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Getting Started

This set of seven tutorials helps you learn more about operating the Tektronix
MTS4CC Elementary Stream Compliance Checker. Perform tutorials 1-7 in the
order they are presented, regardless of the video standard of interest. Tutorial 6
relates only to MPEG-2 and interlaced video.

The tutorials will help you answer the following questions:

®  How do you know that your video compression complies with the standards?

If your codec doesn’t work well with other vendors’ codecs, where is the
problem — is it with your codec or theirs?

Codec optimization:

Are you making the best use of available bandwidth?
Which frames and movement types use the most bits and why?

What changes to your codec software give the best reductions in bits
used for the least reduction in visual quality?

What types of video content does your codec work poorly with and why?

Table 1 includes a description for each tutorial.

Table 1: Tutorial descriptions

Tutorial | Name Standard Areas Covered
1 H.263 Compliance and Motion H.263 Baseline Errors and error log; motion vectors.
Vectors
2 MPEG-4 Compliance MPEG-4 Simple Profile Common errors; searching for areas of
codec optimization.
3 MP4 Compliance Basics MP4/ Simple Profile/ L1(2) Extract and examine container files; level
conformance error.
4 MP4 Optimization MP4/ Simple Profile/ L1(2) Using MB type overlays and searching for
areas of optimization.
5 MPEG-4 and H.264/AVC Buffer MPEG-4 ASP and H.264/AVC Buffer analysis in MPEG-4 and
Analysis H.264/AVC; fixing problems.
6 MPEG-2 Compliance MPEG-2 Main Profile / Main Level Syntax errors; MPEG structure analysis;
interlace.
7 Fidelity Analysis MPEG-4, MPEG-2, and H.264 Fidelity analysis; visual difference.
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Getting Started

Basic Functions

To complete the tutorial procedures, you must be familiar with the basic
functions shown in Table 2. To perform the desired function, click on the
associated icon or type the appropriate keyboard shortcut.

Table 2: Basic functions

Function Forward Backward

Icon Keyboard shortcut Icon Keyboard shortcut
Play video - Ctrl + P 4 Ctrl + Shift + P
Stop video o Cirl + S = Cirl + S
Pause/step one frame I Ctrl + A «l Ctrl + Shift + A
Fast forward/backward . Ctrl + F ] Ctrl + Shift + F
Pause on frame - -
Skip to next frame type/number/time = Cirl + K = Ctrl + Shift + K

How to Begin a Tutorial

1. After starting MTS4CC, click anywhere to remove the splash screen. If you
do nothing, the spash screen will disappear after 4 seconds.

2. Load the desired tutorial stream. Note that the demo version of the MTS4CC
will only play the provided example video files.
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Tutorial 1: H.263 Compliance and Motion Vectors

This tutorial covers the standards and compliance issues in H.263, and also
demonstrates the proper functioning of the motion vectors.

Procedure

1. To load the H.263 tutorial, click File > Example files > H.263 stream >
Rally (250K). The window title changes to MTS4CC-H.263 Example -
Rally (250k), and a warning message appears, as shown in Figure 1.

% MTS4CC - Video View: H.263 Example - Rally {250k)
File Flay Owverlay Apalvsis  glert Window Help

@A W W Feme 0 e 2= | @)
BE=E B D m
Decaode Warning 31731: PSUPP being sent

Warning

FSLPP being sent [annex L) ighoned
at pogition Ox6 [dec. B) bit 5

Picture Laper

Video View: H

Image size QgL
Image format QIGLOLIYY
Stream size (kBytes) gk
FNGIEESS 0::000000 (dec. 0) bit 7 =

Time (zecs )l |

1y
efore 1 -
[ Skip this WWaming only in fubure
[ Skip ALL ‘Waming alerts in future
Pause Continue Goto w

Figure 1: Initial warning message
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Tutorial 1: H.263 Compliance and Motion Vectors

2. View the warning message elements:
B Warning - Indicates that the PSUPP field is being sent and ignored.
B Summary - Gives summary information about the stream.

®  Skip this Warning only in the future - elects to skip this particular
warning in the future (recommended).

®  Skip ALL Warning alerts in the future - elects to skip this alert and
all other alerts in the future.

3. Select Skip this Warning only in the future, and then click Continue.

4. Click the”" toolbar icon or type CTRL + P to resume playing the video.
The error message shown in Figure 2 appears.

S. View the error information provided, which indicates a more serious error
that occurs at bitstream byte address 0x0c9cfa, bit 3, after frame 326.

Decode Error 21761: Error in MCBPC_P VLC

Ermar ME Layer
Q Error in MBCPC_PYLEC at position Oxc9if6 [dec. 827382 bt 7

Summany

|®

Image size [l #u5
Image format I Wi
Stream size (kBytes) B5
PR (x0cBefa (dec. 826618) bt 3
RSy after 21 979

Frame type EEGH

el N after 326 W

[ Skip thiz Errar anly in future
[ Skip ALL Error alerts in future

FaLze | Continue Gaoto w

Figure 2: Initial error message
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Tutorial 1: H.263 Compliance and Motion Vectors

6. Click Continue. An error message appears, as shown in Figure 3.

7. Note that it was an MBCPC error that resulted in the Out of Sync alert
message shown in Figure 3. This often occurs when one syntax error triggers

a series of alerts.

Decode Error 21502: Out of sync

Errar Gareral
Q Ot of sync at posiion Oxc9H7 (dec. #27383) bit 2

Summany

|®

Image size [l #u5
Image format I Wi
Stream size (kBytes) B5
PR (x0cBefa (dec. 826618) bt 3
RSy after 21 979
Frame type EEGH
Frame no. L=l W

[ Skip thiz Errar anly in future
[ Skip ALL Error alerts in future

FaLze | Continue Gaoto w

Figure 3: Out of sync error message

8. Select the Skip ALL Error alerts in the future check box, and then click
Continue.

9. To open the Alert Log, click the Alert Log icon 2. The Alert log window
appears, as shown in Figure 4.

10. Note the active filter button in the toolbar. Because Skip ALL error alerts
in the future was selected, the alert log view is filtered and the filter button
is active. The status bar indicates that 23 of 24 alerts are hidden.

11. Click the Filter icon to deactivate the filter and view all alerts, as shown in
Figure 5.
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Tutorial 1: H.263 Compliance and Motion Vectors

Level | m | source | Class | Tite | Decode Display | Address fbytes) | Detals
Q-Fatd 13024 Video General Unexpected ... 327 Video OocOcSffa Unexpected ...

Total: 24 alerts

Figure 4: Alert Log window, filtered

Video View: H.263 Example - Rally (250k)

. Alert Log: H.263 Example - Rally (250k)
EosE

Level | D | Source | Class | Title | Decode | Display | Address (bytes) | Details ~
31751 Video Picture Layer PSUPP being... 1 Video 0x000005 PSUPP being .
31751 Video Picture Layer PSUPP being... 2 Video 0x00306c PSUPP being .
31751 Video Picture Layer PSUPP being... 3 R RLAn =
31751 Video Picture Layer PSUPP being ... 4 g 31751: PSUPP being sent
31751 Video Picture Layer PSUPP being ... & . .
31751 Video PictreLayer  PSUPP being ... 6 Hisining fictie Leyer
31751 Video Picture Layer  PSUPP being... 7 & EFDL'D'QE;BE%E'E?[%32291”2"3]:35”‘3{%‘1

ﬁWaming 31751 Video Picture Layer PSUPP being ... &
31751 Video Picture Layer PSUPP being ... 9
31751 Video Picture Layer PSUPP being ... 10
31751 Video Picture Layer PSUPP being ... 11 5

Lmmary
31751 Video Picture Layer PSUPP being ... 12
31751 Video Picture Layer PSUPP being ... 13 Image zize [Kird st e
31751 Video Picture Layer PSUPP being ... 14 YUV 4:2:0 8-bit ]
31751 Video Picture Layer PSUPP being ... 15 208 3
31751 Video Picture Layer PSUPF being... 16 Ix003065 (dec, 12389) bit 1 3
31751 Video Picture Layer PSUPP being ... 17 - .
31751 Video Pictre Layer  PSUPP being ... 18 b2
31751 Video Picture Layer PSUPP being ... 19 P Frame
31751 Video Picture Layer  PSUPP being... 20 P 2
21761 Video ME Layer Error in MCBP... 327
neeen 1l moe -~ 'L";,: o e ™ Skip this Warming only in future
Total: 24 glerts | Al alerts shown [T Skip&LL Waming alerts in future
Goto » |

Figure 5: Alert Log and Alert Details
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Tutorial 1: H.263 Compliance and Motion Vectors

12. Double-click an alert to view the alert details, as shown in Figure 5, and then
click Close. View the columns that appear in the alert log, which are shown
in Figure 6, and note the column descriptions that follow.

®  Level - the severity level for the alert. Levels include Info, Warning,
Error, and Fatal.

®  ID - MTS4CC unique alert ID number.
m  Class - Syntax area where the alert occurs.
m  Title - Alert title.

B Decode and Display - Frame numbers where the alert is decoded and
displayed (can vary).

®  Address - The address of the alert in the bitstream.

®  Details - Alert details.

Level (o] Source Class Title Decade Display Address (bytes) | Detsils

ﬁWarning 31751 Video Picture Layer PSUPP being ... 1 Yideo 0x000006 PSUPP being ...
ﬂWarning 31751 Video Picture Layer PSUPP being ... 2 Video 0x00306¢ PSLPP B&inig «..
ﬁ\*‘farning 31751 Video Picture Layer PSUPP being ... 3 Video 000376 PSUPP being ...
L\,Warning 31751 Video Picture Layer FSUPF being ... 4 Video 0004074 FSURF being ...
ﬁWarning 31751 Video Picture Layer PSUPP being... § Yideo 0x004718 PSUPP being ...
ﬂWarning 31751 Video Picture Layer PSUPP being ... 6 Video Ox005024 PSLPP bB&inig ...
ﬁ\*‘farning 31751 Video Picture Layer PSUPP being ... 7 Video 0x005713 PSUPP being ...
L\,Warning 31751 Video Picture Layer PSUPF being ... 8 Video 0x005d52 FSURF being ...
ﬁWarning 31751 Video Picture Layer PSUPP being... © Yideo 0x0063a8 PSUPP being ...
ﬂWarning 31751 Video Picture Layer PSUPP being ... 10 Video Ox0068d3 PSLPP bB&inig ...
ﬁ\*‘farning 31751 Video Picture Layer PSUPP being ... 11 Video 0x006d37 PSUPP being ...
L\,Warning 31751 Video Picture Layer PSUPF being ... 12 Video 000723 FSURF being ...
ﬁWarning 31751 Video Picture Layer PSUPP being ... 13 Yideo 0x007331 PSUPP being ...
ﬂWarning 31751 Video Picture Layer PSUPP being ... 14 Video Ox007d3d PSLPP bB&inig ...

1 W mrming 975 Widen Birhire | auver PE PR heinn ig wviden MR 1 = Pl PP heinn

Figure 6: Alert Log, unfiltered
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Tutorial 1: H.263 Compliance and Motion Vectors

13. Close the Alert log and return to the main page of the application.

14. Click the " icon to play the video again with the Motion Vectors (MVs)
visible. An image of the video is shown in Figure 7.

15. Note the following about the image:
®  The white dots are at the center of each MacroBlock.

B The white lines indicate motion vectors. The arrows for each MV point
to the position in the previous frame that contains the data for the current
MacroBlock.

16. Click the color transfer icon to change the overlay from white to black.

17. To play the video again, click the ™ icon or type CTRL + A. Note that the
motion vectors are clear and accurate.

D H.263 Example - Rally {250k) EJEIE]

Figure 7: Video image

Conclusion

This tutorial demonstrated where there is a standards-compliance issue in the
H.263 bitstream, but also showed that other aspects of the H.263 bitstream, such
as the motion vectors, are implemented properly.
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Tutorial 2: MPEG-4 Compliance

This tutorial covers the following:

Procedure

MTS4CC Elementary Stream Compliance Checker Tutorials

Basic functions

Alerts for syntax errors

Video summary tooltip
MacroBlock overlay MB types
Optimization

Frequency of intra-coding

To load the H.263 tutorial, click File > Example files > MPEG-4 Elemen-
tary Streams > Space. An error message appears, as shown in Figure 8.

View the error details:
®  The error occurs at bitstream byte address 0x11, bit 3, before VOP 1.

®  The error is present in the header, and MTS4CC does an initial check of
the file header when it loads the file.

®  The error indicates that method 1 quantization is in use, which is not
allowed because the stream is Simple Profile.

Click Continue. MTS4CC loads the stream, and the window title changes to
MTS4CC-MPEG4 Example-Space.

Click the * icon or type CTRL + P to resume playing the stream. The
error message shown in Figure 8 appears again.

Click Continue. A warning message appears, as shown in Figure 9.



Tutorial 2: MPEG-4 Compliance

Decode Error 23042: Method 1 quantisation not allowed in SP' [Eﬁ

Emor ‘ideo Object Layes
Enor: quant_type is "1" at position Ox11 [dec. 17), bit start 3. Not allowed

in Simple Profile.

Summary

I e 4
Sream sz e B

[ e X

I e 1

.

[~ Skip this Emor only in future
[~ Skip ALL Erfor aleits in fuluie

Pause I Cnntinual Goto vI

Figure 8: Initial error message

Decode Warning 33001: modulo_time_base is zero [g;
W aming Video Object Plane
WARNING: modulo_time_base is zeo after vop_lime_inciement is reset
at position 0x5186 [dec. 24965), bit 3

Surnmary

T 552 0
ey e
TS 0x006182 (dec_ 24952) bt 7
e P
T - vor :

Lol after 12

I~ Skip this Wasming only in fulure
I Skip ALL Waming alerts in fulure

Aot | Pause | [[Coninue | [Goio v
T3 video
7]

4 Aertlog
& navigator
f i Buffer

|2

fi

Figure 9: Initial warning message
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Tutorial 2: MPEG-4 Compliance

ex: MPEG4 Example - Space

™ Bin

¥ Hex W ASCl l ~ | Bytes per e Gaote IAbsqut& addiess v| & Hex " Dec

9.

Click Goto, and then click Hex, as shown in Figure 9. The Hex view
appears with the error location highlighted, as shown in Figure 10.

Close the Hex view, and again view the error shown in Figure 9. The error
occurs because modulo_time_base was set to 1 after a whole second elapsed
since the modulo_time_base was last 1 (at which time vop_time_increment
should be reset, although not necessarily to zero).

Click the * icon or type CTRL + P to resume playing the stream. The
alert shown in Figure 9 appears again.

In the alert dialog box, select Skip this Warning only in the future, and
then click Continue.

10. Complete the video and observe whether it works properly.

N616E
06174
06174
06180
06186
De18C
06192
06198
D613E
061A4
061AA
0&61ED
061E6
061BC
061C2
061C8
061CE
061D4
061D4
061ED
061EE
061EC

niiionii
11100001
11011111
11011011
01010000
10110110
11001100
10110111
11000001
01111110
01101101
oo110000
11011111
11011011
10011011
10000111
00111101
0111001
11110000
11001100
nioo0111
10110111

01101101
11001101
10000111
01111110
10111000
11111100
00010001
11100001
00011110
00011100
11111000
01000111
10000111
01111110
01101101
00110110
10110111
10110110
11100110
00010001
10110110
11100001

Address: Ox6186 (24066) bit 3

10111111
10110110
00110110
00000000
00000100
00111001
11101101
11001101
11011011
11011011
01110011
10110110
00110110
00011100
11111000
11011011
11100001
11011111
00001000
11101101
11111100
11001101

00001110 01101101 10110111 E 6D B7 sm m ~
11111100 00111001 10110110 EL CD BG FC 3% B6 3
11011011 11110000 11100110 DF 87 36 DB FO Eé 6
00000000 00000001 10110110 DB PE 00 00 01 B ™
10000111 00110000 01000111 S0 B2 04 97 20 47 P0G
10110110 11011111 11100001 B6 FC 39 Bé DF E1l 9
10111111 00001110 01101101 CC 11 ED BF 0E 6D e
10110110 11111110 00011100 B7 E1 CD Bé FE 1C
11110000 11100110 11011011 C1 1E DB FO Eé DB
01101111 11000011 10011011 7E 1C DB 6F C3 9B ~ o
01101101 10111111 10000111 6D F8 73 6D BF 87 m =n

11111100 00111001 10110110 30 47 B6 FC 39 Bé 0G 9
11011011 11110000 11100110 DF 87 36 DB FO E6 6
11011011 01101111 11000011 DB 7E 1IC DB 6F C3 ~ o
01110011 01101101 10111111 9B 6D F& 73 6D BF m sm
11111100 00111001 10000010 &7 36 DB FC 3% 82 6 9
11001101 10110110 11111100 3D B? E1 CD Be FC =
10000111 00110110 11011011 3% Be DF 87 36 DB 9 &

11110110 11011111 11100001 FO0 Ee 08 Fe DF El
10111111 10000111 00110000 CC 11 ED BF &7 30
00111001 10000010 00111101 47 Be FC 39 82 3D G 9
10110110 11111100 00111001 B7 E1 CD Bé FC 39

oo e

Figure 10: Hex view with error location
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Tutorial 2: MPEG-4 Compliance

11. From the Overlay menu, click Video summary tooltip to enable the Video
Summary tooltip.

12. View the Final Video Summary Tooltip, shown in Figure 11, and note
these field descriptions.

®  Picture size: 352 pixels high x 288 pixels wide (CIF).
m  File size: 976 kBytes.

®m  Total frames: 175.

m  Total play time of the sequence: 13.920 seconds.

m  Total bits: 7,998,576.

®  Bandwidth required to transmit this: 574 kbits/second.
®  Frame play rate: 12.50 frames per second (Hz).

®m  Clip is MPEG-4 Simple Profile with Resync markers & Method 1
quantification.

13. Observe how the sequence looks, and then close the Final Video Summary
window.

Alert Window  Help

[ |VOP it | e 2 @

= [&] video View: MPEG4 Example - Space

Il 13.920
Total bits [T
] 574
Ave. frame rate (Hz) REEY]

Video standard 1)
Simple Profile
Resync, Method 1 quant

Figure 11: Final video summary tooltip
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Tutorial 2: MPEG-4 Compliance

14. To see if the codec makes the best use of the MPEG-4 standard, open the
Overlay menu, and then click MB Types (you can also type CTRL+ Y).
The MB types color key appears.

15. Move forward 3 frames. The MB types are color-coded as shown in
Figure 12.

% MTS4CC - Video View: MPEG4 Example - Space CEX
File Play Overlay Analysis Alert Window Help

MR I A s ]

Video View: MPEG4 Example - Space |Z||E|rz|

|| Fiooog3

FORWARD MC+Q
BACKWARD MC+Q

DIRECT

| Fatal | Dissbled:0 | 0003

Figure 12: MB Types color key

16. Move forward to frame 34. As shown in Figure 13, note that there are
several green (intra) coded MacroBlocks in the static black background (intra
coded MBs generally use the most bits).

17. View frames 35, 36 and 37, as shown in Figure 14. Observe that the
MacroBlocks disappear.

18. Go back to frame 34.

19. From the Overlay menu, click MB Statistics, and then click Bits. In
Figure 15, note that the black background uses a high number of bits.

20. View frames 35, 36 and 37, as shown in Figure 16. Observe that the
background uses progressively fewer bits.

21. Compare frame 34 with frame 37. Observe that the black background in
frame 34 is coded and uses many bits, while the black background in frame
37 is not coded, and it uses no bits.

MTS4CC Elementary Stream Compliance Checker Tutorials 13



Tutorial 2: MPEG-4 Compliance

2 MPEG4 Example - Space
| |FiDO034 | |

Figure 13: Frame 34, color key

D MPEG4 Example - Space E)BIX]| | ® MPEG4 Example - Space EEIX)[ @ eG4 Example - Space
JEECEECEEE| | BGIEANEEE

Figure 15: Frame 34
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Tutorial 2: MPEG-4 Compliance

[B] Video View: MPEG4 Example - Space g [E] video View: MPEG4 Example - Space { [8] Video View: MPEG4 Example - Space E]
7 F:00035 T [ % sz F:00036 B | F:00037

Figure 16: Frames 35, 36 and 37

Conclusions
This tutorial demonstrated how to:
®  Use and interpret the alert pop-up messages.
®m  Use the Video summary tooltip and understand the information provided.
®m  Use the MacroBlock overlays: MB types and motion vectors.

m  Use the hexview bitstream viewer.

Additional Information 1t appears that the encoder chooses MB types less than optimally by using intra
Covered  MB:s for the background, which wastes many bits.

®  Consider whether there are software bugs, such that the encoder is too
sensitive to minor changes in the gray level.

®  Check the encoder part of the codec that decides when to use Intra MBs and
Inter MBs, and when to not code the MB.

Fixing this problem would save many wasted data bits.

NOTE. The MPEG-4 standard provides more data bits for intensity-gray level
than for color information, so it is naturally more sensitive to changes in gray
level (this mimics the human visual system). However, it appears that the
sensitivity to gray in this example is too great.

MTS4CC Elementary Stream Compliance Checker Tutorials 15



Tutorial 2: MPEG-4 Compliance
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Tutorial 3: MP4 Compliance Basics

This tutorial covers the following:

Opening an MP4 file and viewing the tracks.
Syntax error: not obeying Profile/Level restrictions.
Extracting and saving the video track.

Viewing MP4 file structure.

This tutorial requires that you have completed the previous tutorials and that you
can perform the following tasks:

Procedure

Play, stop, step forward, and fast forward a video.
Use and interpret the alert messages.

Use the Video summary tooltip and understand the provided informa-
tion.

Use the MacroBlock overlays: MB types and motion vectors.

Use the hexview bitstream viewer.

1. To load the MP4 tutorial, click File > Example files > MP4 Files> Packet
Woman. A list of tracks included in the MP4 appears in a dialog box, as
shown in Figure 17.

2. View the track information included in the dialog box. The video track ID,
for example, is 001. Although there can be multiple tracks, the first video
track is selected automatically.

3. Click OK. The video track is analyzed, and an error message appears, as
shown in Figure 18.

4. View the error message details as shown in Figure 18:

The VOP has more MacroBlocks (396) than allowed in MPEG-4 /
Simple Profile / Level 1: the maximum number allowed is 99.

This is likely an error with the level. It is stated as Level 1 in the
encoded file, but it is actually the size of a Level 2.

MTS4CC Elementary Stream Compliance Checker Tutorials 17



Tutorial 3: MP4 Compliance Basics

M Elementary stream select fgl

Select elementary streams to decode from MP4 file

Select | Type D [ Desaription | Bytes | Scrambled | Decader
Fl & weec4part2 o0t Visual stream 590840 Mo MPEG-4part 2

<

r Hide unknown slreams Vides: |uadcw1

¥ Hide emply streams

¥ Hide iee pudi: (Mo selection)
Extended stream search

Search

[EIE e

| ITI Cancel ‘

Figure 17: Track list

Decode Error 23021: Too many MBs for Profilefl evel E|

Error Wideo Dbject Layer

[VOL] {MP4} Errar: VOP [ height * width ) gives no. of MBs = 396 : too
rary MBs for Profile/Level [max = 99). [Emor ignored: actual widih &
height used. ]

Surnrnary

| megesze [RREENY 2
Stream size (kBytes) Lo

Time (secs) RO
I e
.

¥ Skip this Eror anly in future
[ SkipALL Error alerts in future

&bort Pause | Continue I Goto v

Figure 18: Initial error message
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Tutorial 3: MP4 Compliance Basics

5. Select Skip this Error only in the future, and then click Continue.
MTS4CC will continue, by using the actual size. A buffer conformance
warning message appears, as shown in Figure 19.

6. View the warning message details as shown in Figure 19:
®  Overtlow by 297 MB.

®  This error is to be expected, because the Level is incorrectly given as L1
(which has a limit of 99 MBs) whereas it should be L2 (which has a

limit of 396 MBs).
Decocde Warning 33015: VCV overflow @
‘waming Yideo Object Plans

" Wideo Complexity Verifier model has overflowed by 257 0 MacroBs at ”~
. time 0,000z, The overflow occumed dumng the decoding of frame 1,
bitztream position 0x0 (dec. 0) The total VOV buffer occupancy is
396.0 MacroB s and the masirum Bmit is 55,0 MacroBs. WCY

paramekers were derived from profle_and_level _indication in v
Sumemary NOTE: display vs. decode order
352 268 2

Stream size (kBytes) xS

0x00001c (dec. 26) bit 7

0.000

vos

1

[ esoe vorr 3

W Skip this Waming only in fulue
I~ Skip ALL Warning alests in future

Abart |  Pouse || Continue | Goto v |

Figure 19: VCV overflow warning message

7. Select Skip this Warning only in the future, and then click Continue.
Another buffer conformance warning message appears, as shown in
Figure 20.

8. Select Skip this Warning only in the future, and then click Continue.
9. To ensure that the application window is active, click the Title bar.

10. From the analysis menu, select View video stream structure. The Struc-
ture window appears, as shown in Figure 21.

11. View the top-level atoms in the MP4 file. Click the + next to each atom to
view the data for the atom.

MTS4CC Elementary Stream Compliance Checker Tutorials 19



Tutorial 3: MP4 Compliance Basics

20

Decocde Warning 33014: VBY underflow

\waming Video Object Plane
' Wideo Buffer Verifier model has undeflowed by 16015 bits at time
1 0.3603. The undesflow occumed during the decoding of frame 10,

bitstrear position 05363 (dec. 16227) The tolal VBW buffer occupancy

i -160715 bits and the minirmuem irit ie 0 bits. VBY parameters were

derived from profile_and_level_indication in VisualObjectS equence

< ey NOTE: cisplay v, decode order

IR 352 258 2
Stream size (Eytes) LG
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ITESS) 0 50

VOP type 371 4
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Decode WOP no. gl -

¥ Skip this Warning orly in future
[ Skip ALL Warning alerts in future:

Abot | Pause | [ Conie |  Goto v

Figure 20: VBV underflow warning

Ef Structure: MPEG4 File Example - Packet Woman (video)

Strean: IMP4
Syritax | Value Start bat Size (bits)
=0 file 0x000000, 7 5549 134
=& ftyp 05000000, 7 192
123 size 24 0x000000, 7 3z
123 type ftvp 0x000004,7 32
123 major_brand mp2 0000008, 7 32
123 MiNGr_Version
= compatible_brands & 0x000010,7 0
=-dy mdat 0x000018,7 5526560
123 size 630520 0x000018,7 32
123 type mdat 0x00001c,7 32
data [32, 630344] 0x000020,7 5526496
=g mdat 0x0a8a0c,7 368
123 size 45 0x0s8a%¢,7 32
123 type mdat 0x0a8aa0,7 2
2] data [690852, 530850] OxDaSead,? 304
=3 moov Ox0a8aca,7 22064
123 size 2753 0xQaBaca,7 32
123 type moov OxOaBace,7 3z
[+ unknown 0x0aBad2,? 864
(9 iods 0x0agb3e, 7 336
=y trak 0x0a8be8, 7 9596
# y wak 0x029024,7 3432
& trak 0x0201d1,7 3304
=3 udia 0x0a936e, 7 4368
< *
— —_—

Figure 21: Structure window
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12. From the File menu, click Close stream, and then reopen the stream.

13. When the track list appears, click Extract, as shown in Figure 22. The Save
stream file as dialog box appears, as shown in Figure 23.

Elementary stream select El

Select an elementaty stream lo decods
ID_| Descnply

002 Object descaiptor shieam = ; N
003 Soene description stieam 19 No

[™ Hide urknown sireams
[¥ Hide emphy stre.ams

Stream search
EEET|
Eanct | 0K | Concel
Figure 22: Track list

Save stream file as E|®

Save'w_lif_“]viden j - fj["
1'_‘131;;; jnwgz-conf
Casp ) Other

|1 Customer ) Simple
(H263 ) Tutorial
Ih264 vl

Impd O vlips

( - — - } .:
File name: rmpdfil_1-001KnEe | Save I
Save as type: IMF'EG-4 Elementary Stream [*.mdw] :J Cancel |

Figure 23: Save stream file as dialog box
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Conclusion

22

14. In the Save stream file as dialog box, type a different file name if required.

The track ID and video file type has been automatically appended to the file
name.

NOTE. To open this dialog box in the future for a video track that was not
extracted at the time the MP4 file was first opened, open the File menu and then
click Save stream file as.

This tutorial demonstrated how to:

View the tracks in an MP4 file.
Extract and play a video, while checking for errors.
Identify and locate the Level conformance error.

Identity two buffer conformance errors (see Tutorial 5 for details about
buffer analysis).
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Tutorial 4: MP4 Optimization

This tutorial covers the following:
B Opening an MP4 file and viewing the video track.
®  Using the Video summary tooltip and the MB types overlay.

®m  Performing optimization checks that could reduce bit usage by 45% in this
sequence.

This tutorial requires that you have completed the previous tutorials, and that
you know how to:

®  Play, stop, step forward, and fast forward the video.

®  Use and interpret the pop-up alerts.

®  Use the Video summary tooltip and understand the information provided.
®  Use the MacroBlock overlays: MB types and motion vectors.

®  Use the hexview bitstream viewer.

B Open MP4 files, view/extract the video, and view the MP4 file structure.

Procedure

1. To load the MP4 tutorial, click File > Example files > MP4 Files>
Picadilly Circus. A list of tracks included in the MP4 appears in a dialog
box, as shown in Figure 24.

2. View the track information included in the dialog box. The video track ID,
for example, is 001. Although there can be multiple tracks, the first video
track is selected automatically.

Click OK.
To view the Video Summary tooltip, click the icon or type CTRL + U.

To view the MB types overlay, click the # jcon or type CTRL + M.

AN S

Click the ™ icon. A VCV buffer conformance warning message appears, as
shown in Figure 25.
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M Elementary stream select El

Select elementany streams to decods from MP4 file

Select | Type [ [ Desaription [ eytes [ scrambled | Decoder

[ & weec4pat2 001 Visual stream 733169 Mo MPEG-4 part 2
002 Object descriptor stream 0 Ne
003 Scene description stream 0 Mo

<

I Hide unknown streams Video: F!raclcm‘l

Audso: EENo selection)
Extended strieam search

Search |

Figure 24: Track list

Decode Warning 33015: VCV overflow &

‘warning ‘ideo Object Plane
‘ideo Complemty ‘Verifier model has overflowed by 158.4 MacioBs at ~
tire 0.040s.The overflow occured duing the decading of frame 2, =
bitstrearn position Oxfd9 [dec. 4057). The tokal VTV buffer occupancy is
554.4 MacroBs and the maximum limit i 396.0 MacioBis. VOV
parameters were detved from profile_and_level_indication in w

Summary MOTE: display ws. decode order

image size Ear R b
Stream size (kBytes) [l
0000148 (dec, 4057) bit T
Time (secs) L]
VOP type [B%ed

¥ Skip this Warning only in future
[ Skip ALL ‘Warning alerts in future

&bort | Pause I { Cortinug | Goto vl

Figure 25: VCV buffer conformance warning message

MTS4CC Elementary Stream Compliance Checker Tutorials



Tutorial 4: MP4 Optimization

7. Select Skip this Warning only in the future, and then click Continue.

8. View the progression of frames, and note that the first frame is green, as is
every third frame (Intra MBs), as shown in Figure 26. Another buffer
conformance warning message appears, as shown in Figure 27.
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Figure 26: Progression of frames
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Figure 27: VBV underflow warning
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9. Select Skip this Warning only in the future, and then click Continue.

10. To replay the video file, click Pause, step forward. Note that the first frame
takes 32,456 bits, as shown in Figure 28.

& MTS4CC - Video View: mp4fil_2 9(=1/e3;
Fle Play Overlay Apalysis Alert Window Help

R TS

=l e |@|@|
EEEE

Video View: mp4fil_2
[EERIR 352 x 288

Image format EVATE R E: 5T
Stream =ize (kBytez) Al
ELL] 0x00001c (dec. 28) bit 7
REEY] 0.000
VOP type i3YY
VOP no. il
Decode VOP no. §
WVOP bits 2t
Header bits ]
UEGGLTEY 32180
UEELETEL 16.000

Video standard il des]
Simple Profile/Level 2

| |17, stemcvor | Bvor

ECN
[=] wra INTERPOLATE MC+Q
[ wrasa
[m] wrer FORWARD NC+Q
[m] rirerea BACKWARD MC+Q
[E] wrerav
[= DRECT
Pause [ A | Disabled:0 | oDo01

Figure 28: Frame 1

11. Click the red close button to remove the MB Types Key window.
12. Click the ¥ jcon twice to reopen the MB Types Key window.

13. To undock the MB Types Key window, hold the CTRL key, while dragging
it with the mouse pointer.

14. View the next six frames, including Frame 2, which is shown in Figure 29.

15. For each frame, view the details, which are outlined in Table 3.
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& MTS4CC - Video View: mp4fil_2

Elle Play Overlay Analysis Alert Window Help

R

IEEET T ;
Vi

Stream size (kBytes) gl

0x0007dS (dec. 4057) bit 7
T -
ecoievorns [

Video standard ilgdes]
Simple Profile/Level 2

orsomoloor
E INTRA INTERPOLATE MC+Q
D INTRA+Q

E INTER FORWARD MC+Q
E INTER+Q BACKWARD MC+Q

E INTER4V

DIRECT

i [1voP -]

B

Pause

NOTE: one/mare Alerts disabled Error | Disabled: 0

| oooz

Figure 29: Frame 2

Table 3: Frame details

Frame Frame type Bits used
2 P-VOP 7,208

3 P-VOP 7,792

4 I-VOP 33,152

5 P-VOP 7,216

6 P-VOP 8,776

7 I-VOP 34,344

MTS4CC Elementary Stream Compliance Checker Tutorials

27



Tutorial 4: MP4 Optimization

Conclusion
This tutorial demonstrated the following:
®  The I-VOPs require about 4.5 times as many bits as the P-VOPs.
B There are I-VOPs every 3rd frame.

B There is no need to have [-VOPs so often. If the frequency of I-VOPs were
reduced to 1 in 30, the bits used for the sequence would reduce by ~45%.

B You can reduce the number of bits used.
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Tutorial 5: MPEG-4 and H.264/AVC Buffer Analysis

This tutorial covers the following:

®  Buffer analysis in real-time (VBV, VCV, VMV of MPEG-4 ES).
®  Information provided - values, overflow/underflow indications.
B [con controls for navigation through the graphs.

®m  Buffer conformance errors/alerts.
®  Graphs.
®  Error dialog boxes.

®  Achieving conformance.
®  Altering the buffer parameters and seeing the effect in the graph.
®  Adjusting values to prevent overflow.

®  HRD buffer analysis in H.264/AVC.

This tutorial requires that you have completed the previous tutorials, and that
you know how to:

®  Play, stop, step forward, and fast forward a video.
®  Use and interpret the alert messages.

This tutorial also requires that you already understand the principles of buffer
analysis/conformance (VBV, VCV, VMV) in MPEG-4 and H.264/AVC (HRD).
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Table 4 provides the functions of each Buffer Analysis toolbar icon.

Table 4: Buffer analysis icons

Icon Function

Zoom in (+) and zoom out (-) centered on the window;
affected by the Lock X /Y icons.

Fit all data into window.

Go to origin (zero), which is the start of the video sequence.

Lock X/Y zoom in/out and scrolling/panning. When the Lock
el Y button is pressed, zoom in and zoom out and scroll/pan only
affect the X-direction. This allows you to keep a useful vertical
scale, while still viewing the length of the video sequence.

Autoscroll; fill the analysis data in real time as the video is
being decoded and scroll the window to the right.

Measure the data at the cursor. The data values are reported on
s the status line at the bottom of the analysis window. Offsets
and angles/slopes of lines can also be measured by holding the
mouse and dragging.

Scroll/pan (the cursor changes to show the scroll/pan direc-

g tion); this is affected by the Lock X-Y icons.
fazd| y
Zoom in/zoom out centered on the location of this cursor; this
i is affected by the Lock X-Y icons. Press the <shift> key to

Zoom out.

Procedure

1. To load the tutorial, click File > Example files > MPEG-4 Elementary
Streams> Man Walking. Ensure that the video is not playing.

2. From the Analysis menu, click View buffer analysis. The Buffer Analysis
window appears, as shown in Figure 30.

3. View the graph example in Figure 30, as well as the descriptions in Table 5.
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Figure 30: Buffer analysis window, example graph

Table 5: Buffer analysis descriptions

Area

Description

1

Graph window control toolbar.

Frame type, number.

Graph window.

List of analyses for VBV, VCV, and VMV.

Location of overflows and underflows in stream.

Scroll bar for sequence.

Time through sequence.

Vertical blue line at time=0; vertical gray lines at each VOP decode time.

|| N[O || DN

Status lines.

=y
o

Custom values.

—
u—ry

Switch on/off VBV, VCV, VMV graphs

=y
N

Source of buffer analysis values
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32

4. Observe the VBV, VCV and VMYV values that appear beside the graph and
are shown in Figure 31. These parameters are specified in the stream, or
from the implied values from the Profile/Level, as given in the standard, or
the implied values from the Object Type (Simple or Advanced Simple), at
the highest level for each. You can enter them manually by selecting Use
custom parameters.

Configuration
(" Use parameters from stream header

[~ wbv_parameters
I profile_and_level_indication
[ wideo_object_type_indication

|Simple Profile

(% {Jse custom parameters

W Video Bulfer Verifier

bit_rate: 393216 bitsds

e i e el EERIEN Lo

Figure 31: VBV, VCV and VMV values

5. Click the Pause/ Step Forward icon ™ three times. Nothing appears in
the window because the Man Walking sequence contains B-VOPs, and the
buffer analysis cannot start until there is sufficient data for the calculations
(this will not occur until frame 4).

b=

6. Click the Pause/ Step Forward icon one more time. The graph appears.

7. Click the Fit to Window icon u] for a more detailed view of the graph, as
shown in Figure 32.

8. Click the Fast forward icon ™ . A warning message occurs, as shown in
Figure 33.

9. Note that the VBV overtlow occured while decoding frame 55 (the display
frame number is 54).
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Buffer Analysis: MPEG4 Example - Man Walking
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Figure 32: Buffer analysis graph, detailed view
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Figure 33: VBV overflow warning
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10.
11.

12.

Select Skip this Warning only in the future, and then click Continue.

Observe that the red VBV line goes above the Buffer limit line, as shown in
Figure 34.

Observe that when the decoding stops, the graph looks like the section that
appears between 75% and 105% buffer occupancy. Note also that the number
of frames with VBV overflow appears at the bottom of the screen. In this
case, the number of frames with VBV overflow is 106.

Comparative Video Verifiers

150 {16114 [BH e oMa e 3 536 |&142[811 468192 |6lde
140 [4-H]
130 [ 1| — wvev
120 ]

110 [ Butter |
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Bﬂw
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g0 filf} 1l
g1
40|H (i
30 |

20 ]
10}

— VBY

— VMV

———

Buffer Occupancy (%)

48 5 52 54 56 58 6 62 64
Time (=)

B —B
(v " G
M [ M
< 8>

YCY: 0 over Yy 0 over

Figure 34: Buffer limit graph

13.

To fit the graph to the window, click the u] icon on the Buffer Analysis
toolbar. The red line displays the VBV overflow, as shown in Figure 35.
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Figure 35: Comparitive video verifier graph

14. Consider the information presented by the graph. The standard values used
for a frame result in a VBV overflow, which means that the decoding rate
cannot keep up with the input data rate, and frames will drop, beginning with
frame 54.

Solutions include:

Increase the vbv_buffer_size so that it does not overflow.

Decrease the bit-rate, which is the rate at which the encoder sends the
data to the decoder.

Increase the displayed frame rate, so that the decoder removes bits more
quickly.

Increase the number of bits per frame by changing the quantizer or
increasing the frame size.

Change the Profile/Level indication, so that it stays within the set limits
(for example, change to ASP at Level 2).

Use custom values in the vbv_parameters in the sequence header.
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15. Clear the check boxes for VCV and VMV so that only the VBV check box is
selected. Note that the vertical scale is now measured in bits, not %, as
shown in Figure 36.

16. Observe that the VBV line has disappeared because it is beyond the scale set
for the VBV.

17. Click the u] icon on the Buffer Analysis toolbar, and then click the ~—
icon three times for a detailed view of the graph, as shown in Figure 37.

&t Buffer Analysis: MPEG4 Example - Man Walking
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Figure 36: Frame 2
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Figure 37: Graph details

18. Note the following details about the graph:

B The Y scale of the graph is locked, which keeps the graph at a useful
zoom level.

m  The VBV graph is higher at the end of every frame than at the start,
which shows that the VBV butffer is filling faster than the decoder can
empty it.

19. Click the — icon to zoom out.

20. Select the Use custom parameters option button, as shown in Figure 38.
The word BUF appears in a yellow box in the main MTS4CC status bar,

indicating that custom buffer parameters are in use, as shown in Figure 39.
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38
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21. View the video buffer verifier, as shown in Figure 40. The default vbv_buff-
er_size for ASP L0 is 163,840 bits = 20,480 bytes, which is not very large.

22. Enter 655, 360 bits = 80 kbytes, click Apply, and then click the Fit to

window icon = . Observe that the graph stays below the limit and there are
no overflows or underflows.

23. Consider the following:

B What if your mobile device cannot spare 80 KBs of memory, and can
only spare 20 KBs, as specified by the standard?
® By how much does the input data rate need to be reduced?
B Does this comply with the specifications of the network on which your
device will operate?
Video Buffer Verifier
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Figure 40: Video buffer verifier graph
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24. Reset the parameters by clicking Use parameters from stream header, and
then reselect the Use custom parameters check box. The VBV graph shows
that the decoder is being supplied with data faster than it can decode.

25. Reduce the bit rate to 121072 bits, as shown in Figure 41, and then click
Apply. The graph goes up slightly and there are fewer frames with overflow,

as shown in Figure 42.

bit_rate: | 121072  bits/s
vbv_buffer_size: | 163840 pits
vbv_occupancy: I 108800 bits

Figure 41: Bit rate configurations
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HHIH“ “ﬁ ” U' ‘NIH\HH
_butfeflsize il ...n||||||||||H””Hlm”

3 4 5 &

Figure 42: Video buffer verifier graph
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50000 |
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Tutorial 5: MPEG-4 and H.264/AVC Buffer Analysis

26. Reduce the bit rate to 111072 bits, as shown in Figure 43, and then click
Apply.

27. Observe that the graph line now stays below the buffer limit, as shown in
Figure 44.

28. Consider whether the maximum rate of 111,072 bits meets your network’s
specifications.

bit_rate: I 111072 bits/s
vby_buffer_size: I 163840  pits

vbv_occupancy: 108800 bits

T

Figure 43: Video buffer verifier configutations
Video Buffer Verifier
e 1 'Il | ||||

A

l 2

1l

VBV: 0 over, 0 under WCY: 0 over YMY: Dover

200000 |

- 1

]

Figure 44: Video buffer verifier graph

WBY Butfer Occupancy (bits)
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Tutorial 5: MPEG-4 and H.264/AVC Buffer Analysis

Conclusion

This tutorial demonstrated that the buffer analysis of the MPEG-4 example, Man
Walking, showed that the stream does not comply with the buffer constraints.
The tutorial recommended ways to resolve this issue.

The tutorial also brought up the following considerations:

®  How much memory needs to be allocated? Can your hardware allow this
much memory usage?

®  [s the input data rate limit appropriate for your network?
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Tutorial 6: MPEG-2 Compliance

This tutorial covers the following:
®  Opening an MPEG-2 program stream.
®  [Interpreting syntax errors:
B Person track: invalid VLC for dct_differential.

B Grenadier guards: frame_rate_extension denominator and numerator
equal but not zero.

®  Using the HexView:
B Going from the alert pop-up to the HexView.
®  Examining the bitstream in the HexView.

®  Looking at the MPEG-2 program stream structure.

B [ooking at MacroBlock types in an interlaced video.
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Procedure

1. To load this tutorial, click File > Example files > MPEG-2 Program

Streams> Person Track. A list of tracks included in the MPEG-2 program
stream appears in a dialog box, as shown in Figure 45.

View the track information included in the dialog box. The video track ID,
for example, is Oxe0. Although there can be multiple tracks, the first video
track is selected automatically.

M Flementary stream select @

Select elementary streams to decode fiom MPEG-2 part 1 PS file

select | Type [ stream_id | Description | Bytes | Scrambied | Decoder
Oxbe padding_stream 3340 Mo
& Video ES (el MPEG-1, MPEG-2, MPEG-4... S50305 Mo MPEG-2 part 2

£

™ Hide unknown streams
[ Hide emply streams
W Hide tree Audo:  |(No selection)

Widea: Isueant[bce[l oto

I8 s

Estended shieam search

Search |

0K Cancal

Figure 45: Track list

3. Click OK. The video track is analyzed and an error appears, as shown in

44

Figure 46.

View the error message details, which provide a summary of the stream up to
the point of the error.

Click Continue. Ensure that the SKkip this Error only in the future check
box is not selected. Another buffer conformance error message appears, as
shown in Figure 47.
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Decode Error 22210: Bad slice order

Eror Picture
Slices must be contained within a single row of macioblocks. The
current macroblock (x=0, y=4) belongs to a slice from a previous row.
Stream position: Oxfef (dec. 4070), bit 1

Bitstream context: [VSQIPCDISLI]

Summary

I 552+ 250 A
SUEET S RCN = N ESY) 6+ (partially extracted)

betore Frame 1
!
before Frame 1
1

[~ Skip this Error only in future
™ Skip ALL Ermor alerts in future

Abort Pause | Continue I Goto v

Figure 46: Initial error message

Decode Error 22112: Bad VLC for dct_differential

Enor Block
Invalid VLC for det_differential: encountered bit patten
'00000000000000000". This does not match any valid code value.

‘Stream position: 0x1000 (dec. 4096), start bit 5

Bitstream context: [VSQIPCDISLIMBKIBLK]

Summary

e 352 x 288 &
Stream size (kBytes) Bl (=T N (1o C1 ) ]

LGN 6] before Frame 1
Frame type i}

HEUEL TR before Frame 1

Decode Frame no. g

[~ Skip this Error only in future
I Skip ALL Error alerts in future

Abort | Pause | Conlinuel Goto +

Figure 47: Invalid VLC error message
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46

6. View the error message details. An invalid VLC has been used for the
dct_differential field at bitstream byte address 0x1000, bit 5.

7. Click Continue. Ensure that the SKkip this Error only in the future check
box is not selected. Repeat this step for an additional error message that
appears.

8. Resume playing the video. Observe that the error is visible in frame 1, as
shown in Figure 48.

Figure 48: Error in image

9. Click the the Pause, Step forward icon ™ An error message appears.

10. Click Continue. An Invalid VLC error message appears, as shown in
Figure 49.

11. From the Goto menu, click Hex.

12. Click Continue, and then view the HexView window, as shown in
Figure 50. Note that the error is highlighted automatically.

13. Observe the bits surrounding the error and consider whether it is a start code
emulation.
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Decode Error 2211 2: Bad YLC for det  differential

Emot

Irwalid VILC fon det_diferential encounterd bit patizn
"DOODOA00000DNNG0T. This does not maich any valid code value
Shearn poskor: Dl 000 (dec. 403E). sad bit S

Bitstizam contest: [WSUIPLD SLIMEBRELR)

Surmany

mage sizs Eapk .o

TP IS) - (et extracts

IIII‘E!E%E!“N?!Hum1
T
I:relmﬁ-m‘l
|_DecodeFrame nc |

[™ Skip thizError onlyin fulure
[~ SkipALL Erroe sbaits in futue

Figure 49: Invalid VLC error message

Hex: mp2_2 - stream Oxe0 (video)

¥ Bin ¥ Hex W ASCI ] Auto le_l,texpahe Jﬂ” Absolute address v]  Hex De-: —

0O0FE4 01101111 10110101 10001111 11101110 11011100 10110010 F EE DC B2 o -
O0FE4 10100111 00000101 10100001 01100111 11101100 01100110 n'a? l]5 Al 67 EC B6 g f =
O0FF0 00010011 11001110 01101001 10011100 01000011 01110111 13 CE 69 9C 43 77 i Cw
00FFe 01110001 11101111 10110110 01100110 01011101 01000101 71 EF Bé 66 5D 45 g f£]E
00FFC 10010001 00001110 01100110 11000011 00000000 00000000 91 OE &6 C3 00 00 £

01002 00000000 00000001 00000101 01111011 11010111 10010011 00 01 0S 7B D7 93 {
01008 00011110 11111100 01110110 11101100 01110110 01010010 1E FC 76 EC 76 52 w vR
0100E 11110110 11011010 10000101 01000001 10010000 00110110 F6 DA 85 41 90 36 h B
01014 10011100 11011100 00111110 01011111 11000000 00000001 9C DC 3E SF CO 01 >

01014 11111111 11000111 10010110 10111011 11001011 00100011 FF C7 96 BE CB 23 ¥
01020 11100001 01010110 00100100 00101010 10110101 11100100 E1 56 24 2A BS E4 Vs
01026 01100101 00000000 10110111 10010100 01000000 00011100 &5 00 B7 94 40 1C
0102C 01100001 11100001 00101101 10011111 10111010 00001000 61 E1 2D 9F BA 08
01032 01011111 11101110 00101010 10010100 01010110 01101101 SF EE 24 94 56 6D ® Un

01038 01001001 00100000 00001111 01100011 01011011 01100110 49 20 OF 63 5B 66 I off
0102E 11011110 01111111 10010111 112100110 10000000 01011001 DE 7F 97 Ec 80 &9 ¥
01044 00100110 11001010 00001000 01011111 11110101 11000101 26 CA 08 SF FS 5 & _

01044 00101010 11001010 00110110 10110011 01111101 01101000 2A CA 36 B3 7D 68 = 6 }th

Address: 0x1000 (5096) bit 5

lk | £

Figure 50: HexView window
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14. To open the Grenadier Guards program stream, Click File > Example files >
MPEG-2 Program Streams> Grenadier Guards. An error message
appears, as shown in Figure 51.

15. View the details of the error message: the value of the denominator of
frame rate_extension is 1, but it must be 0 in Main Profile.

Decode Error 22082: Invalid frame_rate_extension_n E]

Error Video Sequence

Irvalid value. frame_rate_extension_n="01'
frame_rate_extension_n must be 0 in Main profile,
S treamn position: 0415 (dee. 21), start bit &
Bitgtream context: [VSOISOX]

5

Image size [Hy 5y U
2= e E ] 144+ (partially extracted)

Time (2ecs ) o I

befare 1
Decode 3

I!!IIIIg
Lolile

[V Skip this Emor only in future
[~ Skip ALL Exior slerts in futirs

Abort Pause I [

Figure 51: Error message

16. Select Skip this Error only in the future, and then click Continue. The
status bar indicates one disabled alert, as shown in Figure 52. An error
message and a warning message appear, as shown in Figure 53 and
Figure 54.

|
MOTE: one/mare Alerts disabled All Disabled: 1

Figure 52: Disabled alert indicator

17. For both error messages, select Skip this Error or Warning in the future,
and then click Continue. Do not resume playing the video.
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Emor Yideo Sequence

Inwalid value. frame_rate_extension_d = "00007"
frame_rate_estension_d must be 0 in bain profile.
S treamn pogitior: 0x15 [dec. 21, start bit 4
Bitstream contest: [VSOIS0x)]

Surnmary

~
[P wnknown

14+ (partially extracted)
e

v Skip this Error only in future
[ Skip ALL Error alerts in fubure

Abort Pause | | Continue: I Golo w

Figure 53: Error message

Decode Warning 32196: Incorrect frame rate fraction rg|

\Warning Yideo Sequence
f Whede the numerstor and denominater of frame_rate_estension are
= % equal they must be set to 0 [found: rum=1, denom=1]

Stream postion: 0x15 [dec. 21), bit &

Bitstream context: [VS0IS0X)

Summary

BT o 5
=R RS T 144 (partially extracted)

R CRE batore 1
tyjs
I v
3

[¥ Skip this W/ aming orly in future
[ SkipALL Warning alerts in future:

Abort I Pause

Figure 54: Warning message
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18. From the Analysis menu, select View video stream structure. The
Structure window appears, as shown in Figure 55.

19. View the top-level atoms in the MPEG-2 program stream. Click the + next to
each atom to view the data for the atom.

E Structure: MPEG-2 Example - Grenadier guards (videa)

Stream: ]MPEG-Z part 1 PS
| Syntax Value | Start bit Size (bits)
= % MPEG-2 Program Stréam 0x000000,7 UNkNown -~

+ [ pack_header 0x000000,7 256

+ [%, PES_packst program_stréam,., 0x000020,7 182

- [ PES_packst MPEG-1, MPEG-... 0x000038,7 16560
101 packst_start_code _p... Oxl 0x000038,7 24
&~ stream_id Oxed MPEG-1, M,.., 0x00003b,7 B
125 PES_packet_length 2064 0x00003c,7 16
123 10 2 0x00003e,7 2
123 PES_scrambling_control 0 0x00003e,5 2
123 PES _priority 0 0x00003e,3 i
123 data_glignment_indic... 0 0x00003e,2 1
123 copyright 1] 0x00003e, 1 1
123 original_or _copy 0 0x00003e,0 1
123 PTS_DTS_flags 3 0x00003f,7 2
123 ESCR_fiag 0 0x00003f,5 1
123 ES_rate_flag o 0x00003f,4 1
123 DSM_trick_mode_flag 0 0x00003f,3 1
123 additional_copy_info... 0O 0x00003f,2 1
123 PES_CRC_flag 0 0x00003f,1 1!
123 PES_extension_flag 1 0x00005f,0 1
123 PES_header_data_le... 13 0x000040,7 8
iz3 0011 3 0x000041,7 4
o/ PTS 49157 0x000041,3 36
12F 0001 1 0x000048,7 4
«~ DTS 47357 0x000048,3 35 e

Figure 55: Structure window

20. Resume playing the video. The Interlace toolbar appears, as shown in
Figure 56.

Figure 56: Interlace toolbar
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Tutorial 6: MPEG-2 Compliance

>

21. Click the Pause, Step Forward icon to view frame 2.

22. On the Interlace toolbar, click the Split fields view icon = . The top and
bottom fields are displayed separately, as shown in Figure 57.

Figure 57: Frame 2

23. Maximize the video window.

24. Click the ® icon. Different MB types appear in the top and bottom fields,

as shown in Figure 58.

MTS4CC Elementary Stream Compliance Checker Tutorials
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@ MTS4EA - [MPEG-2 Example - Grenadier guards - stream Oxe0]

[ Bl play Overlsy anslyss dert window Hebp /"‘\

PE@E s ddqamprpEm ol - vmu\ise */:: |
E=E

Conclusion

52

Figure 58: Varied MB types

This tutorial demonstrated the following:

®  There is one error in the Person Track stream:
®  The error is frame 1, at bitstream location 0x1000, bit start 5.
®m  This error affects the visual quality.

B There are two errors and one warning message in the Grenadier Guards
stream:

®m  The errors are in the header (before frame 1), at bitstream location 0x15,
bit start 6.

®  The warning message highlights the same error.
®  This does not appear to affect the visual quality.

B You can see the different MacroBlock types in the top and bottom fields.
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Tutorial 7: Fidelity Analysis

Procedure

This tutorial covers the following:

Fidelity analysis in real-time (PSNR).
®m  Using a YUV source reference file.
®m  Fidelity metrics.

®  Graph navigation.

Comparing the fidelity of the same bitstream compressed with either
MPEG-2 or H.264/AVC.

Viewing the visual difference between the compressed bitstream and the
YUYV source reference video.

This tutorial requires that you have completed the previous tutorials and that you

can:

Open example streams.
Play, stop, step forward, and rewind a video.
Use and interpret alert pop-up messages.

Use the icons and controls on the buffer analysis graphical display.

This tutorial also requires that you already understand the principles of fidelity
analysis (MTS4CC does not cover this; however, the user manual contains
descriptions of the fidelity metrics).

1.

3.

To load the tutorial, click File > Example files > MPEG-4 Elementary
Streams> Man Walking. Ensure that the video is not playing.

From the Analysis menu, click Enable fidelity analysis. The Video
analysis options dialog box appears (see Figure 59) for theYUV reference
file. This file will later be used for comparison with the compressed video
file. The YUYV reference file is provided as an example, as indicated by the
text under the Reference filename field, shown in Figure 59.

Set the Frame rate to 30, as shown in Figure 59.
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(X)

Video analysis options

Frame range | Trace ~Visual diference./Fidelity ]

Iv Enable fidelty analysis

Feferents flename -

” - :
Jman_walkmg _yuv

This 18 an-embeddad YLV fils for use with tutaials —

Encoding: |One byte __ - LI
Header skig: |0 Bytes™
- -

v Llsef_gmiae for synchronisation

Frame rahg: (300001001 Framé¥ per szcond

-

Metric: |PSNH full signal range) j

oK I Canesl |

Figure 59: Video analysis options

4. From the Metric drop-down menu, select PSNR (full signal range), and
then click OK. (A detailed description of each fidelity metric is available in
the user manual).

5. From the Analysis menu, click Enable fidelity trace.

6. On the Trace tab, select the Enable check box, choose the filename
mp4asp_1_video and then, under Options, select VOP Fidelity, as shown
in Figure 60.

7. On the Frame range tab, select the All frames check box, as shown in
Figure 61, and then click OK. The video window appears with the fidelity

=

analysis icon enabled in the Views toolbar.
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Video analysis options

Framerange Trace ]‘u’leuaJ diference/Fidelty |
Fileriame:
Imﬂd'GSDJ_'\n‘ldeo.upt J

Available disk space: 68179 MBytes
File size limit: |20 MEyies
Options
[ VIOP fidelity
[ MB fidelity

I 0K I Canc

Figure 60: Video analysis options

Video analysis options

Frame range ]TIT:IEE: l Wisual diFFerencefFidel'rty]
Frame range

First frame Last frame

I o |

Figure 61: Frame range tab
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56

10.

11.

Click the Fidelity analysis icon ™ The Fidelity analysis graph view
appears, as shown in Figure 62. Observe that the graph is empty because a
video has not been played.

Click the ™ icon four times. A graph appears, as shown in Figure 63.
Observe the following about the graph shown in Figure 63:

®m  The graph area is not filled with each click because the bitstream
includes B-VOPS, and a certain number of frames must be decoded
before each frame can be displayed.

®  Some of the YUV PSNR values are not visible. This is because the

graph auto-scales with the first few values. You can click the u] icon to
rescale the graph.

B The thumbnail bar view shows that the fidelity data has been collected.

View the descriptions of the Fidelity analysis window, as shown in
Figure 64 and Table 6.
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"._'_ll Fidelity Analysis: MPEG4 Example - Man Walking

~Doe@& ++0Q e E

Decoded image PSNR (full signal range)

03

0G

or

06

0s

PSNR (db)

04

03

L]

LiE]

06 [ E 4 i2 14
Tiene (2)

Figure 62: Fidelity analysis graph

I Fidelity Analysis: MPEG4 Example - Man Walking

- D> 2GS

+oQ

Decoded image PSNR {255 signal range)

40

30|

PSNR (db)

20

10

plame
plame

plame

03 04 05 06 07 08
Time (s)

08

Poinkt: (0,977 s, 24.21)

Figure 63: Fidelity analysis graph
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58

Analysis: MPEG4 Example - Man Walking|

0O+ RS + &+ @

PSNR (db)

40

=)
o

(5]
o

Decoded image PSNR (255 signal range)

@
(6

>

L
0 01 02 03 04 05 06 o7 08 09

Time (s)

-~
IPaink: (0.977 5, 24.21)

® ®

Figure 64: Fidelity analysis window descriptions

Table 6:

Fidelity analysis window descriptions

Area

Description

Graph window

YUV color key

Scroll bar; appears and disappears according to zoom scale

Time through sequence

Status line; display measurements

Thumbnail bar line; displays overview

Vertical blue line at time=0; vertical gray lines at each VOP decode time

Frame type, number

|| N[O | W| DN

Graph window control toolbar
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12. To open the Grenadier Guards program stream, Click File > Example files >

MPEG-2 Program Streams> Grenadier Guards. An error message
appears.

13. Select Skip this Error only in the future, and then click Continue.
14. From the Analysis menu, select View analysis options.

15. On the Visual difference/ Fidelity tab, set the YUV frame rate to 25, and
then click OK.

16. An error message appears because there are only 10 frames of YUV data.
Click OK, and then view the graph result, as shown in Figure 65.

17. Load the MPEG-2 program stream example, Grenadier Guards, as shown in
Figure 66.

18. Compare the MPEG-2 program stream in Figure 66 with the H.264/AVC

PSNR example shown in Figure 67. Note that the PSNR is higher for
H.264/AVCin Y, U, and V.

') Fidelity Analysis: H, 264/AVC Example: - Grenadier Guards

Do@& - |++Q
Decoded image PSNR (255 signal range)
=0 [ E Toak = = = r T “_
plars
R e T e ;
11} B \ Frieey
it plhane
E = Il!:‘,
x :I'
E‘ II:I
20 'I'F
1'
10 \
i | | ! i
o 01 0.2 03 04
T (=)
=
¢ >

Figure 65: Graph result, YUV frame rate 25
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IE_I Fidelity Analysis: MPEG-2 Example - Grenadier guards - stream OxeQ

DB+ +Q
Decoded image PSNR (255 signal range)
0 [ | EE N _-{IIII-'.j:—'.l_i_-' f‘il.:.l—-:,‘-. _I,I-';i-'...-'. g;-.lii'-l B0 '_-'n_:_.-.E:—..I'_'Ei-n.l_—. o v
FHH HEH T e
Wiis: frith ] U
d o= B . : —
H e EH =
~ BEER HEEE v
£ n = ] i
[r=4 | | |
& s EmE g
o - | | |
10f T |
|  BEEY
0 o 02 @3 04
T (=)
e
3 >

Figure 66: MPEG-2 program stream, Grenadier Guards

') Fidelity Analysis: H.264/AVC Example - Grenadier Guards

Do@R@ |+ +8Q
Decoded image PSHR 255 signal range)
50 [P:001 [P00z [Foos [Poos |P.oos 1, P07 " [P poia [Poit y
o
I I u
40 b
v
L | e
g = g
=4 1
& |
B L | |
L | |
| |
1 |
0 01 02 03 04
Timer (2)
s
< »

Figure 67: H.264/AVC stream, Grenadier Guards
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19. Click the View trace icon as shown in Figure 68.

SRR .

Figure 68: View trace icon

20. The trace view gives the numerical values for the pictures’ PSNR, as shown

in Figure 69.
21. Consider the following:

B What encoder parameters, such as frame type, were used for H.264/AVC

and MPEG-2?

®  Could the H.264/AVC or the MPEG-2 encoding parameters be changed

to improve the areas of lower PSNR?

®  Compare other fidelity analyses; do the same kinds of differences occur?

®  Although the PSNR is better for the H.264/AVC sequence, it does not
necessarily look better. Consider the visual differences.

= Trace: mp2_3_video.vpt

| B | [ Line numbers Find:

Prew

Mest | Iw Emor [v ‘waming [ Frame [~ Test

Framnes.Fi=eld., PS

e
= OO0 0 O OO 0 ] T O O O O] e e L0 L0 T T b
o O OO OO OO OO O
[}
oo

BT

NE(Y1. PoHR(U),
§.1551205054, 44
2410429823,
2402434076,
8244399239,
(1695327233,
.1792323830,
1895275709,
. 7246588453,
4360061215,
6821124513,
5875051373,
2754493764
1654188777,
PE16BI7922.
0906394650,
0525714220,
4113761027,
0349589228,
4844855563,
7436073016

or

Figure 69: H.264/AVC sequence

PSNR(V)

J15274414329, 44 1070618585
.1333866825, 42 £90697666E
L0828362775, 40.5498890441
CBF47086796, 40.3956140428
CBE71772657, 40.1094564965
L5634063211, 39,9926953618
0741906012, 39 7654673373
LL144933741, 39 7106823394
L0e95923024, 39 6645723375
C7I11766114, 39 4529675380
.G0440875858. 39.20265858440
C7546294297, 39 1679362998
J1565268088. 38 . 6190367668
4076668535, 38 8532040654
C5244317504. 38 7354762727
.9345453769. 38.1391305374
.2114152344. 38 4411214339
.1469252959. 38 .4015575604
.10079393494, 38 4926066341
.0919941194, 38.5918053711
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Conclusion

62

22. Load the MPEG-2 stream, Grenadier Guards.

23. From the Overlay menu, click Visual difference, and then select the Enable
check box.

24. Set the Frame rate to 25, and then click OK. The Visual difference toolbar

appears.

25. Use the following icons to view the visual difference.

Table 7: Visual difference icons

Icon Function
View encoded
a
” View YUV reference
View difference
A
. View luma only (not U or V)

26. Load the H.264/AVC stream, Grenadier Guards. Consider whether there is a
difference in visual quality between the two streams.

This tutorial demonstrated the following:

® A method for assessing visual quality through:

®  The use of metrics such as PSNR.

Identitying the visual difference between the encoded video and the

reference (source) video that is used for the encoding.

B Visual quality analysis and visual quality improvement require that you
consider encoding parameters (such as frame types and motion vectors) and
bit-rates of encoding.

This tutorial provided the tools to help you begin your visual analysis in a
quantifiable and logical fashion.

==  Endof document ==
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