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LEGAL DISCLAIMER

INFORMATION IN THIS DOCUMENT IS PROVIDED IN CONNECTION WITH INTEL PRODUCTS.
NO LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE, TO ANY INTELLECTUAL
PROPERTY RIGHTS IS GRANTED BY THIS DOCUMENT. EXCEPT AS PROVIDED IN INTEL'S
TERMS AND CONDITIONS OF SALE FOR SUCH PRODUCTS, INTEL ASSUMES NO LIABILITY
WHATSOEVER AND INTEL DISCLAIMS ANY EXPRESS OR IMPLIED WARRANTY, RELATING TO
SALE AND/OR USE OF INTEL PRODUCTS INCLUDING LIABILITY OR WARRANTIES RELATING
TO FITNESS FOR A PARTICULAR PURPOSE, MERCHANTABILITY, OR INFRINGEMENT OF ANY
PATENT, COPYRIGHT OR OTHER INTELLECTUAL PROPERTY RIGHT.

UNLESS OTHERWISE AGREED IN WRITING BY INTEL, THE INTEL PRODUCTS ARE NOT
DESIGNED NOR INTENDED FOR ANY APPLICATION IN WHICH THE FAILURE OF THE INTEL
PRODUCT COULD CREATE A SITUATION WHERE PERSONAL INJURY OR DEATH MAY OCCUR.

Intel may make changes to specifications and product descriptions at any time, without
notice. Designers must not rely on the absence or characteristics of any features or
instructions marked "reserved" or "undefined." Intel reserves these for future definition and
shall have no responsibility whatsoever for conflicts or incompatibilities arising from future
changes to them. The information here is subject to change without notice. Do not finalize a
design with this information.

The products described in this document may contain design defects or errors known as
errata which may cause the product to deviate from published specifications. Current
characterized errata are available on request.

Contact your local Intel sales office or your distributor to obtain the latest specifications and
before placing your product order.

Copies of documents which have an order number and are referenced in this document, or
other Intel literature, may be obtained by calling 1-800-548-4725, or by visiting Intel's Web
Site.

MPEG is an international standard for video compression/decompression promoted by ISO.
Implementations of MPEG CODECs, or MPEG enabled platforms may require licenses from
various entities, including Intel Corporation.

Intel, the Intel logo, Intel Core are trademarks or registered trademarks of Intel Corporation
or its subsidiaries in the United States and other countries.
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1 Overview

Intel Video Pro Analyzer is a graphical coded video bitstream analysis tool, supporting the
following coding standards:

e HEVC: (ISO/IEC 23008-2 MPEG-H Part 2 or ITU-T H.265) , 8/10-bit
e HEVC: RExt extension, 8/10/12-bit, 4:0:0/4:2:0/4:2:2/4:4:4

e HEVC: SCC extension, conform to HM + SCM 8.0 in reference code

e HEVC Scalable/Multiview Extension

e Google’s VP9, profiles 0,1,2,3, 4:2:0/4:2:2/4:4:0/4:4:4, 8/10/12-bit
e AVC: (H.264/AVC, ISO/IEC 14496-10, MPEG-4 Part 10), except SVC/MVC
e MPEG2 (ISO/IEC 13818-2 Part 2), 4:2:0/4:2:2, 8-bit

e MKV container

e MP4 container

e MPEG2 TS/PS container

e AVI container

e Mpeg Media Transport container

Once a bitstream is loaded, the tool allows the user to inspect each major step of the
decode process visually and numerically, and the structure of the coded image can be
explored. This data can be used as a visual reference when learning about
HEVC/VP9/AVC/MPEG2 or when debugging a particular encoder or decoder.

Intel Video Pro Analyzer is written in C++4. There are separate packages for each supported
operation system — Windows*, Linux*, Mac* OS X*.

*Other names and brands may be claimed as the property of others.
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Term Definition

CABAC Context-adaptive binary arithmetic coding
CTB Coding Tree Block

Cu Coding Unit

CvC Coded Video Stream

GUI/UI (Graphical) User Interface

HEVC High Efficiency Video Coding

NAL Network Abstraction Layer

PPS Picture Parameter Set

PU Prediction Unit

QM Quantization Matrix

SAO Sample adaptive offset

SEI Supplemental Enhancement Information
SPS Sequence Parameter Set

TU Transform Unit

VP9 Google video codec, VP9 is a successor to VP8.
VPS Video Parameter Set

YUV Color space (YUV)

*Other names and brands may be claimed as the property of others.
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3 HEVC

The following sections describe all available features when loading an HEVC bitstream. The
supported format of a bitstream is the raw bitstream with no surrounding container. Output
from the publicly available HEVC reference software HM is in this format and can be opened
directly. Intel Video Pro Analyzer supports Main, Main 10, and Main Still Picture profiles,
HEVC RExt profiles (including SCC), SHVC profile and HEVC MultiView profiles. Sequences
that go beyond the profile limits maybe be supported as well.

@ outputhevc | Intel® Video Pro Analyzer 2017 23.0.4470 | 110008 - o
File Mode YUVDIiff Options View Help
Stream View | HEVC | D:/video_vpa/output.hevc &%

Thumbnails ~ @ Pidure:8 = Display ActiveRefs

1/3-TRAILR 2/2-TRAILR 3/1-TRAILN 4/7-TRAILR 5/5-TRAIL R 6/4-TRAILN 7/6-TRAILN 8/11-TRAIL R 9/9-TRAILR. 10/8-TRAILN.

Click to decode Click to decode

POC=3 POC=2 poC=7 @fo _pPoc=5 @|jo Lo poc=11 @o__proc=9 @0 POC=8 L
T T T T

Syntax Info &x
Slice #0 size In bits: 88664 TRAIL_R
SE Name Value A
first_slice_seqment_in_pic_flag 1
slice_pic_parameter_set_id 0
slice_type 1
slice_pic_order_cnt_lsb 1
short_term_ref _pic_set_sps_flag 0
short_term_ref pic_set{0)
num_negative_pics 4
num_positive_pics 0
delta_poc_s0_minus1 3
used_by_curr_pic_s0_flag 1
delta_poc_s0_minus1 1
used_by._curr_pic_s0_flag 1
delta_poc_s0_minus1 1
used_by_curr_pic_s0_flag 1
delta_poc_s0_minus1 0
1
1
1
1
1
2
0

used_by_curr_pic_s0_flaq
slice_temporal_mvp_enabled_flag
slice_sao_luma_flag
slice_sao_chroma_flag

oM

num_ref idx_active_override flag
num_ref_idx_10_active_minus1
collocated _ref_idx
pred_weight_table(
luma_log2_weight_denom 7 .4

delta_chroma log2_weight_denom 1
luma_weight_{0_flaq[0] 0
luma_weight_I0_flag(1] 0
luma_weight_10_flag[2] 0
chroma_weight_10_flag[0] 0
chroma_weight_10_flag[1] 0
chroma_weight_10_flaq[2] 0
five_minus_max_num_merge_cand 3
slice_qp_delta i |
slice_loop_filter_across slices_enabled_flag 1
nolat_offcnte 7

NAL | WPS | SPS | PPS | slice | QU | TU | QM | RefLists | SEI | HRD | ) =¥ FS - + R | YUV v|Pic| Info| Details H A |me «t b w i
Selection Info #x Unit Info
Width: 640 CTB address: 45 PU shape: 2Nx2N | ¢
Height: 480 CTB col, row: 5,4 PU size: 16x16

& x Status &x

at

Pictures: 100 CU X,Y:320, 272 TU depth: N/A
Color format: 4:2:0 CU Size,Depth: 16x16, 2 TU size:N/A i
Bitdepth Y,C:8, 8 CU pred mode: Intra - A
Tile col, row:0,0 Pixel X,Y:N/A Vit:-

Slice £:0- P 4x4 Z-scan idx: 209 CU QpY: 28

*Other names and brands may be claimed as the property of others.
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3.1 UI Components

The following sections describe the various components in the UI when an HEVC bitstream
is loaded.

3.1.1 Top Filmstrip

Stream View | HEVC | D:/vpa/video_vpa/output.heve 5 x
Thumbnalls ~ @ s#Picture:8 % Display ActiveRefs

1/3-TRAILR. 2/2-TRAILR 3/1-TRAILN. 4/7-TRAILR. 6/4-TRAILN, 7/6-TRAILN 8/11-TRAIL R, 9/9-TRAILR. 10/8-TRAILN. 11/10-TRAILN

Click to decode Click to decode Click to decode

lo pPoc=11 @0 proc-=9 @|fo POC=8 L0 POC =10

Lo _POC=0 o|jo POC=3 @0 POC=2

< >

Stream View | HEVC | D:jvpafvideo_vpa/output heve
- © ;Picure:8 3| Display ActiveRefs

ax
Bars
47 55 64 7i6 /11 9/9 10/8 11/10 1216 13/14 14/12 1513 16/15 17720 18/18 19/17 2423 22 23f21 24/27 25/25 26/24 2726 28/31 29/29
N 5
< >

The top filmstrip is a horizontally scrolling overview of the pictures in the bitstream. When a
new sequence begins (CVS from the HEVC spec), the top info label is highlighted in green.
The current picture is highlighted with a red border. On top is the picture number - the
decode order index in the bitstream - and the first slice in the picture type as indicated by
the NAL unit types, and on bottom there are layerld shown as Lx where is x gives layerId
itself and the POC value. Referenced pictures for the current picture are indicated with
arrows. Green arrows indicate the long term references. The bar filmstrip has underline
green band under those frames that begin new CVS. Picture type is core coded: red - intra
picture (I), blue — P-picture, green — B-picture. Red dots show how often picture is used as
reference picture. Size of the dot is proportional to such usage index. By using this
information you have a hint witch image is mostly important for prediction other images.

Title bar shows currently loaded stream and selected codec for it.

Clicking on a picture will cause Intel Video Pro Analyzer to decode it and mark it as the
current picture, updating the rest of the UI correspondingly. If the new picture requires
other pictures to be available as reference that have not yet been decoded, those will
automatically be decoded.

Pictures are decoded on demand since it is impractical to store all details of all pictures in
memory, especially for HD sequences. The current picture can also be selected by typing in
a picture number in the box on the left of the panel. When using this box, the filmstrip is
scrolled such that the newly selected current picture is visible.

@ outputhheve | Intel® Video Pro Analyzer 2017 2.3.0.4470 | 110008 - olEl
File Mode YUVDIff Options View Help
Stream View | HEVC | D:/video_vpajoutput heve &x

Thumbnails ~ @ 4 Picure:8 = Display AdtiveRefs

1/3-TRAIL R. 2/2-TRAIL R 3/1-TRAILN 4/7-TRAIL R, 7/6-TRAILN.

5/5-TRAIL R 6/4-TRAILN

Click to decode Click to decode

8/11-TRAIL R.. | 9/9-TRAILR.

| 10/8-TRAILN.

Extract minimum CVS to this Picture
Extract Syntax
Extract Statistics

POC=8 L

Extract Prediction

£ Extract Residuals >
Syntax Info B ©rcdiction modes Extract Reconstruction
P o edictiol oaes
Slice #0 size In bits: 88664 TRAIL R % > X ) ) 3 Extract Deblocking
SE Name Value A - L 2 E : TR s S

first_slice_segment_in_pic_flaq 1

*Other names and brands may be claimed as the property of others.
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Application title bar shows currently loaded stream, selected codec for it and process ID for
easier identification of dock widgets. When any dock widget is detached from the main
window his title bar will show process ID of the main window also.

In Thumbnails and Bar mode it is possible to choose between Display/Decode order
representation by click on additional. By right clicking on selected picture one can get popup
submenu with a set of extract actions. An action called "Extract minimum CVS to this
Picture" will write out a bitstream that contains the minimum number of pictures needed to
decode the current picture. Typically this will consist of the current picture and all previous
pictures that are reference pictures up to the nearest IRAP picture. This can be useful for
debugging issues in long sequences. Other actions allow to save in the output file statistics
and intermediate/final YUV planes.

Syntax Info | 8828 Stream View | 8828 | HEVC | D:/vpa/video_vpa/outputhevc
Slice #0 size in bits: 88664 TRAIL_R SRefs

Value

1 2/2-TRAILR. 4/7-TRAILR. 5/5-TRAIL R 6/4-TRAIL N 7/6-TRAILN. 8/11-TRAILR 9/9-TRAIL R 10/8-TRAILN. 11/10-TRAIL N,

()

1

1 i }

) Click to decode Click to decode Click to decode

4

9 0_PoC=2 = o _roc-7_ @|fo roc=5 el = =6 o poc=11 @ roc-9 @ffo  roc-s o _poc=10 ]

1

1

1 >

1 e — T R T P——

] @ outputhevc | Intel® Video Pro Analyzer 2016 2.2.0.4093 | 8828 -0

1

1

1

1 Selection Info | 8828

; Width: 640 CTB address: 35 PU shape: 22N

z Height: 480 CTB col, row:5,3 PU size:N/A
Pidures: 100 QUXY:352, 208 TU depth:N/A

= Color format:4:2:0  CUU SizeDepth: 16x16, 2 TUskze:N/A

7 Bitdepth Y,C:8,8  CU pred mode:Intra &

1 Tile col, row:0,0 Pixel X,Y: 597,83 V- N
Sice #:0-P  4xd Z:scan idx:49 wovis  H

AR R

Unit Info | 8828

0
0

) o
ht_l0_flag[0] o
it 10_flag[1] 0
o

1

NAL | VPS | SPS | PPS | Slice QU

3 fi—s
S~ F5 -+ RV Y U V Pic|lnfo] De W et > w i | Heat QP | Type| Refldx

Allow separate panels can be detached from them main window or hidden. To attach panels
back double click on the titlebar. To unhide panel go to View menu and check appropriate
panel.

*Other names and brands may be claimed as the property of others.
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3.1.2 Main Panel

Coding flow

The main panel displays the selected picture with visual annotations. The type of
annotations and associated interactive behavior depends on the current mode, see 3.1.8.1
HEVC Modes. Click-dragging moves the picture around, and the mouse wheel zooms in or
out about the mouse cursor.

At the top left of the panel, the current mode is displayed. Along the top right the current
scale is shown. In all modes, the CTB row and column values are displayed along the left
and top border of the picture, slices are indicated with thick red lines, dependent slice
boundaries are dashed red lines and tile boundaries are thick green lines. The screenshot
above shows an example of a stream that is 13x8 CTBs, has 6 tiles and a number of slice
segments, some of which are dependent. The selected CU is outlined with a pink box.

The information in the top right corner show current zoom factor and pixel length at
selected zoom. By double clicking on zoom factor you can reset it to 1x factor.

The bottom left has a cluster of buttons:
=~F5 - + R| YUV ¥ Pic|Info| Details H A |l «« » » »i| Ref YUV | Debug YUV | Diff YUV Reload

e First submenu has special options to output the currently displayed information to
the external image file with different scaling possibilities.

e FS: Toggles full-screen mode, which hides all UI elements except the main panel.
Keyboard shortcut is F.

e +/-: Zooms in or out, centered on the center of the panel. Note that zooming with
the mousewheel is much easier than using these buttons. Keyboard shortcuts are +
and -.

e R: Resets the current zoom to fit the entire picture in the main panel. Keyboard
shortcut is R.

e YUV,Y, U, V: Toggles between per-component image, or full-color YUV.

*Other names and brands may be claimed as the property of others.
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e Pic: Toggles the actual picture underneath the annotations. The picture is mode-
dependent. For example in prediction mode, the picture is comprised of the
prediction samples before the residual signal has been added in. It is often helpful to
turn off the picture in order to make the annotation easier to read. Keyboard
shortcut is P.

e Info: Toggles the annotations on or off. Keyboard shortcut is I.

Details: Switches to the detail mode if it allowed of currently selected mode

e H/D: Toggles between hexadecimal and decimal display of the annotations. This
applies to the values in the Left Tabs as well. Keyboard shortcuts are H and D.

e Delta sign: Switches to the difference mode with slave bitstream if it it loaded and
difference mode is possible.

e There are five navigation buttons: first frame, previous frame, playback mode, next
frame, last frame. The previous/last button will rewind, causing the current picture to
be set to the first/last picture in the loaded bitstream. The "Play" button will start
playback of loaded bitstream at a reasonable rate, limited by CPU performance. All
normal mode operations are possible during playback. Note that playback mode
always operates in currently selected order in the filmstrip.

*Other names and brands may be claimed as the property of others.
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3.1.3 Left Tabs

The left side of the UI is a resizable panel with several tabs that display information about
the current selection in one way or another. The following subsections describe each tab.

3.1.3.1 NAL

Syntax Info a x
120 NAL units total

Pos NAL Idx: Type: Name Lid Tlc Si: ™
25857 > 6: 1: TRAIL_R - Coded slice segment of a non-TSA, non-STSA trailing picture, VPS:(1) SPS:(1) PPS:(1) 0 0 2€
54405 > 7: 40: SUFFIX_SEI - Supplemental enhancement information, suffix: Decoded Picture Hash (132) 0 0 1z
54421 > 8: 0: TRAIL_N - Coded slice segment of a non-TSA, non-STSA trailing picture, VPS:(1) SPS:(1) PPS:(1) 0 4 2¢€
81376 > 9: 40: SUFFIX_SEI - Supplemental enhancement information, suffix: Decoded Picture Hash (132) 0 4 1z
81392 > 10: 1: TRAIL_R - Coded slice segment of a non-TSA, non-STSA trailing picture, VPS:(1) SPS:(1) PPS:(1) 0 0 2%
106930 » 11: 40: SUFFIX_SEI - Supplemental enhancement information, suffix: Decoded Picture Hash (132) 0 0 12
106946 I 12: 1: TRAIL_R - Coded slice segment of a non-TSA, non-STSA trailing picture, VPS:(1) SPS:(1) PPS:(1) 0 0 27
134104 I 13: 40: SUFFIX_SEI - Supplemental enhancement information, suffix: Decoded Picture Hash (132) 0 0 1¢
134126 I 14: 1: TRAIL R - Coded slice segment of a non-TSA, non-STSA trailing picture, VPS:(1) SPS:(1) PPS:(1) 0 0 2%
159161 [ 15: 40: SUFFIX_SEI - Supplemental enhancement information, suffix: Decoded Picture Hash (132) 0 0 54
159219 4 E16: 1: TRAIL R - Coded slice segment of a non-TSA, non-STSA trailing picture, VPS:(1) SPS:(1) PPS:(1) 0 0 24
first_slice_segment_in_pic_flag 1 1
slice_pic_parameter_set_id 1 3
slice_type 0 1
slice_pic_order_cnt_Ish 5 6
short_term_ref_pic_set_sps_flag 0 1

short_term_ref_pic_set(13)
slice_sao_luma_flag
slice_sao_chroma_flag
num_ref_idx_active_override_flag
ref_pic_list_ modification_flag_l0
ref_pic_list_modification_flag_l1
mvd_|1_zero flag

cabac_init_flag

> pred_weight_table()

o O O O O O O
R N A S W A

five_minus_max_num_merge_cand 1..1%
184179 > 17: 40: SUFFIX_SEI - Supplemental enhancement information, suffix: Decoded Picture Hash (132) 0 0 54
184237 > 18: 0: TRAILN - Coded slice segment of a non-TSA, non-STSA trailing picture, VPS:(1) SPS:(1) PPS:(1) 0 2 2% v
o L FaTato| A10. AN. TLICCIV CCI Cu 1 ol nels + inf Ation i T AnAd Dirtsiwn Llnab (42391 n ] 17
No filter v Extract selected NAL units

NAL | VPS | SPS | PPS | Slice | CU | TU | QM | Ref Lists | SEI | HRD | Stats

The NAL tab lists all NAL units found in the bitstream, in decode order. Above the list the
total number of NAL units is displayed. The list has four columns: "Pos" is the byte position
of the NAL unit in the file, "NAL Type" is the textual description of the NAL's type, "TID" is
the Temporal ID of the NAL unit, and "Size" indicates the total number of bytes in the NAL
unit. NAL description string contain header IDs used in decoding particular NAL unit.

Changes in coloring from white to grayscale and back show Access Unit borders. By clicking
on branch sing you can roll out NAL unit syntax elements read from the bitstream. For each
syntax element Intel Video Pro Analyzer shows the value of it and the number of bits it
takes in the bitstream. Red colored elements will hint you about error syntax element.

Clicking on any NAL unit will display up to the first 500 raw bytes in the Raw Bytes panel. If
a NAL unit is a VCL NAL unit, meaning it is a coded slice segment, it can be double-clicked
in order to make the picture that it belongs to the current picture. Conversely, changing the

*Other names and brands may be claimed as the property of others.
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current picture will highlight the NAL unit that contains the first slice segment of that
picture. Selecting a CU in the Main Panel will highlight the NAL unit containing the slice that
contains the selected CU.

At the bottom of the NAL tab is a button called "Extract selected NAL units". Clicking this will
write all selected NAL units out to a file.

Filter combo box allows you to select which NAL types will be displayed inside NAL tab. “No
filter” means all NALs are shown.

*Other names and brands may be claimed as the property of others.
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3.1.3.2 VPS, SPS, PPS, Slice, SEI

SE Mame

‘pps_pic_parameter set id

pps_seq_parameter_set_id
dependent_slices_enabled_flag
ocutput_flag_present_flag
nurn_extra_slice_header_bits
sign_data_hiding_flag
cabac_init_present_flag

nurn_ref_idw 10_default_active_minusl
nurn_ref_idk_|11_default_active_minusl
init_gp_minus2b
constrained_intra_pred_flag
transform_skip_enahbled_flag
cu_gp_delta_enabled_flag
diff_cu_gp_delta_depth
pps_cbh_gp_offset

pps_cr_gp_offset
pps_slice_chroma_qp_offsets_present_flag
weighted_pred_flag
weighted_bipred_flag
transguant_bypass_enable flag
tiles_enabled_flag
entropy_coding_sync_enabled_flag
loop_filter_across_slice_flag
deblocking_filter_control_present_flag
pps_scaling_list_data_present_flag
lists_modification_present_flag
log2_parallel_merge_level_minus2

pps_extension_flag

slice_segment_header_extension_present_flag

L=l == R = R R e R il e B s R e ] e e i = B = R el L= R e R = [ e R e e )

Value

MAL VPS SPS PPS Slice cu

Refl4 1p

These tabs contain a list of every syntax element, in decode order, of the VPS, SPS, PPS,
slice segment header and SEI messages that apply to the currently selected CU in the Main
Panel. Syntax elements that come from a sub-function call are indented accordingly, and
the function call itself appears in the list as a syntax element with no value. Any part of the
list can be selected and copied for pasting in other programs.

*Other names and brands may be claimed as the property of others.
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3.1.3.3 CU, TU

v SE Name

234 part_mode

%0 prev_intra_luma_pred_flag
181 prev_intra_luma_pred_flag
181 prev_intra_luma_pred_flag
85 prev_intra_luma_pred_flag
170 mpm_idx

3 mpm_idx

362 rem_intra_luma_pred_mode
&7 mpm_idx

134 intra_chroma_pred_mode

Value

L-Du—‘-c—‘-o—‘—‘-c

ivICurrRange: 263
ivlOffset: 181

+ Split flag: 3 active states

+ Skip flag: 0 active states

- Merge flag: 1 active states

© Merge id: D active states

© Part size: 1 active states

* Pred mode: 0 active states

+ Intra pred luma: 1 active states

Intra pred chroma: 2 active states
[0]: 24
M2

+ Delta OP: 3 active states

Lt A 41 N +i + 4,

W

MAL VPS SPS PP5 Slice Ccu

Refl 41

Intel Corporation

These tabs contain a list of the CABAC syntax elements decoded, in decode order, of the
currently selected CU or TU in the Main Panel. Note that only the syntax elements pertaining
to the currently selected CU/TU are shown, not any of the syntax elements in a higher or
lower nodes in the quadtree. So if a CU is selected that is split into 4 smaller CUs, only the
split flag will be shown, not the syntax elements of CUs further down the quadtree.

The left side of the list contains two columns, R and V, which denote the state of the CABAC
engine's Range (ivlCurrRange) and Value (ivlOffset) prior to the syntax element decoding
process. Any part of the list can be selected and copied for pasting in other programs.

Clicking a syntax element will update the tree in the lower half of this panel. This tree
displays the values of all CABAC state variables prior to the decoding of the selected syntax

ele

ment.

*Other names and brands may be claimed as the property of others.
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3.1.3.4 QM

Only PPS coefficients are used in this picture

Pick a matrix: PPS ¥ | |8x8Intra Y -
26 21 23 15 8 22 12 20
12 25 16 8 ] ] 18 16
18 18 14 18 12 13 20 10
25 22 g 20 11 20 8 21

26 12 12 18 14 12 19 24
23 23 20 15 23 19 10 9

24 16 g 15 22 24 20 9
22 12 2 12 22 10 21 13

DC Coeffident: Mot present for this size

Syntax elements used to code this set of scaling lists:
SE Mame Value &
scaling_list_delta_coeff[8] -2
scaling_list_delta_coeff[9] -1
scaling_list_delta_coeff[10] 1
scaling_list_delta_coeff[11] -4
scaling_list_delta_coeff[12] -3
scaling_list_delta_coeff[13] -6
scaling_list_delta_coeff[14] ]
scaling_list_delta_coeff[15] 15
scaling_list_delta_coeff[16] -1
scaling_list_delta_coeff[17] -4
scaling list delta coeff[18] 10 ~

MAL VPS5 SPS PPS Slice cu Tu oM (4R

This tab displays the scaling lists, or quantizer matrices used by the current picture. Scaling
lists can be present in the SPS, PPS, or both. PPS scaling lists take precedence over SPS
when present. The top of the panel shows in blue text how the various scaling lists are used
in this picture. Below that, one of the 20 scaling list from either the SPS or PPS can be
chosen for inspection, and the chosen matrix is displayed in the grid. Matrices for 16x16 and
larger TUs have a separate DC coefficient, which is displayed below the grid. Also shown in
this panel is the list of syntax elements that is used to code the scaling list set, and is
identical to the syntax in the corresponding SPS or PPS tab.

*Other names and brands may be claimed as the property of others.
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3.1.3.5 Ref Lists

List O:
Tdx POC LT WY 0OY WcCb OCh WCr OCr

18432 M 65 -1 63 2 63 3
17920 |N 64 o] 63 3 65 -1
17408 |M 65 -2 63 3 63 3
M
Y

16896 65 -2 65 -2 65 -1
7580 64 o] 65 -2 65 -2

O] I R S ]

List 1:
Tdx POC | LT WY OY WCh OCb WCr OCr

] 18432 |N 64 o] 65 -2 63 2

1 17920 M 64 o] 65 -2 63 3

2 17408 M 65 -1 65 -1 63 2

3 15896 M 65 -1 65 -1 65 -2

4 7eB0 Y 65 -1 64 0 64 ]
DPEB Lists:

PocStCurrBefore[0] = 18432 -
PocStCurrBefore[l] = 17520

Poc3tCurrBefore[2] = 17408

Poc3tCurrBefore[3] = 16894
PocLtCurr([0] = 7680

-

INaL |['ves [sPs [Pes [ siice [ U [ TU | QM| refLists [5ET [ Stats

This tab displays the details of the two reference lists LO and L1, as well as the Reference
Picture Set arrays used to construct the LO and L1 lists. The LO and L1 lists have the
following columns:
Idx: The index associated with the reference picture
POC: The Picture Order Count of the reference picture
LT: A Yes/No flag indicating if the reference picture is a long-term picture or not
W Y: The derived luma weight used in the weighted prediction process of the
reference picture
Y: The derived luma offset used in the weighted prediction process of the reference
picture
e W Cb: The derived chroma Cb weight used in the weighted prediction process of the
reference picture
e Cb: The derived chroma Cb offset used in the weighted prediction process of the
reference picture
e W Cr: The derived chroma Cr weight used in the weighted prediction process of the
reference picture
e Cr: The derived chroma Cr offset used in the weighted prediction process of the
reference picture
The third panel contains in textual form the contents of the Reference Picture Set arrays
from section 8.3.2 in the HEVC specification.

*Other names and brands may be claimed as the property of others.
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3.1.3.6 Stats

Picture Stats ~

e011s52
- 37645
Bt BIng. 248120

Total bypass bkins: 161717

Bins per bit: 1.143
Bypass ratio: 4€.7%

Bits per pixel: 0.03&812
Num CU/PU/TU: Z040/4153/76822
gp min/max/awvg: 10/51/36.817¢

L0 mv.x min/max/avg:
LO mv.y min/max/awvg:
Ll mv.x min/max/avg:
Ll mv.y min/max/avg:

-15855,/15B828/-2.58537
-16041/155925/32 3255
—-15885/27320/-71.3342
-15%51/15543/70_1581

Picture Digests —--—-

S5EI Digest in bitstream is MD5:

Y : 5a%c00afleBf04aeifefTe43615d 404

Cb: 11£85030€387bSbZTbciT7b3e5722dbE

Cr: £l1ae885d43b363%eedT765a53f5aa03445
Calculated digests:

MDS ¥ : 5a%c00afleBf04aeZfef7Z49615df4cd
MDS Ck: 11£f850306987hSbiTheZT7Tha3e5T722dba
MD5 Cr: f£latB885d43b363%eed765a9f5aa03445
CRC ¥ - ©8a35

CEC Cb: cald

% | Raw values

Syntax element bin types

SPS PPS Slice cu TU QM Ref Lists

Intel Corporation

This tab displays various statistics extracted from the current picture. The top half shows
some picture size and compression stats as well as the image digest information. There are
also some min/max/average information about some picture parameters, such as QP value,

MVs and so on, in this window.

The bottom half displays pie charts for a number of metrics. Each pie chart can be drawn
normalized or un-normalized. Normalized data is weighted by area or compressed bits. For
example there may be a much lower number of 64x64 CUs than 8x8 CUs in the picture
(smaller un-normalized pie wedge), but they could still make up the majority of the picture
area, making the 64x64 pie wedge large. Normalized numbers in the pie chart are in units

of pixels or bits, and un-normalized numbers are raw counts.

The pie chart can be moved by dragging the mouse, and zoomed with the mouse scroll

wheel.

*Other names and brands may be claimed as the property of others.
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Syntax Stats * | %

Syntax Element Count Bits 2
+ Slice header 43 116
4 CU 215864 296386
» SAO 1] 1]
4 Pl 20003 62302
- MV 10587 46061
prev_intra_luma_pred_f... 347 229
rem_intra_luma_pred_... 306 2530
intra_chroma_pred_mao... 211 515
merge_flag 3139 3169
merge_idx 1973 4156
mp_idx 4 64
inter_pred_idc 1633 2638
ref_iche_I0 1108 1784
ref_idx_ 11 1] 1]
rmvp_l0_flag 1108 1106
mvp_l1_flag 1081 1072
- TU 187536 228442
+ Palette 0 0
split_cu_flag 0 0
end_of_slice_segment_flag 2040 103
cu_transquant_bypass_flag 0 0 hd
% | Raw values Syntax element bin types A

Other

(LEpd

SP5 PPS Slice cu Tu oM Ref Lists SEL Stats | 4

By selecting, different modes in the stats combo box you can explore different type of
statistics in the bitstream. Namely, picture statistics, per syntax element statistics, overall
stream statistics. Overall stream statistics is available only after full stream analysis and
shows accumulated values overall the stream. Pie chart for stream statistics show
accumulated value also.

*Other names and brands may be claimed as the property of others.
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Stream Stats ~ | %
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Syntax Element Count Bits
+ Slice header 9579 25848
4 CU 87709242 119408180
- SA0 0 0
- PU 1693727 4966519
- TU 85229565 113929334
- Palette 0 0
split_cu_flag 15068 15022
end_of_slice_segment_flag 171360 4421
cu_transquant_bypass_flag 120405 7794
cu_skip_flag 173433 128639
pred_mode_flag 137296 78116
palette_mode_flag 0 0
part_mode 156102 272459
pem_flag 12286 276
pem_alignment_zero_bit 0 0
pem_sample_luma 0 0
pcm_sample_chroma ] 0
end_of_subset_one_bit 0 0
%o Syntax element bin types hd

SPS PPS Slice cu Tu oM Ref Lists SEI Stats |4

By pressing ‘%’ buttons the values in the corresponding view changes to the percentage
view.

*Other names and brands may be claimed as the property of others.
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3.1.4 Selection Info

Selection Info & X
Width: 640 CTB address: 28 PU shape: 2NxN
Height: 480 CTB col, row: 8,2 PU size: 16x8
Pictures: 100 CU X,Y:512, 176 TU depth: N/A
Color format: 4:2:0 CU Size,Depth: 16x16, 2 TU size:N/A
Bitdepth ¥,C:8, 8 CU pred mode: Inter MV LO:28,7==0
Tile col, row: 0,0 Pixel X,Y:451,189 MV L1:-20,-8==0
Slice #:0-B 4x4 7-scan idx: 170 CU QpY:22
This panel shows a few details about the current selection at a glance. All values are
decimal:
e Picture height & width
e Number of pictures in the bitstream
e Color format of the current picture
e Bitdepth values for Luma anc Chroma components
e Tile row/col position
e Slice segment number of the slice segment that contains the selected CU, and the

slice type.

CTB address and row/col position

Size of the selected CU. Note it applies to the selection at any point in the quadtree,
not necessarily just the leaf nodes.

X/Y position of the selected CU in pixels

CU prediction mode. Intra, Inter or Skip

Depth in the quadtree of the selected CU

Pixel X/Y position in the picture of the mouse cursor

Z-order index at 4x4 granularity in the CTB at the mouse cursor location

PU size and shape. Note that this will be equal to the size of the leaf CU in any mode
other than Prediction.

TU size and depth. Note that this will be equal to the size of the leaf CU (top of TU
tree) in any mode other than Residuals.

The LO and L1 motion vectors, if any, of the selected PU. The MVs are shown with an
arrow => followed by the reference index.

The Luma QP value associated with the selected CU.

*Other names and brands may be claimed as the property of others.
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3.1.5 Raw Bytes

Unit Info g X

CU at =,y 512,176

Total bits: 248 (31 bytes)

Total bins: 282 ( 1.137 bins per bit)

Bypass bins: 95 (33.7%)

Starting at byte position 74884:4 (0x12484:4) in file:

2c €67 85 65 ef 21 01 21 69 26 2f£ 74 Sb Te f£f d0 08 51 9d <3 0Oa cl 22
af £6 4b 18 £9 53 S0 d7

The panel in the bottom center of the UI displays the raw bytes that were used to code the
selected CU, or NAL unit. A few details about the selection are included as well.

3.1.6 NAL unit detail view

Syntax Info /1-TRAILN - Tid 0| 0 4/7 - TRAIL_R - Tid 0| B 5/3 - TRAIL_R - Tid 0| 1 6/4 - TRAIL_N -~
0 NAL units total
Pos MNAL ldx Type: Name TID/ Size L
4 > 0:32: VPS - Video parameter set 0 24
32 » 1:33: 5PS - Sequence parameter set 0 39
75 » 234 PPS - Picture parameter set 0 6
a4 » 3: 39 PREFIX_SEI - Supplemental enhan... 0 6
93 > 419 IDR_W_RADL - Coded slice segm... 0 27750
27847 * 5 1: TRAIL_R - Coded slice segment of .. 0 18522
46373 > [6: 1: TRAIL_R - Coded slice segment of ... 0 8687 |
55064 » To0: TRAIL_N - Coded slice segment of .. 0 7186
62254 > 8 1: TRAIL_R - Coded slice segment of .. 0 10214
72472 * G 1: TRAIL_R - Coded slice segmentof ... 0 7192
79668 > 10: 0: TRAIL_N - Coded slice segment o... 0 103 L] e e oo
79775 > 11: 0: TRAIL_N - Coded slice segment 0. 0 4729
84508 > 12:1: TRAIL_R - Coded slice segment 0.. 0 11083 Unit Info g X
95595 > 13: 1: TRAIL_R - Coded in.ce segment 0. 0 6469 4VAL unit $6, type 1: TRAIL R - C.. ~
102068 > 14 0: TRAIL_N - Coded slice segment o.. 0 4035 forbidden zero bit - 0
106107 » 15: 0: TRAIL_N - Coded slice segment o... 0 120 LT
106231 - 16:1: TRAILR - Coded slice segment 0.. 0 14760 pallunieype L
120995 > 17:1: TRAIL_R - Coded slice segment 0. 0 6496 nuh_layer_id 0
127495 > 18: 0: TRAIL_M - Coded slice segment ... 0 5330 nuh_temporal_id_plus1 1
133049 » 19: 0: TRAIL_N - Coded slice segment o... 0 6040 first_slice_segment_in_pic_flag 1
139093 > 20: 0: TRAIL_N - Coded slice segment o... 0 146 >
139243 > 21: 1: TRAIL_R - Coded slice segment o... 0 21173 slice_pic_parameter set_id 0
160420 » 22:1: TRAIL_R - Coded slice segment 0. 0 11031 "
171455 » 23:0: TRAIL_N - Coded slice segment 0. 0 6037 . .
17749% - 24 0: TRAILN - Coded slice segment 0. 0 6468 4 if(ldependent slice segment flag)
183968 » 25:1: TRAIL_R - Coded slice segment o... 0 19726 o
203698 > 26: 1: TRAIL_R - Coded slice segment 0., 0 6954 slice_type 0
210656 » 27: 0: TRAIL_N - Coded slice segment o... 0 174 >
210834 > 28: 1: TRAIL_R - Coded slice segment 0. 0 23715 >
234553 > 28 1: TRAIL_R - Coded slice segment o... 0 10709 > if(nal_unit_type != IDR_W_RADL && ...
245266 > 30: 0: TRAIL_M - Coded sl!ce segment o.. 0 6452 - iflsample_adaptive_offset_enabled_fl...
251722 > 31:0: TRAIL_N - Coded slice segment o... 0 3816 . if(slice_type == P || slice_type == B)
257542 » 32: 1: TRAIL_R - Coded slice segment 0., 0 20064 . - -
277610 » 33:1: TRAILR - Coded slice segment 0.. 0 7399 slice_qp_delta -3
285013 » 34 0: TRAIL_N - Coded slice segment o... 0 125 g
285142 > 35: 0: TRAIL_N - Coded slice segment o... 0 5350 d
200436 » 36: 1: TRAIL_R - Coded slice segment 0., 0 21435 >
311935 » 37: 1: TRAIL_R - Coded slice segment o... 0 9540  if(pps_loop_filter_across_slices_enabl...
321479 > 38 0: TRAIL_M - Coded slice segment o... 0 6182 ] > if(tiles_enabled_flag || entropy_coding_...
Extract selected NAL units X o .
Starting at byte position 46373 in file:
MAL VPS sps PPS Slice cu TU QM RefLists s 0Z 01 e0 44 37 e0 87 88 16 33 df &f bl &5 b8 a6 86 Z1 88 df a8 bf 47 £3 il

When one selects NAL unit in the NAL tab with single click Intel Video Pro Analyzer will display
up to the first 500 raw bytes in the Raw Bytes panel and the controls for expanding NAL unit
tree will appear from the left of “"NAL unit” keyword. Control representation is system
depended.

*Other names and brands may be claimed as the property of others.
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"NAL unit #26, type 1: TRAIL ..

Starting at byte position 203698 in file:

02 01 2 c2 25 52 7f£ 70 87 88 16 47 Bc 2d Oc ac 53 06 60 3d 88 7 £f8
et 76 6b 0 86 43 Oes 46 fe 71 %b ee 33 85 Gb 75 21 13 ea a2 51 e9% cd
eb 65 7b 4% 56 4a af 3b 0d =a f£8 34 70 df fb b8 56 2d bZ 8% 66 af 80
68 b5 d2 Oe 10 4c 85 8% fe 38 46 f£f 54 e0.eb 57 05 €66 25 48 18 2e eZ
le <8 47 cf b0 bo £9 55 fe 2e da 94 71 fa 68 4a Gz ae df 6c 13 50 fb
17 %6 590 85 1d a7 76 B2 £% 42 82 72 £5 al 39 3b 18 7c %1 fb ee 67 32

£A ~m AE £A4 AQ £E 0OA AN ~- A% 3E A0 AA AO Ol AA AD A7 A0 ke AC Ok A~

By clicking on this control one can expand or collapse NAL unit tree items. The structure of
this tree mostly replicate NAL unit definitions from the standard. There are items with
statements and items with conditions. The items with conditions are grey out if the condition
is false. In this case only underneath structure definition from standard is shown. Otherwise
(in true case), real syntax values can be explored.

4NAL unit #26, type 1: TRAIL R - Coded s..

forbidden_zero_bit 0
nal_unit_type 1
nuh_layer_id 0
nuh_temporal_id_plus1 1
first_slice_segment_in_pic_flag 1
slice_pic_parameter_set _id 0
4if(!dependent slice_segment flag)

slice_type 0
if(nal_unit_type 1= IDR_W_RADL && nal_unit _t...
if(sample_adaptive_offset enabled_flag)
if(slice_type == P || slice_type == B)

slice_qp_delta -3

*if(pps_loop _filter_across slices_enabled_flag &&...
if(tiles_enabled flag || entropy_coding_sync_ena...

Starting at byte position 203698 in file:

02 01 e2 c2 25 52 7f 70 87 88 16 47 8c 2d Oc ac 53 06 60 3d 88 e7 £8 e6 76 6b e0 86 43 Qe
46 fe 71 Sb ee 33 85 6b 75 21 13 ea a2 51 e9 cd eb 65 Tb 49 56 4a af 3b 0d ea f8 34 70 d8
fb b8 56 2d b2 89 66 af 80 €68 b5 dZ Oe 10 4c 85 89 fe 38 46 ff 54 e0 eb 57 05 66 25 48 18
2e e2 le c8 47 cf b0 bé £9 55 f6 2e da 94 71 fa 88 4a Ba ae df 6c 13 50 fb 17 96 90 85 1d
27 7R AD £G 47 A® 7% £5 a1 39 3h 1A T~ 01 Fh oe A7 37 AN as 7& A4 AR G5 Oe 20 aa <7 35 4R

3.1.7 Messages

Status 8 x
Complete. Found 100 pictures, 104 NAL units. ~
Decoding picture 0 ...done.
Decoding picture 6 ...done.
Decoding picture 3 ...done.
Decoding picture 6 ...done.

A
A ready ‘94MB.¢' 113MB / 8089MB

This panel in the lower right of the UI displays messages about the decoding process, and
shows progress of any actions that may take a while to complete. If a decoded picture’s
digest does not match the SEI digest (when present), a warning will be displayed here.

The 3 numbers in the lower right of this panel represent the memory state of JVM. From left
to right the 3 numbers are:

e Amount of memory used

e Peak used memory

¢ Maximum available memory

Error button at the bottom left of the window changes color to red if Intel Video Pro
Analyzer detects any errors/warnings in the stream. By clicking on the button Intel Video
Pro Analyzer switches to the list of detected problems and back. Double clicking on selected
problem will navigate you the appropriate place in the header where the error occurs.

*Other names and brands may be claimed as the property of others.
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Status B X
MAL idx Picld Type Message 2
95 36 MAL clice_qp_delta_cr shall be in range -12 to 12.

109 1 MAL The value of luma_offset_[X[i] shall be in the range of —\WpOff...
109 1 MAL SliceCpY shall be in the range of —-COpBdOffsetY to +531

120 46 MAL The value of luma offset [X[i] shall be in the range of -WpOff... ¥

Ready |3—H'V1B |/ 34MB [ 3089MB

By right clicking inside error’s list you can choose additional filtering of the errors

Status B X
Sev;rity Pos NAL idx Picld CTB idx Type Message &
Warning 435368 8 2 NAL When sps_temporal_id_nesting_flag is equal to 1 and Temp...
Warnlnq 435389 8 SLH  When sps_max_dec_pic_buffering_minus1[Temporalld] is eq...

_-- The value of lima lna2 weiaht denom shall be in the range ...
Warnlnq 855644 12 SIH  Chrg Ignore messages by type |to be equal to luma_l...
Warning 855654 12 4 SLH The .Errors nge of ~-QpBdOffset...
Warning 1273752 16 6 RPS ltis mance that the RPS is...
Warning 1273752 16 6 RPS ltis Show all mance that the RPS is... Y

Ready

120MB / 257MB [ 32646MB

“Error” submenu runs common error dialog where it is possible to select which errors will by
displayed in the error’s list.

@ Error filter ?

Severity Type Message ~
2000 | Error MB  Value of mbrintra_chroma_pred_mode is out of range
2001 | Error MB  Value of mbrintra_chroma_pred_mode is not allowed
2002 | Error MB  Value of mbrintra_8x8_pred_mode is not allowed
2003 | Error MB  Value of mbrintra_4x4_pred_mode is not allowed
2004 | Error MB  Value of mbrintra_16x16_pred_mode is not allowed
2005 | Error MB  Value of mb:coded_block_pattern is out of range
2006 | Error MB  Value of mb:mb_gp_delta is out of range
2007 | Error MB  Value of reference index LO is out of range
2008 | Error MB  Value of reference index L1 is out of range
2009 | Error MB  Value of mb:sub_type is out of range
2010 | Error MB  Value of mbrmb_type is out of range
2011 | Error MB  Value of mbimb_skip_run is out of range
2012 | Error MB  Value of mb:pem_alignment_zero_bit should be zero
4[] SLH
2013 | Error SLH  Value of slice:slice_type is out of range
2014 | Error SLH  Value of slice:slice_type is not allowed v
< >
Cancel

3.1.8 Extended modes

There are a set of extended modes that can be accessed via menus in the Stream View
toolbar.

*Other names and brands may be claimed as the property of others.

Page 27 of 150



Intel® Video Pro Analyzer User Guide

Intel Corporation

Stream View | HEVC | C:/work/video_vp/aui Rt g X

Thumbnails # Picture:| 3 || Display ActiveRefs

1/3 - TRAILR - Tid O 2/2 - TI

< >

Then three possible modes with two sub-modes can be selected. Sub-modes of the currently
selected mode changed dynamically depending on current mode.

3.1.8.1 Active/DPB refs

Sometimes, it may be that Intel Video Pro Analyzer shows reference on INTRA frame. It is
not mistake because Intel Video Pro Analyzer shows DPB reference by default - all frames
stored in DPB and marked as used for reference. But some of that frames could be inactive
and as the result not used for motion estimation. For INTRA frame all such reference are
inactive. To show only active references choose “ActiveRefs” sub-mode from popup toolbar.

3.1.8.2 Frame sizes view

When one choose “Buffer” menu from popup toolbar, frames size view will appear by default.
This is a bar char plot with frame sizes. Each bar is colored according to the frame type. When
you move the mouse along the bar current frame is highlighted and tooltip shows information
about current frame. By clicking on selected frame you can decode it. When you press left
mouse button and move it all plots move along both axes. Double click on canvas area resets
plot into default state. You can zoom in/out with mouse wheel on both axis when the mouse
inside canvas. If the mouse on some axis (below canvas, for example, x axis) you can zoom,
pan or double click on only on that axis. In that case all actions applied to that axis only.
The movement of the plots is restricted to the positive values only, you can’t move or zoom
in negative direction. Currently decoded frame is shown with vertical line and frame number
on it.

Stream View | HEVC | D:/vpa/video_vpajoutput heve & x
Buffer -/ © Fricure:0 5 | Columns | HRD

<- Frame sizes [kBits/frame] | QP ->
200 - — 27
L F26

150 \ I C b
| T | I 25
e TA = ATEENIEE _"‘_ I T Fas
‘ . : 1 ) y UL Moving Average para.. 51 g , =
50 \gu vT = " = Q—r I | Hllkr | 72.9641

Moving average length: 25.00 = E22

0 oK Cancel - 21
0 50 100 50

On the right axis average slice QP values are shown. When full stream analysis is complete
Intel Video Pro Analyzer adds average block QP plot that is also attached to right axis. By
double clicking on *‘Moving average’ label item sliding window size can be adjusted in the
separate dialog.

3.1.8.3 HRD buffer fullness view

If you choose “"Buffer” mode then sub-mode "HRD"” appears in sub-modes block. It is enabled
if stream has HRD parameters in it, otherwise it is disabled (grey out). The interaction with
buffer fullness plot works in the same way as for frame sizes plot. It is possible to get buffer
state and picture parameters in each point of the plot where the monotonic behavior changes.

*Other names and brands may be claimed as the property of others.
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With right click on central area of the plot Intel Video Pro Analyzer shows additional option
for plot adjustment. In the same popup menu you can export HRD timings into .csv file.

Buffer ~ @ A picture:|0 |3 Columns | HRD
Buffer fullness [bits/time(sec.)]
] 0 bitrate: 599040
400000 - Nbuffer: 353424
cbr: 1
1359424
300000
aoooo0 J——————— 7 et WA T
] Export to file et ’W,_,,__,.,,_,,_,,,x AT
AL Show X grid
) Show Y grid
= - Attach ¥ grid to right : :
1= Rescale to actual fullness L= 2
Syntax Info Rescale to buffer size
Slice #0 size in bits: 23872 Export to csv file
SE Name Value 1
3.1.8.4 B-pyramid visualization

Intel Video Pro Anayzer show B-pyramid visualization when option Hierarchy in the Stream
View is selected. It show the level of mutual B-frame references, frame numbers in decoding
/display orders, frame type coded by color and frame references. By clicking on each frame
you can highlight particular frame references.
Stream View | HEVC | D:/streams/RaindK_7.bin

Hierarchy @ i Picture: 0 =

o

IS N

3.2 Modes
Mode YUVDIff Options
Coding flow F1

E Predictions F2

Residuals F3
Reconstruction  F4
Deblocking F5
SAO F6
YUV F7
Info overlays F8

Simple motion  F9
With an HEVC bitstream loaded, Intel Video Pro Analyzer can be put into one of 9 modes
using either the F1-F9 keys, or using the Mode menu. The mode selection affects only what
is displayed in the Main Panel. Most modes can also show details of the current selection
(CU/PU/TU). This can be toggled with the right mouse button or the main panel's button
strip.

*Other names and brands may be claimed as the property of others.
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3.2.1 Coding Flow

CTE Id= 1 ZTR

F
Subset 0

The coding flow mode gives a visual overview of the ordering of CTBs in the stream, and
some information of the decoding process. The blue grid shows the boundaries of the CTBs
in the picture. Each CTB contains 3 values:

e The decode index of the CTB, showing the order of decode in the picture.

e The CTB address, which is simply the raster scan index of the CTB.

e The substream that the CTB belongs to. This number will only be greater than 0 if

tiles or wavefront tools are employed in the picture.

Operations on the CABAC engine state are displayed as well. A small purple R at the top left
of a CTB indicates the CABAC engine is reset before decoding that CTB. A small F indicates a
CABAC flush at the end of a substream that is not the end of a slice. Purple arrows indicate
CABAC engine state transfer or copy to dependent slices or wavefront rows:

*Other names and brands may be claimed as the property of others.
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3.2.2 Predictions

This mode shows the PUs in each CU. CU quad tree splits are indicated with blue lines,
which get darker as the split depth increases. When a CU split is implied by HEVC and not
directly coded in the bitstream, the split lines are dashed.

Intra modes are indicated with green colors, and directional modes also show an arrow
indicating the prediction direction. In the lower right corner of an intra PU the chroma mode
is indicated in a darker green. When the prediction shape is not the same as the CU size,
the prediction unit shapes are shown with green lines for intra blocks, cyan for inter blocks.
Dashed green lines in intra blocks means the PU was split along with the transform tree.

Inter PUs are indicated with cyan colors showing the PU splits and mode. Additionally,
skipped blocks are shaded with a lined texture. An inter PU is Skip, AMVP or Merge mode.
The LO motion vectors are drawn with an orange color, the L1 motion vectors (B slices only)
are drawn with a purple color. The MV value is shown in the lower left corner along with the
reference index.

Clicking a PU will select it, and the syntax elements used to code it and the CU it belongs to
are displayed in the CU tab on the left. Clicking repeatedly on the same PU will cycle
through the CU hierarchy, showing the parent and child relationship.

Below is shown Prediction mode on a zoomed-in selection along the top edge of a picture.
The selected CU is surrounded with a pink box while the selected PU is surrounded with a
ellow box.

-49,-16=>0

*Other names and brands may be claimed as the property of others.
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3.2.2.1 Prediction Detail Mode
In Prediction mode, the sample values of a particular PU can be viewed in detail.

Intra PUs are displayed in green, and the left, upper-left and above prediction arrays are
drawn adjacent. Luma blocks show 3 versions of the predictions arrays. From furthest out to
inner, they represent the arrays in 3 steps:

1. Initial neighboring samples. Unavailable samples are given with a red "X".

2. Samples after reference sample substitution process (section 8.4.4.2.2 from the

HEVC spec).

3. Samples after filtering process (section 8.4.4.2.3 from the HEVC spec).
Chroma blocks only show the first two steps, since reference sample filtering is not applied
to chroma intra prediction.

Chintra pred

ma Cr intra predictions
ert

*Other names and brands may be claimed as the property of others.
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Inter PUs are displayed in cyan (turquoise). Each prediction sample can be clicked to display
a window that contains the 8x8 or 4x4 sample array for luma or chroma respectively that
are the inputs to the motion compensation filter for the selected pixel. In the case of a bi-
directional PU, both arrays are shown the LO/L1 colors of orange/purple. Clicking the
selected sample again or outside the PU closes this window. Underneath the prediction array
values the motion vector predictor lists are displayed. In merge mode, the merge list is
shown with the LO predictor in orange and the L1 predictor in purple. An arrow indicates the
merge candidate that is chosen by the bitstream (merge_idx).

When the inter PU does not code motion vectors in merge mode, it is considered AMVP
mode (Advance Motion Vector Prediction). The 2-entry list for each motion vector (LO
and/or L1) is shown and the selected predictor is indicated with an arrow.

Chroma Ch inter prediction
Lurma inter prediction ] ] ]
116115104101
125|156 (150|108 |1531|154|155 (137
1251211103 99
65 (108|115 l'F'Fi|l-'il-'11 158|136 108
| _ 1. Chroma Cr inter prediction
41 | 82 123|147 125 |124|118 124
116(115|115|115
S0 66 113|147 )148|145|147 149
1201118116113

Motion vector prediction list:

Spatial &1 (left)

Spatial A0

Termporal

LN T L

Combined, combId;
Zero Predictar 0,0 refldx=0

150|152 (15

140{144(144

32(131|134|134

7|126|128

9ls4
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For HEVC screen content coding stream there is special detail mode exist — Palette mode. In
this mode Intel Video Pro Analyzer shows palette predictor, currently used palette, coded
indices, resulting indices and final pixel values.

Selected PU (704,192) details

Da: P

Palette predictor
o a]zlslelslellalslsnlnlialsalsalsslaclsnlsals|onlaa]zz]oa]za]25 00|27 20 ]2s] 20 a1 2 g
| |72] o [rezerrioreonlns paof souisfead sehathadrcspsazorail sa ot ez sszosad 77 as hased
o] o rszpsched 71] o [ o [7sfeodesdpeclion] o paiasles freatodesalar paspssashed eafpathedzarrrathiad ssracheg
=] o rszpse] o fraderied o [sv]redrazoscpoched] 24 iraloed sofrodpadhocia echee] oaforzhedpadorhsd sof asfracpag

Current palette

-+ R Y U V Pic Info H 4| e e b o Right-click anywhere to go back

In Residual mode the transform trees and accompanying residual signal of the picture can
be seen. As in Predictions mode, CU boundaries are shown with blue lines. The transform

*Other names and brands may be claimed as the property of others.
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splits, when present, are indicated with yellow lines. A dashed yellow line indicates that the
TU split was implied. QP values of each CU are shown in the upper-left corner. When this
value is bright yellow, it means that a delta-QP was coded in the bitstream during the
decode of that particular CU. Otherwise the number is dark. When DQP is enabled by the
PPS, this helps visualize the DQP coding depth (diff_cu_qp_delta_depth). TUs that have
transform_skip_flag set are shaded. CUs that are PCM coded are marked with "PCM" in
white, and CUs that have cu_transquant_bypass_flag set have a white X through them.

If the "Pic" button is turned on, the raw residual signal is shown in image form. Residual
values of 0 result in flat grey, negative values are darker and positive values are brighter.

Clicking on TUs causes that TU to be selected with a blue surrounding box and its syntax
elements (when present) to be displayed in the TU tab of the left panel. Clicking a TU
repeatedly causes the selection to move up and cycle though the TU, then CU quadtree
hierarchy. Note that when the selected TU is a 4x4, the chroma coefficients are coded one
level up in the TU hierarchy since HEVC doesn't specify a 2x2 chroma TU. So to view
chroma TU syntax when the luma TU is 4x4, click the luma TU twice to move up to the 8x8
level where the chroma syntax is decoded.

*Other names and brands may be claimed as the property of others.
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3.2.3.1 Residual Detail Mode

To view the full details of a particular TU or group of TUs, make the TU selection and enter
detail mode by right clicking or using the detail mode button at the bottom of the main
panel. In this mode the selected TU structure is drawn three times, arranged in a column
from top to bottom, showing the 3 major steps in recovering the residual signal:

1. Coefficient decode. This diagram shows the scan order of the coefficients, the coefficient
values and small icons indicating the syntax elements associated with coefficient decode.
Refer to the legend shown in the top right of the main panel for the exact details.
Coefficient groups are outlined with a green box. This box is bright if the
coded_sub_block_flag was equal to 1, dark green if 0. A dashed line means the sub-

was implied to contain coefficients
significant_coeff

*Other names and brands may be claimed as the property of others.
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2. Inverse quantization. In this diagram the coefficient values are displayed after the
inverse guantization process 8.6.3 from the HEVC spec has been applied.

Chroma Ch
1440|-720

-T200 0

405

405

405 -408 -405
0 |-408|-408

405

3. Inverse transformation. This diagram shows the recovered residual signal after the
inverse transform process 8.6.4 from the HEVC spec.

Luma Besiduals

*Other names and brands may be claimed as the property of others.
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3.2.4 Reconstruction

In Reconstruction mode the reconstructed samples prior to deblocking can be inspected. As
with Prediction/Residual mode, CU boundaries are shown with blue lines. CUs that have at
least one TU with non-zero coefficients are marked with "Non-zero CBF". PCM-coded CUs

are indicated with "PCM" in white.
MZ ZBF MZ CBF

Mon-zero CBF Mon-zero CBF

Mon-zero CBF Mon-zero CBF

Mon-zero CBF

3.2.4.1 Reconstruction Detail Mode

In detail mode, the reconstructed sample values can be inspected. The selection may be a
single CU, or a group of CUs up to and including the entire encompassing CTB.

Chroma Ch

Chroma Cr

*Other names and brands may be claimed as the property of others.
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3.2.5 Deblocking

Deblocking mode shows all edges processed by the deblocking filter as described in the
HEVC spec section 8.7.2. CU boundaries are not displayed in this mode, however CU
selection still functions as in the other modes. Edges shown are for the luma deblocking
process and are color coded in the following manner:

e Green: Strong luma filter applied

e Yellow: Weak luma filter applied

e Red: No filter applied (but edge was evaluated)

*Other names and brands may be claimed as the property of others.
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3.2.5.1 Deblocking Detail Mode

The deblocked sample values can be inspected directly in detail mode. As with
Reconstruction Details, the inspected area can consist of one or more CUs. Sample values
are indicated in yellow if they were modified by the deblocking process. Sample values that
cannot be modified due to pcm_flag or cu_transquant_bypass_flag are indicated in red.
Filtered edges belonging to the selected CU are shown in thick dashed lines, color coded the
same way as in the non-detail mode. Each edge can be selected and clicked, bringing up a
window showing the input values to the edge filter. Note that these values may differ from
the reconstructed samples for horizontal edges, as they may have been modified by a
vertical edge filter. Additionally, the boundary strength is displayed. Edges that were
processed but ultimately not filtered (red colored) will indicate the reason. Typically it is due
to the boundary strength being 0, the threshold condition not being met, or a slice/tile edge
when those edges shouldn't be processed.

119118 118

91 91 91 |9
91 81 &1 |9

Luma

Chroma Cr
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3.2.6 SAO

In SAO mode the SAO filter parameters assigned to each CTB are shown. The mode and
associated four offsets for each component are indicated with yellow text, and the
merge_up / merge_left flags are indicated with an arrow. The CU quadtree boundaries are
shown here as well.

CriMo Dperation

3.2.6.1.1 SAO Detail Mode

Entering detail mode on a selected CU will show all samples after being processed by the
SAO filter. Samples values that were actually modified by the SAO operation are highlighted
in yellow. Each sample can be clicked, bringing up a 3x3 window that shows the input
values to the filter process. In the screenshot below, the 45-degree edge filter inputs are
the samples to the lower left and upper right. Samples that cannot be modified by the filter
are indicated in red.

Luma, 45-Degree Edge ( 1, 0,0, -2}
1 = I e : 107 1487

123 103

Chroma Cr, 45-Degree Edae {0, 1, -1, -1 1
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3.2.7 YUV

° i 1 ° °

e ; T i ‘
YUV mode allows inspection of the final decoded sample values, without additional overlay
data. In this mode, the YUVDIff feature is exposed. This feature allows for comparison of an
external decoded YUV file with the decoded bitstream. Supported formats are 4:2:0 planar
and NV12. Also, YUV files that are zipped or gzipped may be opened directly without the
need to decompress separately. If a zip file contains more than one YUV file, only the first
one is used. When a YUV file is loaded, any mismatches will be indicated with a red dot in
the CU containing the mismatch. This allows the user to quickly identify the nature of the
mismatch which can assist with debug.

When a file is opened, four additional buttons become visible on the lower left of the main
window:

=vF5 - + R| YUV v pic|Info Details H A |k« <« > » wi| Ref YUV Diff YUV Reload

e Ref YUV: The original, expected YUV image.

e Debug YUV: The loaded debug YUV file.

e Diff YUV: The delta image. Like in Residual mode, areas with zero delta (i.e. Original
and Debug image are identical) are flat gray. Areas where the debug YUV has a
lower value are darker, and areas where the debug YUV has a higher value are
brighter.

e Reload: Reloads the YUV file, which can be useful as a shortcut to loading via the
YUVDIff menu.

*Other names and brands may be claimed as the property of others.
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3.2.7.1 YUVDIiff Menu

YUVDiff | Options Help
Open debug YUV... Ctrl+Y
Recent YUV files 4
Close debug YUV

III Planar

Interleaved

III Display order

Decode order

Use stream crop values

Set picture offset here
Picture offset (0)...
Use 16 bit YUV

Check for file changes

Open: Brings up a file chooser to open a YUV file. Intel Video Pro Analyzer considers
YUV stream as having the same frame size, per frame bitdepth and color format as
encoded bitstream.

Close: Closes the currently opened YUV file. Any mismatch indicators will disappear.
Planar: Causes Intel Video Pro Analyzer to interpret the loaded YUV file as Planar.
Interleaved: Causes Intel Video Pro Analyzer to interpret the loaded YUV file as Y
values followed by interleaved U and V values. This option is chosen automatically
when the loaded YUV file has the file extension ".nv12".

Display order: Causes Intel Video Pro Analyzer to use display order picture numbers
when determining how far to seek into the YUV file to extract the image to compare
with the current picture.

Decode order: Causes Intel Video Pro Analyzer to use decode order picture numbers
when determining how far to seek into the YUV file to extract the image to compare
with the current picture.

Use stream crop values: When checked, YUV files are assumed to contain samples
only within the cropping window as defined by the loaded bitstream. Samples outside
this window are not compared, and are assumed 0 when viewing the loaded YUV
image directly.

Set picture offset here: Shortcut for setting the picture offset to the current picture
number. See bullet below.

Use 16 bit YUV: this option allow you to load YUV file where both Luma and Chrome
written in 16 bit (they could be normalized from actual bitdepth to 16 bit during
encoding). This is useful when you have bitdepth changing across the stream. Intel
Video Pro Analyzer will shift values to appropriate bitdepth on the current frame.
Picture offset: This brings up a dialog allowing the user to enter the picture number
of the first picture in the YUV file. For example if a 100-picture bitstream is loaded
but the YUV file only contains pictures 80-99, the user would enter 80 to properly
line up the YUV file with the decoded bitstream.

Check for file changes: When checked, this option causes Intel Video Pro Analyzer to
periodically check if the loaded YUV file has changed on disk since it was last loaded.
If the file has indeed changed, a dialog pops up offering a chance to reload the YUV
file.

*Other names and brands may be claimed as the property of others.
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3.2.7.2 YUV Detail Mode

In detail mode the expected YUV values can be inspected. Note that the displayed sample
values are the same as those in SAO mode since SAO filtering is the last step in the decode
process. When a YUV file is loaded, the debug and delta YUV values can be inspected as
well. Mismatching values are shown in red.

Chroma Ch
Lurma

Chroma Cr

Chroma Ch

Luma

Chroma Cr
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3.2.8 Info Overlays

There are a number of overlay that provides additional information about currently
investigated picture. When you switch mode to “Info Overlays” mode several additional
submenus will appear in the bottom-left panel of info window.

=~F5 - + R| YUV * Pic|Info| Details H A |kd <4 > - wi| Heat ¥
& x| Unit Info IZ‘ Heat

shape:N/A| . nat1, unit #16, type 1: TRAIL R - Coded slid MV Heat
N size- _
USEEJHA Starting at byte position 159219 in file: QP
_depth.N[A 02 01 a8 al 57 82 £8 04 2c 15 00 Zc 9c 04 a8 Od
Usize:N/A 64 01 85 28 35 c0 60 0d b8 Ob d8 £2 74 fb 27 cl Type
MV LO:- |e4 94 95 3b 88 4a aa b3 35 91 cB 17 90 87 4e ag
MVL1:- |£7 9% da 9b 17 b5 2c 45 98 4a 1f a6 4c c4 d9 fb Refldx
UQpY:37 |97 3b 4d 8d b7 £1 d6 57 13 ee 38 09 6c 4a 5F 12 PSNR

13 56 Ge c@ e2 Ze Bd ef a0 e0 52 &b 3e 86 b3 c3

3a cd 78 0 3c £9 49 49 73 49 2d 3d 3f 33 9d 65 2a b2 14 36

You can switch now between additional modes. PSNR mode is enabled if you have loaded
reference YUV file.

3.2.8.1 Heat Map

Heat map mode shows visually how the compressed bits of the picture are distributed
spatially. CUs with more bits per pixel are brighter than CUs with less. By zooming in actual
CU sizes in bits will be displayed as soon as it size in the borders of the CU. By default this
mode also shows the CU quadtree boundaries in blue. It may be useful to turn off this
overlay using the "Info" button on the lower left of the main panel. Heat Map does not offer
a detail mode.

Heat map, bits per CU density
0 1

7093 85
74 56 89
45 47 63
89

The gradient used to display the heat map may be edited:
e Drag the gradient markers up and down to reposition them.
e Drag a marker away from the gradient to remove it. A red X indicates removal will
take place.
e Double-click a marker to change the color.
e Double click the gradient bar to add a new marker.
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3.2.8.2 QP Map

QP Map show per CU QP. CUs with bigger QP are brighter than CUs with less. Coloring of the
QP range can be adjusted with a gradient tool on the right top corner.

*Other names and brands may be claimed as the property of others.
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3.2.8.3 PU Type

PU Type overlay show color map of their types. Intra blocks is colored in red, inter skip is
yellow colored, inter merge is in green and inter in blue. The legend on the right top corner
show color types for blocks. Gradient band can adjust transparency when the Pic switch is on.

PU types

3.2.8.4 PU Reference Indices

PU reference indices shows reference indices for each PU. Orange color shows LO reference
index and purple color is for L1 reference index. When PU has only one reference missing
reference index is displayed with dash. For blocks with no reference indices nothing is shown.

*Other names and brands may be claimed as the property of others.
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Reference indices
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3.2.8.5 PSNR

PSNR map shows per pixel PSNR value normalized on CU size. To enable this mode you have
to load reference YUV file via DebugYUV menu. The value is calculated per CU. Bigger value
has brighter color. The color range can be adjust with gradient tool on the right top corner. If
the block has no difference with reference YUV a latter ‘e’ is shown which means exact match.

PSNR = 10.076

—

11.8 12.7 13 11.3 14 12.3
! 13.3
B 1 14 | s | 706 15
128 128 12.2
12.3/12.4|10.8] 13 16.7[1458
11.1 1.9 13.9
13.6[13.6 |15 [13.2 15.5[139
10.6/11.:8 17.5(16.7
142 27 | 12s | 12s 12 w1 | e 139
10.4/12.4 117|116 5
1.8 12.1 122 12.3
13.1]13.2|10.6[13.7 163 |15.5[17.1 |16.8 | 155 15.6 148] 12 [11.1]10.2[7.84] 123
12.2 13.5
12.5|11.4|10.4]12.7 |22.3|18.5]16.5 |15.4 | 145184 12.8]12.2|10.6] 8.2 [6.95] 112
12 |11.7 [11.4|11.8 13.1)13.9 10.1)13.5 (20.3 [14.4
77 | 143 33 | 13 27 | =7 | e | 123 12 e | e | 12 | 1
14.5(13.1 {10.3]13.1 149/ 15 10.3)10.7 |84 0.8
1456129 7.05(7.53[0.91 |11.6 |10.6 [12.1 |10.7| 103 [11.5 12,1 |11.7 | 119|118 129|107 |107| ©
14 | 102 | 168 138 | 132 | 14 | 15 114
143141 7.65 6.7 [6.31[7.48 [5.57 | 10.5 127[11.1 11812
15.7|12.4|13.2[13.8 9.11[7.03|7.44 [3.26 [5.19 [5.47 |7.97 | 7.07[9.34 10.1
12 136 | 146 | 131 | 11 | ms 10 8
13.6[8.91[8.82[11.9 7.248.48| 7.6 [0.22 /0.7 [5.44[7.44 | 0.7
14.5(10.2[0.42[16.3 156 14
18 159 | 134 | 107 10
13.5]12:813.1]19.2 26117
- 1 |is8l83] 1 123]12s]1e 27
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3.2.9 Simple Motion

e

=

N

- P W
i\

AR n |
" s

Simple Motion mode offers a way to quickly view the modes and motion of a picture at a
glance. No overlays are present except a colored dot showing information about the PU's
mode. Green dots indicate intra PUs, and purple/orange LO/L1 motion vectors for inter PUs
are drawn as simple lines. When the motion vector is very small, a dot is drawn instead so
that the mode is still easy to identify. When a motion vector does not point to the 0-th index

of its respective list, the vector is drawn using a dashed line.

*Other names and brands may be claimed as the property of others.
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4 VPO

The following sections describe all available features when loading a VP9 bitstream. The
bitstream must be containerized with either the WebM or IVF container format. The publicly
available VP9 reference software can output both formats. Raw uncontainerized bitstreams
are presently not supported due to the nature of the VP9 standard; there is no way to
determine where each frame starts without doing a full decode of the sequence.

@ output.webm | Intel® Video Pro Analyzer 2017 2.3.0.4470 | 110928 -0
File Mode YUVDIff Options View Help
Stream View | VPO | D:/video_vpa/output.webm ax

Thumbnails ~ € 4#Picture:6 = Play Hidden

0/0 - Keyframe 1/1 - Inter 2/1 - Inter 3/2 - Inter 4/3 - Inter 5/4 - Inter 6/5 - Inter 7/6 - Inter 8/7 - Inter 9/8 - Inter 10/9 - Inter
Click to decode Click to decode Click to decode Click to decode
Displayed Not displayed Displayed Displayed Displayed Displayed Displayed Displayed Displayed Displayed
Gl S | F——— [5i
< >
Syntax Info e
ed de

SE Name Value R v A
Frame marker 2 0
Profile 0
Repeat previous frame 0
Frame type 1
Show frame 1
Error resilient 0
reset_frame_context 0
refresh_frame._flags[7] 0
refresh_frame_flags[6] 0
refresh_frame._flags(5] 0 e 5
refresh_frame_flags[4] 0 H- | B
refresh_frame_flags[3] 0 5l e
refresh_frame.flags(2] 0 H o
refresh_frame._flags[1] 0 LS 5
refresh_frame_flags[0] 1 —— -
active_ref_idx{1] 0
ref_frame_sign_bias{1] 0
active_ref idx[2] 1 Ik
ref_frame._sign_bias(2) 0 £
active_ref _idx[3] 2
ref frame_sign_bias3] 1 L T
Size from ref(0] 1
Scaling active 0
allow_high_precision_mv 1
mcomp _filter_type Switchable
refresh_frame_context 1
frame_parallel_decoding mode 0
frame_context_idx 0
filter_level 26
sharoness level 0 &
< >
Total bools per bit in header: 219/23 = 9.522. 80 bits not coded.
MKV | Frame 5 | Probabilities | Counts | Refs | Block | TX | Stats | =¥ FS - + R | YUV v pic| Info| Details H 4 [me < > w
Selection Info & x UnitInfo 8 Status 8%

Width: 640 Block size: B8 Segment ID: 0 ne.

fels Block XY: 344,232 Transform size: N/A ne.

mes: 5 Block MI col, row: 43,29 Transform XY: N/A por
Tile col, row: 0, 0 Block part: PART_NONE  Transform type: N/A
58 col, row: 5,3 Prediction mode: DC_PRED First MV:
Pixel X, Y: N/A Prediction size: 8x8 Second MV: N/A

A Ready

*Other names and brands may be claimed as the property of others.
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4.1 UI Components

The following sections describe the various components in the UI when an VP9 bitstream is
loaded.

4.1.1 Top Filmstrip

Stream View | VP9 | C:/work/video_vpa/output.webm 8 X
Thumbnails v |@) ¥ Picture: 6 |<{ Play Hidden

0/0 - Keyframe 1/1 - Inter 2/1 - Inter 3/2 - Inter 4/3 - Inter 5/4 - Inter 6/5 - Inter 7/6 - Inter 8/7 - Inter 9/8 - Inter

Not displayed

Stream View | VP9 | C:/work/video_vpajoutput.webm
Bars ~ @) Mricture: 6 |+ Play Hidden

L T I

The top filmstrip is a horizontally scrolling overview of the pictures in the bitstream. The
current picture is highlighted. On top is the frame number in both decode and display order
respectively and the picture type as indicated by the frame header. On bottom is indicated if
the picture should be displayed or not. Arrows indicate the reference frames.

Clicking on a picture will cause Intel Video Pro Analyzer to decode it and mark it as the
current picture, updating the rest of the UI correspondingly. If the new picture requires
other pictures to be available as reference that have not yet been decoded, those will
automatically be decoded.

When a frame from the IVF or WebM/MKV container is a super frame (meaning 1 or more
non-displayed picture and one displayable), this collection of pictures has superscription
with line over those frames belong to the super frame. The bar filmstrip has underline green
band under those frames belong to the same super frame.

Pictures are decoded on demand since it is impractical to store all details of all pictures in
memory, especially for HD sequences. The current picture can also be selected by typing in
a picture number in the box on the left of the panel. When using this box, the filmstrip is
scrolled such that the newly selected current picture is visible.

*Other names and brands may be claimed as the property of others.
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File Mode YUVDIff Options View Help
Stream View

a

Thumbnails ~ ¥ Picture:4 = Play Hidden

1/1 - Inter 2/1 - Inter 3/2 - Inter 5/4 - Inter 6/5 - Inter

0/0 - Keyframe 4/3 - Inter

Click to decode Click to decode Clic

Extract pictures from last keyframe to the Picture

Displayed Not displayed Displayed Displayed Displayse Extract Statistics
GT ‘ 3! 4 ) | Extract Prediction
< Extract Residuals
Syntax Info Extract Reconstruction
SE Name Value R Vv ‘ 0 Extract YUV
Frame marker > [ "R Rk EEn L AR
L — : R e R 5 [ s[5 H

By right clicking on selected picture one can get popup submenu with a set of extract
actions. An action called "Extract pictures form last keyframe to the Picture" will write out a
bitstream that contains the minimum number of pictures needed to decode the current
picture. Typically this will consist of the current picture and all previous pictures that are
reference pictures up to the nearest keyframe picture. This can be useful for debugging
issues in long sequences. Other actions allow to save in the output file statistics and
intermediate/final YUV planes.

Stream View [ —
Thumbnails ~ #Picture:5 = Play Hidden

0/0 - Keyframe 1/1 - Inter 2/1 - Inter 3/2 - Inter 4/3 - Inter \| 6/5 - Inter I 7/6 -

Extract pictures from last keyframe to the Picture
Extract Statistics

Extract Prediction

Extract Residuals

Extract Reconstruction

Extract YUV

Not displayed Displayed Displayed

Displayed
i)

Syntax o

SE Name Value ~
- Frame marker

= Profile

Repeat previous frame
Frame type

Show frame

Error resilient

— reset_frame_context
refresh_frame._flags[7]
refresh_frame_flags[6]
refresh_frame_flags[5]
refresh_frame_flags[4]
refresh_frame_flags[3]
refresh_frame flags[2]
refresh_frame_flags[1]
refresh_frame_flags[0]
active_ref_idx[1]
ref_frame_sign_bias[1]

NOAocOo-a000000c0c0G0aa0c0ON

4 active_ref_idx[2]
ref_frame_sign_bias[2)

‘ active_ref_idx(3]

< >

Total bools per bit in header: 635/71 = 8.944. 80

bits not coded.

MKV | Frame | Probabilities | Counts 4 b}

v

Status

Fs - + R[Yuv|Y U V| pic|Info H | e < > w i | Heat [Type

Selection Info Unitinfo
Width: 640 Block size: 8x8 Segment ID: 0
Heigl Block XY: 280,144 Transform size: 8x8 Y
Frames: 52 Block MI col, row: 35,18 Transform XY: 280,144
Tile col, row: 0, 0 Block part: PART_NONE  Transform type: DCT_DCT
SB col, row: 4,2 Prediction mode: NEWMV First MV: L
Pixel X, Yz N/A Prediction size: 8x8 Second MV: N/A

*Other names and brands may be claimed as the property of others.
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Allow separate panels can be detached from them main window or hidden. To attach panels

back double click on the titlebar. To unhide panel go to View menu and check appropriate
panel.

*Other names and brands may be claimed as the property of others.
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4.1.2 Main Panel

il

IEEREE NS

B ]

1

=vFS - + R| YUV v Pic| Info Details H A |k <« > » i Rig election for deta
The main panel displays the selected picture with visual annotations. The type of
annotations and associated interactive behavior depends on the current mode, see 4.2 VP9
Modes. Click-dragging moves the picture around, and the mouse wheel zooms in or out
about the mouse cursor.

At the top left of the panel, the current mode is displayed. Along the top right the current
scale is shown. In all modes, the super-block row and column values are displayed along
the left and top border of the picture and tile boundaries are thick green lines. The
screenshot above shows an example of a stream that is 13x8 SBs.

The bottom left has a cluster of buttons:
=~vF5 - + R| YUV ¥ Pic| Info Details H A |ld <« » » | Ref YUV | Debug YUV | Diff YUV Reload

e First submenu has special options to output the currently displayed information to
the external image file with different scaling possibilities.

e FS: Toggles full-screen mode, which hides all Ul elements except the main panel.
Keyboard shortcut is F.

e +/-: Zooms in or out, centered on the center of the panel. Note that zooming with
the mousewheel is much easier than using these buttons. Keyboard shortcuts are +
and -.

e R: Resets the current zoom to fit the entire picture in the main panel. Keyboard
shortcut is R.

e YUV,Y, U, V: Toggles between per-component image, or full-color YUV.

e Pic: Toggles the actual picture underneath the annotations. The picture is mode-
dependent. For example in prediction mode, the picture is comprised of the
prediciton samples before the residual signal has been added in. It is often helpful to
turn off the picture in order to make the annotation easier to read. Keyboard
shortcut is P.

e Info: Toggles the annotations on or off. Keyboard shortcut is I.

e H/D: Toggles between hexadecimal and decimal display of the annotations. This
applies to the values in the Left Tabs as well. Keyboard shortcuts are H and D.

*Other names and brands may be claimed as the property of others.
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e There are five navigation buttons: first frame, previous frame, playback mode, next
frame, last frame. The previous/last button will rewind, causing the current picture to
be set to the first/last picture in the loaded bitstream. The "Play" button will start
playback of loaded bitstream at a reasonable rate, limited by CPU performance. All
normal mode operations are possible during playback. Note that playback mode
always operates in currently selected order in the filmstrip.

4.1.3 Left Tabs

The left side of the Ul is a resizable panel with several tabs that display information about
the current selection in one way or another. The following subsections describe each tab.

4.1.3.1

4 MEV File: 55 elements
» EBML - 31 bytes.
4 Segment - 174319 bytes,
» SeekHead - 84 bytes,
> Info - 76 bytes,
> Tracks - 30 bytes,
4 Cluster - 174015 bytes,
Timecode: 0
4 SimpleBlock: Binary, 49203 bytes,
Track 1
Timecode: 0
Invisible: O
Keyframe: 1
Discardable: 0
Mo lacing
Frame: 49199 bytes
> SimpleBlock: Binary, 22632 bytes,
» SimpleBlock: Binary, 5 bytes.
> SimpleBlock: Binary, 33639 bytes,
» SimpleBlock: Binary, 5 bytes.
» SimpleBlock: Binary, 5 bytes.
> SimpleBlock: Binary, 21372 bytes,
> SimpleBlock: Binary, 11975 bytes,
> SimpleBlock: Binary, 5 bytes.
> SimpleBlock: Binary, 21916 bytes,
> SimpleBlock: Binary, 12330 bytes,
> SimpleBlock: Binary, 5 bytes.
> SimpleBlock: Binary, 5 bytes.
¢ Cues - 34 bytes,

MEY Frame Probabilities Counts Refs

Blo

»

Container (IVF or MKV)

IVF Header:

SE Mame Yalue

IVF signature DKIF

Version 0

Header length 32

FourCC code VPS0

Width 416

Height 240

Frame rate 1000

Time scale 1

MNumber of frames  |103

Unused 0

# Timestamp  Size (b)  Pos (b) “
0 0 15210 32

1 a0 15183 15254

2 ] 24 30449

3 120 1961 30485

4 160 23 32458

5 200 4468 32443

] 240 23 364973

7 280 1631 37008

8 320 22 38651

9 360 14160 33685

10 400 24 52857

11 440 1573 52843 o
IVF Frame Probabilities Counts Refs Block ilJ

Depending on the container type of the loaded bitstream, either the MKV or IVF panel will

be present in the UL.

e VP9 streams using the WebM or Matroska container will cause the UI to display the
container’'s EBML document in tree form. Clicking an element causes the raw bytes
coding that element to be displayed in the Raw Bytes panel (bottom center of the
UI). When decoding a particular frame, the corresponding element will be highlighted
in this panel. Other tracks may be present in the MKV file (such as audio), but they
are not processed. The raw bytes can still be viewed though.

*Other names and brands may be claimed as the property of others.
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e Streams containerized with the IVF format causes the UI to display the IVF
information in this left-most tab. Selecting a frame causes the Raw Bytes panel to
show the raw bytes of that frame, including the IVF frame header. Clicking a frame
will causes that frame to be decoded.

4.1.3.2 Frame

SE Name Value R v A | |Start position: 50581 (0Oxc581)
bits uncompressed: 80
bits compressed: 1053

Frame marker

Profile 86 00 40 36 el cl 37 &0 01 Tb
Repeat previous frame d7 €5 bf 51 d4 7e b4 ce Se 75
Frame type 7d 3b e6 Tb 4f 75 ea 3d a7 BE
Show frame £3 3d 23 a7 33 7f 38 b2 32 § 0z
Error resilient B8d le £f& 1% &b 5d da bk 5£ ge
reset_frame_context po G5 G0 28 B 56 =7 BE G L =
refresh frame flags[?] fa £fd df 9b ee &3 fe &3 B5 53
= = 50 00

refresh_frame_flags(6]
refresh_frame_flags(5]
refresh_frame_flags[4]
refresh_frame_flags[3]
refresh_frame_flags(2]
refresh_frame_flags(1]
refresh_frame_flags[0]
active_ref_idx[1]
ref_frame_sign_bias[1]
active_ref_idx[2]
ref_frame_sign_bias[2]
active_ref_idx[3]
ref_frame_sign_bias[3]
Size from ref[0]

Scaling active
allow_high_precisien_mv
meomp_filter_type
refresh_frame_contest
frame_parallel_decoding_mode
frame_context_idx
filter_level
sharpness_level
mode_ref_If_delta_enabled

Total bools per bit in header: 1894/1053 = 1.799. 80 bits not coded.

[ =R = R = N == =A== I =T === B = R = R X ]

witchable

EIEEEE
5]

jry
£

MKV Frame [H Probabilities Counts Refs Block hh Sdak | MKy Frame [H Probabilities Counts Refs Block | TX Sda1p
The Frame tab shows all syntax elements decoded in the frame header, both the
uncompressed and bool-coded partitions. A few stats about the size of the header are
shown below the list.

Since the VP9 reference software does not always assign a variable name to each decoded
token, a descriptive name has been assigned which conveys the meaning or usage of the
token.

The two left columns R and V represent the value of the bool coder’s range and value prior
to decoding the token. For the uncompressed part of the frame header, these values are not
present.

By pressing on ‘H’ button in the header tab one can show hexadecimal representation of the
frame header. This representation show all bytes of the header, starting position, number
of bytes in the compressed and uncompressed sections. Uncompressed bytes are
highlighted in blue color.

*Other names and brands may be claimed as the property of others.
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4.1.3.3 Probabilities

Starting value -> Modified by header -» Adapted

Frame probabilities 2
- coef_probs_d[2][41[6][6][11]
+ coef_probs_8x8[2][4][6][6][11]
- coef_probs_16x16[2][4][6][6][11]
+ coef_probs_32x32[2][41[6][6][11]
* kf_y_mode_prob[10][10][9]
- y_mode_prob[4][9]
+ kf_uv_probs[10][3]
- if_uv_probs[10][9]
- |partition_probs[16][3]
4 intra_inter_prob[4]
[0:5->5->4
[1]: 95 -> 95 -= 83
[2]: 187 -= 187 -> 187
[3]: 225 - 225 -> 225
* comp_inter_probs(3]
- comp_ref_probs(5]
+ single_ref_probs[5][2]
- switchable_interp_prob([4][2]
4 tx_probs_32x32[2][3]
4 [0]: be_probs_32x32(3]
[0:3->3->3
[11: 136 -> 136 -= 136
[21:37-» 37 -> 37
- [1]: be_probs_32x32(3]
* te_probs_16x16[2][2]
+ tx_probs_8x8[2][1]

Total adapted probabilities: 855/7119

IVF Frame Probabilities Counts Refs Block |

The probabilities used to decode the current frame are visible in this panel. They are
organized hierarchically in the same way as the VP9 reference software. Each probability is
given as three numbers. From left to right:

1. Probability as it was at the start of the frame decode process. For keyframes or when

the reset_frame_context flag is equal to 1, this is the VP9 default value.

2. Probability value after modification by the bool-coded section of the frame header.

3. Probability value after modification by the adaptation process after frame decode.
When the probability adaptation process causes the value to actually change, the probability
is shown in blue. The total number of probability values that were actually changed is given
below the tree.

*Other names and brands may be claimed as the property of others.
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4.1.3.4 Counts

Counts
» y_mode_counts[4][10]
> uv_mede_counts[101[10]
- partition_counts[16][4]
» skip_counts[3][2]
¢+ b 3232_count[2][4]
4ty 1616 _count[2][3]
> |[00: te_16x16_count[3]
- [1]: b 16x16_count[3]
b B _count[2][2]
4 intra_inter_count[4][2]
4 [0]: intra_inter_count[2]
[0l
[1]
4 [1]: intra_inter_count[2]
(ol
[1]
> [2]: intra_inter_count[2]
4 [3]: intra_inter_count[2]
(o]
[1]
: eob_branch_count[4][2][2][E][E]
> coeff_counts[41121121[61[61[4]
» comp_inter_count(5][2]
» comp_ref_count[5][2]
» single_ref_count[3][2][2]
¢ inter_mode counts[7][4]
» switchable_interp_count[4][3]
» mv_joints[4]
» mv_sign[2][2]
mv_classes[2][11]
> mv_class0[2][2]
> mwv_bits[2][101[2]
+ mv_classD_fpl2][2][4]

433

451

(=R =N = I~ N S =

Total non-zero counts: 636/3302

VF Frame Probabilities Counts

Refs

Bloc 4 |k

Intel Corporation

This tab shows the values of all the counters used for probability adaptation at the end of
the frame decode. The counters are organized in hierarchical fashion in the same way as the
VP9 reference decoder. Color bars give an indication of relative size of each counter in its

group, and the parent icon contains the sum of the counts.

*Other names and brands may be claimed as the property of others.
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4.1.3.5 Refs
Reference pool:
# Frame Ref Refresh 2
0 0 GOLDEM Mo
1 1 Unused Mo
2 2 ALTREF Mo
3 3 LAST No
4 0 Unused Mo
5 ] Unused Mo
] ] Unused Mo ]

Segmentation data:

Id ARC (delta) AltLF (delta) Ref Skip 2
0 24 Dizabled Dizabled Mo
1 Dizabled Dizabled Dizabled Mo
2 Disabled Disabled Disabled Mo
3 Dizahled Dizahled Dizabled Mo
4 Dizabled Dizabled Dizabled Mo
5 Disabled Disabled Disabled Mo
] Dizabled Dizabled Dizabled Mo W
Frame contexts: Loop filter deltas:
Idx From Adapted Delta Value
0 Frame Yes Ref 0 1
1 Frame L Yes Ref 1 0
Frame | Yes Ref 2 -1
3<-- Framed |Yes Ref 3 -1
Mode O |0
Mode1 |0
IVF Frame Probabilities Counts Refs

This panel displays the data that persists in the decoder between frames:

il J

Intel Corporation

e The 8-entry pool of reference frames and which of each of these is considered the
Last, Golden and AltRef frame. If any of the frames should be replaced with the
current frame after decode (as specified by refresh_frame_flags), the right most
column will indicate that.

e Segmentation data for each segment.

e The 4-entry frame context buffer as it applies to the current frame. The center
column indicates the frame that generated that context, and the right column

indicates whether or not it was the result of adaptation at that time.
e Loop filter deltas for all four references and both modes.

*Other names and brands may be claimed as the property of others.
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4.1.3.6 Block

Syntax Info 8 x
SE Name Value R A

partition PART NONE 131 68
mb_skip_coeff 0 196 137

inter flag 1 165 137

is_comp 0 188 77
ref_frame[0] LAST 184 77

inter mode NEWMV 129 77

filter_type 0 169 66

222 132
137 A7

joint_nonzero_flags 3

vertical sign 0

vertical class 0 140 95
vertical classO integer delta 1 200 191
vertical fractional delta 3 196 161
vertical high precision delta 0 144 75

horizontal sign 1 164 150
horizontal class 1 164 137
horizontal integer delta 1 236 172
horizental fractional delta 1 212 84

horizontal high precision delta |1 154 107

MKV Frame Probabilities Counts Refs Black RN L3

This panel displays the syntax elements associated with the currently selected block. Since
the VP9 reference software does not always assign a variable name to each decoded token,
a descriptive hame has been assigned which conveys the meaning or usage of the token.

Note that only the syntax elements at the currently selected block hierarchy are shown. To
see the PART_SPLIT tokens at higher levels in the recursive subdivision process, repeatedly
click the same block in the main panel to navigate the hierarchy.

The two left columns R and V represent the value of the bool coder’s range and value prior
to decoding the token.

*Other names and brands may be claimed as the property of others.
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4.1.3.7 X

Syntax Info 8 x

SE Name Value R v o
more coeffs [0] 1 220 127
non-zero coeff [0] 1 216 123
coeff > 1[0] 1 174 81
high val [0] 0 204 19
coeff > 2 [0] 0 154 19
sign[0] 0 160 79
more coeffs [1] 1 160 79
non-zero coeff [1] |0 141 60
non-zero coeff [2] |1 252 241
coeff > 1[2] 1 140 129
high val [2] 0 160 117
coeff > 2 [2] 1 151 17
coeff > 3[2] 0 184 |51
sign[2] 0 140 103
more coeffs [3] 1 140 103
non-zero coeff [3] |1 218 144
coeff > 1[3] 0 156 9
sign[3] 0 142 18
more coeffs [4] 1 142 18
non-zero coeff [4] |0 135 11
non-zero coeff [5] |0 220 46 v

KV Frame Probabilities Counts Refs Block TX |[4ik:

This panel displays the syntax elements associated with the currently selected transform
block. Since the VP9 reference software does not always assign a variable name to each
decoded token, a descriptive name has been assigned which conveys the meaning or usage
of the token.

A particular transform block may be selected in the Main Panel (when in Residual mode), or
by clicking in the diagram above the syntax list. Note that when not in detail mode, only the
luma transform blocks are selectable from the Main Panel.

The two left columns R and V represent the value of the bool coder’s range and value prior
to decoding the token.

*Other names and brands may be claimed as the property of others.
Page 62 of 150



Intel® Video Pro Analyzer User Guide

4.1.3.8 Stats

—-—— Picture Stats ————

Total bits: 5506S

Total bytes: 7383

Total bools excluding header: 83337
Bools per bit: 1.411

Bits per pixel: 0.12819%

Calculated MDS5 digest:
5b0a5cf465737b065db78a3bealib718

Raw values = Transform size -

Counts Refs Block X Stats | 4

Intel Corporation

This tab displays various statistics extracted from the current picture. The top half shows
some picture size and compression stats as well as the image digest information. The
bottom half displays pie charts for a number of metrics. Each pie chart can be drawn
normalized or un-normalized. Normalized data is weighted by area or bits. For example
there may be a much lower humber of 64x64 blocks than 8x8 blocks in the frame (smaller
un-normalized pie wedge), but they could still make up the majority of the picture area,
making the 64x64 pie wedge large. Normalized numbers in the pie chart are in units of

pixels or bits, and un-normalized numbers are raw counts.

The pie chart can be moved by dragging the mouse, and zoomed with the mouse scroll

wheel.

*Other names and brands may be claimed as the property of others.
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4.1.4 Selection Info

Selection Info 8 X
Width: 640 Block size: 8x8 Segment ID: 0
Height: 480 Block XY: 448,328 Transform size: 8x8 Y
Frames: 52 Block MI col, row: 56,41 Transform XY: 448,328
Tile col, row: 0, 0 Block part: PART_NONE Transform type: DCT_DCT
SB col, row: 7,5 Prediction mode: NEWMVY First MV: -68,5==1
Pixel X, Y: N/A Prediction size: 8x8 Second MV: N/A

This panel shows a few details about the current selection at a glance:

Frame height & width

Number of frames in the bitstream

Tile row and column number

Current super-block row and column number

X/Y position of the mouse cursor in the frame

Size of the selected block

X/Y position in pixels of the selected block’s upper left corner

MI (8x8 granularity) column and row number of the upper left of the selected block
Selected block’s partitioning mode

Selected block’s prediction mode

Size of the selected prediction block

Segment ID of the selected block

Transform size used in the selected block (luma)

X/Y position in pixels of the selected transform block (Residual Mode)

Type of transform used on the selected transform block (Residual Mode)

Value of the motion vector(s) used by the current prediction block in 1/8% pel. An
arrow and letter indicate the reference frame: L for Last, G for Golden and A for
AltRef.

*Other names and brands may be claimed as the property of others.
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4.1.5 Raw Bytes

Unit Info 8 x

Matroska element SimpleBlock, type 'b', length 30472: ~
Binary, 30472 bytes.

Starting at byte position 222530 in file:

23 20 77 08 81 00 00 80 82 49 83 42 00 27 f0 1d f4 18 38

24 1c 18 66 00 03 £0 6f a% £f 3f £1 7f£ 45 7f 97 f8 bf 07

86 fc S5f 6c fb 67 c2 fe 7f b0 7c 2f ba 5f 8b fc 0f 85 f8

fe de fc 5f 6d fe 2f 0b f0 fd d1 f8 5f 87 ed 9d 76 7f 17 v

Unit Info 8 X

Block at pixel position 584, 400

Bits (modetcoeff): 1+140 = 141 (18 bytes)

Bools (modetcoeff): 7 + 178 = 185 (1.312 bools per bit)
Starting at position 276136 in file:

2f 3c 53 1b 87 70 6a 61 3b fc b4 32 8f af a0 4d a% bd

This resizable panel displays raw bytes from the bitstream as it applies the current
selection, as well as few extra details. The current selection can be a particular block, a
Matroska element/frame or an IVF frame (depending on the current bitstream’s container).

*Other names and brands may be claimed as the property of others.
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4.1.6 Messages

Status

Decoding
Decoding
Decoding
Decoding
Decoding
Decoding

ﬂ Ready

frame
frame
frame
frame
frame
frame

iy W o

Ry oy i

- done .
- done.
- done .
- done .
- done .
- done.

Intel Corporation

v

106ME [ 120MEB [ 8033MB

This resizable panel in the lower right of the UI displays messages about the decoding
process, and shows progress of any actions that may take a while to complete.
The 3 numbers in the lower right of this panel represent the memory state of the proccess.

From left to right the 3 numbers are:

e Amount of memory used by process

e Peak memory used by process

e Total memory claimed by system

*Other names and brands may be claimed as the property of others.
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4.2 Modes

Mode | YUVDiff Options
Coding flow F1

Predictions F2
Residual F3
Reconstruction F4
Loop filter F5
|Z| YUV F6
Info overlays F7

Efficiency map  F8
Simple motion  F9

With a VP9 bitstream loaded, Intel Video Pro Analyzer can be put into one of 9 modes using
either the F1-F9 keys, or using the Mode menu. The mode selection affects only what is
displayed in the Main Panel.

Most modes can also show details of the current selection (block, prediction/transform
block). This can be toggled with the right mouse button or the main panel's button strip.

*Other names and brands may be claimed as the property of others.
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4.2.1 Coding Flow

Coding flow mode gives an overview of the way the frame is constructed. Each superblock’s
decode index is shown in yellow and block-partioning is indicated with blue boundaries. Tile
boundaries, when present, are shown with thick green lines and the tile size as coded in the
bitstream is shown at the top left of each tile that has a size coded. When segmentation is
enabled, each segment is shaded with a unique color. No detail mode is available.

*Other names and brands may be claimed as the property of others.
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4.2.2 Predictions

g-tap smooth

S-tap =mo oth P RER

NEAR MY
]
™ | TM
T L TM Lo

8-ta P =Moo oth 8-ta P smiodg th

W_PRED

MEARESTMW MEARESTMW

This mode shows the details of the prediction blocks in the frame. Block splits are indicated
with blue lines, the selected block is surrounded with a pink box and the selected prediction
block is surrounded with a yellow box. When a prediction block is selected, the syntax used
to code it is displayed in the Block tab of the Left Panel. Clicking a block repeatedly will
navigate the recursive block hierarchy.

Intra prediction block contain the intra luma mode in bright green, and the chroma intra
mode in dark green near the bottom of the block. When the intra prediction operation is
split due the size of the transform blocks, the intra split boundaries are indicated with
dashed green lines. Directional intra luma modes also contain a turquoise arrow indicating
the prediction direction.

Inter prediction blocks show the inter mode in cyan, the first motion vector in orange and
the second motion vector in purple. The motion vector value is in units of 1/8% pixels. After
the motion vector value the reference frame it points to is indicated with a single letter: L
for Last, G for Golden and A for AltRef. The motion compensation filter type that applies to
the prediction block is indicated in yellow near the top right corner of the block.

*Other names and brands may be claimed as the property of others.
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4.2.2.1 Prediction Detail Mode

Entering detail mode on a selected prediction block allows the sample values of the
prediction process to be viewed directly.

Intra-predicted blocks display the intra prediction process of each component. The left,

above-left and above reference sample arrays are shown as well.
Current block prediction details 4 pixelsh————————————1

Luma intra samples, mode H_PRED

Chroma Cb intra samples, mode H PRED

*Other names and brands may be claimed as the property of others.
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Inter-predicted blocks show the filtered prediction samples arrays of each component, the
predictor list used for motion vector prediction (for each motion vector) and the filter type
applied. To the left of the prediction sample arrays the impulse response of the applied filter
is drawn (mostly decoratively). Each prediction sample can be clicked to display a window
that contains the 8x8 or 4x4 sample array for luma or chroma respectively that are the
inputs to the motion compensation filter for the selected pixel. The applicable filter phases
are also indicated. In the case of compound prediction, both arrays & phase sets are shown
with the first/second colors of orange/purple. Clicking the selected sample again or outside

the block closes this window.
Current block prediction details 4 pixelsk—————————

er samples  Chroma Cb inter s@ Cr inter samples
1147 21

41¢

Filter type is 8-tap

Predictor lists:

103 (104 106
17 15 = = 20
; e | oan | . 0 inter samples
. 3l ] a3 54

Luma inte

31

31

31

108 | 113

Haorizonal phase = 6, Wertical phase = 4

*Other names and brands may be claimed as the property of others.
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4.2.3 Residuals
m

Transform structures

Residual mode allows inspection of the transform structure of each block. Block boundaries
are displayed in blue, the currently selected block is outlined with a pink box and the
selected transform block is outlined with a blue box. Blocks that code no residual signal are
indicated with “Skip” in yellow. Blocks that use a transform size that is smaller than the
block’s own size show the transform boundaries within the block in yellow.

Clicking a particular transform block causes the syntax elements used to decode it to be
visible in the “TX" tab of the Left Panel.

The residual image itself can be shown using the “Pic” button on the bottom button strip.
Residual values of 0 are flat gray, negative values are darker and positive values are
brighter.

*Other names and brands may be claimed as the property of others.
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Intel Video Pro Analyzer shows the number of non-zero coefficients with “"Coeffs: 2" label on
the corresponding block.

4.2.3.1 Residual Detail Mode

To view the full details of the transform blocks belonging to a particular block, selected a
transform block and enter detail mode by right clicking or using the detail mode button at
the bottom of the main panel. The currently selected transform block is highlighted with the
sample grid. The transform structure of the selected block is drawn three times, arranged in
a column from top to bottom, showing the 3 major steps in recovering the residual signal:

1. Decode and inverse scan process. In this diagram the scan pattern is drawn for each
transform block. In an attempted to reduce clutter, larger scan pattern jumps are
drawn with a darker color. The currently selected transform block is highlighted with
the sample grid. Moving the mouse over a particular coefficient will highlight the

previous and next coefficient in scan order.

Chroma Ch coefficients

Lurna coefficients

El E ¥ A 7 Chroma Cr coefficients

*Other names and brands may be claimed as the property of others.
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2. Inverse scaling process. The scaled values and the scaling factors used to obtain
them are shown in this diagram.

! 1045-165 0 0
110|110 ] 5! 65| 5!

Chroma Cr de-gquantized values

3. Inverse transform process. This recovered residual values and the transform type
used are displayed in this diagram.

Chroma Cr residuals

; -1 |-40|-47
5| & |-14/-51 -39
2 |-l -39 |-60|-46
2 |z |-29|-41-42

*Other names and brands may be claimed as the property of others.
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4.2.4 Reconstruction

In Reconstruction mode the reconstructed samples prior to loop filtering can be inspected.
As with Prediction/Residual mode, block boundaries are shown with blue lines. Blocks with
no coefficients are marked with “Skip” in white.

Skip
Skip Skip Skip Skip
Skip Skip Skip Skip

Skip

[ A | 1
L L)

Skip | Skip Skip Skip | Skip | Skip

_—
Skip Skip [ Skip | Skip Skip Skip _“F

Skip Skip Skip Skip "Skip  Skip

4.2.4.1.1 Reconstruction Detail Mode

In detail mode, the reconstructed sample values can be inspected. The selection may be a
single block, or a group of blocks up to and including the entire encompassing super-block.
Chroma Ch reconstructed values

*Other names and brands may be claimed as the property of others.
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4.2.5 Loop Filter

Loop filter mode shows all processed edges in the frame. Edges are 1 sample high/tall, and
as color coded as follows:

e Green - 16-tap filter

e Yellow - 8-tap filter

e Orange - 4-tap filter

e Red - Not filtered, threshold not met (but processed).

*Other names and brands may be claimed as the property of others.
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4.2.5.1 Detail Loop Filter Mode

The filtered sample values can be inspected directly in detail mode. As with Reconstruction
Details, the inspected area can consist of one or more blocks. Sample values are indicated in
yellow if they were modified by the deblocking process. Samples to the left and above the
current block need for the filter are shown as well. Filtered edges belonging to the selected
blocks are shown in thick dashed lines, color coded the same way as in non-detail mode. Each
edge can be selected and clicked, bringing up a window showing the input values to the edge
filter. Note that these values may differ from the reconstructed samples, as they may have
been modified by an earlier edge filter.

Lumna filtered values

*Other names and brands may be claimed as the property of others.
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4.2.6 YUV
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YUV mode allows inspection of the final decoded sample values, without additional overlay
data. In this mode, the YUVDIff feature is exposed. This feature allows for comparison of an
external decoded YUV file with the decoded bitstream. Supported formats are 4:2:0 planar
and NV12. Also, YUV files that are zipped or gzipped may be opened directly without the
need to decompress separately. If a zip file contains more than one YUV file, only the first
one is used. When a YUV file is loaded, any mismatches will be indicated with a red dot in
the CU containing the mismatch. This allows the user to quickly identify the nature of the
mismatch which can assist with debug.

When a file is opened, four additional buttons become visible on the lower left of the main
window:

=vF5 - + R| YUV v pic|Info Details H A |k« <« > » wi| Ref YUV Diff YUV Reload

e Ref YUV: The original, expected YUV image.

e Debug YUV: The loaded debug YUV file.

e Diff YUV: The delta image. Like in Residual mode, areas with zero delta (i.e. Original
and Debug image are identical) are flat gray. Areas where the debug YUV has a
lower value are darker, and areas where the debug YUV has a higher value are
brighter.

e Reload: Reloads the YUV file, which can be useful as a shortcut to loading via the
YUVDIff menu.

*Other names and brands may be claimed as the property of others.
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4.2.6.1 YUVDIiff Menu

YUVDiff | Options Help
Open debug YUV... Ctrl+Y
Recent YUV files 4
Close debug YUV

III Planar

Interleaved

III Display order

Decode order

Use stream crop values

Set picture offset here
Picture offset (0)...
Use 16 bit YUV

Check for file changes
e Open: Brings up a file chooser to open a YUV file
e Close: Closes the currently opened YUV file. Any mismatch indicators will disappear.
e Planar: Causes Intel Video Pro Analyzer to interpret the loaded YUV file as Planar.
e NV12: Causes Intel Video Pro Analyzer to interpret the loaded YUV file as NV12. This

option is chosen automatically when the loaded YUV file has the file extension
".nv1i2".

Display order: Causes Intel Video Pro Analyzer to use display order picture numbers
when determining how far to seek into the YUV file to extract the image to compare
with the current picture.

Decode order: Causes Intel Video Pro Analyzer to use decode order picture numbers
when determining how far to seek into the YUV file to extract the image to compare
with the current picture.

Use stream crop values: When checked, YUV files are assumed to contain samples
only within the cropping window as defined by the loaded bitstream. Samples outside
this window are not compared, and are assumed 0 when viewing the loaded YUV
image directly.

Set picture offset here: Shortcut for setting the picture offset to the current picture
number. See bullet below.

Picture offset: This brings up a dialog allowing the user to enter the picture number
of the first picture in the YUV file. For example if a 100-picture bitstream is loaded
but the YUV file only contains pictures 80-99, the user would enter 80 to properly
line up the YUV file with the decoded bitstream.

Use 16 bit YUV: this option allow you to load YUV file where both Luma and Chrome
written in 16 bit (they could be normalized from actual bitdepth to 16 bit during
encoding). This is useful when you have bitdepth changing across the stream. Intel
Video Pro Analyzer will shift values to appropriate bitdepth on the current frame.
Check for file changes: When checked, this option causes Intel Video Pro Analyzer to
periodically check if the loaded YUV file has changed on disk since it was last loaded.
If the file has indeed changed, a dialog pops up offering a chance to reload the YUV
file.

*Other names and brands may be claimed as the property of others.
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4.2.6.2 YUV Detail Mode

In detail mode the expected YUV values can be inspected. Note that the displayed sample
values are the same as those in Loop Filter mode since loop filtering is the last step in the
decode process. When a YUV file is loaded, the debug and delta YUV values can be
inspected as well. Mismatching values are shown in red.

Chroma Ch
Luma

Chroma Cr

Chroma Ch

Luma

Chroma Cr

*Other names and brands may be claimed as the property of others.
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4.2.7 Info Overlays

4.2.7.1 Heat Map

Heat map mode shows visually how the compressed bits of the picture are distributed
spatially. Blocks with more bits per pixel are brighter than blocks with less. By default this
mode also shows the block boundaries in blue. It may be useful to turn off this overlay
using the "Info" button on the lower left of the main panel. Heat Map does not offer a detail

mode.
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The gradlent used to display the heat map may be edited:
Drag the gradient markers up and down to reposition them.
e Drag a marker away from the gradient to remove it. A red X indicates removal will

take place.
e Double-click a marker to change the color.
e Double click the gradient bar to add a new marker.

4.2.7.2 Block Type
Block Type overlay show color map of their types. Intra blocks is colored in red, inter skip is
yellow colored and inter is in blue.

*Other names and brands may be claimed as the property of others.
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4.2.7.3 PSNR

PSNR map shows per pixel PSNR value normalized on Block size. To enable this mode you
have to load reference YUV file via DebugYUV menu. The value is calculated per Block. Bigger
value has brighter color. The color range can be adjust with gradient tool on the right top
corner. If the block has no difference with reference YUV a latter ‘e’ is shown which means
exact match.
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*Other names and brands may be claimed as the property of others.
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4.2.8 Efficiency Map

Efficiency map mode shows visually how efficient the arithmetic coding of each block is.
Blocks with more bools per bits are brighter than blocks with less. By default this mode also
shows the block boundaries in blue. It may be useful to turn off this overlay using the "Info"
button on the lower left of the main panel. Efficiency Map does not offer a detail mode.

Heat map, bool-coding efficiency
0 1

*Other names and brands may be claimed as the property of others.
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4.2.9 Simple Motion

>,

Simple Motion mode offers a way to quickly view the modes and motion of a picture at a
glance. No overlays are present except a colored dot showing information about the
prediction mode. Green dots indicate intra blocks, and purple/orange motion vectors for
inter blocks are drawn as simple lines. When the motion vector is very small, a dot is drawn
instead so that the mode is still easy to identify.

*Other names and brands may be claimed as the property of others.
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5 AVC

The following sections describe all available features when loading an AVC bitstream. The
supported format of a bitstream is the raw bitstream with no surrounding container. Output
from the publicly available AVC reference software JM is in this format and can be opened
directly. Intel Video Pro Analyzer supports profiles up to High profile. Sequences that go
beyond the profile limits maybe be supported as well.

) outputh264 | Intel® Video Pro Analyzer 2017 2.3.0.4470 | 110812 - ol
File Mode YUVDIff Options View Help i
Stream View | AVC | D:/video_vpa/output.n264 LR

Thumbnails ~ © 4#Picture:5 = Display Fields

1/2-NON_IDR... 2/1-NON_IDR... 3/3-NON_IDR.. 4/4-NON_IDR. 5/6-NON_IDR... il 6/5-NON_IDR... 7/8-NON_IDR... 8/7-NON_IDR... 9/9-NON_IDR... 10/10-NON_IDR...

Click to decode Click to decode Click to decode Click to decode Click to decode
POC=0 POC=4 POC=2 POC=6 POC=8 POC = 12 POC = 10 POC = 16 POC=14 POC = 18 POC = 20
T 7 N
| !
| < >
Syntax Info sx
Slice #0 size in bits: 60280 SLICE_NONIDR
SE Name Value A
first_mb,_in_slice 0
slice_type 5
pic_parameter_set_id 0
frame_num 4
pic_order_cnt Isb 12
num_ref_idx_active_override_flag 1

num_ref_idx_0_active_minus1

ref_pic_list_reordering()
ref_pic_list_modification_flag_l0 1
madification_of_pic_nums_idc{0] 0
reorder_value[0] 0
modification_of_pic_nums_idc{1] 0
reorder_value[1] 1
modification_of_pic_nums _idc{2] 0
reorder_value[2] 0
modification_of_pic_nums_idc{3] 0
reorder_value[3] 0
modification_of_pic_nums_idc{4] 3

pred_weight_table(
luma_log2_weight_denom
chroma_log2_weight_denom
luma_weight_i0_flag[0]
chroma_weight_10_flag[0]
luma_weight_10_flag(1]
luma_weight_10[1)
luma_offset_I0[1] -1
chroma_weight_I0_flag[1] 0

i in Al

PO i a
NAL | SPS | PPS Slice MB | QM | Reflists | SE«») =¥ FS - + R | YUV v Pic| Info

Selection Info 8 % Unit Info LA
Width:640  MB type: I8x8 Pred type: Intra MB at x,y
Height: 480 MB X,Y:336,208  Pred size: 8x8 K
Pictures: 100 MB field: 0 MB cbp:47(101111) ;

Slice #:0- P MB tr8x: 1
MB address: 541 MB Qp Y:34
MB col, row: 21,13 Pixel X,Y:N/A

A\ Ready

*Other names and brands may be claimed as the property of others.
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5.1 UI Components

The following sections describe the various components in the UI when an VC bitstream is
loaded.

5.1.1 Top Filmstrip

Stream View | AVC | C:/work/video_vpa/output.h264 & X
Thumbnails v |@ w# Picture: 5 |$| Display Fields

1/2-NON_IDR... 2/1-NON_IDR... 3/3-NON_IDR... 4/4-NON_IDR...

5/6-NON_IDR... 6/5-NON_IDR... 7/8-NON_IDR... 8/7-N

Click to decode Clickt

POC=0 POC=4 POC=2 POC=6 POC=8 POC=16 PO
4 4 4
< >
Stream View | AVC | C:fwork/fvideo_vpa foutput.h264 F X
Bars v | @ A Picture:|5 5| Display

@

le|

&

TR

The top filmstrip is a horizontally scrolling overview of the pictures in the bitstream. When a
new IDR starts new GOP, the top info label is highlighted in green. The current picture is
highlighted with a red border. On top is the picture number - the decode order index in the
bitstream - and the first slice in the picture type as indicated by the NAL unit types, and on
bottom is the POC value. Referenced pictures for the current picture are indicated with
arrows. Green arrows indicate the long term references. The bar filmstrip has underline
green band on new GOP start. Picture type is core coded: red - intra picture (I), blue - P-
picture, green — B-picture.

Clicking on a picture will cause Intel Video Pro Analyzer to decode it and mark it as the
current picture, updating the rest of the UI correspondingly. If the new picture requires
other pictures to be available as reference that have not yet been decoded, those will
automatically be decoded.

Pictures are decoded on demand since it is impractical to store all details of all pictures in
memory, especially for HD sequences. The current picture can also be selected by typing in
a picture number in the box on the left of the panel. When using this box, the filmstrip is
scrolled such that the newly selected current picture is visible.

*Other names and brands may be claimed as the property of others.
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File Mode YUVDIff Options View Help
Stream View

a

Thumbnails ~ #Picture:2 '~ Display ActiveRefs
| 0/0-IDR-Tid 0 1/2-NON_IDR... 2/1-NON_IDR...

3/3-NONLIDR... 4/4-NON_IDR...

Click to decode

Extract pictures from last IDR to the Picture

[ ry ] Extract Statistics
< Extract Prediction
Syntax Info Extract Residuals ) 3
Slice #0 size in bits: 55224 Extract Reconstruction
SE Name Extract YUV
Ifirst mb in slice |1 ) A

In Thumbnails and Bar mode it is possible to choose between Display/Decode order
representation by click on additional. By right clicking on selected picture one can get popup
submenu with a set of extract actions. An action called "Extract pictures from last IDR to the
Picture" will write out a bitstream that contains the minimum number of pictures needed to
decode the current picture. Typically this will consist of the current picture and all previous
pictures that are reference pictures up to the nearest IDR picture. This can be useful for
debugging issues in long sequences. Other actions allow to save in the output file statistics
and intermediate/final YUV planes.

Stream View H ‘

\| 6/5 - Inter I 7/6 -

Extract pictures from last keyframe to the Picture

Thumbnails ~ #Picture:5 = Play Hidden

0/0 - Keyframe 1/1 - Inter 2/1 - Inter 3/2 - Inter 4/3 - Inter 5/4 - Inter

Extract Statistics
Extract Prediction

Not displayed Displayed Displayed Dlsﬁldyed Esit Resibinls
- Extract Reconstruction
< Extract YUV
Synaximo | A |
6
SE Name Value *
] - Frame marker 2
15 Profile 0
Repeat previous frame 0
Frame type 1
Show frame 1
Error resilient 0
— reset_frame_context 0
Tl refresh_frame_flags[7] 0
! refresh_frame_flags[6] 0
| refresh_frame_flags[5] 0
refresh_frame_flags[4] 0
1 (R | refresh_frame_flags[3] 0
refresh_frame_flags[2] 0 X
| refresh_frame_flags[1] 0
i refresh_frame_flags[0] 1
i active_ref_idx{1] 0
= 3 ref_frame_sign_bias[1] 0
4 active_ref_idx[2] 1
ref_frame_sign_bias[2] 0
% ‘ active_ref idx(3)] 2 v
| ‘ < >
‘ Total bools per bit in header: 635/71 = 8.944. 80
bits not coded.
| | MKV | Frame | Probabilities | Counts 4 b
Status
5 - + Ryuv|Y U V| Ppic|Info H | e < > » i | Heat | Type
Selection Info Unit Info
Width: 640 Block size: 8x8 Segment ID: 0 MB / 181MB / B08OM
Helght: 480 Block XY: 280,144 Transform size: 8x8 Y
Frames: 52 Block MI col, row: 35,18 Transform XY: 280,144 ./
Tile col, row: 0, 0 Block part: PART_NONE  Transform type: DCT_DCT
SB col, row: 4,2 Prediction mode: NEWMV First MV:
Pixel X, Yz N/A Prediction size: 8x8 Second MV: N/A '

Allow separate panels can be detached from them main window or hidden. To attach panels
back double click on the titlebar. To unhide panel go to View menu and check appropriate
panel.
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5.1.2 Main Panel

Coding flow —

012345678 910111213141516171819202 394041424344454647484950515 67686970717273
o[0T 1]zT5 SHEE

-+ R|YW|Y U V Pic |[Info Detals H 4 [ lea o B owe oo
The main panel displays the selected picture with visual annotations. The type of
annotations and associated interactive behavior depends on the current mode, see 3.1.8.1
AVC Modes. Click-dragging moves the picture around, and the mouse wheel zooms in or out
about the mouse cursor.

At the top left of the panel, the current mode is displayed. Along the top right the current
scale is shown. In all modes, the MB row and column values are displayed along the left and
top border of the picture, slices are indicated with thick red lines, dependent slice
boundaries are dashed red lines and tile boundaries are thick green lines. The screenshot
above shows an example of a stream that is 10x8 MBs. The selected MB is outlined with a
pink box.

The bottom left has a cluster of buttons:
=~vF5 - + R| YUV > Pic| Info Details H A |« «¢ > » | Ref YUV | Debug YUV Diff YUV Reload

e First submenu has special options to output the currently displayed information to
the external image file with different scaling possibilities.

e FS: Toggles full-screen mode, which hides all UI elements except the main panel.
Keyboard shortcut is F.

e +/-: Zooms in or out, centered on the center of the panel. Note that zooming with
the mousewheel is much easier than using these buttons. Keyboard shortcuts are +
and -.

e R: Resets the current zoom to fit the entire picture in the main panel. Keyboard
shortcut is R.

e YUV,Y, U, V: Toggles between per-component image, or full-color YUV.

e Pic: Toggles the actual picture underneath the annotations. The picture is mode-
dependent. For example in prediction mode, the picture is comprised of the

*Other names and brands may be claimed as the property of others.
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prediction samples before the residual signal has been added in. It is often helpful to
turn off the picture in order to make the annotation easier to read. Keyboard
shortcut is P.

Info: Toggles the annotations on or off. Keyboard shortcut is I.

e H/D: Toggles between hexadecimal and decimal display of the annotations. This
applies to the values in the Left Tabs as well. Keyboard shortcuts are H and D.

e There are five navigation buttons: first frame, previous frame, playback mode, next
frame, last frame. The previous/last button will rewind, causing the current picture to
be set to the first/last picture in the loaded bitstream. The "Play" button will start
playback of loaded bitstream at a reasonable rate, limited by CPU performance. All
normal mode operations are possible during playback. Note that playback mode
always operates in currently selected order in the filmstrip.

*Other names and brands may be claimed as the property of others.
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5.1.3 Left Tabs

The left side of the UI is a resizable panel with several tabs that display information about
the current selection in one way or another. The following subsections describe each tab.

5.1.3.1 NAL

3253 NAL units total

Pos MAL Type TID Size 2
> 23

15

23

15

39: 8: PPS - Picture parameter set
743 » 40: 8: PPS - Picture pararmeter set
769 » 41: 8: PPS - Picture pararmeter set
796 » 42: 8: PPS - Picture pararmeter set
816 » 43 - Picture pararneter set
827 » 44: 8: PPS - Picture parameter set
239 » 45 8: PPS - Picture pararmeter set
258 4 46 8: PPS - Picture parameter set
pic_parameter_set_id
seq_parameter_set_id
entropy_coding_mode_flag
bottemn_field_pic_order_in_fram...
nurm_slice_groups_minus1
num_ref_idx_I0_active_minus
num_ref_idx_|1_active_minus
weighted_pred_flag
weighted_bipred_idc
pic_init_gp_minus2&
pic_init_gs_minus2f
chroma_gp_index_offset
deblocking_filter_control_presen...
constrained_intra_pred_flag
redundant_pic_cnt_present_flag
transform_Bx8_mode_flag
pic_scaling_matrix_present_flag
second_chroma_gp_index_offset
PP5 - Picture parameter set
PP5 - Picture parameter set
PP5 - Picture parameter set
PP5 - Picture parameter set
PP5 - Picture parameter set
PP5 - Picture parameter set
PP5 - Picture parameter set
PP5 - Picture parameter set
PPS - Picture parameter set

L 02

G0 00 G0 00 o 0o 00
=
-
W
Ln

T

c

Ln
PR
—

=]
S MO b b b b b CFY b b Pl b L LA —
p—ry

7 a7
48:
49:
50:

[==gp—
[

T
La

32
33
34
1016 > 55

[=R=RsN-NSsE=NsESEsN NNl el =R == I R =T R R = R R R R R

wn
Co fo G0 fo G0 g0 0 GO G0

Extract selected MAL units

MNAL SP3 PPS Slice ME QM Ref Lists SEI »

The NAL tab lists all NAL units found in the bitstream, in decode order. Above the list the
total number of NAL units is displayed. The list has four columns: "Pos" is the byte position
of the NAL unit in the file, "NAL Type" is the textual description of the NAL's type, "TID" is
the Temporal ID of the NAL unit, and "Size" indicates the total number of bytes in the NAL
unit.

Changes in coloring from white to grayscale and back show Access Unit borders. By clicking
on branch sing you can roll out NAL unit syntax elements read from the bitstream. For each
syntax element Intel Video Pro Analyzer shows the value of it and the number of bits it
takes in the bitstream. Red colored elements will hint you about error syntax element.

Clicking on any NAL unit will display up to the first 500 raw bytes in the Raw Bytes panel. If
a NAL unit is a VCL NAL unit, meaning it is a coded slice segment, it can be double-clicked
in order to make the picture that it belongs to the current picture. Conversely, changing the
current picture will highlight the NAL unit that contains the first slice segment of that
picture. Selecting a MB in the Main Panel will highlight the NAL unit containing the slice that
contains the selected MB.

*Other names and brands may be claimed as the property of others.
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At the bottom of the NAL tab is a button called "Extract selected NAL units". Clicking this will
write all selected NAL units out to a file.
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5.1.3.2 SPS, PPS, Slice, SEI

SE Name Value

pic_parameter_set_id 0
seq_parameter_set_id 0
entropy_coding_mode_flag 1
pic_order_present_flag 0
num _slice groups minus1 0
num _ref idx |0 active minus1 2
num_ref_idx |1_active_minus1 0
weighted_pred_flag 1
weighted_bipred idc 2
pic_init_gp_minus26 0
pic_init_gs_minus26 0
chroma_gp_index_offset -2
deblocking filter control present flag 1

constrained intra_pred flag 0

redundant_pic_cnt_present _flag 0

transform_8x8_mode_flag 1

pic_scaling_matrix_present flag 0

second_chroma_gp_index_offset = -2

NAL SPS PPS Slice MB 1

These tabs contain a list of every syntax element, in decode order, of the SPS, PPS, slice
segment header and SEI messages that apply to the currently selected MB in the Main
Panel. Syntax elements that come from a sub-function call are indented accordingly, and
the function call itself appears in the list as a syntax element with no value. Any part of the
list can be selected and copied for pasting in other programs.
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5.1.3.3 QM

Only PPS coefficients are used in this picture
Pick a matrix: PPS | 44 IntraY ~

— i
— s

1
1
1
1

- 3

1 1
Syntax elements used to code this set of scaling lists:

SE Name Value ™

seq_scaling list_present_flag[0] 1
delta_scale[0]
delta_scale[1]
delta_scale[?]
delta_scale[3]
delta_scale[4]
delta_scale[5]
delta_scale[6]
delta scale[7]
delta scale[8]
delta_scale[9]

[

[

[

[

[

4

delta_scale[10]

delta_scale[11]

delta_scale[12]

delta_scale[13]

delta_scale[14]

delta_scale[15]
seq_scaling_list_present_flag[1]
delta_scale[0]

delta_scale[1]

delta_scale[?]

delta_scale[3]

delta_scale[4] v

NAL 5PS PPS Slice QM s

This tab displays the scaling lists, or quantizer matrices used by the current picture. Scaling
lists can be present in the SPS, PPS, or both. PPS scaling lists take precedence over SPS
when present. The top of the panel shows in blue text how the various scaling lists are used
in this picture. Below that, one of the 20 scaling list from either the SPS or PPS can be
chosen for inspection, and the chosen matrix is displayed in the grid. Also shown in this
panel is the list of syntax elements that is used to code the scaling list set, and is identical
to the syntax in the corresponding SPS or PPS tab.

L= =R = R} o R o B} oo i} oo R} oo R} o B o B o Y a B B e Y

4

oo oo
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5.1.3.4 Ref Lists

| Reordered
List 0:
Idx POC Field LT WY OY WCb OCb WCr OC

] 4 N/A N 1 0 1 0 1 ]
1 4 MY, N 1 -1 1 0 1 0
2 0 N/ N 1 0 1 0 1 ]
< >

List 1:
Idx POC Field LT WY OY WCh OCh WCr OC

£ >
DPE Lists:

PocStCurrBefore[0] = 4
PocStCurrBefore[1] =0

MAL SPS PPS Slice MB oM Ref Lists ST b
This tab displays the details of the two reference lists LO and L1, as well as the Reference
Picture Set arrays used to construct the LO and L1 lists. The LO and L1 lists have the
following columns:
¢ Idx: The index associated with the reference picture
e POC: The Picture Order Count of the reference picture
e LT: A Yes/No flag indicating if the reference picture is a long-term picture or not
e WY: The derived luma weight used in the weighted prediction process of the
reference picture
e Y: The derived luma offset used in the weighted prediction process of the reference
picture
e W Cb: The derived chroma Cb weight used in the weighted prediction process of the
reference picture
e Cb: The derived chroma Cb offset used in the weighted prediction process of the
reference picture
e W Cr: The derived chroma Cr weight used in the weighted prediction process of the
reference picture
e Cr: The derived chroma Cr offset used in the weighted prediction process of the
reference picture
The third panel contains in textual form the contents of the Reference Picture Set arrays
from section 8.3.2 in the HEVC specification.

By clicking on ‘Reordered’ button you will see reference lists state before reordering.
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5.1.3.5 Stats

Picture 5tats ~

Syntax 5ta prats ———
e 15200

Total bins: 2569

Total bypass bins: 146
Bins per kbit: 0.153
Bypass ratioc: 5.7%
Bits per pixel: 0.03241

% ||Raw values ¥ | Pred mode A

3PS5 PPS Slice ME oM Ref Lists SEI Stats |4

This tab displays various statistics extracted from the current picture. The top half shows
some picture size and compression stats. The bottom half displays pie charts for a number
of metrics. Each pie chart can be drawn normalized or un-normalized. Normalized data is
weighted by area or compressed bits. Normalized numbers in the pie chart are in units of
pixels or bits, and un-normalized numbers are raw counts.

The pie chart can be moved by dragging the mouse, and zoomed with the mouse scroll
wheel.

*Other names and brands may be claimed as the property of others.
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Syntax State ¥ | %

Syntax Element Count Bits *
+ Slice header 1 7
4 MB 494 395
- MV 69 56
coded_bleck_flag 0 0
end_of_slice_flag 0 0
significant_coeff_fl.. 143 95
last_significant_co... 90 13
coeff_abs_level_mi... 95 136
coeff_sign_flag 95 95
prev_intralx8_pred.. 0 ]

rem_intra8xB_pred_...
prev_intraded_pred...
rem_intraded_pred_...
mb_type
transform_size_8x8...
intra_chroma_pred...
coded_block_pattern
mb_gp_delta
mb_skip_flag

coooo oo oo
coooo oo oo

% | Raw values ~ | Pred mode A

Direct

Inter

3PS FF3 Slice MEB M Ref Lists SEL Stats | 4

By selecting, different modes in the stats combo box you can explore different type of
statistics in the bitstream. Namely, picture statistics, per syntax element statistics, overall
stream statistics. Overall stream statistics is available only after full stream analysis and
shows accumulated values overall the stream. Pie chart for stream statistics show
accumulated value also.

5.1.4 Selection Info

Selection Info g x
Width:640  MB type: Skip Pred type: Inter
Height: 480 MB X,Y:336,112  Pred size: 16x16
Pictures: 100  MB field: 0 MB cbp: 0(0)
Slice #:0-P MB tr8x8:0
MB address:301 MBQp Y:18 MV L0:0,0==>0
MB col, row:21,7 Pixel X,Y:N/A MV L1:-

This panel shows a few details about the current selection at a glance. All values are
decimal:
e Picture height & width
e Number of pictures in the bitstream
e Slice segment number of the slice segment that contains the selected CU, and the
slice type.
e MB address and row/col position
e Selected MB type and flags for field MB coding and use 8x8 transform.
e X/Y position of the selected MB in pixels
MB prediction mode. Intra, Inter or Skip

*Other names and brands may be claimed as the property of others.
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e Pixel X/Y position in the picture of the mouse cursor

e Prediction size and shape.
e The LO and L1 motion vectors, if any, of the selected Prediction block. The MVs are

shown with an arrow => followed by the reference index.
e The Luma and Chroma QP values associated with the selected MB.

*Other names and brands may be claimed as the property of others.
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5.1.5 Raw Bytes

Unit Info 8 x

MB at %,y 336,112

Total bits: 0 (0 bytes)

Total bins: 2 ( inf bins per bit)

Bypass bins: 0 (0.0%)

Starting at byte position 75645 (0x1277d) in file:
31

The panel in the bottom center of the UI displays the raw bytes that were used to code the
selected MB, or NAL unit. A few details about the selection are included as well.

5.1.6 Messages

Status 8 X

Complete. Found 100 pictures, 104 NAL units. ~
Decoding picture 0 ...done.

Decoding picture
Decoding picture
Decoding picture

A Ready

. .done.
. .done.
. .done.
W

‘94D1Bf 113MB / 8089MB

This panel in the lower right of the UI displays messages about the decoding process, and
shows progress of any actions that may take a while to complete.

The 3 numbers in the lower right of this panel represent the memory state of JVM. From left
to right the 3 numbers are:

e Amount of memory used

e Peak used memory

e Maximum available memory

Error button at the bottom left of the window changes color to red if Intel Video Pro
Analyzer detects any errors/warnings in the stream. By clicking on the button Intel Video
Pro Analyzer switches to the list of detected problems and back. By double clicking on
selected error, you can highlight corresponding MB in central info window and corresponding
NAL unit will be highlighted.

Status 8 x
NAL idx Picld Message ~
53 Value of slice::chroma offset Ix is out of range
53 Value of slice::chroma offset Ix is out of range
Value of slicezluma offset Ix is out of range >
A fal £ 1 oot Lot &L

c2
Ready

|199MB / 974MB / 8089MB

By right clicking inside error’s list you can choose additional filtering of the errors

Status g x

Sev:erity Pos NAL idx Picld MB idx Type Message 2

Warning 1761736 73 33 HRD HRD issue: initial_cpb_removal_delay is out of range.
Warnlnq 3041360 142 HRD HRD issue: |n|t|a| | cpb | removal delav is out of range.

4726360 EE---

Warnln_q 6136184 280 132 HRD HRD Ignore messages by type || out of range.
Warning 7315168 349 165 HRD HRD o out of range.
Warning 8422528 418 198 HRD HRD out of range.
Warning 9650128 487 231 HRD HRD  Showall out of range. v

Ready

|106I\1Bf 156MB / 32646MB
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“Error” submenu runs common error dialog where it is possible to select which errors will by
displayed in the error’s list.

@ Error filter ?

Index Severity Type Message ~

MB
2000 | Error MB  Value of mb:intra_chroma_pred_mode is out of range
2001 | Error MB  Value of mb:intra_chroma_pred_mode is not allowed
2002 | Error MB  Value of mb:intra_8x8_pred_mode is not allowed
2003 | Error MB  Value of mbrintra_4x4_pred_mode is not allowed
2004 | Error MB  Value of mb:intra_16x16_pred_mode is not allowed
2005 | Error MB  Value of mbicoded_block_pattern is out of range
2006 | Error MB  Value of mbimb_gp_delta is out of range
2007 | Error MB  Value of reference index L0 is out of range
2008 | Error MB  Value of reference index L1 is out of range
2009 | Error MB  Value of mb:sub_type is out of range
2010 | Error MB  Value of mbzmb_type is out of range
2011 | Error MB  Value of mb:mb_skip_run is out of range
2012 | Error MB  Value of mbh:pem_alignment_zero_bit should be zero
4 [¥] sLH
2013 | Error SLH  Value of slicexslice_type is out of range
2014 | Error SLH  Value of slicezslice_type is not allowed v
< >
Cancel

5.1.7 Extended modes

There are a set of extended modes that can be accessed via menus in the Stream View
toolbar.

Stream View | AVC | C:/work/video_vpa/output.h264 & X

Thumbnails v | @) ¥ Picture:|6 |3 | Display Fields

1/2-NON_IDR... 2/1-NON_IDR... 3/3-NON_IDR... 4/4-NON_IDR... 5/6-NON_IDR... 6/5-NON_IDR... 7/8-NON_IDR... 8/7-NON_IDR... 9/9-NON_IDR...

Click to decode Click to decode Click to decode;

POC=16 POC=14 POC=18

POC=6 POC=8 POC=10
4 4 ]

Field option gives special visualization capabilities for stream with fields. Namely, it shows
references on per field base. Video Pro Analyzer shows top and bottom fields as the happens
in the stream. Their position is shifted according to top or bottom flag is used for the field.

Then two possible modes with two sub-modes can be selected. Sub-modes of the currently
selected mode changed dynamically depended on current mode.

5.1.7.1 Frame sizes view

When one choose “Buffer” menu from popup toolbar, frames size view will appear by default.
This is a bar char plot with frame sizes. Each bar is colored according to the frame type. When
you move the mouse along the bar current frame is highlighted and tooltip shows information
about current frame. By clicking on selected frame you can decode it. When you press left
mouse button and move it all plots move along both axes. Double click on canvas area resets
plot into default state. You can zoom in/out with mouse wheel on both axis when the mouse

*Other names and brands may be claimed as the property of others.
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inside canvas. If the mouse on some axis (below canvas, for example, x axis) you can zoom,
pan or double click on only on that axis. In that case all actions applied to that axis only.

The movement of the plots is restricted to the positive values only, you can’t move or zoom
in negative direction. Currently decoded frame is shown with vertical line and frame number

on it.

Stream View | HEVC | D:/vpa/video_vpajoutput.heve

Buffer T © #Picure;0 = | Columns
<- Frame sizes [kBits/frame] | QP ->
——— 27
200 T = =
150 ! = F! f f" T E =3
' v Do o pr it b4y SE——
100 i B 7777***H|'*‘| . —_— -F 24
11 3 1 B N9 ! Moving Average para... u Fa3
50 'ﬁr N 10 | h W ik H Moving average length: 25.00 '+ F22
0 oK Cancel - 21
0 50 100 150

On the right axis average slice QP values are shown. When full stream analysis is complete
Intel Video Pro Analyzer adds average block QP plot that is also attached to right axis. By
double clicking on *‘Moving average’ label item sliding window size can be adjusted in the

separate dialog.

5.1.7.2 HRD buffer fullness view

If you choose “Buffer” mode then sub-mode “"HRD"” appears in sub-modes block. It is enabled
if stream has HRD parameters in it, otherwise it is disabled (grey out). The interaction with
buffer fullness plot works in the same way as for frame sizes plot. It is possible to get buffer
state and picture parameters in each point of the plot where the monotonic behavior changes.

Stream View & x

Buffer ~| M Picture;0 = Columns | HRD

Buffer fullness [bits/time(sec.)]
[bitrate: 599040

400000
] | buffer: 350424
cbr: 1

1[359424
300000

200000 -

100000 4

0 ‘.I - T T T
0 05 1 15 2

With right click on central area of the plot Intel Video Pro Analyzer shows additional option
for plot adjustment. In the same popup menu you can export HRD timings into .csv file.

Stream View 8 x

Buffer -|@ GApicture:0 [T Columns | HRD
Buffer fullness [bits/time(sec.)]
7000000 376 { bitrate: 3499968
hl;lffer: 6000000 [
6000000 ri 0
= I ,{ ] 1 i 1 '\. j ] f- ] i A / |
5000000 {ﬂ'( /‘ . b' I l’y‘t‘ ;{J ". i 11'1; ’i; ‘k’fﬁ" ‘l [! I.A; i 'f"' ﬁ / ‘,"’ [;'lu A !’. e, ’ﬁ" ““‘; Lfl ,j
| ] \ | | I i f } 1 il 1 | ! | | |
s T AN WAV AN VAT ANLYAV VA AL VAL
— £1 ' T - T 1
ARV ATRVRVNL A VA S VRS ANLAWAY
3000000 {1/ LAY LS 6 L h R A 1A T 1/ ; W
| y [ W) Show X grid i ‘ \/ v
2000000 T v [ ] show ¥ grid [ ¥
\/
1000000 4 ¥ Rescale to actual fullness
“‘ Rescale to buffer size ¥
0~ T T Export to csv file T T
0 20 40 e 80 100
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5.2 Modes
Mode | YUVDiff Options
Coding flow F1

E Predictions F2

Residuals F3
Reconstruction F4
Deblocking F5
YUV Fé
Info overlays F7

Simple motion  F8

With an AVC bitstream loaded, Intel Video Pro Analyzer can be put into one of 8 modes
using either the F1-F8 keys, or using the Mode menu. The mode selection affects only what
is displayed in the Main Panel. Most modes can also show details of the current selection
(MB, Prediction unit, Transform unit). This can be toggled with the right mouse button or the
main panel's button strip.

5.2.1 Coding Flow
Coding flow

0 1 2 3 4 5 6 7 8 9 10 11 12 1

ol MBO | MB1| MB2| MB3 | MB4 MBS | MBG | MB7 MBS | MBO MB10 MB1l| MB12 MB

1 MB 45 | MB 46 | MB 47 | MB MB 49 | MB 50| MB 51 | MB 52 | MB 53 | MB 54 | MB 55 | MB 56 | MB 57 | MB

2 MB90|MB91 | MB92|MB93 | MB94 MB95> MB9% |MB97|MB93 MB99, 100 101 102 10

136 | 137 | 138 | 139 | 140 | 141 | 142|| 143 || 144 | 145 | 146 | 147

191

The coding flow mode gives a visual overview of the ordering of MBs in the stream, and
some information of the decoding process. The blue grid shows the boundaries of the MBs in
the picture. Each MB contains 3 values:

e The MB address, which is simply the raster scan index of the CTB.
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5.2.2 Predictions

This mode shows the prediction units in each MB. MB splits are indicated with blue lines,
which get darker as the split depth increased. When a MB split is implied by AVC (Direct
mode for B slices) and not directly coded in the bitstream, the split lines are dashed.

Intra modes are indicated with green colors, and directional modes also show an arrow
indicating the prediction direction. In the lower right corner of an intra MB the chroma mode
is indicated in a darker green.

Inter Prediction unitss are indicated with cyan colors showing the Prediction unit splits and
mode. Additionally, skipped blocks are shaded with a lined texture. The LO motion vectors
are drawn with an orange color, the L1 motion vectors (B slices only) are drawn with a
purple color. The MV value is shown in the lower left corner along with the reference index.

Below is shown Prediction mode on a zoomed-in selection along the top edge of a picture.
The selected MB is surrounded with a pink box while the selected Prediction Unit is
surrounded with a yellow box.

Prediction modes

*Other names and brands may be claimed as the property of others.
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5.2.2.1 Prediction Detail Mode
In Prediction mode, the sample values of a particular MB can be viewed in detail.

Intra MBs are displayed in green, and the left, upper-left and above prediction arrays are
drawn adjacent.

Selected MB Prediction details 35801 4 pixelsh———————

Chroma Cb intra predictions Chroma Cr intra predictions
1:Horiz 1:Horiz

Luma intra predictions
8:HorizUp

UV ¥ Pic Info | Details | H A | e « > » Right-click anywhere to go back
Inter MBs are displayed in cyan (turquoise).

- - . 29.88x ixelsb—————————————
Selected MB Prediction details 20.88 8 pixl

-+ R| YUV ¥ Pic Info|Details| H A | ke < B m i Right-click anywhere to go back
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5.2.3 Residuals
Transform structures

In Residual mode the transforms and accompanying residual signal of the picture can be
seen. As in Predictions mode, MB boundaries are shown with blue lines. The transform
splits, when present, are indicated with yellow lines. QP values of each MB are shown in the
upper-left corner. When this value is bright yellow, it means that a delta-QP was coded in
the bitstream during the decode of that particular MB. Otherwise the number is dark. MBs
that are PCM coded are marked with "PCM" in white.

If the "Pic" button is turned on, the raw residual signal is shown in image form. Residual
values of 0 result in flat grey, negative values are darker and positive values are brighter.

Clicking on MBs causes that transform unit to be selected with a blue surrounding box.
Clicking a transform unit repeatedly causes the selection to move up and cycle though the
transforms in MB.

*Other names and brands may be claimed as the property of others.
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ransform structures

5.2.3.1 Residual Detail Mode

To view the full details of a particular MB, make the MB selection and enter detail mode by
right clicking or using the detail mode button at the bottom of the main panel. In this mode
the selected TU structure is drawn three times, arranged in a column from top to bottom,
showing the 3 major steps in recovering the residual signal:

Selected MB Transform details Luma Levels SJ o E=Cr Levels 5% 32pixels}

CL' Invers
Luma CBefficients Chroma Cb CoéffiemdsCr Coefficients

RL‘ Inverse Transform

Luma R®siduals Cb DI@REBH%REML@MeSiduaIS

*Other names and brands may be claimed as the property of others.
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5.2.4 Reconstruction

In Reconstruction mode the reconstructed samples prior to deblocking can be inspected. As
with Prediction/Residual mode, MB boundaries are shown with blue lines. MBs that have at

least one transform with non-zero coefficients are marked with "Non-zero CBP". PCM-coded
MBs are indicated with "PCM" in white.

Non-zero CBP Non=zero C Non=zer

Nonmzero € Mon=zero C Non=zar

Non-zero CBP Non=zero C Non=zer

Non=zero CBP

*Other names and brands may be claimed as the property of others.
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5.24.1 Reconstruction Detail Mode
In detail mode, the reconstructed sample values can be inspected. The selection may be a
single MB.
Chroma Ch
Luma

Chroma Cr

*Other names and brands may be claimed as the property of others.
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5.2.5 Deblocking

Deblocking mode shows all edges processed by the deblocking filter as described in the MB
boundaries are not displayed in this mode, however MB selection still functions as in the
other modes. Edges shown are for the luma deblocking process and are color coded in the
following manner:

e Green: Strong luma filter applied

e Yellow: Weak luma filter applied

e Red: No filter applled (but edge was evaluated)

Deblockingfijter 64 pixe
O O

..-..-..-..-..-.."'------sii'""’ff’ i

HI | I:I
(e PPy } IIIIIII

::..-..

*Other names and brands may be claimed as the property of others.
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5.2.5.1 Deblocking Detail Mode

The deblocked sample values can be inspected directly in detail mode. As with
Reconstruction Details. Sample values are indicated in yellow if they were modified by the
deblocking process. Sample values that cannot be modified due to PCM MB or bypass_flag
are indicated in red. Filtered edges belonging to the selected CU are shown in thick dashed
lines, color coded the same way as in the non-detail mode. Each edge can be selected and
clicked, bringing up a window showing the input values to the edge filter. Note that these
values may differ from the reconstructed samples for horizontal edges, as they may have
been modified by a vertical edge filter. Additionally, the boundary strength is displayed.
Edges that were processed but ultimately not filtered (red colored) will indicate the reason.
Typically it is due to the boundary strength being 0, the threshold condition not being met,
or a slice/tile edge when those edges shouldn't be processed.

Selected MB deblock filter edges 4 pixels————————1

Chroma Cb Chroma Cr

FS - + R|YUV|Y U V |Pic|Info|Deils H D Right-click anywhere to go back

*Other names and brands may be claimed as the property of others.
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5.2.6 YUV

i Ammn
I H T |

YUV mode allows inspection of the final decoded sample values, without additional overlay
data. In this mode, the YUVDIff feature is exposed. This feature allows for comparison of an
external decoded YUV file with the decoded bitstream. Supported formats are 4:2:0 planar
and NV12. Also, YUV files that are zipped or gzipped may be opened directly without the
need to decompress separately. If a zip file contains more than one YUV file, only the first
one is used. When a YUV file is loaded, any mismatches will be indicated with a red dot in
the CU containing the mismatch. This allows the user to quickly identify the nature of the
mismatch which can assist with debug.

When a file is opened, four additional buttons become visible on the lower left of the main
window:

=vFs - + R| YUV v pic|Info Details H A |ka <« > »w wi| Ref YUV Diff YUV Reload
e Ref YUV: The original, expected YUV image.
Debug YUV: The loaded debug YUV file.

e Diff YUV: The delta image. Like in Residual mode, areas with zero delta (i.e. Original
and Debug image are identical) are flat gray. Areas where the debug YUV has a
lower value are darker, and areas where the debug YUV has a higher value are
brighter.

e Reload: Reloads the YUV file, which can be useful as a shortcut to loading via the
YUVDiff menu.

*Other names and brands may be claimed as the property of others.
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5.2.6.1 YUVDIiff Menu

YUVDiff | Options Help
Open debug YUV... Ctrl+Y
Recent YUV files 4
Close debug YUV

III Planar

Interleaved

III Display order

Decode order

Use stream crop values

Set picture offset here
Picture offset (0)...
Use 16 bit YUV

Check for file changes

Open: Brings up a file chooser to open a YUV file. Intel Video Pro Analyzer considers
YUV stream as having the same frame size, per frame bitdepth and color format as
encoded bitstream.

Close: Closes the currently opened YUV file. Any mismatch indicators will disappear.
Planar: Causes Intel Video Pro Analyzer to interpret the loaded YUV file as Planar.
Interleaved: Causes Intel Video Pro Analyzer to interpret the loaded YUV file as Y
values followed by interleaved U and V values. This option is chosen automatically
when the loaded YUV file has the file extension ".nv12".

Display order: Causes Intel Video Pro Analyzer to use display order picture numbers
when determining how far to seek into the YUV file to extract the image to compare
with the current picture.

Decode order: Causes Intel Video Pro Analyzer to use decode order picture numbers
when determining how far to seek into the YUV file to extract the image to compare
with the current picture.

Use stream crop values: When checked, YUV files are assumed to contain samples
only within the cropping window as defined by the loaded bitstream. Samples outside
this window are not compared, and are assumed 0 when viewing the loaded YUV
image directly.

Set picture offset here: Shortcut for setting the picture offset to the current picture
number. See bullet below.

Picture offset: This brings up a dialog allowing the user to enter the picture number
of the first picture in the YUV file. For example if a 100-picture bitstream is loaded
but the YUV file only contains pictures 80-99, the user would enter 80 to properly
line up the YUV file with the decoded bitstream.

Check for file changes: When checked, this option causes Intel Video Pro Analyzer to
periodically check if the loaded YUV file has changed on disk since it was last loaded.
If the file has indeed changed, a dialog pops up offering a chance to reload the YUV
file.

*Other names and brands may be claimed as the property of others.
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5.2.6.2 YUV Detail Mode

In detail mode the expected YUV values can be inspected. Note that the displayed sample
values are the same as those in Deblocking mode since loop filtering is the last step in the
decode process. When a YUV file is loaded, the debug and delta YUV values can be
inspected as well. Mismatching values are shown in red.

Chroma Ch
Lurma

Chroma Cr

Chroma Ch

Luma

Chroma Cr

*Other names and brands may be claimed as the property of others.
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5.2.7 Info Overlays

There are a number of overlay that provides additional information about currently
investigated picture. When you switch mode to “Info Overlays” mode several additional
submenus will appear in the bottom-left panel of info window.

=~F5 - + R|YUOW|Y U V Pic [Info|Detals H A | e «a B » w | RefYUV | Debug YUV | Diff YUV  Reload

You can switch now between additional modes. PSNR mode is enabled if you have loaded
reference YUV file.

5.2.7.1 Heat Map

Heat map mode shows visually how the compressed bits of the picture are distributed

spatially. MBs with more bits per pixel are brighter than MBs with less. By default this mode
also shows the MB boundaries in blue. It may be useful to turn off this overlay using the
"Info" button on the lower left of the main panel. Heat Map does not offer a detail mode.
Heat map, bits per MB density L2 128 I —

[ TR N % T U ey

Do o~ O

"
i3
l 1= 69

The gradient used to display the heat map may be edited:
e Drag the gradient markers up and down to reposition them.
e Drag a marker away from the gradient to remove it. A red X indicates removal will
take place.
e Double-click a marker to change the color.
e Double click the gradient bar to add a new marker.

*Other names and brands may be claimed as the property of others.
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5.2.7.2 QP Map

QP Map show per MB QP. MBs with bigger QP are brighter than MBs with less. Coloring of the
QP range can be adjusted with a gradient tool on the right top corner.

9 10 11 12 13 14 15 16 17

*Other names and brands may be claimed as the property of others.
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5.2.7.3 MB Type

MB Type overlay show color map of their types. Intra blocks is colored in red, inter skip is
yellow colored, B-Direct is in green and inter in blue.

9 10 11 12 13 14 15 16 17 18

- —
I
o

SlEEEEENEE
ENEE EE EFWL
INEE EE F
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MB Reference Indices
MB reference indices shows reference indices for each subblock 8x8. Orange color shows LO

reference index and purple color is for L1 reference index. When PU has only one reference
missing reference index is displayed with dash. For blocks with no reference indices nothing

5I2I7I4
is shown.

Mo ampE@E
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5.2.7.5 PSNR

PSNR map shows per pixel PSNR value normalized on MB size. To enable this mode you have
to load reference YUV file via DebugYUV menu. The value is calculated per MB. Bigger value
has brighter color. The color range can be adjust with gradient tool on the right top corner. If
the block has no difference with reference YUV a latter ‘e’ is shown which means exact match.

58 58 | 64 54 5— 58 54 5

W 505t 58 | 55 (5B 58 | 56 [ 53 |72 |51 |56 |60 | 54 | 54 |53 [ 56 | 54 ﬁir 60 | e | e |55 |55(|55 |51 (4 4T|: 5}2 43 |49 | 45

)l 4|47 |48 |55 57 e | e |® 4# 55 | 57 |52 |56 |60 | 56 | 55 |54 | 55 [ 556 | e |55 |64|56 |48 |47 |45 |50 |55 |44 | 4

kY 41 | 48 45 69 ’:#55%4& 46—54—45 554_*3753 52—5%)*52505461—5#*59 5%-‘%51—43—52 46 43— 42

+nananakisa IR AR 50{45752 59 | 56 5t 50 | 52 | 51 | 51 | 54 | 54 | 57 | 52 | 52 55 53 [SgU4e| 4 44 44 | 4

5 EZRIE] 42—45—44444|4—44—40ﬁjp—e e e—f%—53—51—52—52—52 52 | 53 535|452 53%#—49 44 43 40 41 4

I 5 2 41 4 4|5 43 ~46—{ 44 |41 |47 | 54 |56 |56 |52 | 51|50 | 50 | 51| 53 | 52 (S5t 52 (5t 52 | 51 45 44 | 46 4| 42 «{

yd 34| 42 4848 | H | | 8 |8 srL 33 44745 43 4L; 45 |50 |48 | 48 5253 4%——45 41 39 (37 37 2{9 35354
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11 IS i Ca 45 [ 41 | 45 ‘3'1_3|7 42 ™51 B 38 $i 5 = 37737 7 3F -1'2 = X 47 T T 135 35 %
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Simple Motion mode offers a way to quickly view the modes and motion of a picture at a
glance. No overlays are present except a colored dot showing information about the PU's
mode. Green dots indicate intra prediction, and purple/orange LO/L1 motion vectors for inter
prediction are drawn as simple lines. When the motion vector is very small, a dot is drawn
instead so that the mode is still easy to identify. When a motion vector does not point to the
0-th index of its respective list, the vector is drawn using a dashed line.

*Other names and brands may be claimed as the property of others.
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6 MPEG-2

The following sections describe all available features when loading a MPEG-2 bitstream. The
bitstream must be containerized with mpeg-2 container format.

@ output.m2v | Intel® Video Pro Analyzer 2017 2.3.0.4470 | 110812 -0 n
File Mode YUVDIff Options View Help
Stream View | MPEG2 | D:/video_vpajoutput.m2v 8x

Thumbnails ~ @ 44 Picture:6 = Display

0/0 1/3 2/ 312 4/6 / /9 8/7 9/8 10/12
Not Decodable Not Decodable Not Decodable Not Decodable
I-Frame P-Frame B-Frame B-Frame P-Frame B-Frame B-Frame P-Frame 8-Frame B-Frame P-Frame

<

>
Syntax Info

u Struct  Position

11 Frame 30 ‘ 2 10 12 14 16 18 20 22 24 26 28 30 32 34 36

2P Frame 26417  « 5665 3 & & 66666566¢
38 Frame 76331 g REE
4B Frame 98895
5P Frame 119420
6B Frame 157099
78 Frame 157896
8P  Frame 174428
9B frame 214388
108 Frame 231539
1P  Frame 248735
128 Frame 285348
138 Frame 286066
14P  Frame 296142
158 Frame 323969
168 Frame 333812
17P  Frame 343626
188 Frame 364499
198 Frame 365115
<

Pictures | Sequence | GOP | «f + R | YUV ¥/ Pic| Info  Details H Right-click selection for details
Selection Info &x UnitInfo 8% Status 8x
Width: 640  Pixel XY: N/A MVO: - Mac: * 24

Height: 480  Block XY: 21,14  BMVO: 38,9

Frames: 100  Block #: 581 FMVL: -

Color: 4:2:0 Slice: 560-599 BMV1: -

A Ready

*Other names and brands may be claimed as the property of others.
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6.1 UI Components

The following sections describe the various components in the UI when an VP9 bitstream is
loaded.

6.1.1 Top Filmstrip

Stream View

Thumbnails ~ 8 Picture: 5 Display

8 x
13 21 3/2 4/6 5/4 6/5 7/9 8/7 9/8
-Frame B-Frame B-Frame P-Frame B-Frame B-Frame P-Frame B-Frame B-Frame
>
Stream View LIk
Bars - WAPidure:5 = Display

0/0

I-Frame P:

<

797h| I I 718b| I 616b| - . 801l - - B20b||_4k . 1k ﬁ I

The top filmstrip is a horizontally scrolling overview of the pictures in the bitstream. The
current picture is highlighted. On top is the frame number in both decode and display order
respectively and the picture structure (frame- or field-picture) as indicated by the frame
header. On bottom is indicated the picture coding type (I-, P- or B-frame).

Clicking on a picture will cause Intel Video Pro Analyzer to decode it and mark it as the
current picture, updating the rest of the UI correspondingly. If the new picture requires
other pictures to be available as reference that have not yet been decoded, those will
automatically be decoded.

Pictures are decoded on demand since it is impractical to store all details of all pictures in
memory, especially for HD sequences. The current picture can also be selected by typing in
a picture number in the box on the left of the panel. When using this box, the filmstrip is
scrolled such that the newly selected current picture is visible.

File Mode YUVDIff Options View Help
Stream View

Thumbnails ~ ¥ Picture:3 = Display

0/0

| 4/6 | 5/4

Extract pictures from last keyframe to the Picture !
Extract Statistics
Extract Prediction
Extract Residuals
Extract Reconstruction
Extract YUV

|-Frame

<

Syntax Info 8 X

# Struct  Position A
11 Frame 30

In Thumbnails and Bar mode it is possible to choose between Display/Decode order
representation by click on additional. By right clicking on selected picture one can get popup

*Other names and brands may be claimed as the property of others.
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submenu with a set of extract actions. An action called "Extract pictures from last keyframe
to the Picture" will write out a bitstream that contains the minimum number of pictures
needed to decode the current picture. Typically this will consist of the current picture and all
previous pictures that are reference pictures up to the nearest keyframe picture. This can be
useful for debugging issues in long sequences. Other actions allow to save in the output file
statistics and intermediate/final YUV planes.

Stream View [
Thumbnails ~ #Picture:5  Play Hidden

0/0 - Keyframe \I 6/5 - Inter I 7/6 -

Extract pictures from last keyframe to the Picture

Extract Statistics
|

i | Extract Prediction
Displayed
i

y -
Displayed Displayed

Displayed Not dlf played Extract Residuals
G Ly

Extract Reconstruction

Extract YUV
Synaximnio

SE Name Value *

- Frame marker 2
| Profile 0
Repeat previous frame 0
Frame type

Show frame

Error resilient

1
0
e reset_frame_context (]
refresh_frame_flags[7] 0
refresh_frame_flags[6] 0
refresh_frame_flags5] 0
refresh_frame_flags[4] 0
0
0
0
1
0
0

I 2 A

refresh_frame_flags(3]
] refresh_frame_flags[2]
refresh_frame_flags[1]
refresh_frame._flags[0]
active_ref_idx{1]
ref_frame_sign_bias[1]

4 active_ref idx[2] 1
ref_frame_sign_bias[2) 0
‘ active_ref idx(3] 2
< >

v

‘ Total bools per bit in header: 635/71 = 8.944. 80
bits not coded.

| | MKV Frame | Probabilities | Counts ¢ »|

Status

S - + R|yuv|Y U V| pic|Info H | ke < > w i | Heat | Type

Selection Info

Unit Info

Width: 640 Block size: 8x8 Segment ID: 0

Helght: 480 Block XY: 280,144 Transform size: 8x8 Y Matroska; frame; 1 6. .
Frames: 52 Block MI col, row: 35,18 Transform XY: 280,144 i de:
Tile col, row: 0, 0 Block part: PART_NONE  Transform type: DCT_DCT =
SB col, row: 4,2 Prediction mode: NEWMV First MV:
Pixel X, Yz N/A Prediction size: 8x8 Second MV: N/A C . |

Allow separate panels can be detached from them main window or hidden. To attach panels
back double click on the titlebar. To unhide panel go to View menu and check appropriate
panel.

*Other names and brands may be claimed as the property of others.
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6.1.2 Main Panel

Prediction modes 128 pixels——————————

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38
0 Z $r $r $r $r ¢ B 5 B B $r $r Sr Sr £ S 5 $r 5 S S S B B Fr P R R ¥ Fr | B Br[FrFr $r) Fr
Fr $r $r $r $r $r $r B B0 Sr $r $r B $r $r B Br v $r $r $r Fr r Fr Fr Fr Fr $r | i 5
2 A FeFr$r $r $r 5r Fr @ Fr Fr Bt $r B B B $r $r B B B 5 S $r 7 Fr B $ i
FeFeSr Sror S PP S Sror Sror Sr o Sr S SrSr SrSr S % e v Fr A Y Fr Fr Fr $r 5!’ Fr Fi
oSS s Srsrsrs S sSsSan Fr Pr $r $r %r $r $r F
Fr $r % ¢ 1 $r ¢ $r 51 S 5 $r 5 S S S e o Fr %1 $r $r $r %1 &
r$r Fror S S S S S S S SRy F Fr.%r $r $r 5 $r Fr Fr
T Fu $r $r Fr $r 3 5 ¥ R i v $r % $r 5
RRREmkL L Fr Fr Fr Fr Fr Fr ¢
i Fr

§ ol »
Fr $r $r Fr §r L. IR r Fr Fr Fr Fr Fr % $7 Fr
" Fr Fr Pr Fr Fr Fr
$r %r Fr $r Fr Fr 9
P Fr Fr Fr Pr Fr Fr Fr
BE Fr $ F e B S
Fii F Fr Fr. Br Pr %7 Fr R
.EI]F b iRl cARRMRERSERY Fr 51 5 o e
7 TR Fr P PR Fr St R Fr B OFo B
‘FVF= Fi Fellle Fr/ Fr P R R
Fr @k Fr P FoOR R
Frl e
¥ P f F . \Br (FE| R R T P Fr
24 'fr b e e e e $r Fr Er
FriF H Fr Fr £ & F £r Fi 3 $r g

FS - i /
The main panel dlsplays the selected plcture with visual annotat|ons The type of
annotations and associated interactive behavior depends on the current mode, see 4.2
MPEG-2 Modes. Click-dragging moves the picture around, and the mouse wheel zooms in or
out about the mouse cursor.

At the top left of the panel, the current mode is displayed. Along the top right the current
scale is shown. In all modes, the macro-block row and column values are displayed along
the left and top border of the picture and tile boundaries are thick green lines. The
screenshot above shows an example of a stream that is 44x14 SBs.

The bottom left has a cluster of buttons

=~vF5 - + R| YUV ~ Pic| Info| Details H A |4« « > » »i| Ref YUV | Debug YUV  Diff YUV Reload

e FS: Toggles full-screen mode, which hides all UI elements except the main panel.
Keyboard shortcut is F.

e +/-: Zooms in or out, centered on the center of the panel. Note that zooming with
the mousewheel is much easier than using these buttons. Keyboard shortcuts are +
and -.

e R: Resets the current zoom to fit the entire picture in the main panel. Keyboard
shortcut is R.

e YUV,Y, U, V: Toggles between per-component image, or full-color YUV.

e Pic: Toggles the actual picture underneath the annotations. The picture is mode-
dependent. For example in prediction mode, the picture is comprised of the
prediciton samples before the residual signal has been added in. It is often helpful to
turn off the picture in order to make the annotation easier to read. Keyboard
shortcut is P.

Info: Toggles the annotations on or off. Keyboard shortcut is I.
H/D: Toggles between hexadecimal and decimal display of the annotations. This
applies to the values in the Left Tabs as well. Keyboard shortcuts are H and D.

*Other names and brands may be claimed as the property of others.
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e There are five navigation buttons: first frame, previous frame, playback mode, next

frame, last frame. The previous/last button will rewind, causing the current picture to
be set to the first/last picture in the loaded bitstream. The "Play" button will start
playback of loaded bitstream at a reasonable rate, limited by CPU performance. All

normal mode operations are possible during playback. Note that playback mode
always operates in currently selected order in the filmstrip.

*Other names and brands may be claimed as the property of others.
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The left side of the UI is a resizable panel with several tabs that display information about
the current selection in one way or another. The following subsections describe each tab.

6.1.3.1 Pictures (bitstream)

# Struct Position  Size i
3P T-Field 62744 64796
4p B-Field 127540 16614 =
5P T-Field 144154 20942
6P B-Field 175097 28520
7P T-Field 203617 22001
gp B-Field 235618 30079
ap T-Field 265697 31639
e B-Field 297336 29692
11P | T-Field 327028 31860
12p B-Field 358888 30294
13P | T-Field 389182 31397
14p B-Field 420579 30617
15P | T-Field 45119 31729
16 P B-Field 482025 29555
17P | T-Field 512480 32156
18P E-Field 544636 29901
19P | T-Field 574537 31760
0P B-Field 606297 29775
21P | T-Field 636072 32142
2P B-Field 668214 29764
23 P  |T-Field 697978 31674
P B-Field T3R5 301 59 i
Pictures | Sequence | GOP | Picture 4 [p

In “Pictures” tab VPA presents raw picture sequence with type, offset and size.

*Other names and brands may be claimed as the property of others.
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6.1.3.2 Sequence

m

SE Mame Value

sequence_header
Coded_Picture_Width 720
Coded_Picture_Height 480
Chroma_Width 360
Chroma_Height 240
block_count i}
profile 0
level ]
horizontal_size 720
vertical_size 480
mb_width 45
mb_height 30
bit_rate 15.00 MEB[
frame_rate 30
aspect_ratio_information 2
frame_rate_code 5
bit_rate_wvalue 37500
vbv_buffer_size 112
constrained_parameters_flag 0

sequence_ext
nrnfile_and lewel indiratinn (77

1| 1] [

Pictures Sequence GOP Picture

4

Intel Corporation

The Sequence tab shows all syntax elements decoded in the sequence header and sequence

extention header, both the uncompressed and bool-coded partitions.

6.1.3.3 GOP

SE Mame Value

gop_header
drop_flag |0
hour ]
minute ]
SEC 17
frame 3
closed_gop 0
broken_link 0

| Pictures | Sequence | GOP Picture lk

The GOP tab shows all syntax element decoded in GOP header, both the uncompressed and

bool-coded partitions.

*Other names and brands may be claimed as the property of others.
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6.1.3.4 Picture

SE Mame Value it
picture_header
ternporal_reference 14
picture_coding_type 2 (P-frame)
vbv_delay 9100
full_pel_forward_vector 0 =
forward_f_code 7
full_pel_backward_vector ]
backward_f_code 0
picture_coding_ext
f_code[0][0] 2 i
f_code[0][1] 3
f_code[1][0] 15
f code[1][1] 15
intra_dc_precision 0
picture_structure 1 (top field)
top_field_first 0
frame_pred_frame_dct 0
concealment_motion_vectors |1
intra_vlc_format 1
repeat_first_field ]
chroma_420_type ] L

I Sequence I GOP | Picture

ser Slice

4] r

Intel Corporation

The Picture tab shows all syntax element decoded in picture header, picture coding
extension, picture display extension and picture spatial scalable extension, all of them are
uncompressed and bool-coded.

*Other names and brands may be claimed as the property of others.
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6.1.3.5 Refs

5E Marne Value

copyright_ext
copyright_flag
copyright_identifier
ariginal_or_copy
copyright_number_1
copyright_nurmber_2

oo R R e R e R e Y e

copyright_number_3

sEQUENCE | GOP I Ficture | |Jzer Slice A4k

This panel displays the data that is decoded in user extension.

6.1.3.6 Slice

SE Mame Value
slice_vert_pos_ext 0
guantizer_scale_code 9

;equUence | GOP | Picture I User | Slice EEJ

This panel displays the syntax elements associated with the currently selected slice.

*Other names and brands may be claimed as the property of others.
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6.1.3.7 X

5E Mame Value
macroblock_type 8
frame_motion_type 2
det_type ]
motion_code[0][0][0] -1

motion_residual[0][0][0] 3
motion_code[0][0][1] ]
motion_residual[0][0][1] 0
coded_block_pattern 0
mb_addr_incr 1

P | Picture | User | sice | mB | stat [[4

This panel displays the syntax elements associated with the currently selected macro block.

6.1.3.8 Stats

S5lices - 30
Macroblocks - 1320
QP min/max - B/SBO
mv.-X min/max : -&l/87
my.y min/max : —-&%3/&0

Calculated MDS digest:
27338e757206a1337bEa30ccT74b5calz

Area normalized Pred. modes -

e | picure | user [ sice [ M8 | stat [[4]

This tab displays various statistics extracted from the current picture. The top half shows
some picture size and compression stats as well as the image digest information. The
bottom half displays pie charts for a number of metrics. Each pie chart can be drawn
normalized or un-normalized. Normalized data is weighted by area or bits.

*Other names and brands may be claimed as the property of others.
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The pie chart can be moved by dragging the mouse, and zoomed with the mouse scroll
wheel.

*Other names and brands may be claimed as the property of others.
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6.1.4 Selection Info

Selection Info g x

Width: 640  Pixel XY: -75,95 FMVO: -3,-11
Height: 480  Block XY: 11, 12 BMVO:
Frames: 100 Block #: 491 FMV1:
Color: 4:2:0 Slice: 480-519 BMVi1: -
This panel shows a few details about the current selection at a glance:
Frame height & width
Number of frames in the bitstream
Chroma format (4:2:0, 4:2:2 or 4:4:4)
X/Y position of the mouse cursor in the frame
Current macro-block row and column number
Current macro-block number in slice
Macro-block numbers, which belong to current slice (“1st MB number” - “last MB
number”)
e MV list (up to four) of currently selected MB, where FMV0, BMVO are forward and
backward MVs for the first field and FMV1, BMV1 are forward and backward MVs for
the second field. If no MV is present in stream, “--" sign is displayed.

*Other names and brands may be claimed as the property of others.
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6.1.5 Raw Bytes

Unit Info 8 x
MPEG2 picture (P-Frame, frame picture): size 37679 bytes at position 119420 in stream: A
00 00 01 00 01 97 ff fb 80 00 00 01 b5 84 4f f3 41 80 00 00 01 01 12 73 2a a2 4a fa 6b cf 39 95 bc ab 65 5b 29 24 ac c0
e57ee9c89d5bf8032d925e 2fal dff6 De 79 1dcc 12 15 7a e9 03 25 25 32 33 58 d6 cb a4 86 81 7c 2e 3¢ 92 d6 83

02 bf 57 a2 e4 75 7d ed 34 10 01 a8 Oc 18 06 1f a0 34 02 62 6b 05 c0 81 fa c1 a0 3a 28 04 00 26 c0 54 84 b2 89 bd db 44

201096 92 fe 2b 19 €2 f8 06 20 5504 280 a2 7f &5 58 6a 3¢ 280 d3 0b 48 04 03 ed a4 41 00 1424 06205034 04 01
a8 0d A8 06 fh fa 4h h? a2 £’ 79 21 84 de 57 35 e 26 hA Af ed 29 8] 21 0d 25 A2 5a fr 82 &0 0f 40 49 0f 10 83 14 18 ed

Unit Info 2 X

Macroblock #778 (Intra)
Size 190 bits at position 313198 in stream:

bc @2 d0 9c 26 b0 b4 00 b3 8f d3 14 4c db 84 38 5d 9f a3 71 37 75 85 be

This resizable panel displays raw bytes from the bitstream as it applies the current
selection, as well as few extra details. The current selection can be a particular block or
MPEG-2 frame.

6.1.6 Messages

Status g x
Decoding frame 9... done. A
Decoding frame 5... done.
Decoding frams 13... done.
Decoding frame 4... done.

W
Ready 111MB / 175MB / 8089MB

This resizable panel in the lower right of the UI displays messages about the decoding
process, and shows progress of any actions that may take a while to complete.
The 3 numbers in the lower right of this panel represent the memory state of the proccess.
From left to right the 3 numbers are:

¢ Amount of memory used by process

e Peak memory used by process

e Total memory claimed by system

*Other names and brands may be claimed as the property of others.
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6.2 Modes
Prediction F1
Residuals F2

@ YUV F3
HeatMap F4
QP Map F5

Simple Motion F&

With a MPEG-2 bitstream loaded, Intel Video Pro Analyzer can be put into one of 6 modes
using either the F1-F6 keys, or using the Mode menu. The mode selection affects only what
is displayed in the Main Panel.

Most modes can also show details of the current selection (block, prediction/transform
block). This can be toggled with the right mouse button or the main panel's button strip.

*Other names and brands may be claimed as the property of others.
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6.2.1 Predictions

Prediction modes

This mode shows the details of the prediction blocks in the frame. The selected block is
surrounded with a pink box. When a prediction block is selected, the syntax used to code it
is displayed in the Block tab of the Left Panel.

Intra prediction block contain the intra luma mode in bright green, and can contain so called
“concealment” motion vectors if they are present in bitstream.

Inter prediction blocks show the inter mode in cyan. There are up to two pairs of MVs are
drawn in block. Left pair corresponds with the first field? The right one - with the second
one (if any). The forward motion vector in orange and the backward one in purple. The
motion vector value is in units of 1/8t™ pixels.

*Other names and brands may be claimed as the property of others.
Page 134 of 150



Intel® Video Pro Analyzer User Guide

Intel Corporation

6.2.1.1 Prediction Detail Mode

Entering detail mode on a selected prediction block allows the sample values of the
prediction process to be viewed directly. No details mode is available for intra blocks.

Inter predlcted blocks d|s Iay contains predicted values for luma and chroma components.

123[123]123 122]121 121 121 121121 121 12121 1] 119 1
ﬁﬁ@ﬁ@@ﬁgﬁ@ﬁﬁﬁﬂﬂ

*Other names and brands may be claimed as the property of others.
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6.2.2 Residuals

Rsidual mode allows inspection of the transform structure of each block. Block boundaries
are displayed in blue, the currently selected block is outlined with a pink box. Blocks that
code no residual signal are indicated with “Skip” label.

Clicking a particular transform block causes the syntax elements used to decode it to be
visible in the "MB” tab of the Left Panel.

The residual image itself can be shown using the “Pic” button on the bottom button strip.
Residual values of 0 are flat gray, negative values are darker and positive values are
brighter.

6.2.2.1 Residual Detail Mode

To view the full details of the transform blocks belonging to a particular block, selected a
transform block and enter detail mode by right clicking or using the detail mode button at
the bottom of the main panel. The currently selected transform block is highlighted with the
sample grid. The transform structure of the selected block is drawn two times, arranged in a
column from top to bottom, showing the 2 major steps in recovering the residual signal:

*Other names and brands may be claimed as the property of others.
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4. Inverse scaling process. The scaled values and the scaling factors used to obtain
them are shown in this diagram.

Chroma Cb D

5. Inverse transform process. This recovered residual values and the transform type
used are displayed in this diagram.

Inverse Transform

<

Luma Residuals

:
22|
23]

3 E
25|

3 E
E
B
33|

24 25|

16 E
7]
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6.2.3 YUV

FS - + R|YUV|Y U V[pic|Info| Details H | e < » » i

YUV mode allows inspection of the final decoded sample values, without additional overlay
data. In this mode, the YUVDIff feature is exposed. This feature allows for comparison of an
external decoded YUV file with the decoded bitstream. Supported formats are 4:2:0 planar
and NV12. Also, YUV files that are zipped or gzipped may be opened directly without the
need to decompress separately. If a zip file contains more than one YUV file, only the first
one is used. When a YUYV file is loaded, any mismatches will be indicated with a red dot in
the CU containing the mismatch. This allows the user to quickly identify the nature of the
mismatch which can assist with debug.

When a file is opened, four additional buttons become visible on the lower left of the main
window:
=~vF5 - + R| YUV ¥ Pic| Info Details H A |ld <« > » | Ref YUV | Debug YUV | Diff YUV Reload

e Ref YUV: The original, expected YUV image.

e Debug YUV: The loaded debug YUV file.

e Diff YUV: The delta image. Like in Residual mode, areas with zero delta (i.e. Original
and Debug image are identical) are flat gray. Areas where the debug YUV has a
lower value are darker, and areas where the debug YUV has a higher value are
brighter.

e Reload: Reloads the YUV file, which can be useful as a shortcut to loading via the
YUVDIff menu.

*Other names and brands may be claimed as the property of others.
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6.2.3.1 YUVDIiff Menu

YUVDiff | Options Help
Open debug YUV... Ctrl+Y
Recent YUV files 4
Close debug YUV

III Planar

Interleaved

III Display order

Decode order

Use stream crop values

Set picture offset here
Picture offset (0)...
Use 16 bit YUV

Check for file changes
e Open: Brings up a file chooser to open a YUV file
e Close: Closes the currently opened YUV file. Any mismatch indicators will disappear.
e Planar: Causes Intel Video Pro Analyzer to interpret the loaded YUV file as Planar.
e NV12: Causes Intel Video Pro Analyzer to interpret the loaded YUV file as NV12. This

option is chosen automatically when the loaded YUV file has the file extension
".nv1i2".

Display order: Causes Intel Video Pro Analyzer to use display order picture numbers
when determining how far to seek into the YUV file to extract the image to compare
with the current picture.

Decode order: Causes Intel Video Pro Analyzer to use decode order picture numbers
when determining how far to seek into the YUV file to extract the image to compare
with the current picture.

Use stream crop values: When checked, YUV files are assumed to contain samples
only within the cropping window as defined by the loaded bitstream. Samples outside
this window are not compared, and are assumed 0 when viewing the loaded YUV
image directly.

Set picture offset here: Shortcut for setting the picture offset to the current picture
number. See bullet below.

Picture offset: This brings up a dialog allowing the user to enter the picture number
of the first picture in the YUV file. For example if a 100-picture bitstream is loaded
but the YUV file only contains pictures 80-99, the user would enter 80 to properly
line up the YUV file with the decoded bitstream.

Use 16 bit YUV: this option allow you to load YUV file where both Luma and Chrome
written in 16 bit (they could be normalized from actual bitdepth to 16 bit during
encoding). This is useful when you have bitdepth changing across the stream. Intel
Video Pro Analyzer will shift values to appropriate bitdepth on the current frame.
Check for file changes: When checked, this option causes Intel Video Pro Analyzer to
periodically check if the loaded YUV file has changed on disk since it was last loaded.
If the file has indeed changed, a dialog pops up offering a chance to reload the YUV
file.

*Other names and brands may be claimed as the property of others.
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6.2.3.2 YUV Detail Mode

In detail mode the expected YUV values can be inspected. Note that the displayed sample
values are the same as those in Loop Filter mode since loop filtering is the last step in the
decode process. When a YUV file is loaded, the debug and delta YUV values can be
inspected as well. Mismatching values are shown in red.

Chroma Ch
Luma

Chroma Cr

Chroma Ch

Luma

Chroma Cr

*Other names and brands may be claimed as the property of others.
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6.2.4 Heat Map

Heat map mode shows visually how the compressed bits of the picture are distributed
spatially. Blocks with more bits per pixel are brighter than blocks with less. By default this
mode also shows the block boundaries in blue. It may be useful to turn off this overlay
using the "Info" button on the lower left of the main panel. Heat Map does not offer a detail
mode.

Heat map, bits per area 128 pixelsh—————————————
10 12 14 16 18 20 22 24 26 28 30 32 34 36 38

26 1
-+ RIYUV|Y U V Pic Info| Details H | e < > » oot ||

The gradient used to display the heat map may be edited:
e Drag the gradient markers up and down to reposition them.
e Drag a marker away from the gradient to remove it. A red X indicates removal will
take place.
Double-click a marker to change the color.
Double click the gradient bar to add a new marker.

*Other names and brands may be claimed as the property of others.
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6.2.5 Qp Map
Efficiency map mode shows visually how QP values are distributed on image..

(P value map

*Other names and brands may be claimed as the property of others.
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6.2.6 Simple Motion

Motion vectors visualization 128 pixels

Simple Motion mode offers a way to quickly view the modes and motion of a picture at a
glance. No overlays are present except a colored dot showing information about the
prediction mode. Green dots indicate intra blocks, and purple/orange motion vectors for
inter blocks are drawn as simple lines. When the motion vector is very small, a dot is drawn
instead so that the mode is still easy to identify.

*Other names and brands may be claimed as the property of others.
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7 Find first difference with Debug YUV
File Mode YUVDiff Options View Help

Stream View | HEVC | D:/vpa/video_vpa/output.hevc

Thumbnails ~|@ 44 Picture:0 | Display ActiveRefs

‘l 0/0-|DRWRA‘ Find first difference of reconstructed YUV with reference YUV FRA\LN--- [

This feature “Find first difference of reconstructed YUV with reference YUV"” works for all
codecs VP9, HEVC, AVC, MPEG2. By pressing on the button with magnifier icon you start
sequential search in decode order for difference between reconstructed YUV and reference
YUV that should be preloaded via YUVDIff menu. The search runs till the first difference will
be found or to the end of the stream. If you don't want to wait search completion the
process can be canceled it at any time with cancel button in info modal dialog. The search
always starts from the first picture in decoder order.

*Other names and brands may be claimed as the property of others.
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8 Options menu

Options | View Help
ITU Rec. 601
ITU Rec. 709

[®] ITURec. 2020
YUV as RGB
YUV as BGR

Enable HEVC extensions
Enable HEVC stream index

[<]e]<]

Allow empty tiles
[HEVC]: Intra mode direction according to HEVC standard

Force digest calculation

Mo digest calculation

|Z| Az in bitstreamn

Options menu allows to choose different types of operation modes. The first two options
switch between ITU Rec. 601, ITU Rec. 709 and ITU Rec. 2020 color conversion standards
used to map YUV data on RGB surface. Intel Video Pro Analyzer uses chosen type of YUV
conversion on next picture conversion. Conversions that already has been made will remain
unchanged.

For specific coding modes like HEVC screen content coding two additional mode can be
used: "YUV as RGB"” and “YUV as BGR". In this case decoded YUV values are directly
mapped to RGB or BGR values for monitor.

Color conversion with accomplished the following transformation (0.0 <= [Y,R,G,B] <= 1.0)
; (-1.0 < [U,V] < 1.0)), where Y,U,V are normalized accordingly:

=Y + V*(1-Kr)
Y - U*(1-Kb)*Kb/Kg - V*(1-Kr)*Kr/Kg
Y + U*(1-Kb),

T oOXP
Il

Where Kr, Kb, Kg have the following values:

Kr Kg Kb
ITU Rec. 601 0.299 0.587 0.114
ITU Rec. 709 0.2126 0.7152 0.0722
ITU Rec. 2020 0.2627 0.6780 0.0593

“Enable HEVC extensions” option enables HEVC RExt extension support (by default). It
might be required to disable HEVC extensions support if you decode stream in HEVC v.1
format with wrong headers.

“Enable HEVC stream index” option enables creating and reading index file for HEVC stream.
If Intel Video Pro Analyzer finds “.idx” file with the same name as stream file including
extension then it will use it as index file to accelerate decoding process. Intel Video Pro
Analyzer creates index file during full stream analysis if the option enabled. This feature is

*Other names and brands may be claimed as the property of others.
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useful for streams with long GOP where analyzer start decoding from the nearest IDR frame
and need significant time to decoder target frame. If index file is used Intel Video Pro
Analyzer will skip decoding process for frame found in index.

“Allow empty tiles” option allows Intel Video Pro Analyzer decode streams with empty tiles
that is not valid case according to standard.

“[HEVC]: Intra mode direction according to HEVC standard” option changes intra mode
vectors direction as it stated in the HEVC standard.

There are a set of option for different cases of hash calculations. Those possibilities could
save wait time for decoded frame when digest value is not important to have:

“Force digest calculation” — always calculate digest regardless of the digest presents in the
bitstream

“No digest calculation” - forces VPA to skip digest calculations

“As in bitstream” - digest calculation is depended on the digest presents in the bitstreams.
It only occurs when the bitstream has digest.

9 Dual view

Dual view mode allows you make direct visual comparison between two bitstreams. This
feature is useful for codecs fine tuning with slight variation in coding parameters. Bitstreams
itself should be coded with the same codec. Intel Video Pro Analyzer considers first opened
stream as master stream. Depended stream you open just right after the master one by
choosing “"Open depended bitstream...” in File menu.

File | Mode YUVDiff Options View Help

QOpen bitstream... Ctrl+0
Open bitstream as... L4
Open depended bitstreamn... Cirl+2
Mew Analyzer... Cirl+N
Duplicate Analyzer... Cirl+D
Close bitstream Cirl+W

Ci/work/video_vpa/output.hevc
:/DEMO/PartyScene_ra_dep_slices_tiles.bin
:/DEMO/HEVC_COR/main/AnnexBread_cpp_83.hevc
:/DEMO/HEVC_COR/main/NALread_cpp_81.hevc
:/DEMO/HEVC_COR/main/MNALread_cpp_160.hevc
:/DEMO/HEVC_COR/main/TDecCAVLC _cpp_506.hevc
:/DEMO/HEVC_COR/main/TDecCAVLC _cpp_243.hevc
:/DEMO/HEVC_COR/main/TDecCAVLC _cpp_218.hevc
:/DEMO/HEVC_COR/main/TDecCAVLC _cpp_239.hevc

Clear recent files

| D e o [ R [ e R |

Recent Folders L4

Quit Ctrl+Q
When the depended bitstream is opened it is synchronized with the master bitstream in frame

position, chosen mode, offset and scaling factor in the central information window. Also,
toolbar buttons in central info window work synchronously with master.

Intel Video Pro Analyzer provides new delta button "2 in the toolbar of central window.

*Other names and brands may be claimed as the property of others.
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a outputhevc | Intel® Video Pro Analyzer 2016 2.1.0.0

File Mode YUVDiff Options View Help

Prediction modes

okert M)

0:Planar (DM

Merge

4

=E-E -

+ R[]y u v P [mnfo|Detals H [l e« b oo 8 n for gefails |

s output_dual.hevc | Intel® Video Pro Analyzer 2016 2.1.0.0 -

Intel Corporation

o

Predliction modes

+ R|YW|Y U V Pic [Info|Detals H 4 |t s B oo RigFEiEk selectioti fotetails

=~ -

The purpose of this button is to view visual comparision between master and depended
bitstreams. When this mode is activated the blocks with the same structure and the same
currently visualized modes will be in gray color. While the blocks with different parameters
or blocks with different structure on both view still will be colored. In this way it simple for
the user to see visually difference in the coding parameters. The delta mode can be used
for the following modes: Prediction, Residuals, Reconstruction, Deblocking, SAO, Info

overlays.
o outputhevc | Intel @ Video Pro Analyzer 2016 2.1.0.0 = =
File Mode YUVDIff Options View Help

Deblc\clﬂng filter1

Hia|l e « b o oo

+ R |[YU¥|Y U V Pic |Info| Detais Right-click selection for details

=E~xiEl -

s output_dualhevc | Intel® Video Pro Analyzer 2016 2.1.0.0 = B

Deblo r:I[ing filter i

-+ R|YW Y U V Pic [Info Detals H & | ke « B w Right-click selection for details

For heat map like modes that display one parameter visual difference is shown pre block in
three colors: red - positive values, gray - zero difference, blue - negative difference. So you
can easily locate increase or decrease in comparison with depended bitstream.

*Other names and brands may be claimed as the property of others.
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ot outputhevc | Intel® Video Pro Analyzer 2016 2.1.0.0 - = “ s output_dualhevc | Intel® Video Pro Analyzer 2016 2.1.0.0 -8
File Mode YUVDiff Options View Help

Heat mgp, bits per CU degsity

=~ F5 - + R YU Y U V Pic [Info Detaic H A || e «@ B % | Heat | QF Type Refldx FS\R =~|F5 |- + R|[YOV|Y U V Pic|Info Dstsis H & | W4 « B % o | Heat QP Type Refldx PSHR

ading the UI.

. Must be used with -regress
tup
(for GUI mode) or debug yuv command line)

rder. Must be used with -regress

- Must be

), the higher the level, the more information

be used with -dump.

-f ut full c E n

Intel Video Pro Analyzer has separate console application under Windows* to run in
command line mode. GUI application under Windows* also accepts the same command line
options but does not provide console output.

Intel Video Pro Analyzer has a few command line options:

e Adding -help prints the available command line options.

e Adding a file name to the command line will cause Intel Video Pro Analyzer to open
that file in the UI right after startup, bypassing the file menu. This can be helpful as
part of a debug script.

e -regress: This causes Intel Video Pro Analyzer to run without the UI. A file must be
specified. This is mainly useful only for HEVC streams with digest SEI messages, as it
will display an error message and abort if the digest mismatches. For VP9 and other
HEVC streams, the decoder will simply run and exit with no output.

*Other names and brands may be claimed as the property of others.
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-dump: Must be used with -regress and a file name. Causes Intel Video Pro Analyzer
to decode the specified file and write the decoded output sequence to a file called
output.yuv in decode order. The format written is planar YUV. To change the output
order to display order, add the command line switch -display_order. By default Intel
Video Pro Analyzer crops output according to display size specified by the bitstream.
Adding -nocrop will no crop the output to the display size, as specified by the
bitstream.

-stats: Must be used with -regress and a file name. Causes Intel Video Pro Analyzer
to write out a file called stats.csv. This file contains the statistics of each
picture/frame as comma-separated values. Adding -fast causes the decoder to skip
the reconstruction process (intra prediction, motion filtering, deblocking etc.) for
faster statistics dumping. -dump may be combined with this switch if -fast is not
used. To normalize statistics by area or compressed bits, use -norm_pix and
-norm_bits, respectively.

-o filename: sets output YUV file name. If the name is not specified “output.yuv” will
be used.

-md5: output per frame md5 checksums in batch mode.

-fullversion: outputs detailed information about current build

-n frame_number: specify frame to show on startup

-yuv filename: load specified yuv file on startup

-dump_bitdepth bitdepth: specify number of bits in output file. For example, if you
want save 10 bit output as 16 bit yuv, just put —dump_bitdepth 16 (values will be
shifted accordingly). It is useful when you decode file with variable bitdepth.
-disable_hevc_ext: disables HEVC RExt extension support. This might be required if
you decode stream in HEVC v.1 format with wrong headers.

-errors <file_name> : write list of found errors in the file. Must be used with
—-regress option.

-frames : decoder specified humber of frames (in stream order). Must be used with
—regress option.

-hevc : force HEVC decoder

-avc : force avc decoder

-vp9 : force vp9 decoder

-mpeg?2 : force mpeg2 decoder

11 Miscellaneous
A few other features to keep in mind:

Intel Video Pro Analyzer saves various settings upon exit. Settings include window
size, recent files etc., and are restored on the next launch.

If the loaded bitstream is modified or deleted while loaded, a dialog will pop-up asking
to reload or close. This protects against unintended behavior.

12 Attributions

Qt

Qt licensed under the GNU Lesser General Public License (LGPL) version 2.1. It is appropriate for the
development of Qt applications provided you can comply with the terms and conditions of the GNU LGPL
version 2.1.

For details, please refer to http://qt-project.org/doc/qt-5/licensing.html for specific details.

Qwt

Qwt License
Version 1.0, January 1, 2003

*Other names and brands may be claimed as the property of others.
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The Qwt library and included programs are provided under the terms of the GNU LESSER
GENERAL PUBLIC LICENSE (LGPL) with the following exceptions:

1. Widgets that are subclassed from Qwt widgets do not constitute a derivative work.

2. Static linking of applications and widgets to the Qwt library does not constitute a derivative
work and does not require the author to provide source code for the application or widget,
use the shared Qwt libraries, or link their applications or widgets against a user-supplied
version of Qwt.

If you link the application or widget to a modified version of Qwt, then the changes to Qwt
must be provided under the terms of the LGPL in sections 1, 2, and 4.

3. You do not have to provide a copy of the Qwt license with programs that are linked to the
Qwt library, nor do you have to identify the Qwt license in your program or documentation as
required by section 6 of the LGPL.

However, programs must still identify their use of Qwt.

The following example statement can be included in user documentation to satisfy this
requirement:

[program/widget] is based in part on the work of

the Qwt project (http://gwt.sf.net).
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