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Recent ly, 4K/8K ult ra -h igh de f in i t i on te lev is ion (UHDTV) has been

regarded as the next f ront ier o f v ideo formats . The increased reso lut ions

have st imulated a new video cod ing s tandard in 2013 ca l l ed HEVC (High

Ef f ic iency Video Cod ing) . Compared to H.264 s tandard , HEVC has

announced i ts twice compress ion capac i ty to achieve the same video

qual i ty at the expense of increased complex ity, which is chal lenging the

VLSI implementat ion of real - t ime HEVC decoder system. For VLSI

implementat ions , the increas es of computat iona l complexi ty, external

memory bandwidth and on -ch ip memory requirement caused by HEVC are

chal lenging us to exp lore energy e f f i c i ent VLSI architectures for 4K/8K

UHDTV video decod ing hardware . In detai l , t o pursue better energy

ef f i c iency, i t is c r i t i cal to e l iminate the redundant memory accesses and

computat ions by des igning cus tomized architectures for the compl i cated

HEVC decod ing a lgor i thms.

HEVC inher i ts the bas i c idea o f prev ious video cod ing s tandards

where each sample can be intra or inter predi c ted . Espec ia l ly, decod ing

inter pred i ct i on samples contr ibutes the major cod ing ef f ic i ency at the

expense o f more than 49% of decoding complexi ty and 60% of memory

bandwidth requirement . Therefore , i t i s indispensable to des ign VLSI

archite ctures for real - t ime decod ing process ing, which cons is t s o f decod ing

mot ion vectors (ca l led PDec : Parameter Decoder ) and mot ion compensat ion

(MC) . However, HEVC employs severa l new coding features for both PDec

and MC, which result a heavier burden on ener gy e ff i c i ency. For example ,

the increased number and maximum size o f coding units require more

des ign ef fort s because arch i tec tures should handle a l l 24 poss ib le cases ,

which are three t imes more than that of H.264. Another example is the

longer taps o f MC interpolator, which d irec t ly introduces more memory

bandwidth requirements and computat ions . In to tal , i t i s des irable for

new VLSI archi tectures which are energy ef f i c i ent to handle these new

HEVC features in both PDec and MC.

To remedy this s i tuat ion , th is disser tat ion presents the proposed

energy e f f i c i ent VLSI architectures for PDec and MC, respect ive ly. These

proposa ls are mot ivated f rom a viewpoint of data reuse to reduce both

memory accesses and computat ions by new hardware architectures . The

unexp lo i ted potent ial s for data reuse are discovered and ut i l i zed to form

the main idea in each des ign . Spec i f i cal ly, in PDec , the potent ia l is that

the same resul t o f mot ion vec tors is computed repeated ly for severa l

b locks . Therefore , these b locks are merged
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In MC, I discovered the potent ia l that poss ibi l i ty of reuse is highly

re lated to the d is tance between two f rames . Thus , I app l ied this

re lationship to the cach -

improve cache memory energy ef f i c iency. Bes ides the above proposa ls , the

re lated memory hierarchy and hardware opt imization techniques are also

carefu l ly des igned so as to achieve bet ter energy ef f i c i ency for bo th

comput ing and memory parts o f the ir VLSI archi tec tures .

The fo l l owing present s the summaries of f our chapters and related

eva luat ion resul ts :

Chapter 1 [ Introduct ion] g ives the background and the new features

of PDec and MC in HEVC decoder, fo l l owed by the dis cuss ions on the VLSI

des ign chal lenges caused by these new features . The perspect ive v iewpo int

for so lv ing the des ign chal lenges and the research target are then

discussed . Meanwhi le , the state -o f - the-art VLSI archi tec ture des igns from

both my research lab and other research groups are d is cussed . Fina lly, the

scope o f th is d issertat ion wi l l be g iven.

Chapter 2 [Block Merging based Unif i ed HEVC Parameter Decoder

Des ign] presents an energy e f f i c ient VLSI PDec archi tecture by block

merging. The proposed idea of block merging bases on the d is covery of

unexp lo i ted reuse potent ia ls between blocks in prev ious works . Al l these

b locks share the same MV result whi le they are ca lcu lated for mult ip le

t imes , once per b lock . This work merges these blocks together t o ca lcu late

th is MV resul t on ly once and reuse th is result f or al l b locks to save

comput ing energy. By doing th is , CU -adapt ive p ipe l ine is proposed for

b lock merging to save up to 95.5% redundant computat ions and memory

accesses compared to previous works without b lock merging . Meanwhi le ,

the idea of b lock merging can also reduce the number of b lock shapes from

24 to 4 types to reduce the hardware costs . Bes ides block merging , a

uni f ied arch itecture decoding not only mot ion vector but a lso boundary

st rength is proposed for memory sharing as wel l as enhanc ing data reuse

between these two decod ing processes . Addit iona l ly, the memory

architecture and organizat ion are proposed, and PU based cod ing scheme

for co - l ocated storage is introduced for fur ther reducing 30-90% DRAM

bandwidth requirement . Fina l ly, the proposed area opt imizat ion

techniques l ike index -mapping scheme save area cos ts by 43.2k log i c gates .

In tota l , the proposed PDec des ign supports rea l - t ime 7680x4320@60fps

HEVC standard. Bes ides the reduced DRAM memory accesses , we also

achieve 36% logi c gate reduct ion by the proposed block merging and
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index-mapping scheme compared to the state -o f - the-art works . The

demerit is the more area consumption for implement ing compl icated

hardware to support the diverse b lock types in HEVC.

Chapter 3 [Distance -b iased Cache based HEVC Mot ion

Compensat ion Architecture ] presents a new cache memory des ign based on

the discovery o f the relat ionship betwe en distance and the data reuse

potent ia ls for each re ference f rame. Instead o f f ix ing a l l the cache s izes ,

th i s work can on - the - f ly program the cache into mul t ip le cache sets and

determine each cache s ize based on distances . Based on this idea, a nove l

cache des ign with distance b iased d irec t mapping scheme is f i rs t proposed.

The size o f each cache set is inverse ly proport iona l to the proposed

distance , which is def ined as the t ime interval between current and

re ference f rames . This means a reference frame with smal l d i s tance is

g iven a large cache set for i ts good reuse poss ib i l i ty and vice versa. This

can achieve a near-opt imum hit rate whi le i t invo lves s igni f i cant ly lower

complex ity by be ing d irect mapping . Bes ides , e ight -bank cache is

organized d i f f eren t ly at read ing and wr i t ing inter faces to double the data

de l ivery ef f i c iency by removing the unused data fe tch ing as many as

poss ible f or energy and area sav ing. Addi t iona l ly, row based miss

informat ion compress ion is app l ied and mask -based block conf l i c t check

scheme also e f f i c i ent ly so lve the potent ia l p ipel ine hazard s as wel l as

reducing the des ign cos ts . The proposed architec ture achieves 8x

throughput enhancement to suppor t 7680x4320@60fps video app l icat ions .

Compared with the s tate -o f - the-ar t works , th is work shows 76%, 81% and

62% performance improvement in terms of normal ized logi c gate , memory

and power metr ics . The demer it is the increased log i c gate cos ts f o r

support ing the reconf igurab i l i ty of cache .

Chapter 4 [Conclus ion] summaries the contr ibut ions of th is

dissertat ion f rom the view of data reuse for energy ef f i c iency. The so lved

and remaining problems are d iscussed with an expectat ion for future

works .


