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(57) ABSTRACT 

The present invention provides, in one embodiment, a 
System and method for concealing video errors. The System 
includes a coding engine for processing each frame of a 
Video Signal to generate macroblocks, Selecting a refresh 
interval based upon network communication parameters, 
and encoding one or more of the macroblocks as refresh 
intra-coded macroblocks based upon the Selected refresh 
interval. The refresh intra-coded macroblocks are placed 
into discrete data packets for transmission acroSS a network 
to one or more remote devices. Upon receiving other refresh 
intra-coded macroblocks from a remote device via the 
network, the coding engine decodes the received intra-coded 
macroblocks, and places the decoded macroblocks in a 
newly decoded Video frame to be used as reference frame 
macroblocks for reducing video errors associated with pre 
diction drift. 
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Format Resolution Bit Rate at 30 fps (Mbps) 
(pixels/linex lines/frame) 

SQCIF (Sub Quarter CIF) 128x96 4.4 
QCIF (Quarter CIF) 176 x 144 9.1 
CIF 352 x 288 36.5 
4CIF (4xCIF) 704 x 576 146.0 
16CIF (16x CIF) 1408 x 1152 583.9 

FIG. 1 
Prior Art 
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DYNAMIC INTRA-CODED MACROBLOCK 
REFRESH INTERVAL FOR VIDEO ERROR 

CONCEALMENT 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. This application is a continuation-in-part and 
claims the benefit of patent application Ser. No. 10/226,504, 
filed Aug. 23, 2002, entitled “System and Method for Video 
Error Concealment,” which is incorporated herein by refer 
ence. This application also claims the benefit of Provisional 
Patent Application Ser. No. 60/343,283, filed Dec. 21, 2001, 
entitled “Dynamic Intra-Macroblock Refresh Rate for Video 
Error Concealment,” which is incorporated herein by refer 
CCC. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates generally to video 
communication, and more particularly to Video error con 
cealment. 

0004 2. Description of Related Art 
0005 Video images have become an increasingly impor 
tant part of global communication. In particular, Video 
conferencing and Video telephony have a wide range of 
applications Such as desktop and room-based conferencing, 
Video over the Internet and over telephone lines, Surveillance 
and monitoring, telemedicine, and computer-based training 
and education. In each of these applications, Video and 
accompanying audio information is transmitted acroSS tele 
communication links, including telephone lines, ISDN, 
DSL, and radio frequencies. 
0006 A standard video format used in video conferenc 
ing is Common Intermediate Format (CIF), which is part of 
the International Telecommunications Union (ITU) H.261 
Videoconferencing Standard. Additional formats with reso 
lutions higher and lower than CIF have also been estab 
lished. FIG. 1 is a table of the resolution and bit rate 
requirements for various video formats under an assumption 
that 12 bits are, on average, required to represent one pixel. 
The bit rates (in megabits per second, Mbps) shown are for 
uncompressed color Video frames. 
0007 Presently, efficient transmission and reception of 
Video Signals may require encoding and compression of 
Video and accompanying audio data. Video compression 
coding is a method of encoding digital Video data Such that 
leSS memory is required to Store the Video data and a 
required transmission bandwidth is reduced. Certain com 
pression/decompression (CODEC) Schemes are frequently 
used to compress Video frames to reduce required transmis 
Sion bit rates. Thus, CODEC hardware and Software allow 
digital Video data to be compressed into a more compact 
binary format than required by the original (i.e., uncom 
pressed) digital video format. 
0008. Several conventional approaches and standards to 
encoding and compressing Source Video signals exist. Some 
Standards are designed for a particular application Such as 
JPEG (Joint Photographic Experts Group) for still images 
and H.261, H.263, MPEG (Moving Pictures Experts Group), 
MPEG-2, and MPEG-4 for moving images. For moving 
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images, these coding Standards, typically, use block-based 
motion-compensated prediction on 16x16 pixels, commonly 
referred to as macroblockS. In one embodiment, a macrob 
lock is a unit of information containing four 8x8 blocks of 
luminance data and two corresponding 8x8 blocks of 
chrominance data in accordance with a 4:2:0 Sampling 
Structure, where the chrominance data is Subsampled 2:1 in 
both vertical and horizontal directions. 

0009 For applications in which audio accompanies 
Video, as a practicality, audio data also must be compressed, 
transmitted, and Synchronized along with the Video data. 
Synchronization, multiplexing, and protocol issues are cov 
ered by standards such as H.320 (ISDN-based video con 
ferencing), H.324 (POTS-based video telephony), and 
H.323 (LAN or IP-based video conferencing). H.263 (or its 
predecessor, H.261) provides the video coding part of these 
Standards groups. 

0010. A motion estimation and compensation scheme is 
one conventional method typically used for reducing trans 
mission bandwidth requirements for a Video signal. Because 
the macroblock is the basic data unit, the motion estimation 
and compensation Scheme may compare a given macroblock 
in a current Video frame with the given macroblock's 
Surrounding area in previously transmitted reference video 
frames, and attempt to find a close data match. If a close data 
match is found, the Scheme Subtracts the given macroblock 
in the current Video frame from a closely matched, offset 
macroblock in a previously transmitted reference video 
frame So that only a difference (i.e., residual) and the spatial 
offset needs to be encoded and transmitted. The spatial offset 
is commonly referred to as a motion vector. If the motion 
estimation and compensation process is efficient, the 
remaining residual macroblock should contain a Small 
amount of information thereby leading to efficient compres 
SO. 

0011 Video data may be transmitted over packet 
Switched communication networks or on heterogeneous 
communications networks in which one of the endpoints is 
asSociated with a circuit-Switched network, and a gateway or 
other packet-Switched to circuit Switched network bridging 
device is used. When preparing Video frame information for 
transmission over a packet Switched communication net 
work, encoding Schemes transform the Video frame infor 
mation, compressed by motion estimation and compensation 
techniqueS or other compression Schemes into data packets 
for transmission acroSS the communication network. Data 
packets are Sometimes lost, duplicated, or delayed which can 
introduce errorS resulting in Video quality degradation. 

0012 For example, if one or more data packets of a 
previously transmitted reference frame are lost upon trans 
mission from a Source encoding unit to a target decoding 
unit, then a mismatch between encoder and decoder refer 
ence frames typically results. When the encoder and decoder 
reference frames are not mismatched, a residual computed 
and transmitted by the encoder is decoded and added to a 
motion compensated Video frame derived from the decod 
er's reference frame. Roughly Speaking, in the absence of 
transmission errors, the resulting decoded Video frame 
exactly matches the encoder's reference frame. When a 
reference frame mismatch occurs, the Sum of the decoded 
residual and the decoder's motion compensated Video frame 
results in a decoded video frame that further differs from the 
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encoder's reference frame. Without correction, these differ 
ences, called prediction drift, increase until the decoded 
Video becomes unintelligible even if Subsequent encoded 
video is received error free. 

0013 Therefore, there is a need for a system and a 
method to conceal errors caused by data packet loSS and 
reference frame mismatches, thereby improving video qual 
ity. 

SUMMARY OF THE INVENTION 

0.014. The present invention reduces video error genera 
tion, persistence, propagation, and amplification caused by 
reference frame mismatches associated with packet loss of 
Video data. In general, the present invention provides a 
System and method that dynamically Selects a refresh inter 
Val based upon network communication parameters, and 
intra-codes a specific pattern of macroblocks based upon the 
Selected refresh interval. Since intra-coded macroblocks are 
bit expensive, the number of macroblocks intra-coded per 
video frame based upon the selected refresh interval is 
balanced by an increase in data transmission cost. In an 
exemplary embodiment of the invention, a coding engine is 
provided for processing each frame of a Video Signal to 
generate macroblocks, Selecting a refresh interval based 
upon network communication parameters, and encoding one 
or more of the macroblocks as refresh intra-coded macrob 
lockS based upon the Selected refresh interval. 
0.015. In a further exemplary embodiment, a video signal 
is transformed into a plurality of macroblocks, where each 
frame of the Video signal has an integer number of macrob 
lockS dependent upon a Video signal format. Then, a refresh 
interval is Selected based upon network call rates and 
packet-loSS error rates, and one or more of the plurality of 
macroblocks are intra-coded in a Specific pattern based upon 
the selected refresh interval. These macroblocks are referred 
to as refresh intra-coded macroblockS. Macroblocks that are 
not intra-coded as refresh macroblocks are either intra-coded 
or inter-coded based upon any number of Selection criteria. 
For example, a given macroblock may be inter-coded if data 
content of the given macroblock and data content of an offset 
macroblock from a previous frame are similar, and intra 
coded otherwise. 

0016. In another embodiment of the invention, the 
encoded macroblocks are placed into discrete data packets 
for transmission over a network to one or more remote 
devices. In addition, refresh intra-coded macroblockS 
received from a remote device via the network are used in 
lieu of macroblockS motion compensated from a previous 
video frame to reduce prediction drift. 
0.017. In another embodiment of the invention, the refresh 
interval decreases as the network call rates increase, for any 
given fixed packet-loSS error rate. Furthermore, the refresh 
interval decreases as the packet-loSS error rates increase, for 
any given fixed network call rate. 

0.018. In yet another embodiment of the invention, the 
Selected refresh interval is an integer, where the integer and 
factors of the integer are not evenly divisible into the integer 
number of macroblockS per frame. In addition, a number of 
macroblocks between refresh intra-coded macroblockS is 
equal to the Selected refresh interval minus one. Further 
more, the Selected refresh interval is equal to a number of 
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Video signal frames Such that each macroblock associated 
with a spatial position within the Video signal frames is 
encoded as a refresh intra-coded macroblock at least once. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0019 FIG. 1 is a table of the resolution and bit rate 
requirements for various video formats, according to the 
prior art; 
0020 FIG. 2 is a block diagram of an exemplary video 
conferencing System, according to the present invention; 
0021 FIG. 3 is a block diagram of an exemplary video 
conference station of the video conferencing system of FIG. 
2, 
0022 FIG. 4 is a block diagram of an exemplary embodi 
ment of the image processing engine of FIG. 3; 
0023 FIG. 5 is a table of intra-coded macroblock refresh 
intervals as a function of call rates and packet-loSS error rates 
for a CIF formatted Video frame, according to an exemplary 
embodiment of the invention; 
0024 FIG. 6A is an exemplary frame comprised of n=12 
macroblocks, according to one embodiment of the inven 
tion; 
0025 FIG. 6B illustrates five exemplary consecutive 
frames of n=12 macroblocks per frame with an allowable 
refresh interval of five; 

0026 FIG. 6C illustrates three exemplary consecutive 
frames of n=12 macroblocks per frame with a non-allowable 
refresh interval of eight; 
0027 FIG. 7 is an exemplary flowchart of method steps 
for generating and transmitting refresh intra-coded macrob 
locks over packet Switched networks, according to one 
embodiment of the invention; and 
0028 FIG. 8 is an exemplary flowchart of method steps 
for receiving Video data over packet Switched networks, 
according to one embodiment of the invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

0029. The present invention reduces prediction drift 
caused by a mismatch between reference frames on an 
encoder and those on a decoder by dynamically Selecting an 
intra-coded macroblock refresh interval as a function of a 
packet-loSS error rate and a call rate. By Specifying that each 
macroblock associated with a spatial area of a Video frame 
be intra-coded at least once within the Selected refresh 
interval, one or more lost decoder reference frame macrob 
locks are replaced (i.e., refreshed) by good intra-coded 
macroblocks within the selected refresh interval, thus reduc 
ing an occurrence of reference frame mismatches. These 
improvements Seek to attenuate the disturbances caused by 
data packet loSS acroSS a communication link. The Scope of 
the present invention covers a variety of Video Standards, 
including, but not limited to, H.261, H.263, H.264, MPEG, 
MPEG-2, and MPEG-4. 
0030 FIG. 2 illustrates an exemplary video conferencing 
system 200. The video conferencing system 200 includes a 
local video conference station 202 and a remote video 
conference station 204 connected through a network 206. 
Although FIG. 2 only shows two video conference stations 
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202 and 204, those skilled in the art will recognize that more 
Video conference Stations may be coupled to the Video 
conferencing system 200. It should be noted that the present 
System and method may be utilized in any communication 
system where video data is transmitted over a network. The 
network 206 may be any type of electronic transmission 
medium, such as, but not limited to, POTS, cable, fiber optic, 
and radio transmission media. 

0.031 FIG. 3 is a block diagram of an exemplary video 
conference station 300. For simplicity, the video conference 
station 300 will be described as the local video conference 
station 202 (FIG. 2), although the remote video conference 
station 204 (FIG. 2) may contain a similar configuration. In 
one embodiment, the video conference station 300 includes 
a display device 302, a CPU 304, a memory 306, at least one 
Video capture device 308, an image processing engine 310, 
and a communication interface 312. Alternatively, other 
devices may be provided in the Video conference Station 
300, or not all above named devices provided. The at least 
one video capture device 308 may be implemented as a 
charge coupled device (CCD) camera, a complementary 
metal oxide semiconductor (CMOS) camera, or any other 
type of image capture device. The at least one video capture 
device 308 captures images of a user, conference room, or 
other Scenes, and sends the images to the image processing 
engine 310. When encoded video is sent on a packet 
Switched network (not shown), the image processing engine 
310 processes the Video image into data packets before the 
communication interface 312 transmits the data packets to 
the remote video conference Station 204. The image pro 
cessing engine 310 will be discussed in more detail in 
connection with FIG. 4. Conversely, the image processing 
engine 310 also transforms received data packets from the 
remote video conference station 204 into a video signal for 
display on the display device 302. 
0.032 FIG. 4 is an exemplary embodiment of the image 
processing engine 310 of FIG. 3. The image processing 
engine 310 includes a coding engine 402, a macroblock 
packetization engine 404, and a communication buffer 406. 
In other embodiments of the invention, the macroblock 
packetization engine 404 may be absent or may be incor 
porated in the coding engine 402, or the image processing 
engine 310 may include more or less elements. 
0033. Initially, a video signal from the video capture 
device 308 (FIG. 3) enters the coding engine 402, which 
converts each frame of Video into a desired format, and 
transforms each frame of the Video Signal into a set of 
macroblocks. A macroblock is a data unit that contains 
blocks of data comprising luminance and chrominance com 
ponents associated with picture elements (also referred to as 
pixels). For example, in H.263, a macroblock consists of 
four 8x8 blocks of luminance data and two corresponding 
8x8 blocks of chrominance data in a 4:2:0 chroma Sampling 
format. An 8x8 block of data is an eight-column by eight 
row matrix of data, where each data corresponds to a pixel 
of the video frame. A 4:2:0 chroma formatted macroblock 
comprises data covering a 16 pixel by 16 pixel Section of the 
video frame. However, the present invention is not limited 
to macroblockS as conventionally defined, but may be 
extended to any data unit comprising luminance and/or 
chrominance data. In addition, the Scope of the present 
invention covers other Sampling formats, Such as a 4:2:2 
chroma Sampling format comprising four 8x8 blocks of 
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luminance data and four corresponding 8x8 blocks of 
chrominance data, or a 4:4:4 chroma Sampling format com 
prising four 8x8 blocks of luminance data and eight corre 
sponding 8x8 blocks of chrominance data. 

0034) In addition, the coding engine 402 encodes (i.e., 
compresses) each macroblock to reduce the number of bits 
used to represent data content. Each macroblock may be 
“intra-coded” or “inter-coded,” and a video frame may be 
comprised of any combination of intra-coded and inter 
coded macroblocks. Inter-coded macroblocks are encoded 
using temporal Similarities (i.e., Similarities that exist 
between a macroblock from one frame and a closely 
matched macroblock from a previously coded frame). Spe 
cifically, a given inter-coded macroblock comprises encoded 
differences between the given macroblock and a closely 
matched macroblock from a previous reference Video frame. 
The closely matched macroblock from the previous refer 
ence Video frame may comprise data associated with pixels 
that are spatially offset from the pixels associated with the 
given macroblock. Alternatively, intra-coded macroblockS 
are encoded without use of information from other video 
frames. 

0035) In one embodiment of the invention, the coding 
engine 402 intra-codes macroblocks of a frame using a 
refresh mechanism. The refresh mechanism is a determin 
istic mechanism to eliminate mismatches between the 
encoder and decoder reference frames, called prediction 
drift, by intra-coding a specific pattern of macroblocks for 
each frame. For future reference, a macroblock intra-coded 
via the refresh mechanism will be referred to as a refresh 
intra-coded macroblock. The refresh mechanism will be 
discussed further below in conjunction with FIGS. 5-6. 

0036 For all the remaining macroblocks of a given frame 
that have not been intra-coded by the refresh mechanism, the 
coding engine 402 encodes each macroblock as intra-coded 
or inter-coded. For example, to determine if a given mac 
roblock may be encoded as an inter-coded macroblock, the 
coding engine 402 computes differences between data of the 
given macroblock of a current Video frame with data of a 
macroblock from a previous (or Subsequent as in a case of 
bi-directionally predicted frame coding) reference video 
frame (referred to as an offset macroblock), where the 
differences may be realized, for example, by a mean-abso 
lute error or a mean-Squared error between data correspond 
ing to pixels located at co-located positions within the 
macroblockS. For the given macroblock, the coding engine 
402 computes errors for a plurality of spatially offset mac 
roblocks. If the coding engine 402 only finds errors greater 
than a predetermined difference threshold value, then Sig 
nificant Similarities do not exist between data from the given 
macroblock and data from the previous frame, and the 
macroblock is intra-coded. However, if an error is found to 
be less than the predetermined difference threshold value for 
the given macroblock and a given offset macroblock from 
the previous frame, then the given macroblock is inter 
coded. The Scope of the present invention covers other types 
of Selection criteria to determine whether a given macrob 
lock is intra-coded or inter-coded. 

0037 To inter-code the given macroblock, the coding 
engine 402 subtracts the given macroblock's data from the 
offset macroblock's data (i.e., luminance and chrominance 
data associated with a pixel of the given macroblock is 
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Subtracted from luminance and chrominance data associated 
with a corresponding pixel of the offset macroblock for 
every pixel) to give difference data, encodes the difference 
data using Standard coding techniques Such as Discrete 
Cosine Transforms and quantization methods among others, 
determines an offset vector from the given macroblock to the 
offset macroblock (referred to as a motion vector), and 
encodes the motion vector. 

0.038. The coding engine 402 of the image processing 
engine 310 (FIG. 3) of the remote video conference station 
204 (FIG. 2) may use a variety of error concealment 
techniques in conjunction with receiving refresh intra-coded 
macroblocks to improve Video quality. For example, in one 
embodiment of the invention, the coding engine 402 
decodes the neighboring macroblocks of a lost inter-coded 
macroblock, estimates a motion vector of the lost macrob 
lock, and then uses the estimated motion vector to recon 
struct data of the lost macroblock. In another embodiment of 
the invention, the coding engine 402 may decode the neigh 
boring macroblocks of a lost intra-coded macroblock, and 
Spatially interpolate the decoded neighboring data to recon 
Struct the lost data. The neighboring macroblocks of the lost 
inter-coded and lost intra-coded macroblockS may be one or 
more of the received refresh intra-coded macroblocks. The 
Scope of the present invention covers other error conceal 
ment techniques used in conjunction with refresh intra 
coded macroblocks to improve Video quality due to lost 
macroblockS. Alternatively, the image processing engine 
310 (FIG. 3) of the present invention may generate, trans 
mit, and receive refresh intra-coded macroblocks without 
any other error concealment techniques to improve Video 
quality. 

0039. Once the macroblocks of a given frame are 
encoded, the coding engine 402 Sends the encoded macrob 
locks to the macroblock packetization engine 404. The 
macroblock packetization engine 404 places the encoded 
macroblocks into discrete data packets. The macroblock 
packetization engine 404 may place the encoded macrob 
locks of the given frame into the discrete data packets 
randomly, according to a raster Scan order of the given 
frame, according to error concealment techniques, or 
according to any other methods. Typically, data from more 
than one encoded macroblock is placed into a given data 
packet. 

0040 Subsequently, the data packets are forwarded to the 
communication buffer 406 for transmission across the net 
work 206 (FIG. 2) by the communication interface 312 
(FIG. 3). To further promote resilience against packet loss, 
redundant picture headers may be transmitted in the data 
packets. 

0041 Conversely, the image processing engine 310 also 
processes Video data packets received from a remote loca 
tion and provides Video signals for display. Initially, data 
packets are received by the communication interface 312 
(FIG. 3), and forwarded to the communication buffer 406. 
The data packets are then Sent to the macroblock packeti 
Zation engine 404, which unpacks the macroblocks, and if 
necessary, orders the macroblocks back into their original, 
ordered pattern (i.e., pattern prior to macroblock packetiza 
tion at the remote video conference station 204 (FIG. 2), 
which is typically raster-scan). Subsequently, the coding 
engine 402 functions as a decoder and reconstructs data of 
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an original Video frame using the refresh intra-coded mac 
roblocks, other intra-coded macroblocks, and inter-coded 
macroblocks derived from the original Video frame and 
previous Video frames, and determines whether a data packet 
was lost in transit across the network 206 (FIG. 2). 
0042. For example, the refresh intra-coded macroblocks 
are used in lieu of motion compensation from reference 
frames that may be corrupted due to Video data transmission 
errors. Any macroblock that may be corrupted due to Video 
data transmission errors (and not corrected by an intra-coded 
macroblock) further propagates and typically magnifies pre 
diction drift when the coding engine 402 uses the corrupted 
macroblocks as reference macroblocks for decoding other 
received inter-coded macroblocks. Thus, the refresh intra 
coded macroblockS provide the coding engine 402 with a 
"fresh' set of intra-coded macroblocks to be used as refer 
ence macroblocks for Subsequent decoded frames, thereby 
reducing prediction drift. 
0043. Typically, the coding engine 402 uses a variety of 
error concealment techniques to rebuild lost macroblockS 
employing Such methods as Spatial interpolation or motion 
vector estimation. These error concealment techniques are 
enhanced by using refresh intra-coded macroblocks. It 
should further be noted that although the same components 
are described herein as being used for both transmission and 
receiving functions, the components may be embodied in 
Separate receiver and transmitter devices. 
0044) In another embodiment of the present invention, 
the coding engine 402 may generate an intra-macroblock 
map that identifies which macroblocks in a coded Video 
frame are intra-coded. After the intra-macroblock map is 
generated, the image processing engine 310 Sends the map 
to the remote video conference station 204 (FIG. 2). The 
map may be sent as part of a picture header data associated 
with the coded Video frame, for example, although other 
data fields may be used. 
004.5 FIG. 5 is a table of intra-coded macroblock refresh 
intervals as a function of call rates and packet-loSS error rates 
for a CIF formatted Video frame, according to an exemplary 
embodiment of the invention. The refresh intervals are given 
in number of frames. The FIG. 5 refresh intervals are for 
illustrative purposes, and are not meant to be exclusive of 
other values. In addition, the present invention covers other 
refresh intervals and other video formats. 

0046. In one embodiment of the present invention, the 
coding engine 402 (FIG. 4) selects a refresh interval based 
upon a current network call rate and a current packet-loSS 
error rate, and intra-codes a pattern of macroblocks as 
dictated by the selected refresh interval. The selected refresh 
interval is equivalent to a number of frames processed by the 
coding engine 402 Such that every macroblock associated 
with a Spatial position within a frame is intra-coded at least 
once after the number of frames specified by the refresh 
interval are processed. Since an intra-coded macroblock 
typically requires a larger number of bits than an inter-coded 
macroblock, the present invention optimizes the number of 
refresh intra-coded macroblockS based upon network com 
munication parameterS Such as call rates and packet-loSS 
error rates. AS discussed further below in conjunction with 
FIGS. 6A-6C, for any given selected refresh interval (ri), a 
number of macroblocks between refresh intra-coded mac 
roblockS is equal to ri-1. Therefore, for example, if ri=5, 
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then the coding engine intra-codes every fifth macroblock 
(i.e., there are four macroblocks between refresh intra-coded 
macroblocks, since ri-1=4) Such that every macroblock 
asSociated with a Spatial position within a frame is intra 
coded at least once after five frames are processed as long as 
the number of macroblocks in the frame is not a multiple of 
five. 

0047. The FIG. 5 embodiment of the present invention 
Specifies a refresh interval (in number of frames) that 
decreases as the data rate of the Video call (hereafter called 
the call rate) increases, for any given packet-loss error rate. 
For example, when less than 3% of the packets transmitted 
across the network 206 (FIG.2) are lost (i.e., the packet-loss 
error rate is less than 3%; column 2, FIG. 5), the refresh 
interval decreases from 149 frames when the call rate is less 
than or equal to 384 kbps to 65 frames when the call rate is 
greater than or equal to 768 kbps. That is, as the call rate 
increases (for a given packet-loss error rate), more band 
width is available to accommodate a larger number of 
refresh intra-coded macroblocks and Still maintain good 
video quality. In addition, the FIG. 5 embodiment of the 
present invention Specifies a refresh interval that decreases 
as the packet-loSS error rate increases, for any given call rate. 
For example, when the call rate is greater than or equal to 
768 kbps (row 4, FIG.5), the refresh interval decreases from 
65 frames when the error rate is less than or equal to 3% to 
29 frames when the error rate is greater than 10%. That is, 
as more packets are lost, the probability of prediction drift 
increases, and therefore the coding engine 402 intra-codes a 
higher percentage of refresh macroblockS per frame to 
eliminate the persistence and propagation of errors due to 
packet loSS. 

0048 FIG. 6A is an exemplary frame 600 comprised of 
twelve macroblocks, according to one embodiment of the 
invention. For illustrative purposes, the twelve macroblockS 
are labeled 1-12. In one embodiment of the present inven 
tion, a refresh interval is any integer that has the following 
properties: a given integer divided into the number of 
macroblocks per frame (n) does not give an integer quotient 
(i.e., the given integer is not evenly divisible into the number 
of macroblocks per frame (n)), and the given integer does 
not have any factors that when divided into the number of 
macroblocks per frame (n) give integer quotients (i.e., any 
factors of the given integer are not evenly divisible into the 
number of macroblocks per frame (n)). This property 
ensures that every macroblock location will be intra-re 
freshed after the coding engine 402 processes ri frames, 
where ri is the refresh interval. Thus, for n=12, the refresh 
interval may be five, Seven, or eleven, Since five, Seven, and 
eleven are not evenly divisible into n=12, and five, Seven, 
and eleven do not have factors that are evenly divisible into 
n=12. However, the refresh interval cannot be any integer 
from the set of integers {1, 2, 3, 4, 6, 12} in the present 
embodiment, since any integer from the set of integers {1, 
2, 3, 4, 6, 12} is evenly divisible into n=12. Furthermore, the 
refresh interval cannot be eight, Since eight can be factored 
into four and two, both of which are evenly divisible into 
n=12. Likewise, the refresh interval cannot be nine, Since 
nine can be factored into three and three, and three is evenly 
divisible into n=12. Finally, the refresh rate cannot be ten, 
Since ten can be factored into five and two, and two is evenly 
divisible into n=12. 
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0049 FIG. 6B illustrates five consecutive frames 602 of 
n=12 macroblocks per frame with an allowable refresh 
interval of five, according to one exemplary embodiment. 
For illustrative purposes, the macroblocks of frames 602 are 
arranged in a linear Sequence. After the coding engine 402 
(FIG. 4) selects an allowable refresh interval of five (i.e., 
ri=5), the coding engine 402 then intra-codes every fifth 
macroblock as a refresh intra-coded macroblock. In other 
words, there are four macroblocks between refresh intra 
coded macroblocks, Since ri-1=4. For example, the coding 
engine 402 intra-codes a first macroblock 604 of a first frame 
602a, Skips four macroblocks and intra-codes a Sixth mac 
roblock 606 of the first frame 602a, skips four macroblocks 
and intra-codes the eleventh macroblock 608 of the first 
frame 602a, and skips four macroblockS and intra-codes the 
fourth macroblock 610 of a second frame 602b. The coding 
engine 402 continues to Sequentially intra-code every fifth 
macroblock of the remaining macroblocks in frames 602b 
602e, as well as every fifth macroblock in subsequent frames 
(not shown). After the coding engine 402 intra-codes the 
macroblocks of five consecutive frames, Such as frames 
602a-602e, for example, each macroblock of macroblocks 
1-12 are intra-coded once. Therefore, when the coding 
engine 402 Selects a refresh interval ri=5, the coding engine 
402 intra-codes every fifth macroblock of consecutive 
frames, and intra-codes every macroblock associated with a 
Spatial position within any frame once after processing the 
five consecutive frames 602. 

0050 FIG. 6C illustrates three consecutive frames 612 of 
n=12 macroblocks per frame with a non-allowable refresh 
interval of eight. According to the present invention, a 
refresh interval of eight (i.e., ri=8) is not allowable. The 
reason riz8 is because the coding engine 402 Skips Seven 
(i.e., ri-1=7) macroblocks between refresh intra-coded mac 
roblocks, and consequently not every macroblock is intra 
coded at least once. For example, the coding engine 402 
intra-codes a first macroblock 614 and a ninth macroblock 
616 of a first frame 612a, and a fifth macroblock 618 of a 
second frame 612b. However, the intra-coding pattern of the 
first frame 612a would be repeated beginning with a third 
frame 612c, since the coding engine 402 intra-codes a first 
macroblock 620 and a ninth macroblock 622 of the third 
frame 612c, which occupy identical Spatial positions within 
the third frame 612c as the first intra-coded macroblock 614 
and the ninth intra-coded macroblock 616 within the first 
frame 612a. Therefore, a refresh interval of eight does not 
allow macroblocks 1-12 to be intra-coded at least once, Since 
only macroblocks one, five, and nine are intra-coded, inde 
pendent upon the number of frames processed by the coding 
engine 402. 
0051 FIG. 7 is an exemplary flowchart 700 of method 
Steps for generating and transmitting refresh intra-coded 
macroblocks over packet Switched networks, according to 
one embodiment of the present invention. In step 705, at 
least one video capture device 308 (FIG.3) captures a video 
image and generates a Video signal. 
0.052 Next, in step 710, the coding engine 402 (FIG. 4) 
(also referred to as an encoder when processing data for 
transmission) receives the Video signal and transforms each 
frame of the Video Signal into a set of macroblocks. In Step 
715, the coding engine 402 selects a refresh interval from a 
Set of predefined integers based upon a call rate and a 
packet-based error rate, and intra-codes a pattern of refresh 
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macroblockS based upon the Selected refresh interval. In one 
embodiment of the invention, the Set of predefined integers 
are stored in the memory 306 (FIG. 3). In an alternate 
embodiment of the invention, the coding engine 402 com 
putes the refresh interval based upon the call rate and the 
packet-based error rate. Given a Video format which speci 
fies a given number of macroblockS per frame, the Set of 
predefined integers includes all integers except those inte 
gers that when divided into the given number of macrob 
locks per frame give integer quotients (i.e., except those 
integers that are evenly divisible into the given number of 
macroblocks per frame), and except those integers com 
prised of one or more factors that when divided into the 
given number of macroblockS per frame give integer quo 
tients (i.e., except those integers comprised of one or more 
factors that are evenly divisible into the given number of 
macroblocks per frame). The coding engine 402 then 
encodes the remaining macroblocks of each frame, based 
upon Selection criteria that determines whether a given 
macroblock is intra-coded or inter-coded. A video frame 
may comprise inter-coded macroblocks, intra-coded mac 
roblocks, or any combination of intra-coded and inter-coded 
macroblockS. 

0.053 Next, the macroblock packetization engine 404 
(FIG. 4) creates discrete data packets and places the 
encoded macroblocks into the discrete data packets in Step 
720. The encoded macroblocks may be placed into the 
discrete packets in a raster Scan order of the macroblocks or 
Some other predetermined order in the video frame, or 
according to error concealment techniques disclosed in 
patent application Ser. No. 10/226,504, filed Aug. 23, 2002, 
entitled “System and Method for Video Error Concealment,” 
which is incorporated herein by reference. However, the 
Scope of the present invention includes any method of 
grouping and packetizing the encoded macroblocks for 
transmission over the network 206 (FIG. 2). Alternatively, 
the macroblock packetization engine 404 may be a transport 
engine for placing the encoded macroblockS into a particular 
format for transport on a circuit-switched network (not 
shown). Finally, in step 725, the discrete data packets are 
sent to the communication buffer 406 (FIG. 4) for trans 
mission to the remote video conference station 204 (FIG.2) 
via the network 206. 

0054 FIG. 8 is an exemplary flowchart 800 of method 
Steps for receiving Video data over packet Switched net 
works, according to the present invention. In step 805, the 
communication buffer 406 (FIG. 4) receives transmitted 
data packets from the remote video conference station 204 
(FIG. 2) via the network 206 (FIG.2). Then, in step 810, the 
macroblock packetization engine 404 (FIG. 4) de-pack 
etizes the received data packets into encoded macroblockS. 
If necessary, the macroblock packetization engine 404 also 
orders the encoded macroblockS and places the encoded 
macroblocks in proper spatial configuration within a video 
frame. 

0055) Next, the coding engine 402 (FIG. 4) decodes the 
encoded macroblocks in step 815. For example, if a given 
macroblock is an intra-coded macroblock, then the coding 
engine 402 decodes the intra-coded macroblock and places 
it in a newly decoded Video frame. In addition, the coding 
engine 402 decodes inter-coded macroblocks to generate 
decoded residual, adds the decoded residual to data content 
of reference frame macroblocks, and places the results in the 
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newly decoded Video frame. The given macroblock may or 
may not be a refresh intra-coded macroblock. 
0056. Optionally, in step 820, the coding engine 402 
(functioning as a decoder) or Some other mechanism related 
to a Video data packet transform (e.g., RTP sequence num 
bers) determines which macroblocks, if any, are lost in 
transit, and reconstructs these lost macroblocks using one or 
more data reconstruction Schemes. Data reconstruction 
Schemes Such as motion estimation/compensation and data 
interpolation are described in the patent application Ser. No. 
10/226,504 entitled “System and Method for Video Error 
Concealment.” Finally, once the data contents of any miss 
ing macroblocks have been reconstructed, the macroblockS 
are displayed by the display device 302 (FIG.3) in step 825. 
0057 The invention has been explained above with ref 
erence to exemplary embodiments. It will be evident to those 
skilled in the art that various modifications may be made 
thereto without departing from the broader Spirit and Scope 
of the invention. Further, although the invention has been 
described in the context of its implementation in particular 
environments and for particular applications, those skilled in 
the art will recognize that the present invention's usefulness 
is not limited thereto and that the invention can be benefi 
cially utilized in any number of environments and imple 
mentations. The foregoing description and drawings are, 
accordingly, to be regarded in an illustrative rather than a 
restrictive Sense. 

1. A method for Video error concealment of a Video signal, 
comprising the Steps of: 

receiving a plurality of macroblocks, each frame of the 
Video signal having an integer number of macroblocks, 

Selecting a refresh interval based upon network call rates 
and packet-loSS error rates, and 

encoding a Subset of the plurality of macroblocks as 
refresh intra-coded macroblockS based upon the 
Selected refresh interval; 

wherein the Selected refresh interval is an integer m, the 
integer m and factors of the integer m when divided 
into the integer number of macroblockS per frame do 
not give integer quotients. 

2. The method of claim 1, wherein for a given packet-loSS 
error rate, the refresh interval decreases as a network call 
rate increases. 

3. The method of claim 1, wherein for a given network 
call rate, the refresh interval decreaseS as a packet-loSS error 
rate increases. 

4. (canceled) 
5. The method of claim 1, wherein the step of encoding a 

Subset of the plurality of macroblocks further comprises 
intra-coding every mth macroblock as a refresh intra-coded 
macroblock. 

6. The method of claim 1, wherein the selected refresh 
interval is equal to a number of Video signal frames Such that 
each macroblock associated with a Spatial position within 
the Video signal frames is encoded as a refresh intra-coded 
macroblock at least once. 

7. The method of claim 1, further comprising the step of 
encoding macroblocks not in the Subset of the plurality of 
macroblocks as inter-coded and intra-coded macroblockS. 
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8. The method of claim 7, further comprising the step of 
placing encoded macroblocks into discrete data packets for 
transmission acroSS a packet-Switched network. 

9. The method of claim 7, further comprising the step of 
placing encoded macroblocks into a particular format for 
transport on a circuit-Switched network. 

10. The method of claim 1, further comprising the steps 
of decoding encoded macroblockS received from a remote 
device via a network and detecting missing macroblockS. 

11. The method of claim 1, further comprising the steps of 
decoding the refresh intra-coded macroblockS received from 
a remote device via a network, and placing the decoded 
macroblocks in a newly decoded Video frame for concealing 
effects of video error. 

12. An electronic-readable medium having embodied 
thereon a program, the program being executable by a 
machine to perform method steps for Video error conceal 
ment of a Video signal, the method steps comprising: 

receiving a plurality of macroblocks, each frame of the 
Video signal having an integer number of macroblocks, 

Selecting a refresh interval based upon network call rates 
and packet-loSS error rates, and 

encoding a Subset of the plurality of macroblocks as 
refresh intra-coded macroblockS based upon the 
Selected refresh interval, 

wherein the Selected refresh interval is an integer m, the 
integer m and factors of the integer m when divided 
into the integer number of macroblockS per frame do 
not give integer quotients. 

13. (canceled) 
14. The electronic-readable medium of claim 12, wherein 

the Step of encoding a Subset of the plurality of macroblockS 
further comprises intra-coding every mth macroblock as a 
refresh intra-coded macroblock. 

15. The electronic-readable medium of claim 12, wherein 
the Selected refresh interval is equal to a number of Video 
Signal frames Such that each macroblock associated with a 
Spatial position within the Video signal frames is encoded as 
a refresh intra-coded macroblock at least once. 

16. The electronic-readable medium of claim 12, further 
comprising the Step of encoding macroblocks not in the 
Subset of the plurality of macroblocks as inter-coded and 
intra-coded macroblockS. 

17. The electronic-readable medium of claim 16, further 
comprising the Step of placing encoded macroblocks into 
discrete data packets for transmission acroSS a packet 
Switched network. 

18. The electronic-readable medium of claim 16, further 
comprising the Step of placing encoded macroblocks into a 
particular format for transport on a circuit-Switched net 
work. 

19. The electronic-readable medium of claim 12, further 
comprising the Steps of decoding encoded macroblockS 
received from a remote device via a network and detecting 
missing macroblockS. 

20. The electronic-readable medium of claim 12, further 
comprising the Steps of decoding the refresh intra-coded 
macroblockS received from a remote device via a network, 
and placing the decoded macroblocks in a newly decoded 
Video frame for concealing effects of Video error. 
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21. A System for Video error concealment, comprising: 
a coding engine configured to 
proceSS each frame of a Video signal to generate macrob 

locks, each frame having an integer number of mac 
roblockS dependent upon a Video Signal format, 

Select a refresh interval based upon network communica 
tion parameters, wherein the Selected refresh interval is 
an integer m, the integer m and factors of the integer m 
when divided into the integer number of macroblocks 
per frame do not give integer quotients, and 

encode a Subset of macroblocks from the generated mac 
roblocks as refresh intra-coded macroblockS based 
upon the Selected refresh interval; and 

a macroblock packetization engine configured to place 
each of the encoded macroblocks into discrete data 
packets for transmission acroSS a network. 

22. The system of claim 21, wherein the network com 
munication parameter is a network call rate. 

23. The system of claim 21, wherein the network com 
munication parameter is a packet-loSS error rate. 

24. (canceled) 
25. The System of claim 21, wherein the coding engine 

encodes the Subset of macroblocks by intra-coding every 
mth macroblock of the generated macroblocks as a refresh 
intra-coded macroblock. 

26. The System of claim 21, wherein the packetization 
engine is a transport engine for placing each of the encoded 
macroblocks into a particular format for transport on a 
circuit-Switched network. 

27. The System of claim 21, wherein the coding engine is 
further configured to decode encoded macroblocks received 
from a remote device via the network and detects missing 
macroblockS. 

28. The System of claim 21, wherein the coding engine is 
further configured to decode the refresh intra-coded mac 
roblockS received from a remote device via the network, and 
place the decoded macroblocks in a newly decoded Video 
frame for concealing effects of Video error. 

29. A system for video error concealment of a video 
Signal, comprising: 

means for receiving a plurality of macroblocks, each 
frame of the Video Signal having an integer number of 
macroblocks, 

means for Selecting a refresh interval based upon network 
call rates and packet-loSS error rates. wherein the 
Selected refresh interval is an integer m, the integer m 
and factors of the integer m when divided into the 
integer number of macroblocks per frame do not give 
integer quotients, and 

means for encoding a Subset of the plurality of macrob 
lockS as refresh intra-coded macroblockS based upon 
the selected refresh interval. 

30. The system of claim 29 wherein the means for 
encoding encodes the Subset of macroblocks by intra-coding 
every mth macroblock as a refresh intra-coded macroblock. 


