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FIME FME MC/TQ
Time . . . .
FIME—Fine Integer Motion Estimation
LCUo
FME—Fractional Motion Estimation
Lcul LCuUO
MC—Motion Compensation
Lcu2 Lcul LCUO
: : Fetch luma : Fetch chroma : :
| : ! | { |
: : ' Rec.Pel :
Ref.Pel. [ g D ; ;
| | | eblocking Filter |
| | cur kU sram | MC Engine SRAM L |
| | fmv | . |
| IME Engine o : : l
| ™ > FMEEng Rec. Coeff |
| - |
[ : REing —= Luma.Pel — DCT/Q & IDCT/IQ [—* SR?AEM —  CABAC Engine |
| : SRAM |
| | |
I | I | I
I__ ..'; -l_ | |
I e e Ll
1% Stage 2" Stage 3" Stage 4" stage
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FIMEt&shrgaeky Current LCU - Search Region

FIME CLCU Mem Ref Pixel Mem MV Mem
A\ 4 \ 4
Original Referenced
Systolic Array Systolic Array
R - .
| 1 * T T ]
v v v v v v v v v v 7 v
PE PE PE eoe PE PE PE
SAD Tree v
SAD Tree SAD Tree MV Cost
8x8 eee 8x8 Generator
Upper Level
SAD Tree
Partition & Mode Decision
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FME

Ref Pixel Mem

Original Pixel
Mem

<z

8x8 Interpolator

L

9 SATD Generators

orm

Sub

v

8x8 Hadamard Transform

v

Add Tree

2

MV Mem

Y

RDCost Acc

A

MV Cost
Generator

N\

2

Predicted Pixels
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Chroma Pixel 4x4 Interpolator
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Control Logic

1/14/2017 Www.openasic.org 6



fz[]

module ime top

// global

clk

rstn
;si.,.rs i:F_cmb_x_:i.
sysif cmb y 1
sysif gp i
sysif _start_i
sysif done_o
/f cur_if
curif_en_o
curif _num_o
curif_data_i
/f fetch if
fetchif ref x o
fetchif_ref y o
fetchif_load o
fetchif data i

fmeif partition_o
fmeif _cu_num_o
fmeif mv o
fmeif en o

1/14/2017

module fme_top module mc_top
a clk
clk
rstn
rstn

sysif_emb x i
sysif_cmb_y i
sysif qp i

sysif start_i
sysif_done_o

fimeif partition i
fimeif mv_rden_o
fimeif mv_rdaddr o
fimeif _mv_data_i
cur_rden_o

cur_4x4 idx o
cur_4wd x o
cur_4x4 v o
cur_pel i
ref_rden_o
ref_idx x o
ref_idx y o

ref pel i

mcif mv_rden_o
mcif _mv_rdaddr_o
mcif mv_data_i
mcif mv_wren_o
mcif mv_wraddr o
mcif_mv_data_o
mcif pre pixel o
mcif_pre wren_o
mcif pre_addr_o

WWW.0penasic.ory

mb_x_total i
mb_y total i

sysif cmb x i
sysif _cmb_y i
sysif qp 1
sysif start i
sysif done o

fetchif _rden_o
fetchif idx x o
fetchif idx v o
fetchif sel o
fetchif_pel i

fmeif partition i
fmeif_mv_i

fmeif mv_rden_o
fmeif mv_rdaddr_o

pred _wrdata_o
pred_wren_o
pred wraddr_o
pred_ren_o
pred_size o
pred 4x4 x o
pred 4x4 v o
pred_4x4 idx o
pred_rdata_i

ASIC®

EiEFEEH IP Core
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pre_start_o
pre_en_o
pre_sel o
pre_size o
pre_dxd x o
pre_d4x4 v o
pre_data_o
rec_wval i
rec_idx i

sysif--System interface
cur--Current
ref—Reference
mb--Macro block
val--Valid
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igizﬁu%iﬁ%g .
MBS = B Z R EIBRYMI N HEGE | SR hESRHFITXILE.

> tb ime:

“define FIME_[HE[K_FELE_I ".ftv/ime_check_i.dat"
“define FIME_CHECK FILE O ".ftv/ime check o.dat”

> tb fme:

parameter FME_CHECK_FILE I
FME_CHECK_FILE O

" ftv/fme_input.dat™ |
"./tv/ftme_check.dat™ ;

» tb_mc:
parameter INPUT LUMA PRED = "./tv/mc_luma chroma.dat™
parameter INPUT_FMV_PART = "Sev/mc_fmv_part.dat” _
parameter CHECK UV PRED = "./tv/mc_check uvpred.dat”
TS HER(ES -

> IREQPIE (sysif_gp_i ) . AHERFHRANSS ( sysif_start_i ) FEHIIRIRIE
> BUEELIR

1/14/2017 Www.openasic.org 8
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ime_check i.dat

> iZHYfime_ori_mem , 64x64 , {6417 , BIT641E0E
> EHfime_ref_ mem , (64+32)x (64+32) , {49617 , B1T961 4=

> B, 8 LCUSIRLIZ 41601 TEUE.

. 0c0c0cO0c0c0clclcOblcOblcOciblcOblcOccclciblcOblcOcOcOblcOcOcOblcObicObl
ime check o.dat oco010110xxxxxxxx00001010xxxxxxxx1101110011

- - 0d0b0d0b0d0E0d0b0c0b0c0b0c0b0c0b0d0b0d0b0d0b0d0E0cOb0cObR0c0b0c0b0c0b 0L
00000000001011001010111111

> 1EEfime_check mv x5fime check mv y , 1171281 8E ( x. y£%641)

> 1ZEBXfime _check partition , 117211 E , 4x4(16x16CU)+4(32x32CU)+1

1/14/2017 Www.openasic.org 9
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fme_input.dat fme check.dat

> sysif_cmb x > BEERLCUGERME , 647, 817
> sysif cmb y

> sysif gp

> EEERTRYTLCURAN 32X 2B RAVRIRERIE | 12817 , BIT320 4R

> EEIANSWH (64+32) x (64+32) REVGER(E , 9617 , 17961 4R

> 1/NLCU (4132x328R ) /1, B 8x8HRINIMVISA | 6417

> partitionfS8 , 4x4 (16x1638 ) +4 (32x324R ) +1 (LCU) , 117, 2171MNEUE

1/14/2017 www.openasic.org
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mc_luma_chroma.dat

>

>

>

1/14/2017

mb x

mb y

ap

EEENATAT TN LCUTAN32x3 2R R IRAT

BB 12817 , 17321 EUE(LUMA)

ECOBES RIS HGERE , 647,
ST32N R

FECrEESRISEEERE , 6447,
S1T324 R

©

www.openasic.org

mc_check uvpred.dat

> Cb, Crfmll{E , %3217 (4x8) , &
173270 8UE

mc_fmv_part.dat
> partitionf5 2

> fmvEdE
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1. RFAR{265/HME AR N RRIEFBRYRIA St tv 4

2. Test benchfg5

3. FEEsim3I4RBMNIELR , FFterminal

4. make ncsim
5. ctrl+cZ&1t

6. verdi —ssf xxx.fsdb
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1. BFIE (HEVC dRiB=suERRAF R E VLS| iR sEi)

2. {Overview of the High Efficiency Video Coding (HEVC) Standard)

3. {Cost and Coding Efficient Motion Estimation Design Considerations for
High Efficiency Video Coding (HEVC) Standard)

4. {HEVC Fractional Motion Estimation complexity reduction for real-time
applications )

5. {On the data reuse and memory bandwidth analysis for full-search block-
matching VLSI architecture )

|IEEE , X##id : inter prediction, HEVC, IME, FME, MC
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