless videophones wherein a sender transmits signals 
representing both audio and video. The systems have 
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included error correction coding for video which is similar 
to the error correction coding used in mobile/wireless tele 
phones. However. errors in video data which cannot be 
corrected by algebraic error correction result in video dis 
played with ?awed areas containing incorrect colors and/or 
intensities. These ?awed areas can be very noticeable and 
distracting. Additionally many of the most e?icient video 
compression processes use encoding commonly referred to 
as “inter” coding. Inter coding encodes changes between 
successive frames of a moving image. and the receiver adds 
the inter coded data to data from a previous frame to 
determine a current frame of the moving image. 
Unfortunately. with inter coding. new inter coded data builds 
new frames on frames containing flaws. and the receiver 
may preserve and repeat ?aws caused by an uncorrectable 
error. Furthm'. uncorrectable errors can accumulate from 
several frames. resulting in poor image quality. Avoiding 
inter coding can prevent accumulation of ?aws but typically 
decreases compression e?iciency which decreases maxi 
mum frame rate and/or image quality. Accordingly. a system 
is needed which eliminates the ?awed areas displayed by 
videophones and. permits use of inter coding. 

SUMMARY OF THE INVENTION 

In accordance with the invention. a communication sys 
tem such as a videophone system uses retransmission to 
correct channel errors in signals representing a moving 
image. Each frame of the moving image is displayed only 
after all necessary data for the frame has been received 
without errors that are detectable by a receiver. Accordingly. 
each frame of the moving image is displayed without ?aws 
that commonly appear in systems using algebraic error 
correction. 

In one embodiment of the invention. a moving image is 
spatially partitioned into sub-sequences which are sequences 
of frames segments. each frame segment being part of a 
frame of the moving image. Sub-sequences are encoded 
separately so that channel errors in one sub-sequence do not 
affect other sub-sequences. Typically. a sender inter codes 
frame segments for the sub-sequences and transmits digital 
codes representing the frame segments to a receiver. The 
receiver requests retransmission when an error is detected in 
a digital code representing a frame segment. However. if 
retransmission fails to provide error-free data for the frame 
segment in time for decoding. a subsequent frame segment 
in the sub-sequence is inn-a coded so that the data which 
could not be accurately transmitted is no longer necessary. 
Dividing the moving image into sub-sequences reduces the 
required intra coded data from an entire frame to a frame 
segment. and therefore improves average compression e?i 
ciency. 
To reduce the amount of data aifected by a burst of 

channel errors. each digital code representing a frame seg 
ment in a sub-sequence is divided into data packets which 
have a length dynamically set according to an error rate on 
a transmission channel. Typically. the length is set so that the 
chance of transmitting the packet without error is sufficiently 
high. In addition to dynamically setting the packet length 
according to an error pattern on the channel. the frame rate 
and quantization steps size used for encoding the moving 
image can be dynamically adjusted to provide maximum 
frame rate and image quality for the effective capacity of the 
channel. 
To determine when a frame is ready for display. the 

receiver contains a status buffer which contains entries 
corresponding to the frame segments in several consecutive 
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?ames. Each entry indicates whether a digital code for a 
?ame segment has been received without errors and indi 
cates whether the ?ame segment is inter or intra coded. A 
?ame segment is considered displayable if the ?ame seg 
ment is intra coded and the code for the frame segment has 
been received without errors or if the frame segment is inter 
coded. the code for the ?ame segment has been received 
without errors. and the preceding ?ame segment in the same 
sub—sequence is displayable. Aframe is displayable if all the 
?ame segments in the ?ame are displayable. The receiver 
only displays the most recent displayable frame. 
Accordingly. some ?ames may be skipped which decreases 
the ?ame rate in the moving image. However. ?ame rate 
variation is less noticeable than the frame quality degrada 
tion common in other systems. 

In accordance with another aspect of the invention. the 
sender contains status counters which correspond to the 
sub-sequences. The status counters contain counts indicating 
the number of times that ?ame segments in the sub 
sequences have been inter coded. If any count exceeds a 
threshold. the next ?ame segment for the sub-sequence 
corresponding to the count is intra coded. This re?eshes the 
data in the receiver and removes any ?aws in the moving 
image caused by previous undetected channel errors. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a communication system in accordance with 
an embodiment of the invention. 

FIG. 2 illustrates a moving image having an image area 
which is partitioned in accordance with an embodiment of 
the invention. 

FIG. 3 represents ?ame segments in ?ames of a moving 
image. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

In accordance with an embodiment of the invention. a 
communications system includes a sender which transmits a 
series of video data packets to a receiver. The packets 
represent a sequence of ?ames which form a moving image. 
The receiver collects the packets ?om the sender and checks 
the packets for errors. When a packet is received without 
errors. the receiver sets an entry in a video status buffer to 
indicate that a packet for a particular portion of a frame is 
ready. When the receiver detects an error. the receiver 
requests that the sender retransmit the packet which con 
tained the error. 

The sender. in response to a retransmission request. 
immediately inserts the retransmitted video data packet into 
the series of packets transmitted to the receiver. Accordingly. 
the series of data packets may mix video data ?om different 
?ames. and the video status buffer in the receiver contains 
entries for several ?ames to track data packets for the 
di?erent ?ames. When entries in the video status buffer 
indicate all data needed for a ?ame has been received 
without errors. the ?ame is “displayable". i.e. ready to be 
decoded and/or displayed The receiver periodically checks 
the video status buffer to determine if any ?ames are 
displayable. If one or more is displayable. the receiver 
decodes and displays the newest of the displayable ?ames. 

Generally. ?ames are displayed without errors because 
each data packet required for each ?ame displayed is 
without detectable error. Accordingly. ?awed areas in the 
displayed moving image are avoided. Further. inter coding 
can be used without ?aws accumulating in a displayed 
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image. The video data packets are relatively small when 
compared to the data required to represent an entire ?ame. 
and usually a retransmitted packet is received in time to 
display a ?ame without a delay or a change in the ?ame rate. 
Occasionally. display of a ?ame may be skipped or delayed 
which reduces or causes jitter in the ?ame rate of the 
displayed moving image. However. the change in the ?ame 
rate still provides an acceptable moving image for most 
videophone applications where fast motion and a high ?ame 
rate are not required. Additionally. the use of inter coding 
can improve video compression e?iciency and allow a 
higher maximum ?ame rate than possible systems using less 
e?icient video compression. The higher maximum ?ame 
rate at least partially compensates for loss of ?ames. 

FIG. 1 shows a block diagram of a sender 150 and a 
receiver 100 which communicate via a channel 145. In one 
embodiment of the invention. one of sender 150 and receiver 
100 is in a mobile/wireless videophone. and the other of 
receiver 100 and sender 150 is in a public switched tele 
phone network (PSTN) videophone. In other embodiments 
of the invention. sender 150 and receiver 100 are both in 
mobile/wireless videophones or both in PS'I'N videophones. 
FIG. 1 shows the portions of two videophones that are 
required for one-way video transmission. To allow two-way 
video transmission over channel 145. each videophone 
would contain a transmitting portion similar or identical to 
sender 150 and a receiving portion similar or identical to 
receiver 100. 
Sendu 150 receives an input video signal from a video 

source 155. The input video signal represents a sequence of 
?ames where each ?ame is a still image. A time index orders 
the ?ames. and when displayed in sequence. the ?ames 
provide the illusion of an image containing moving objects. 
Thus. the sequence of ?ames are referred to herein as a 
moving image. Sender 150 encodes the moving image and 
transmits via channel 145 a signal representing the moving 
image. 

In a mobile/wireless or PS'I'N videophone. video source 
155 contains a video camera and an analog-to-digital con 
verter capable of providing a digital signal representing a 
moving image. An input bu?er 160 stores data representing 
the digital signal ?om video source 155. Data representing 
video can have a variety of formats. In one embodiment of 
the invention. each ?ame in the moving image is represented 
by one or more two-dimensional arrays of pixel values 
which are stored in input buffer 160. Each pixel value in a 
two-dimensional array represents an intensity. color. or color 
component for a small area or picture element having a 
position in a ?ame corresponding to the position of the pixel 
value in the two-dimensional array. For example. a ?ame 
can be represented by a single two-dimensional array of 
pixel values wherein each pixel value represents a set of 
three RGB or YUV color components which identify a color 
for a corresponding picture element. Alternatively. a ?ame 
can be represented by three arrays. one corresponding to 
each of three color components RGB or YUV. 

FIG. 2 represents an image area 2200 for a moving image. 
Image area 200 contains a two-dimensional array of picture 
elements (or pixels) which are represented by a two 
dirnensional array of corresponding pixel values. For 
example. in a format referred to in the art as QCIF. image 
area 200 is divided into 176x 144 pixels which correspond to 
x co-ordinates ranging ?om 0 to 175 and y co-ordinates 
ranging ?om 0 to 143. 
A time index t orders the ?ames of a moving image into 

a sequence as shown in FIG. 3. For a conventional video 
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