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Overall Results
e Two operation points are provided, OP1 and OP2

— Encoder-only non-normative changes between OP1 and OP2; Same decoders

— OP1is submittedfor subjective evaluation

Constraint Setl Constraint Set2

Anchor: HM-16.16
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BD-rate -43.8% -45.6% -47.4% -31.3% -37.5% -38.3%
oFl run time enc: 12.4x; dec: 13.0x enc: 11.9x; dec: 9.3x

BD-rate -42.4% -44.6% -46.4% -29.7% -35.8% -36.6%
o run time enc: 6.1x enc: 5.3x

-
Anchor: JEM-7.0
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Pt run time enc: 1.6x; dec: 2.3x enc: 1.4x; dec: 1.8x
m OP? BD-rate -14.4% -5.1% -8.8% -7.2% +0.2% -1.0%

run time enc: 0.8x enc: 0.6x
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Multi-Type-Tree Block Structure (1/5)

* Partition types

Non-split

Quad-Tree (QT) split

Horizontal/Vertical Binary-Tree (BT) split
Horizontal/Vertical Triple-Tree (TT) split

QT split Horizontal BT split Vertical BT split

m Non-split Horizontal TT split Vertical TT split



Quad-Tree (QT) structureis firstly applied

The leaf node of QT can be further split by a 2"9 coding tree that
can consist of Binary-Tree (BT) and Triple-Tree (TT) partitions

The leaf node of the 2" coding tree is coding unit (CU), which is
the basic unit for both prediction and transform

— No further PU or TU partition

Separate block structure for luma and chroma in | slice



Multi-Type-Tree Block Structure (3/5)

e Signaling * Example

QT split

CT split

. (BT/TT) 0 BTor TT
(HOR)
HOR/VER
1 split

L »( — 0




Multi-Type-Tree Block Structure (4/5)

e Redundancy removal for P/Bslice: 1), ..., 6)

* Redundancy removalfor | slice: 3) and 4)

—_———— — —]

1) 3) 5)

I
I
2) 4) 6)




e Parameters

CtuSize: the root node size of a QT, the same concept as in HEVC
MinQTSize: the minimum allowed QT leaf node size

MaxCTSize: the maximum allowed root node size for BT/TT partitioning
MaxCTDepth: the maximum allowed tree depth in BT/TT partitioning

MinCTSize: the minimum allowed leaf node size in BT/TT, i.e. minimum
CU size

*CT: second Coding Tree, BT/TT



Inferred Split for CTUs at Picture Boundary

* When a CTU correspondsto the block region across the current
picture boundaries

— Forcedto be furthersplit into smaller-size child CUs
— Can use QT split or BT split

— Horizontal or vertical split is implicitly derived from the boundary conditions

QT split at picture boundary QT or BT split at picture boundary
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e Supportmaximum 128x128 transform

* Intra slices
— Infer QT split for each 256x256 luma CTU

— Support 128x128 chroma CU (in units of chroma samples)

* |Interslices

— Skip mode is inferred in non-low-delay slices

— Skip mode and AMVP mode without residual (CBF isinferred as 0) are
supported in low-delay slices

*low-delay slice: all reference frames are prior to the current frame in display order
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* 67 intra prediction modes are supported, including planar, DC,
and 65 angular modes

— 4-tapinterpolation filters and smooth filters are the same as JEM-7.0

— Planarmode is replaced by unequal weight planar (UWP), which is the
same as JVET-EOQO068

* Intra boundary filters are supported

— Gradientfilters and bi-boundary filters are the same as JEM-7.0



Chroma predictionincludes
— Multi-direct modes (DM), same asin JEM-7.0

- 5 modes
- Apply CB-to-CR prediction toresiduals

— LM-based modes

10 modes

6 modesin JEM-7.0 (LM, MMLM, 4 MFLMs)

4 new modes are added

LM-top, LM-left, LM-CbCr, LM fusion mode (DM + LM)
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Intra Chroma Prediction

e 4 new LM-based modes are added

—  LM-CbCr I/\
- Two linear models are used :
- One for Y to Cb, the other for Cb to Cr prediction Y Cr
LM-CbCr

—  LM-topand LM-left

- Only use the above/left neighboring samples 888888 o0

- 2-line samples RS I
|
|
|
|
|
|
|

— LM fusion mode LM-top LM-left

- Predictor=(DM + LM + 1) >>1
- Signal aflag right after DM to indicate whether to apply LM fusion mode or not
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Unified Merge Mode

* Merge candidatelist consists of spatial, temporal, and affinetype candidates

* Forunification, affinetype candidateis indicated by a merge index, instead of using
additionalflagin JEM-7.0

* Availabilityand redundancy check before adding to candidate list

* The number of merge candidatesis fixed to 10

Spatial Inherited : :
Affine (5) Spatial (4) Multi-Average (1)
: Corner Derived
Spatial B2 (1) Affine (4)
Middle Spatial . .
Inherited Affine (2) Temporal (4) Middle Spatial (2)
Pairwise Average (): Max num
(6) '

Y o 4 :

ATMVP (2)




Use motion information from neighboring block

Spatial: Insertion order: {A1, B1, BO, AO}

— B2 (when the number of merge candidate in the current list
is smaller than a threshold)

Middle spatial: Insertion order: {L, T}

Multi-average: Average all candidates with reference index equal to 0 in the
currentlist and the averaged motion vectors are calculated separately for
each reference list
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* Use motion information from temporal collocated block

RT

* Temporal:Insertion order: {RB, CT, LB, RT} E

 ATMVP: Basically the same as JEM-7.0 except two differences

— Two temporal vectors are used to generate two ATMVP candidates instead of one

—  Derivations for the temporal vectors are different

- First temporal vector: Average all available motion vectors with the same reference
frame as the first available motion vector

- Second temporal vector: Second available motion vector

RB

Prediction direction of first candidate Firstavailable motion vector Second available motion vector
Bi Motion vector of LO Motion vectorof L1
Uni (LO/L1) Motion vector of LO/L1 Motion vector of second candidate

* Pairwise average: Average every pair of candidates in the currentlist by a
predefined order

—  For example, 4 candidates in the current list, the pair order is (0, 1) (1, 0) (0, 2) (2, 0) (1, 2)
(2,1)(0,3)(3,0)(1, 3)(3,1) (2, 3) (3, 2), where 4 candidates are indexed from Oto 3

—~=“The averaged motion vectors are calculated separately for each reference list




 Spatial inherited affine, Middle spatial inherited affine:
Insertion order: {A1, B1, BO, AO, B2}, {L, T}

— Insert spatial candidates which are coded using affine mode

—  Control points of the current CU are derived according to the control points of spatial
candidate

* Cornerderived affine: Insertion order: {B2, A1, B1}, {B2, AO, B1}, {B2, A1, BO},
{B2, AO, BO}

— Set three spatial candidates as control points

— Three spatial neighbors with the same reference frame for each reference list



e 4-parameter (2 control points) affine model for affine inter
prediction

— Signalan MVP pairindex and two MVDs

* Two types of affine MVP pairs to form a MVP pair list
— Spatial inherited MVP pairs
— Corner derived MVP pairs (from {set A, set B}, and {set A, set C})
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Use pattern-matched MV refinement to refine a signaled MV
candidate

— CU-level template matching refinement
— CU-level and sub-CU-level bilateral matching refinement

— Templateand bilateral matching are similar to PMVDin JEM-7.0

Low motion compensation bandwidth consumption
— CU-level and sub-CU-level search share the same search window
— Disable PMVR for small CUs
— JEM PMVD BW: 45.9x = Proposed PMVR BW: 3.1x (compared with HEVC)

Ref0 Cur Pic

Bilateral matching Template matching




 Combine existing prediction modes with extra merge indexed
prediction, including

— AMVP/uni-prediction mode
— Skip/merge mode
— Intra mode

* Merge indexed predictionis performed as in merge mode,
where merge candidatelists are partially reused

* Different weights are applied to generate the final prediction
dependingon the combinations



 When applied to improve AMVP/uni-prediction

— Oneflagis signaled for inter_dir=0 or 1 (uni-prediction)

— One more merge index is sighaled when the flag is true

— 1:1 weightsare applied to the final prediction as bi-prediction

List O

ref idx

Curr. ListO Curr. List1 Curr.

ref_idx

ref idx merge inde MVP_idx
MVP_id » [ o v |
D D

List1

»

ListO Curr. List 1
ref idx

MVP_idx
merge Inde D

— Merge candidatelists are derived from merge mode with sub-CU candidates (e.g.,

a

ffine, ATMVP) excluded
- The number of merge candidates is fixed to 4



* When applied to improve skip/merge mode
— Whether to enable MAP is explicitly signaled
— Extramerge indexed predictionis selected in additionto the original one

— Implicitly decided as the succeeding merge candidate (i.e., the already signaled
merge index plus one) without signaling any additional merge index

— 5:3 weightsare applied to the 15tand 2" merge indexed predictions

— Onlysupport non-sub-CU candidates (no affine, ATMVP)

0 MVO(LO) merge index ) o wow) .

1 MV1(L1) » 1 1 MV1(L1) 1 » 1st merge indexed Prediction
) ---------------- <

2 MV2(L0) MV2(L1) L2 MV2(L0) MV2(L1) ; » 214 merge indexed Prediction



 When appliedto improve intra mode

— ForinterCU, one flag is signaled for merge mode
- One more intra mode index is signaled when the flag is true

- The number of intra mode candidates is fixed to 19

Weights depends on

mode and positions MVO(LO) MPMO
1 MV1(L1) ‘ 1 MPM1 110
2 MV2(LO)  MV2(L1) 2 MPM2 111
Remaining mode 0 Xxxx
9 MV9(LO) MV9(L1) 18 Remaining mode 0 XxXxx

— ForintraCU, one flagis signaled for luma component
- One more merge index is signaled when the flag is true
- The number of merge candidates is fixed to 4

Weights depends o
modeandpositions g

‘ 0 MVO(LO)

5 MPM5 1 MV1(L1)
6~21 Selected mode 2 MV2(LO) MV2(L1)
22766 Non-selected mode 3 MV3(LO)  MV3(L1)



* Similar to locally adaptive motion vector resolution
(LAMVR) in JEM-7.0

e Support different MV resolutions: quarter-luma sample,
integer-luma sample, four-luma sample

e Difference from JEM-7.0

— Remove the non-zero MVD constraint:
Always signal one AMVR index to indicate the resolution of MVs

for one CU
— Allowinteger MV when MVD is zero (perform integer MC)



Local lllumination Compensation

e ThesameasJEM-7.0



* Similar to JVET-C0047

* Allow different weights for LO and L1 predictors
Praditionaiiered = (PLo+ P, 1+ RoundingOffset) >> shiftNum
Pegi= (W * Pg+ w; * P+ RoundingOffsetg) >> shiftNum s

e Supported weights and signaling
— {wp, w1} =14, 4}, {5, 3}, {3, 5}, {2, 6}, {6, 2}

— Explicitly signal the selection in AMVP mode

— Inherited from the selected merge candidate in merge mode



e Similarto DMVR in JEM-7.0

* Refine motion vectors using bilateral template matching

Ref. Picture O Ref. Picture 1

Initial MVo B Initial MV1

| — V\\

\
Refined MVogj_predicted  |Refined MV1

block

* Difference from JEM-7.0
— Applied to CU coded with template matching PMVR besides merge mode

— Terminaterefinement of L1 if Initial MV, == Refined MV,
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e Similarto BIO in JEM-7.0

e Refine the bi-prediction predictor by using sample gradients and
the derived displacements

PBIO[i, j]
= (PO, ]+ PYi, i]+v,[i, ;0O j1- 12 5D/ 2+, i, 50O j1- 190 i)/ 2+2) >>1

e Difference from JEM-7.0

BIO with adaptive block size: 4x4 block for video resolution > 720p; 2x2
block for video resolution <= 720p or OBMC region

Calculate gradients by using [-1, O, 1] filter on MC results
Apply padding to reduce memory bandwidth

Extend BIO to chroma components by reusing v, and v,



BIO: Memory Bandwidth Reduction

* Padthe required reference samples when they are out of
(W+7)x(H+7) MC region

Ref. Frame

Real
Ref. Pel

U >
®Fractional Sample 4 "=

HGRe >

. BIO subblock

L—_-i Gradients window for one BIO subblock
Required MC pixels for calculating

gradient



Overlapped Block Motion Compensation

e Thesame as JEM-7.0
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Motion Candidate Reorder

* Forone CU, use template matchingcost to reorderthe possible
motion candidatesfor efficient syntax signaling

— Applied to merge and AMVP modes

m Possible Motion Candidates

merge Spatial merge candidates (non-LIC)
PMVR PMVR merge candidates in the front (non-LIC + index <=4 )
AMVP MVD sign pairs: (++), (+-), (-+), (--)

— Template:

- CU:lines of reconstructed neighboring samples on the top and left
- The template of the current CU and that of the motion candidate have the same shape

and size
Multiple Motion Candidates

cuU Motion Vectors
(round to Integer-pel) Cand1l Cand2 Cand3 Cand4

m >



Motion Candidate Reorder

* Template matching processis to evaluate the SAD cost among all the possible
motion candidates

—  Merge/PMVR mode:

- Merge index reordered by the cost

—  AMVP mode:
- MVD sign pairs reordered by table lookup

Multiple Motion Candidates

I - I o

CuU

template matching process
cost2 < cost3 < costl < cost4

' Merge/PMVR ' AMVP
M otion Candidate Reorder Smallest Hit Vertical | Horizontal | Diagonal
)

template cost

position
Cand2 Cand3 Candl Cand4 (++)

flip flip flip
(10) (110) (111)




e Several prediction modes have sub-CU motion
compensation

— Bilateral matching PMVR, affine, and ATMVP

— Significantly increase memory bandwidth, especially when OBMC is
enabled for sub-CUs

e Set aprimary MV for one CU coded with sub-CU MC
— Constrain the sub-CU MV to be within primary MV # threshold

— Fordecoder to load a larger reference block once for all sub-CUs



* Primary MV
— Bilateral matching PMVR: The CU-level best MV
— Affine: The derived center MV of the current CU
— ATMVP: The scaled center MV of the ATMVP collocated reference block

e Threshold

— 4 luma samples for ATMVP and affine, when the CU area <= 64
— 16 luma samples for ATMVP and affine, when the CU area > 64

— 2 luma samples for bilateral matching PMVR
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Transforms consist of core transform and secondary transform

Compared to HEVC, the core transform in this proposal includes
the following new features:

— Largeblock-size (up to 128x128) transformwith high-frequency zeroing

— Adaptive multiple core transform

The secondary transform uses non-separable secondary transform

Both core transform and secondary transform contain transform
syntax reorder (TSR)



 Upto 128x128 transform

* The high frequency transform coefficients are zeroed out
— Forthe transform blocks with width or height, or both width and height
larger than 32

— Only the low-frequency coefficients at the top 32 rows and left 32
columns of transform coefficients are maintained



Adaptive Multiple Core Transform (AMT)

e AMT can select the horizontal transform and vertical
transform from DCT-II, DST-VII and flipped DST-VII (FDST-VII)

* AnAMT flag is signaled

 AMT flag == 0: DCT-II for both horizontal and vertical transform
 AMT flag == 1: other transform type is used depending on AMT index

DCT-II . 2 axix(2x j+1
Ti(J)=a)0x\/%><cos( 2(><NJ ))
where 2.,
DST-VII T(j) = | 4 Xsin(ﬂx(2x|+l)><(1+l))
2xN+1 2xN+1
FDST-VII T(j)= / 4 ><Sin(7z><(2><i+1)><(N—j))
2xN+1 2xN+1

[/ .



 AMT is only allowed when CU width and height are both
smaller than or equal to 64

* An AMT flag needs to be signaled

 When the number of non-zero coefficients is larger than a threshold
 Forinter CU, threshold= 2
 ForintraCU, threshold=0

* An AMT index needs to be signaled

* When the AMT flagis equal to 1, and the number of non-zero
coefficientsis larger than 2



Adaptive Multiple Core Transform (AMT)

 AMT index selection and signaling for intra CU

Intra CU W>4andH>4 Index O
(DST-VII, DST-VII)

Index 1 10
(DCT-II, DST-VII)

Index 2 11
(DST-VII, DCT-II)

W>4andH<=4 2 Index0/1 0/1
W<=4andH>4 2 Index0/2 0/1
W<=4andH<=4 1 Index O



Adaptive Multiple Core Transform (AMT)

 AMT index selection and signaling for inter CU

Inter CU Area > 1024 Index O
(Area =W x H) (FDST-VII, FDST-VII)

Index 1 10
(DST-VII, FDST-VII)

Index 2 01
(FDST-VII, DST-VII)

Index 3 11
(DST-VII, DST-VII)

Index 0/1/2/3 Dynamic
Index 0/1 by TSR

Area<=1024 W>4andH>4
W>4and H<=4
W<=4and H>4 Index 0/2
W<=4and H<=4 Index O

MEDINTEK 44
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* The process of NSST is the same as JEM-7.0
 An NSST index needs to be signaled

 |nintraslices

* Forluma CU, when the number of non-zero coefficientsis larger than 1

* ForchromaCU, when the number of non-zero AC coefficientsislargerthan O

* Ininterslices (lumaand chroma share NSST index)

 When the number of non-zero coefficients of luma plus the number of non-
zero AC coefficients of chromacomponentsis larger than 2

* Forintra luma CU with area smaller than or equal to 512

e NSST indexis dynamically coded using transform syntax reorder (TSR)



Transform Syntax Reorder (TSR)

* Re-map the syntaxfor signaling multiple transforms
* Acostis given to each transform, which is specified by AMT or NSST index

* One with the smallest cost is chosen as the predicted transform with the
shortest code word

e Forthe resttransforms, code words are assigned depending on costs

Example:index 3 transform has smallest cost

0 3 0

1 0 10
2 1 110
& 2 111



Boundary matching is used to generate the costs

* Cost: difference between the reconstructed samples of neighboring blocks
and the current block for one transform

w-1 H-1
cost="[(2x P, 1= Py o) = Pyo| 2| 2% Pyy = Poy) — Poy|
x=0 y=0

top reconstructed samples weight
left reconstructed samples 1
Po2 P1-2 P22 P32 -
Po-1 P11 P21 P31 2
p-20 p-10 Po,o P10 P2,0 P3,0 - 1
p-2 P-11 Po.1
p-22 p-12 Po,2
p-23 p-13 Po,3

current hypothesis reconstructed samples



* The QP range is extended to [0, 57]

* Modified chroma QP mapping

gPi

<30

30

31

32

33

34

35

36

37

38

39

40

41

42

43

> 43

= gPi

29

30

31

32

33

33

34

35

36

37

38

39

40

41

=qgPi-2
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Reconstruction

Bilateral Filter

Content Adaptive Clipping



e SimilartoJEM-7.0

Predictor

Filtered Rec.
Transform Decoded Reconstructed Block

coefficients [ Residual Block ICHERE] Q Deblocking
# Transform N g Filter g Filter

e Difference from JEM-7.0

— Center weight is determined by TU area size and prediction mode:

TU area 16 32 64 >=128 | o5
Prediction & <256
Intra Prediction 65 65 81 113 113

Inter Prediction 81 113 113 196
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Content Adaptive Clipping

e SameasJEM-7.0
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In-loop Filter

Deblockingfilter
Non-local mean loop filter
Sample adaptive offset
Adaptive loop filter

Convolution neural network loop filter



In-loop Deblocking

 Luma

— Thefiltering decisions for deciding normal and strongfilters are the same as
HEVC

— Include 2 major extensions for the strong filter
- Parallel deblocking process for 4xN or Nx4 CUs
- Length-adaptivefiltering to handle blocking artifact of large CUs

e Chroma

— Deblocking for chromacomponentsisthe same as HEVC

» Parallel deblockingfor 4xN and Nx4 CUs

— Usepl/gltoreplacethe samples outside pl/ql when doing filtering decisions
and operations

b aglal
T & < &
2 B A A A



* Deblocking for large CU boundary

—  Apply longer tap filter to the boundaries with large gap value

— 3 new long tap filters i
- L4 (R4/W4 for each side) :
- L8 (R8/W7 foreachside) :
- L16 (R16/W16 for eachside)

gap

* Applied when the following conditions are trues:
— HEVC strong filteris true

— Inter-slice

20

—  Both the 15t and 4™ lines meet the following condition
15 +

- (Ipo-g4| + |p1-ao'])/2 >gap_th * BitDepthScale,
wherei=0or 3

gap_th(QP)
=

Qp



Set L16/L8,L8/L4, or HEVC-Strong label to the current segment (4-sample length
boundary)

If”lenp > 128 and lenq > 32, orlenp > 32 and lenq > 128" and “variation”is
small:

P g g-side
—  Current segment is labeled as L16/L8 ”””””|3 |—|§)—I-I-I-I-I+I-H
Otherwise > ‘o

check variation at both sides
— Current segment is labeled as L8/L4

Variation
—  SAD between the 4" sample and a farther sample from the boundary on the first line and
the 4™ line
m—1 n-1
D Ipi=pil+ ) laf = gl < ssun
s=4 t=4

SSpp = (ﬁ x((m—4)+n- 4))) > 4,
# of outside samples
m = 16andn = 16,iflen, = 128 and len, = 128
wherei=0and3,and{ m = 16andn = 8,iflen, = 128 and 128 > len,,
m = 8andn = 16,if 128 > len,, and len, = 128,
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e L16/L8 coherence check

When a current segment is labeled as L16/L8, check if any four
consecutive segments containing the current segment are all L16/L8

Yes: No label change (use L16/L8)

No: Re-label the current segment as L8/L4

e |L8/L4 coherence check

When a current segment is labeled as L8/L4, check if any two
consecutive segments containing the current segment are both L8/L4

Yes: No label change (use L8/L4)
No: Re-label the current segment as HEVC-Strong



o |flabeledas L16/L8: <

(For p-side:
e |flabeled as L8/L4: <

\ For g-side:|

(For p-side:{

When len, = 128 - apply L16
Otherwise — apply L8

For g-side: {When leng = 128 - apply L16

Otherwise — apply L8

( When leny, = 16 > apply L8
When 16 > len,, = 8 - apply L4
\ Otherwise — apply the strong filtering in HEVC

( When leng = 16 > apply L8
When 16 > len, = 8 - apply L4

\ Otherwise = apply the strong filtering in HEVC

* If labeled as HEVC-Strong: The strong filtering in HEVC is applied
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NLMLF includestwo image denoising technologies, non-local
mean (NLM) and singular value decomposition with low rank
optimization (LowRank-SVD)

Divide one slice into several patches with size equal to 8x8
Receive on/off control flags (slice, CTB, and 32x32 block levels)

For each to-be-processed patch
— Find 15 nearest patches in the search range to form one patch group
— Apply NLM or LowRank-SVD to modify samplesin one patch group

— Accumulate modified sample value and weight for every sample in one
patch group

Normalize the accumulated sample value with accumulated
weight for every samplein the frame



e SimilartoJEM-7.0

e Difference from JEM-7.0
— Add three 2D EO patterns

— Remove sign constraints in EO modes: the signs of EO offsets are signaled
instead of inferred as in JEM-7.0




* Propose CTB-based ALF with slice-level filter sets

* 4 modes are supported for each CTB
— Off: disable ALF
— Newfilter: signal one new filter
— MergeFilter:inherit one filter from one selected neighboring CTB

— SliceFilter: use one selected slice-level filter set, where one filter set
contains multiple filters for Y, one for Cb, and one for Cr



e NewfFilter mode

— Signal one new filter

— Apply the new filter to every sample in the current CTB

 MergeFilter mode

— Inherit one filter from one selected neighboring CTB

311,416
5|2

— Apply the inherited filter to every samplein the current CTB



Use one selected slice-level filter set
Perform sample classification in the CTB

Apply a filter in the filter set to each sample based on
the classification

Filter sets at slice header
— Storeup to 4 decodedfilter setsin a FIFO
— Add one new filter set into the FIFO if signaled

— One filter set: contain up to 16 filters and signal the
selected sample classifier if necessary



* Intensity Classifier
— Divide the range of sampleintensity into 32 groups (similar to BO in SAO)

— Decide a group index (0-31) according to sample intensity for each sample

* Histogram Classifier

— Calculate the differences between currentand
neighboring samples .

— Decide a group index (0-24) according to the diffCount
for each sample

If (abs (curPel — neiPel) > TH )
diffCount ++ ;

* Directional Activity Classifier I (abs (curPel — neiPel) > 2*TH )
diffCount ++ ;
— Similarto JEM-7.0
— Decide a groupindex (0-24) for each 2x2 block



* One filtershape

9x9 Cross + 3x3 Square

* Two symmetry types

Half symmetry: 10 signaled coefficients
Full symmetry: 5 signaled coefficients
Center coefficientis derived for filter gainis 1

No offset

e Coefficients

8 bits
Center: [0, 255]; others:[-128,127]
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To reduce sample distortions

— The CNN outputsare estimated errors between uncompressed samples and
reconstructed samples

— Add CNN outputsand reconstructed samplesas CNNLF outputs

Multi-type CNN inputs: reconstructed samples (ALF output),
predictors, and residuals of Y, Cb, and Cr

One CNN for Y and another shared CNN for Cb and Cr

All fixed-point operations

Multi-level on/off control (slice, CTB, and 32x32 block levels)
Signal CNN parameters at PPS for each test point



Luma Chroma Luma Chroma

|

Packing for Chroma

L1:1x1x36x36

CNN Structure

e LKiMxMxNxP
— Kislayerid
—  MxM isspatialfilter shape : 3x3x01x36

— Nis number of input channels

Packing for Luma

L1: 1x1x18x36
: 3x3x01x36

: 1x1x36x36 : 1x1x36x36

— Pis number of filters

: 3x3x01x36 : 3x3x01x36

* Apply Rectified Linear Unit (ReLU) after

each layer except the output layer

: 1x1x36x36 : 1x1x36x36

* Packing

: 3x3x01x36 : 3x3x01x36

—  2x2 sub-sampling to 4 sub-frames

— Packinto 3D inputdata : 1x1x36%36

: 1x1x36x36

e Unpacking

L8: 3x3x36x04 L8: 3x3x36x08

unPackingChroma

W Luma Chroma
67
(a) (b)

— Integrate4 filtered sub-framesinto
one output frame

unPackingluma
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Entropy Coding



* Use modified multi-parameter CABACin JEM-7.0

* Only store the RangeOne value of probability (P) in [0, 0.5]
— For[0.5, 1.0], use 1.0-P to derive the RangeZero

— RangeOne =range — RangeZero

— Use an 8-bit*8-column*32-entry lookup table (144x smaller than the

RangeOne lookup table in JEM-7.0)

probLPS = (P >=16384) ? 32767 — P : P

rangeLPS = LUT[probLPS>>9][(range>>5)&7]
rangeOne = (P >=16384) ? range — rangeLPS : rangeLPS
rangeZero = (P >=16384) ? rangeLPS : range — rangeLPS

(Range>>5)&7

0 |

1|

| 7

probLPS>>9

Range LPS

31

136

152

248

23

102

114

186

22

97

109

1/8

21

93

104

170

20

89

99

162

19

85

95

155

0

4

4
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Encoder Algorithms
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Hierarchical GOP Structure

e Use the same hierarchical GOP structure as JEM-7.0

— Hierarchical GOP size = 16 for constraintset 1

— Hierarchical GOP size = 4 for constraint set 2

* Only change the configuration parameters, Qpoffset, for
Temporal ID equal toO and 2

Temporal ID=0 1 0

Temporal ID =2 4 2
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e QT, BT partitions are tested in an adaptive order
— QT partition s tested before BT partition

- If the size of a current CU is larger than 32

- If the current QT depthis not larger than the minimum QT depth of its neighboring CUs
— Otherwise BT partition is tested before QT partition

— TT partitionis always tested last

* The results of partitions tested first can be used to skip
later partitions



e Additional encoding pass is required for CS1 configuration

— Generate the training data for CNN, including reconstructed samples (ALF
output), predictors, and residuals in the first pass encoding (CNNLF
disabled)

e Afterderiving CNN parameters
— Signal CNN parameters at PPS

— Generate the final bitstream in the second pass (CNNLF enabled)

e Disable CNNLF for CS2



* OP1 pursues high compression performance

* OP2 pursues good compression performance with
relatively low encoding time

— The differences between the two operation points are merely non-
normative encoder-only changes; Same decoders

— The OP1 bitstreams were submitted for subjective evaluation

— The detailed performance regarding BD-rates and run time percentages
for both OP1 and OP2 are shown in the following
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Comparison with HM-16.16

OP1and OP2 BD-Ratevs. HM-16.16
_45'6%‘14.6

-50%

-45%

-40%

-35%

-30%

-25%

-20%

-15%

-10%

-5%
0%

Anchor: HM-16.16

OP1

[ OP2

BD-rate

run time
BD-rate

run time

43804 49,

CS1-Y

CS1-uU

~47.8%6 4%,

%
_37'_5% 8% _38'3%.6%
-31.3% 74,

CS1-v

mOP1 mOP2

CS2-Y CS2-U CS2-v

Constraint Setl Constraint Set2

Y
-43.8%

U
-45.6%

\%
-47.4%

enc: 1235%; dec: 1300%

-42.4%

-44.6%
enc: 610%

-46.4%

Y U Vv
-31.3% -37.5% -38.3%
enc: 1192%; dec: 929%
-29.7% -35.8% -36.6%
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Comparison with JEM-7.0

OP1and OP2 BD-Ratevs. JEM-7.0

Anchor: JEM-7.0

OP1

[ 0oP2

BD-rate

run time
BD-rate

run time

-18%
-16%
-14%
-12%
-10%

-8%
-6%
-4%
-2%
0%
2%

-16.60%

CS1-Y

iO%

-6.80%

iO%

CS1-U

-10.40%

m OP1 mOP2

80% -9.40%
20%
-3.40%
-1.90%
._ .00%

CS1-v

0.20%
CS2-Y CS2-U CS2-v

Constraint Setl Constraint Set2

Y
-16.6%

U
-6.8%

V
-10.4%

enc: 158%; dec: 227%

-14.4%

-5.1%
enc: 78%

-8.8%

Y U V
-9.4% -1.9% -3.4%
enc: 139%; dec: 177%
-7.2% +0.2% -1.0%
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After CNN training, the enc. time increase for CNNLF is low

— Only 1% increase in the 2" pass encoding

The multi-pass encoding can be significantly accelerated
— Training needs shorter than 2 hourson a GPU

— The 1%t pass encoding intermediate results (e.g., mode decisions, costs, ...)
can be considered for the 2" pass encoding in practical cases

The dec. time increase without using any GPUs is 50%

— In the near future GPUs are availablein most devices
— CNNLF can be easily accelerated, e.g., 196xin JVET-10022

We suggest to standardize predefined CNNLF parameter
sets in addition to allowing signaled CNNLF parameter sets



Memory Usage and Raster Scan

 Memory usage (FoodMarket4 at RatePoint1)

Encoding 1.84GB 5.57GB 3.29GB

Decoding 0.98GB 1.26GB 0.87GB

 Memory bandwidth

45.9x 3.1x

e Only raster scanis used

— Remove double z-scan to simplify the address mapping

79



MEDIANTEK

Conclusion



43.81% and 31.27% luma BD-rate savings over HM-16.16 for
CS1 and CS2, respectively

16.60% and 9.41% BD-rate savings over JEM-7.0 for CS1 and CS2,
respectively

Recommend considering our toolsin the starting framework
— One of the best performing proposalsin terms of BD-rate savings
— JEM based; experts are familiar with JEM
— Low memory usage
— Tools can be turned on/off by SPS flags

— Include many promising techniques up to date



Backup
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Constraint Set 1

Constraint Set 1

Over HM16.16 Over JEM?.0
BO-rate(y) BD-rateilly BOD-rate() | BD-PSMRE{Y BOD-PSNR{Y BD-PSHRED BO-rate(y) BD-ratedy BD-rate(y) | BD-PSMREY) BD-PSHRE(LY BD-PSHREM
FoodMarketd -39 98% -36.21% -34 B5% 207 1.02 1.06 -10.60% 10.57% 16.10% 0.41 -0.24 -0.41
CatRohbotl -48.11% SAT.2T% -50.55% 1.95 1.07 1.48 -1512% -11.07% -9.49% 0.41 01z 0.zo
DavylightRoad2 -48.08% -65.92% -58.63% 1.38 1.63 1.25 -13.06% -2.75% -3011% 0.25 0.30 0.44a
ParkRunning3 -49.48% -22.058% -38.91% 1.86 0.36 0.61 -27.26% 4.92% -14.71% 0.ey -n.a7 n.zz
Campfire -A9.04% -16.42% -F5 GR% 1.96 0.a4 285 -40.18% 26.84% -41.49% 0.96 -0.7A 1.03
BQTerrace -39.91% -61.48% -B7.02% 1.24 1.38 1.51 -13.42% -3013% -30.27% 0.33 056 n.4a
RitualDance -3 41% -3863% -40.86% 1.92 1.16 1.38 -9.98% -4.95% -312% 0.48 011 n.oy
MarketPlace -36.51% -47.81% -33.26% 1.35 n.az 0.65 -10.68% -6.99% 7.27T% 0.3z 010 -0.15
BaskethallDrive -40.48% -A1.91% -39.08% 1.482 1. 117 -14 06% -12.28% A.12% 0.41 0. -014
Cactus -42.00% -67.34% -41.23% 1.81 1.04 112 -11 . 63% -22.61% -3.64% 0.37 0.3z 0.0a
Average SDR-A -48.94% -38.58% -80.52% 1.84 0.40 1.38 -21.24% 1.90% -15.94% 0.58 -013 0.
Average SDR-B -38.68% -51 63% -44.20% 187 1.14 117 -11.95% -15.30% -4 93% 0.38 0.26 0.06
Average all -43.81% -45 F1% -47 41% 1.71 1.02 1.28 -16.B0% -6.75% -10.43% 0.48 0.0y n1a
Ene Time[%)] 12358% 158%
Dec Timea[%)] 1300% 227%
Max Delta Rata[%] 0.00%
Min Delta Rate[%] -0.70%
Max Delta PSNRE YUV 2564 1.65 272 118 0. 1.1
Min Delta PSR LY n.ar 0.27 022 016 -0.85 -0.a8
Constraint Set 2 Constraint Set 2
Over HM16.16 Over JEM7.0
BO-rate(y) BD-rateilly BO-rate(d | BD-PSMRE®Y BD-PSKHR{) BD-PSHREM BO-rate() BD-rateiy BD-rate(y) | BD-PSMREO BOD-PSHRE(LY BD-PSHRA
BQTerrace -33.16% -48.93% -B0.78% 1.02 0.65 0.a3 -9.98% 11,31 % -2265% 0.24 010 0.
RitualDance -27.24% -35.28% -35.58% 1.45 0.94 112 -7.23% -5.82% -5.60% 0.34 011 014
MarketPlace -27.94% -2261% -19.67% 0.a3 n.3a 0.3z -9.32% 12.61% 13.28% 0.28 -0.2z2 -0.26
BaskethallDrive -32.A0% -46.22% -42 27% 127 1.08 1.37 -9 A5% -A.95% -2 6T% 0.30 011 0oy
Cactus -35.52% -34 64% -33.05% 1.45 0.585 0.a0 -10.84% 0.88% 0.88% 0.36 -0.06 -0.08
Average SDR-B -3 .27T% -37.54% -38.27% 1.23 0.71 0.89 -9 41 % -1.92% -3.35% 0.30 0.0 0.0z
Ene Time[%] 1192% 139%
et Time[%) 929% 177 %
hax Delta Rate 0.00%
Min Delta Rate -0.81%
Max Delta PSHE (YUY 1.76 1.42 1.74 0.a3 0.60 nra
Min Delta PHNSR &Y nr2 -0.10 -0.13 012 -0.75 -0.84




Constraint Set 1

Constraint Set 1

Owver HM16.16 Ower JEM7.0
BD-rated) BD-rated)y BD-rate(y) | BD-PENRE() BO-PSMRE{LY BD-FPSHRM BO-rate®)  BD-rated)y BD-ratedd) | BD-PEMRY) BD-PEMR{J) BD-PSMREMA
FoodMarketd -38.457% -34.92% -33.44% 1.98 n.ar 1.00 -8.37% 1261% 18.26% 0.3z -0.249 -0.47
CatRobott -46.61% -55.91% -48.78% 1.88 1.04 1.42 -12.84% -8.39% -6.51% 0.34 0.0g9 n13
DavylightRoad2 -46.19% -64.92% -7 AT % 1.32 1.44 1.21 -9.88% -19.13% -28.02% n.14 027 046
ParkRunning 3 -48.18% -20.53% -37.T3% 1.749 0.33 058 -25.35% f.76% -13.06% 0.a0 -0.04 0.zo
Campfire -a7.70% -16.05% -68.90% 1.91 044 2.40 -38.14% 28.92% -38.87% 0.90 -0.80 0.4ag
BaTerrace -38.46% -61.63% -B7. 2T % 1.149 1.38 1.51 -11.42% -3042% -30.82% n.2a 0.56 048
RitualDance -32.95% -38.73% -39.98% 1.82 112 1.34 -T.93% -3.37T% -1.64% 0.37 0.or n.oz
MarketPlace -35.16% -4718% -32.40% 1.28 n.az 0.64 -8 % -6.51% 8.04% 0.26 0.09 -017
BaskethallDrive -38.18% -51.08% -37.B5% 1.46 118 112 -12.06% -10.81% 7.28% 0.3a 01a -014
Cactus -40.84% -56.53% -40.11% 1.74 1.02 1.08 -0.89% -20.98% -1.92% 0.30 0.30 0.m
Average SDR-A -47 45% -38.27% -49 6% 1.77 0.a7 1.34 -18.86% 4 16% -13.84% 0.51 -0.16 0.26
Average SDR-B -37.33% -51.02% -43.48% 1.480 1.12 1.14 -6 84 % -14.43% -381% .31 0.24 n.n3
Average all -42.38% -44 B4% -46.37 % 1.64 0.a49 1.24 -14.40% -5.13% -0.82% 0.41 0.04 014
Enc Time[%)] A10% T78%
Dec Time[%] 1346% 235%
Max Delta Rate[%)] 0.00%
Min Delta Rate[%] -1.08%
Max Delta PSMNR OFUW) 2454 1.62 266 112 0vy 1.07
Min Delta PRESR {FLV) 0.a4d 024 018 013 -0.92 -0.91
Constraint Set 2 Constraint Set 2
Owver HM16.16 Over JEM7.0
BD-rate®) BD-rated)y BD-rate(y) | BD-PSHREY) BO-PSHRE{LY BD-PSHREM) BO-rate®)  BD-rate]l)y BD-ratedd) | BD-PSHRY) BD-PSMR{JY BD-PSMREM
BaTerrace N T1% -48. 68% -6 97 % 0.a7 0.66 0.a1 -T.8T% 1234 % -20.99% n1a 010 n1a
RitualDance -25.61% -33.45% -33.66% 1.34 n.aa 1.04 -5.09% -3.88% -3.48% n.24 0.06 0.08
MarketPlace -26.07% -19 959% -18.35% 0.86 0.za 0.249 -6.90% 16.50% 15.81% 020 -0.28 -0.24
BaszkethallDrive -30.95% -44 08% -40.15% 1.20 1.02 1.249 -T.82% -2.85% -0.09% n.23 0.04 -0.m
Cactus -34.07% -32.86% -30.90% 1.41 0.51 n.74 -2.63% 3.57% 4.21% 0.2a -0.049 -0.14
Average SDR-B -28 69% -35.82% -36.60% 1.16 0.67 n.a3 -7 20% 0.23% -0.96% 0.23 -0.03 -0.04
Enc Time[%) 530% B 2%
Diec Time[%] 9359% 179%
Max Delta Rate -0.01%
Min Delta Rate -0587%
Max Delta PENR (71U 1.65 1.34 1.68 0.43 0.53 0.65
Min Delta PHER 7LV .66 -0.13 -017 0.0s -0.78 -0.92




Tested tool name

“single tool-off” test results

“single tool-on” test results

BD-rate Runtime BD-rate Runtime
Y Cb Cr Enc Dec Y Cb Cr Enc Dec
TT 2.53% 4.35% 4.61% 60% 100% -2.36% | -4.27% | -4.06% 160% 103%
MERGE-S 0.09% 0.00% 0.00% 101% 98% 0.03% -0.11% 0.18% 100% 101%
MERGE-T 0.53% 0.42% 0.58% 102% 96% -1.44% | -1.23% | -1.34% 102% 141%
MERGE-A 0.72% 0.44% 0.57% 101% 95% -1.58% | -1.70% | -1.40% 100% 107%
AFFINE 2.07% 1.52% 1.69% 95% 96% -3.91% | -2.89% | -2.86% 120% 103%
PMVR 2.02% 2.13% 2.18% 89% 91% -7.01% | -6.31% | -6.47% 125% 201%
MAP 0.72% 0.63% 0.64% 87% 98% -1.61% | -1.74% | -1.78% 132% 104%
AMVR 1.36% 1.98% 2.03% 94% 98% -3.16% | -3.63% | -3.57% 110% 100%
LIC 0.53% 0.03% 0.04% 100% 96% -0.80% | -0.02% | -0.14% 101% 100%
GBI 0.07% 0.01% 0.09% 96% 98% -0.23% | -0.40% | -0.11% 110% 101%
DMVR 0.68% 0.45% 0.55% 96% 94% -3.70% | -3.07% | -3.14% 116% 151%
BIO 1.07% 0.77% 0.82% 96% 86% -2.98% | -2.38% | -2.35% 108% 134%
OBMC 0.84% 0.96% 1.08% 96% 85% -0.66% | -1.32% | -1.17% 103% 112%
MCR 0.41% 0.82% 0.47% 100% 98% -0.72% | -0.63% | -0.80% 101% 102%
AMT 2.40% 1.79% 1.93% 77% 96% -3.36% | -2.93% | -2.85% 119% 100%
NSST 1.48% 3.32% 3.29% 87% 97% -2.68% | -4.87% | -4.43% 117% 100%
TSR 0.19% 0.01% -0.16% 97% 96% -0.16% | -0.41% 0.05% 104% 106%
BF 0.22% -0.07% | -0.11% 98% 98% -0.20% | -0.15% 0.57% 101% 101%
N LMLF 1.11% 5.81% 5.62% 100% 61% -2.07% | -5.12% | -4.76% 106% 329%
ALF 1.65% 3.43% 3.28% 100% 94% -3.26% | -2.72% | -2.58% 102% 124%
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Tested tool name

“single tool-off” test results

“single tool-on” test results

BD-rate Runtime BD-rate Runtime
Y Cb Cr Enc Dec Y Cb Cr Enc Dec
TT 2.36% 5.17% 5.16% 59% 99% -2.20% | -5.81% | -6.22% 166% 100%
MERGE-S -0.03% 0.29% 0.16% 101% 103% -0.02% 0.12% -0.06% 100% 100%
MERGE-T 0.97% 1.30% 1.00% 102% 95% -0.72% | -1.48% | -0.83% 105% 130%
MERGE-A 0.62% 1.19% 1.24% 101% 95% -1.42% | -1.00% | -0.87% 101% 104%
AFFINE 2.18% 2.11% 2.22% 88% 97% -3.23% | -2.71% | -2.49% 144% 102%
PMVR 0.91% 1.12% 1.38% 89% 97% -247% | -3.20% | -3.28% 152% 148%
MAP 0.87% 1.27% 1.51% 91% 102% -1.04% | -2.96% | -3.22% 135% 106%
AMVR 0.78% 1.31% 1.37% 90% 101% -1.61% | -2.38% | -2.41% 132% 99%
LIC 0.93% 0.23% 0.39% 101% 98% -1.34% | -0.69% | -0.32% 101% 100%
GBI 0.07% -0.32% 0.51% 92% 99% -0.19% | -0.26% | -0.25% 125% 101%
OBMC 0.96% 1.09% 1.28% 97% 87% -0.82% | -1.33% | -1.39% 105% 112%
MCR 0.29% 0.55% 0.14% 100% 98% -0.38% | -0.57% | -0.33% 103% 103%
AMT 2.09% 0.01% 0.24% 76% 98% -2.67% | -1.63% | -1.44% 126% 100%
NSST 1.17% 3.55% 4.02% 89% 100% -2.06% | -4.78% | -4.27% 125% 101%
TSR 0.28% 0.27% 0.25% 97% 97% -0.25% 0.31% 0.33% 104% 103%
BF 0.16% -0.26% 0.21% 99% 99% -0.16% | -0.07% 0.13% 102% 101%
N LMLF 1.30% 9.73% 9.37% 100% 49% -2.23% | -6.83% | -7.02% 111% 379%
ALF 2.32% 9.58% 6.62% 101% 94% -3.03% | -4.07% | -3.75% 102% 124%
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CS1andOP1

8 1 m Tool-on
W Tool-off
7.01
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6 _
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o
—
9
© g 3.91
o 3.70

]
[ 3.36
o 316 s 3.26
> 3 - ‘
5 53 2.68
2.3¢ 40
.07 02 2.07
2 _
1.58 161
1.44 36 43
07 11
17 72 72 0.80 63 082 072
53 .53 a1
0.23 2
0.09 ﬂ.o7 0.0619 0.202
0 - _ mm 5 I B
T ME_EGEME__F?GEME_'IZGEAFFINE PMMV MAP | AMVR| LIC GBI | DMVR| BIO |OBMC| MCR | AMT | NSST | TSR BF [NLMLF| ALF

B Tool-on | 236 | -003 | 144 | 158 | 391 | 7.01 161 | 3.16 | 080 | 0.23 | 3.70 | 298 | 066 | 0.72 | 3.36 | 268 | 0.16 | 0.20 | 2.07 | 3.26
B Tool-off | 253 | 0.09 | 053 | 0.72 | 207 | 202 | 0.72 1.36 | 0.53 [ 0.07 | 0.68 1.07 | 0.84 | 041 | 240 | 148 | 019 | 0.22 1.11 1.65
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CS2 andOP1

8 - ® Tool-on
W Tool-off
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0359 0.928
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T MEE_ZG MEE_$G MET\G AFFINE PMRMV MAP | AMVR| UC | GBI |DMVR| BIO |OBMC| MCR | AMT | NSST | TSR | BF |NLMLF| ALF
®Tool-on | 220 | 002 | 072 | 142 | 323 | 247 | 1.04 | 161 | 134 | 019 | 001 | 0.00 | 0.82 | 038 | 267 | 206 | 025 | 0.16 | 2.23 | 3.03
B Tool-off | 2.36 | -0.03 | 097 | 062 | 218 | 091 | 0.87 | 0.78 | 093 | 007 | 0.00 | 0.00 | 0.96 | 029 | 209 | 1.17 | 028 | 0.16 | 1.30 | 2.32
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