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Selective Recovery of Video Packet Loss Using Error
Concealment

MASAHIRO WADA

Abstract—A new efficient recovery method using error concealment
is proposed for video packet loss in fast packet switching networks. In
the packet switching network, packet loss is unavoidable and a correc-
tion method is required for video packet transmission which takes
characteristics of video signals and video coding into account. In the
method, the receiver detects the damaged picture area caused by packet
loss from the structured picture data received, makes error conceal-
ments, notifies the transmitter, and continues decoding. The transmit-
ter, having received the notice, calculates the affected picture area in
the local-decoded picture and continues encoding without using this
affected area. In this selective recovery method, video signals are not
stopped even if a long propagation delay exists, no additional infor-
mation is transmitted, and conventional coding algorithms can be ap-
plied. Also, the proposed method is suitable for multipoint communi-
cation. The relation tables of picture block propagation required at the
transmitter consist of small amounts of bits. Simulation results show
the affected picture area is localized for a considerable time, and con-
cealed picture quality is sufficient.

I. INTRODUCTION
AST packet switching is considered the major candi-
date for building broadband ISDN [1] where video
communications will be a main service. Fast packet
switching can efficiently handle variable bit rate signals,
and is suitable for bit-rate-reduced video signals [2].

Since fast packet switching achieves high utilization ef-
ficiency of circuits by statistical multiplexing, unavoid-
able packet loss occurs which causes serious errors in low-
bit-rate video transmission where interframe coding is
adopted. A method is therefore required for video packet
transmission which recovers packet loss efficiently [3].
Unlike data communication, video communication is usu-
ally interactive and real-time critical; therefore, conven-
tional retrieval protocol like HDLC is inapplicable when
propagation delay exists.

This paper proposes a packet loss recovery method for
low-bit-rate video transmission in the packet switching
network which uses error concealment and selective cor-
rection. The method has higher cfficiency than a conven-
tional demand refresh which forces the encoding mode of
a whole frame into intraframe. It also allows free-running
of video signals, transmits no additional information for
error recovery, and is applicable to conventional coding
algorithms. Futhermore, the proposed method is suitable
for multipoint communication.
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In the following sections, Section II describes some re-
quirements which restrict coding structures, Section III
explains the selective recovery method, Section IV dis-
cusses transmission data structure, and Section V gives
some simulation results which show the method is effec-
tive.

IT. RESTRICTIONS ON CODING

The proposed method requires the following restric-
tions on coding. These conditions seem adequate for the
recent coding algorithms used for low-bit-rate video com-
munications.

1) Localization of coded signals: Coding is carried out
independently in one frame by cach picture area called a
picture block. Loss of some picture blocks does not affect
other blocks in the same frame, i.e., decoding of the frame
can be continued after loss of picture blocks.

2) Localization of packetized signals: Picture blocks
are packed into one or several packets in a structured
manner and the influence of packet loss is limited to one
or several packets, i.e., the received bit streams are de-
codable after a packet loss.

For restriction 1), most picture coding algorithms cur-
rently used for low and medium bit rates are adopting in-
terframe/intrablock adaptive prediction based on pixel
blocks [4], (6], and this trend will increase due to prog-
ress in the study of orthogonal transforms such as DCT
and vector quantization [7]. Frame-by-frame propagation
of packet loss influence basically depends on the range of
motion compensation adopted.

Restriction 2) can easily be realized under the condition
that restriction 1) is guaranteed. Details of the packing
structure of coded data will be described in Section 1V.

With these restrictions, the damage of packet loss is
localized within a certain area of the picture frame.

[II. SELECTIVE RECOVERY METHOD
A. Basic Procedure at the Receiver

In this method, a receiver terminal operates according
to the following procedures.

1) Packet loss is detected by a network or the receiver
terminal. In the latter case a sequential number will be
added to each packet.

2) Damaged picture block(s) is (are) specified by cal-
culating the received data structure.

3) Notice of packet loss with the address(es) of dam-
aged picture block(s) is sent back to the transmitter.
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4) Error concealment is carried out over damaged pic-
ture block(s). For example, error concealment can be done
by replacing the damaged picture block(s) with the
block(s) in the previous frame.

5) Decoding is continued.

Calculation of damaged picture block(s) depends on the
transmitted data structure and is discussed in Section IV.

B. Basic Procedure at the Transmitter

There are two possible procedures at the transmitter as
follows.

Method A:

1) Notice of packet loss is received with the ad-
dress(es) of damaged picture block(s).

2) The affected picture area in local-decoded frames is
calculated from the point of the damaged block(s) up to
the currently encoded frame as shown in Fig. 1.

3) Encoding is continued without using the affected
picture area.

Method B:

1) Notice of packet loss is received with the ad-
dress(es) of damaged picture block(s).

2) The same error concealment as is performed at the
receiver is carried out in the local-decoded frame stored,
as shown in Fig. 2.

3) Local decoding is reexecuted from the point of the
concealed block(s) up to the currently encoded block using
the transmitted data stored so that the local-decoded pic-
ture at the transmitter becomes the same as the decoded
picture at the receiver, as shown in Fig. 3, where local-
decoded picture data stored in memory and concealing
data give the initial value for decoding.

4) Encoding is normally continued throughout the
above sequence.

In Method A, the amount of calculation is small, only
the propagation tree of the affected picture blocks is re-
quired to be stored for a depth Td (Td is the response
delay, i.e., equals the propagation delay of the transmis-
sion link plus the operation delay of packet loss detec-
tion), multipoint communication is possible, and over-
head due to coding efficiency deterioration will be small
when the affected picture area is localized. Moreover, as
encoding without using the affected picture area does not
necessarily mean intrablock coding, the coding efficiency
deterioration itself will also be small.

In Method B, the encoding operation is not interrupted,
the local-decoding process for recovery can run concur-
rently, and efficiency loss of encoding will be negligible.
However, local-decoded pictures and transmitted data
have to be stored for the above-mentioned depth Td at the
transmitter, and multipoint communication is difficult.

From these comparisons, here we choose Method A,
but due to its high efficiency and absence of effect on cod-
ing operation, Method B is still attractive when Td is small
(in extreme cases, when the concealed picture area does
not yet affect the encoding, it is required only to replace
the corresponding area in a local-decoded frame by con-
cealing data).
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Fig. 3. Redecoding algorithm of Method B.

C. Propagation Tree

A propagation tree is used at the transmitter to specify
the affected area in the local-decoded pictures. Fig. 4
shows an example of the tree where one block is damaged
in frame i and three, four, and five blocks are affected in
framei + 1,i + 2, and { + 3, respectively.
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Fig. 4. An example of block propagation tree.
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Fig. 5. Structure of block relation table.

In order to calculate the tree, relation tables shown in
Fig. 5 are made for each frame simultaneously in the en-
coding operation. Each address of the table corresponds
to the picture block address in the frame, and contains the
address(es) of block(s) which used (a) pixel(s) in the ad-
dressed block for encoding.

One address may contain several blocks, and the max-
imum number is basically determined by the range of mo-
tion compensation adopted. The total number of blocks
contained in a table, however, is at most four times as
much as the number of blocks in one frame when an or-
thogonal block lattice is used.

When packet loss is notified, the table for the frame
having the corresponding picture area is first searched by
the informed address(es) of damaged block(s), and the ad-
dress(es) of the affected block(s) is (are) selected. This
procedure is repeated, and the propagation tree is thereby
constructed.

IV. TRANSMITTED DATA STRUCTURE
A. Premises

In a fast packet switching network, transmitted signals
are divided into smaller units named cells and then mul-
tiplexed [1]. The cell bit length is usually fixed for stable
synchronization, although a variable length cell is more
efficient. Here, therefore, the cell length is assumed fixed.
On the other hand, a coded picture block has a variable
bit length, and therefore efficient packing of each picture
block has to be considered in this case. Here, we present
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an example of the transmitted data structure which satis-
fies the requirements mentioned in Section II.

In order to simplify the discussion, the following prem-
ises are made.

1) When conditional replenishment is adopted, nothing
is transmitted on nonreplenished picture blocks. This is
effective for increasing coding efficiency.

2) Packet loss is detected by the network or terminal
by procedures outside the scope of this paper.

3) Coded data are sequentially decodable. Unique
words are not used for efficiency.

These premises lay few constraints on coding algo-
rithms.

B. Data Structure (5]

Two cases have to be considered, i.e., that the bit length
of a picture block is shorter than a packet length, and that
it is longer.

Fig. 6 shows the transmitted data structure. When a
picture block length is shorter than a packet length, one
packet can contain several blocks as is shown in Fig. 6(a),
but a picture block is prevented from spreading over two
packets. The first block in a packet has an absolute ad-
dress (AA) for localization of packet loss influence, while
(an)other block(s) in the same packet has(ve) a relative
address (RA) for addressing efficiency. Valid information
in a packet is terminated by an end-of-information code
(EOI). This code can be used to reduce the packaging de-
lay when the block bit length remains small.

When a picture block length is longer than a packet
length, one picture block is divided into several packets
as is shown in Fig. 6(b), where an absolute address (AA)
is attached at the head of the block information in the first
packet while a continuation flag is attached at the same
area in other packet(s). It may be prevented from includ-
ing the next picture block in the last packet in order to
limit packet loss influence.

In this data structure, tradeoff between packaging effi-
ciency and error resilience should be considered. If error
resilience is considerable, one packet should contain a
smaller number of blocks. Picture block size should also
be determined from this point.

C. Operation of the Receiver

Based on the transmission data structure mentioned
above, the receiver terminal operates according to the state
transition diagram shown in Fig. 7. In the figure, three
normal states and two temporary states exist.

“‘Idle’” means no packet is under processing, and when
a packet is received with a correct sequential number
(event CPR), it transfers to a ‘‘decoding’’ state with ab-
solute block address and an incrementing packet sequence
number. The picture block information in the received
packet is then decoded.

In this state, if decoding of one block is terminated
(event EOB), the received block address is renewed and
it transfers to “‘next address check.”” If decoding of one
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Fig. 6. Structure of data packing. (a) Picture block length < packet length.
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Fig. 7. State transition diagram for packet receiving.

packet is finished before EOB (event PE), a state transi-
tion occurs to ‘‘cont.”’

In the temporary state ‘‘next address check,”’ an ad-
dress field after the processed block is examined and if a
relative address is detected (event RA), decoding of the
next block in the same packet restarts. In case that EOI
code is detected (event EOI), it transfers back to the
‘‘idle”’ state.

In the “‘cont.”’ state, when the next packet is received
with a correct sequential number (event CPR), the packet
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sequence number is incremented and a state transition oc-
curs to ‘*decoding.’” Decoding of the next part of the same
picture block is then continued.

When a packet loss has occurred and the next packet is
received with a wrong sequential number (event WPR) in
the ““idle’” state, the first address field in the packet is
checked. If an absolute address is detected (event AA),
this means synchronization of picture blocks is resumed,
and error concealment over damaged picture block(s), no-
tification of damaged block(s), and reset of the packet se-
quence number are carried out. After these operations, the
state transfers to ‘‘decoding,’’ and decoding of the picture
block with the absolute address starts. If a continuation
flag is detected (event CF), however, no operation takes
place and the state remains in ‘‘idle.”’

When the same event WPR occurs in state ‘‘cont.,”
some of the information of the decoded picture block
stored in memory is discarded, and the same procedures
follow.

Damaged picture blocks which the receiver estimates
may contain noncoded blocks which have not been trans-
mitted. If the error concealment operation is the same as
that of the noncoding, the overheads of the transmission
and transmitter operation required for recovery can be re-
duced.

V. SIMULATION AND DISCUSSION

This section evaluates the proposed recovery method by
simulation experiments using three kinds of video signals
from videoconferencing/videophone sequences, ‘‘Sales-
man,”’ ‘‘Miss America,’” and ‘‘Claire,”’ which are used
for CCITT standardization. Picture frame size is 352 pels
X 288 lines, each pel consists of ¥, R-Y, B-Y, each hav-
ing 8 bits, and the frame rate is 10 frames/s. The coding
algorithm used here is based on motion-compensated in-
terframe prediction and discrete cosine transform (DCT)
with conditional replenishment [4]. Motion compensation
range reaches +7 pels/frame in both directions, and the
picture block size is 16 pels X 16 lines (i.e., 396
blocks/frame). The step size of the quantizer is fixed,
and the SN ratio of the coded picture becomes stable. The
relation between the step size and SN ratio depends on
used pictures. Table I shows characteristics of coding re-
sults averaged for 32 frames.

A. Characteristics of Propagation Tree

In the proposed method, the influence of damaged pic-
ture block(s) is propagated through consecutive frames,
so the speed at which this influence spreads greatly affects
the coding efficiency, because these affected picture
blocks cannot be used for encoding. Fig. 8 shows the
number of affected blocks in subsequent frames after loss
of one picture block. These results are averages of coded
(replenished) picture blocks for 16 frames. The number
of affected blocks increases moderately, and the rate of
increase falls as the frame depth advances.

Differences of slopes can be explained by the ratio of
motion-compensated (MC) blocks among all coded
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TABLE 1
CHARACTERISTICS OF CODING RESULTS

sequence name Salesman Miss America Claire

quantizer step size (X1/256) 8 12 16 8 12 16 8 12 16

luminance SN ratio (dB) 388 (363 | 346 | 41.3 | 40.0 | 39.0 | 43.6 | 41.6 | 40.0
coded blocks/all blocks ratio | 0.98 | 0.82 | 0.65 | 0.97 | 0.67 | 0.53 | 0.53 | 0.37 | 0.32

MC blocks/all blocks ratio 0.22 | 0.17 | 0.14 | 0.33 | 0.32 | 0.29 | 0.11 | 0.11 | 0.12

MC blocks/coded blocks ratio | 0.22 | 0.21 | 0.21 | 0.34 | 0.48 | 0.54 | 0.21 | 0.30 | 0.37

coded bitrate (kbivs) 665 | 333 | 200 | 378 | 182 | 102 | 204 | 122 | 86

MC : motion-compensated
coded : replenished

=zl

blocks, i.e., if this ratio is high, the number of blocks
Sequence 'Salesman’ which is used for encoding one block becomes high. For
the ‘““Miss America’’ and ‘‘Claire’’ sequences, as is
shown in Table I, this MC/coded ratio also increases as
the step size of the quantizer increases because the num-
ber of MC blocks does not vary greatly, while the per-
centage of coded blocks decreases. The slopes of the
graphs therefore increase according to the step size. On
the other hand, this MC/coded ratio does not vary for the
‘‘Salesman’’ sequence, and therefore the slopes of the
0ol 5 T 5 graphs for this sequence are not very different.

frame depth The reason that the number of affected blocks does not
increase exponentially is that the picture blocks in the next
frame which are affected by the neighboring picture blocks
in the previous frame overlap to some extent. Actually,
the number of affected blocks is limited to 10 per 396 after
13 frames (1.3 s) even for the most severe case.

As is described in Section IV, one packet can contain
several picture blocks, so a loss of consecutive picture
blocks may occur. Fig. 9 shows the number of affected
blocks in subsequent frames after loss of consecutive pic-
ture blocks. These results are averages of coded (replen-
ished) picture blocks for 24 frames, and the quantizer step
size is fixed to 12 /256 (this means pel values range from
0 to 255 and the step size for coefficients in the trans-
formed domain is fixed to 12). The slopes of the graphs
vary very little for a different initial number of blocks,
and all graphs are in a parallel shift relation. The ratio of

the number of affected blocks

10—

Sequence 'Miss America’

the number of affected blocks

I = increase per initial block is almost constant in the same
frame depth sequence, and it varies from 1 to 2 among sequences. The
reason why there is no exponential increase is the same

; as above.
Sequence ‘Claire’ These experimental results and considerations show the

proposed method is efficient even if the response delay is
long or one packet contains several blocks.

Table II shows the required overhead for error recovery
by the proposed method and conventional demand refresh
method, i.e., the ratio of bit increase per normally coded
bits when error recovery is carried out in the fourth frame
after packet loss. These values are averages for all coded
(replenished) picture blocks in the frame where packet loss

the number of affected blocks
-
T

T m T occurs. In the proposed method, a simple coding mode
frame depth decision algorithm is adopted where blocks which are
Fig. 8. The number of affected blocks after loss of one picture block, normally interframe coded using affected picture blocks
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TABLE I
REQUIRED OVERHEAD RATIO FOR ERROR RECOVERY
sequence name Salesman Miss America Claire
quantizer step size (X1/256) 8 12 16 8 12 16 8 12 16
proposed method (1block lost) | 0.01 | 0.01 | 0.02 | 0,01 | 0.03 | 0.05 | 0.04 | 0.08 | 0.10
proposed method (2 block lost) | 0.01 | 0.02 | 0.02 | 0.02 | 0.04 | 0.07 | 0.08 | 0.11 | 0.15
conventional demand refresh | 1.35 | 1.93 | 2.50 | 0.97 | 1.83 | 3.00 | 2.69 | 3.98 | 4.87

Error recovery is carried out in the 4th frame after packet loss
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i
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Fig. 9. The number of affected blocks after loss of consecutive picture
blocks.

are intrablock coded. The ratio of bit increase by the pro-
posed method remains very low. It should be noted that
this overhead is only required for one frame where error
recovery coding is performed.

B. Picture Quality

Decoded pictures remain erroneous for several frames
after error concealment has been made, and picture qual-
ity in this period therefore decides the validity of the
method. Picture quality by error concealment, however,

w0k Sequence "Salesman’  step size =8/256
=3 formal
% I
BF thlock 4 blocks
N L !
370 Tt 5 10 15
Field No.
43
normal
42F / block
o | b
S 41
e
4 blocks
39+ Sequence ‘Miss America’  step size=8/256
a8 L N L L

0 1t 5 10 15
Field No.

5

Sequence ‘Claire’

step size = B/256

Fig. 10. SNR of decoded pictures after error concealment in the second
frame.

:; normal
o 1 block
Z 4l
40 4 blocks  Sequence "Miss America® step size=8/256
oy N L "
To t 5 10 15
Field No.
s _
i Sequence 'Claire’ Step size =8/256 rmal
% 43+
w2+
41
JT| - L 2 4 bigcks
1t 5 10 15
Field No

Fig. 11. SNR of decoded pictures after motion-compensated error con-
cealment in the second frame.

greatly depends on the area where a block loss occurs.
For example, if a block loss occurs on the background,
the influence on picture quality will be small, while if it
occurs on the face of a person, it will damage the picture.

Here, we examined the picture quality deterioration in
the worst case, i.e., when a block loss occurred on the
eyes of persons and the quantizer step size is small as
described later. Fig. 10 shows the SNR of decoded pic-
tures after error concealment in the second frame. Blocks
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Fig. 12. Decoded picture of the second frame.

in the previous frame were used for concealment and the
number of concealed blocks is 1 to 4. SNR falls initially,
but after several frames it grows better rather than worse.
This means coding data which refresh picture blocks de-
crease mismatch between the local-decoded picture of the
encoder and the picture of the decoder.

The difference between the sequences can be explained
as follows. If the ratio of coded blocks is high, the con-
cealed area is frequently refreshed and the mismatch is
alleviated. Furthermore. if the normal SNR of the coded
picture is low, the influence of concealment itself will be
small. This can also explain the fact that the drop of SNR
caused by block loss decreases as the quantizer step size
2rows.

The results of subjective estimation indicated that the
picture quality achieved by the concealment method men-
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tioned above was sufficient for the ‘‘Salesman’ and
‘‘Miss America’’ sequences, but some block noise could
be noticed for the **Claire’’ sequence which has very high
SNR.

In order to reduce the deterioration of SNR and increase
the picture quality, motion compensation is effective for
error concealment. Fig. 11 shows the SNR of decoded
pictures after motion-compensated error concealment in
the second frame. Blocks in the previous frame shifted by
the average motion vectors of neighboring blocks of the
concealed area were used for concealment. The SNR is
greatly improved by motion compensation.

Fig. 12 shows the normally decoded pictures and pic-
tures of the frames where a picture block around the eyes
is lost and concealed with motion compensation. Slight
block noise can be seen in the frame, but this noise is
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hardly visible in the actual moving image. This is because
coding data which refresh picture blocks immediately de-
crease the concealment noise.

VI. CONCLUSION

This paper proposes a new packet loss recovery method
for low-bit-rate video transmission in packet switching
networks which uses error concealment and selective cor-
rection. Merits of the method are summarized as follows.

1) The method has higher efficiency than a conven-
tional demand refresh even when a long response delay of
packet loss detection exists.

2) Video signals are not stopped even when a long
propagation delay exists.

3) No additional information for error recovery has to
be transmitted.

4) The method is applicable to conventional coding al-
gorithms and suitable for multipoint communication.

Detailed analysis of the efficiency loss of coding and
the efficiency of packing data into packets requires fur-
ther study.
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