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NGHIEN CU'U UNG DUNG THUAT TOAN METRIC TOI UU
TIM KIEM THICH NGHI TREN MANG THONG TIN DI DONG

SEARCH RESULTS FOR QUICK SEARCH APPROACH ON MOBILE COMMUNICATIONS
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TOM TAT

Trong nghién c(fu nay, tac gid dua ra thuc hién tim kiém nhanh béo ddm dugc tinh thai gian thuc, qua trinh
st dung thuat toan METRIC t6i tu hda st dung ma nguon mé thich nghi, thich ting lua chon theo loai hinh dnh,
strdung ddc tinh phan b6 vector chuyén dong cta hinh dnh va cho phép tu dong diéu chinh tdc do bit ctia ludng
dit liéu, thudt toan METRIC t6i uu héa, qua trinh tim kiém nhanh thich nghi trén mang théng tin di dong theo
phuang phap tim kiém tir gdc. Thudt toan METRIC dugc xay dung trén khdng gian thudc tinh cla truong vector
chuyén ddng va st dung céc ddc tinh tuong (ng ca qué trinh tim kiém theo huéng dua trén cic khéi va thuat
todn thich nghi. Thudt toan METRIC dugc dé xuat st dung phuong phap tim kiém nhanh ap dung ddi véi ma
ngudn md thich nghi trén mang di dong lua chon theo ddc tinh phan b vector chuyén dong ctia hinh anh theo
phuong phap toi uu hoa. Thudt todn METRIC ¢6 thé dép (ng nhu cau thai gian thuc ma khong lam gidm chét
lugng ctia hinh anh.

Tirkhéa: Md héa Video, tuong quan khong gian, trutng vector chuyén dong, tdi uu hda thudt todn, thudt todn
tim kiém nhanh thich nghi.

ABSTRACT

In this study, the author mentions fast search methods that ensure real-time calculation during the
application of optimized METRIC algorithms using adaptive open source code, adaptive selection according to
image type, using Using the motion vector distribution properties ofimages and allowing automatic adjustment
of the bit rate of the data stream, the optimized METRIC algorithm uses adaptive fast search on mobile
communication networks based on search points. search from the root. The METRIC algorithm is built on the
attribute space of the motion vector field and uses the corresponding properties of block-based directional
search and adaptive algorithms. The proposed METRIC algorithm uses a fast search method based on open
source code adapted to mobile networks based on the motion vector distribution characteristics of images
according to the optimization method. The METRIC algorithm can meet real-time needs without reducing the
quality of the image.

Keywords: Video encoding, spatial correlation, motion vector field, algorithm optimization, fast and adaptive
search algorithm.
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1. GIGI THIEU

Phuong phap udc luong
chuyén doéng la céng nghé
chinh clia ma hoa Video. N6 cé
thé loai bo su du thia gilta céc
khung trong s6 cac day hinh
anh dé dat dugc ty lé nén cao.
Tuy nhién gap phai khé khan
trong qua trinh tinh toadn nd la
yéu to chinh gdy 1én su han ché
nén Video thoi gian thuc. Thuat
toan METRIC ma tac gia dé xuat
da khéc phuc dugc nhugc diém
néu trén. Do tinh don giadn va
hiéu qua thuat toan két hgp tim
kiém nhanh thich nghi dva vao
ma nguén ma dugc st dung
rong rdi trong cdc ma hoéa Video
khac nhau vé tiéu chuan. Thuat
todn METRIC c6 thé loai bd
phan du thlra trong qua trinh
tim kiém két hgp va tang déang
ké t6c dd udc lugng chuyén
doéng. Qua trinh tinh toan va so
sanh méi diém trong khéi
chiém nhiéu thai gian tinh toén,
st dung mau cd dinh dé so sanh
trong su6t qua trinh, phan biét
cac loai chuyén déng va dic
diém cda hinh anh khéng lam
lang phi tai nguyén tinh toan.
ARPS c6 t6c d6 tim kiém nhanh
va no van chi st dung mét mau
duy nhat. Vi vay st dung thuat
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toan METRIC tim kiém nhanh va thich nghi s& dung ma
nguén md st dung tam huéng tim kiém tu trung tam,
nhung n6 khéng xem xét su tuong quan chuyén déng
gitita cac khaéi lién ké. Thuat toan METRIC tim kiém nhanh
thich nghi cho ta chat lugng t6t va dé chinh xac cao va s
dung céac phuong phap cai tién ARPS méi dugc dé xuat.
2. PHAN TiCH DAC TiNH CUA VECTOR CHUYEN DPONG
DPé cai thién t8c d6 tim kiém va chat lugng hinh anh
trong du toan chuyén déng st dung céch thiét k& nhiéu
mau va xay dung chién lugc tim kiém nhanh thich nghi,
can phai kiém tra phan b6 chudi Video va dac diém cda
céac vector chuyén déng [1]. Bdng 1 cho thay s6 liéu xac
suat phan b6 vector hinh anh trong 100 khung hinh dau
tién trong chudi video tu nhién khac nhau véi thuat toan.

Bang 1. Xac sudt phan b6 cla cac vector chuyén dong

Kiém tra Xac suat phan phéi cia MV
trinh ty 0,0 (#1,00 | (#20) | Khic
(0,£1) (0,£2)

Akiyo 0,9894 0,0106 0 0
News 0,9531 0,0378 0,0012 0,0079
(laire 0,9620 0,031 0,0014 0,0055
Foreman 0,4965 0,2801 0,0236 0,1998
Mobile 0,9578 0,0389 0,0027 0
Flower 0,0587 0,4220 0,2341 0,2852
Coast guard 0,2973 0,5826 0,0573 0,0628

Dt liéu théng ké tir bang 1 cho thdy hau hét cac chudi
video c6 chira khoi tinh (MB). Xac suat phan bo trung binh
cla vector ¢é ban kinh bing 2 quang ban géc diém cao
hon 80% chu yéu & huéng ngang va doc, cho thay rang
cac doan video ctia chudi video cé thudc tinh trung tam.

Hon nita hinh anh video 1a mét chudi chuyén déng véi
do6 tuong quan khoéng gian va thai gian cao. Cac thuéc
tinh nay c6 dugc str dung dé du doan MV ctia MB hién tai.
Xem xét cac iing dung thai gian thuc, thuat toan dé xuat
chi st dung méi tuong quan khong gian. Tuy nhién st
dung thai gian cho chuyén dong udc tinh can ghi lai tat
ca cac khung hinh trugc do, lam tang chi phi bé nhé va
thai gian truy cap dir liéu. Khong thuan Igi cho viéc trién
khai phan ciing [3, 4] thong qua bén trai va trén cung, cac
khai lién bén phai cta hién tai. Thuat toan METRIC dé xuat
xem xét su can bang toan dién gifra tinh toan va dac tinh
phan b6 vector chuyén dong, sit dung khéi bén trai theo
chiéu ngang va trén cuing chan theo chiéu thang duing.
N6 bo qua khéi trén bén phai vi su tuong quan khéng
gian cua khoi dau tién.
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3. TIM KIEM NHANH DUA TREN ROOT PATTERN

Nhu dé cap & phan trén thuat toan st dung day dt méi
tuong quan khéng gian va st dung khéi trai dé€ du doan
hién tai. Tat cd tim cac thuat toan bao gém tim kiém
thong thudngva tim kiém nhanh dua trén Root Pattern.

Trong budc tim ki€ém tho, néu MB la trai nhat, chiéu dai
6 kich thudc ¢6 dinh 1a 2 diém anh dugc thuc hién khi
tim kiém théng qua kich thudc, con nhiing cach khac
thich dng chon kich thudc budc tim kiém theo du doan
MVp. Gia tri I6n nhat gia tri tuyét doi cia thanh phan nam
ngang hoac thanh phan theo chiéu doc dugc lay nhu kich
thudc budc nhu sau.

stepSize = max(|(MVp(x)|, (|((MVp(y)|) (1)

O day, MVp la du doan clia MV. Piém tuong (ing cla
no cling dugc thuc hién nhu la mét trong nhiing diém tim
kiém [2]. Néu trong qua trinh tim kiém nay gdp nhimng
diém chéng chéo v6i mot trong cac diém trong hinh
dang Root n6 phai tim ki€m mé& rong ti 5 dén 6 diém anh
khac. Sau khi tim kiém 5 dén 6 di€ém anh cta khéi thu
dugc. Diém nay duoc lay lam diém trung tdm dé thuc hién
tim kiém chinh xac trong vung.
4. THUAT TOAN METRIC TIM KIEM NHANH THiCH
NGHI DUA TREN MA NGUON MG

4.1. Téng quan thuat toan METRIC tim kiém nhanh
thich nghi

Thuat toan METRIC tim kiém nhanh thich nghi dua
trén ma nguén ma dé xuat da st dung day dd cac trung
tam tinh theo chiéu ngang va chiéu doc dua theo tinh
tuong quan khéng gian trong vector chuyén déng.
Phuang phap nay st dung khéi bén trai theo phuong
ngang va khai trén theo phuong thang ding dé lam céc
kh&i tham chiéu va du doan. Hon nita dé c6 dugc cac MV
dy bao chinh xac hon. Trong bai bdo nay, tac gia da s
dung thuat todn METRIC tim kiém nhanh thich nghi cho
khoi trén cung va khoi bén trai nhat va 4p dung mét ARPS
st dung thuat toan tim kiém nhanh déi véi cac khoi khac.
Thuat toan METRIC tim ki€m nhanh thich nghi cha yéu sur
dung mot s6 ky thuat sau.

1) Chién lugc chdm dut sém. Dat mét ngudng cho khoi
tinh dé€ cham dut sém.

2) Tim kiém phan logi chuyén déng. Chon buéc tim
kiém phu hgp theo kich thudc thich iing theo ki€u chuyén
dong.

3) Téi uu héa thudt todn tim kiém METRIC. SU dung day
du tng dung ctia phan bé vector chuyén déng cda hinh
anh dé c6 dugc MV mét cach nhanh chéng.
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4.2, chién lugc cham diit sém

Trong qua trinh tim kiém két hop chan c6 ba tiéu
chuén so sdnh chung. D6 la su khac biét khung tuyét doi
(MAD), trung binh cta 16i vuédng (MSE) va téng cla su
khac biét tuyét doi (SAD). Trong dd, tiéu chi SAD dugc
thong qua. Tir cdng thiic (2) thay rang n6 khong yéu cau
nhan vi vay tuong déi dé dé thuc hién trong phan cuing.

SAD(,j)= > | (mn) £ _ (m+in+j)| )

m=1n=1

Trong dé, (i, j) 1a diém cua vector di ddi, i va ey la gid
tri diém anh ctia khung hién tai va khung trudc dé M*N la
kich thudc khéi. Néu SAD(io,jo) 1a t&i thiéu, diém (io, jo) la
diém t8i uu phu hop. Nhu da dé cap & trén viéc phan phéi
chuéi video xung quanh ctia MV c6 thuéc tinh trung tam
va cac MV tap trung gan trung tam ctia khung tim kiém.
Diém tinh MB hoac khéng tinh MB chiém ty 1& I6n, vi vay
ching ta c6 thé thiét lap mot ngudng T dé danh gia diém
tinh MB dé cham dut sém.

Kiém tra vector khong (0, 0) trudc khi kiém tra MV va
sau d6 so sanh SAD(0, 0) véi T. Néu SAD(0, 0) < T c6 nghia
la khoi tim kiém rat giéng vaéi khéi tuong ting trong khung
tham chiéu, sau dé chung ta c6 thé coi nhu nhu mét khéi
tinh, thi€t 1ap (0, 0) nhu MV clia n6 va cham duit qua trinh
tim kiém truc ti€p. Néu cac khoi nhé da chuyén déng
tuong d6i né can tim kiém thém dé xac dinh MV. Thir
nghiém théng ké cho thay rang nhiéu hon 98 phan tram
khoi tinh SAD gia trinh nho hon 512 [5], vi vay ching ta
lay 512 la ngudng T. ti€p tuc nghién ctiu cho thay rang cé
T=512va co T =0 dé xac dinh khdi tinh, gia tri tim kiém
tUr cudi cung hinh anh bat thudng gan nhu giéng nhau.
So vGi thuat toan tim kiém truyén théng, chadm dit sém
c6 thé lam gidm phan du thia trong qua trinh tim kiém
két hgp va tang dang ké téc do udc lugng chuyén dong.
4.3. phan loai chuyén déng

Co6 tuong quan khéng gian manh mé theo trinh tu
video. Dua trén tai nguyén nay thuat toan rat dé thuc hién
tim kiém nhanh va chinh xac sau khi du doan MV ctia khéi
hién tai. Thuat toan dé xuat théng qua gia tri I6n nhat cla
thanh phan nam ngang hodc thanh phan doc tirkhai trai va
khéi hang dau xung quanh khaéi hién tai la chiéu dai vector
chuyén dong (MVL) dugc thé hién trong cong thiic sau:

MVL= max(|MV;(x), MV;(y)|,| MVi(x), MV(y)|) (3)

MV, la vector chuyén dong cta khéi trai va MV, la
vector chuyén déng cta khéi trén. Theo MVL cla khéi
hién tai sau dé phan loai cac kiéu chuyén déng cho cac
chuéi hinh anh va chon cac phuong phéap khac nhau cho
phf hop vai phan loai dugc thé hién nhu sau:
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1) Néu MVL < 2 khéi nay la hinh &nh loai chuyén dong
nhd, c6 thé dugc danh gia la mét khai tinh.

2) Néu 2 < MVL < 4 khéi hién tai 1a hinh anh loai
chuyén déng trung binh sau dé cai tién ARPS dugc théng
qua.

3) Néu MVL > 4 n6 cho thay khéi hién tai la hinh anh
loai chuyén dong I6n ta can phai du doan diém tim kiém
bat dau.

Cac khoi bén tréi va cac khéi trén cing khong co khoi
trai hodac hang dau cing mét ldc, vi vay ching khong can
phai dugc phan loai la céc loai chuyén déng. Tuy nhién
chung dugc xtt ly dac biét véi METRIC.

4.4. Du doan diém tim kiém ban dau

Hau hét cac thuat toan truyén thdng bat dau tim ki€ém
tu diém (0, 0) nhung ddi véi cac ki€u chuyén dong Ién cac
MV thuc cia chung léch di so véi vector khéng. Vi vay ta
can tim kiém lap di lap lai dé€ tim MV tét nhat. Cac phuong
phap xac nhan diém tim kiém bt dau chd yéu bao gébm
phuang phap trung vi, phuang phap binh phuong trung
binh va phuong phap so sanh (SAD) cia MB. Phuong
phap so sanh SAD so sanh tat ca cac gia tri SAD cula cac
MB du dodén, Iay diém SAD t&i thi€u la diém tim kiém ban
dau. So vai cac phuong phap khac, dé chinh xac du doan
cla thudt toan la cao nhat va diém ban dau cta du doan
phadi la MV clia cdc MB lan can. Vi vay né dugc ap dung
trong thuat toan dé xuat nay. Théng qua théng ké bang
thuc nghiém cho thay khoi hién tai c6 méi tuong quan
manh nhat véi khai lién két ké trai, trén cling va bén phai.
Cac khéi bén trai va trén cung dugc thong qua. Déi véi
trinh tu chuyén déng 16n, 1dy diém tuong Ung vai SAD t6i
thiéu tir bén trai va khéi ban dau lam diém tim kiém dau
tién dat hiéu qua va c6 thé tranh dugc tim kiém du thua.

4.5. Mé ta thuat toan METRIC dé xuat

Thuat toan tim ki€m nhanh thich nghi METRIC dé xuat
st dung chu yéu 2 cau trdc ctia mau tim kiém goc va mau
tim kiém nhanh Root Patten d6i véi cac khéi bén trai va
khéi trén cung METRIC hodc SRPS dugc chap nhan. Khoi
bén trai dugc st dung tham chiéu & trén cung néu
MVL < 2 sau d6 st dung SRPS truc ti€p, con cach khac s
dung METRIC. Bung dau khoi cta khéi hién tai bén trai
diéu nay khéng chi tan dung lgi thé cda viéc tim kiém do
chinh xac cao trong thuat todn METRIC ma con tranh
dugc tim kiém du thira cho cac chuyén dong khac.

D6i véi cac khéi khac toi uu hoa thuat toan ARPS dugc
thong qua. ARPS truyén théng st dung moét budce tuong
tu thdng qua theo phuong ngang va doc. Thuat toan tim
ki€ém nhanh thich nghi METRIC dugc dé xuat chd y nhiéu
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hon dén viéc phan phéi MV va lay khoi bén trai va phia
trén dé du doan. N6 xem xét chuyén dong thuc té theo
hudng ngang doc. Vay xét theo chiéu ngang.

Trii nhit hofc trén
nhat MB?

MVL<2?

METRIC

Chuyen ding
trung hinh MB?

D doén diém khéi diu

¥ ¥

Téi i hoa ARPS SRPS

Hinh 1. Luu d6 thudt todn tim kiém nhanh thich nghi METRIC dé xuat

StepSize(x) = max(|MV;(x), MVi(x)|) MVL (4)
Xét theo chiéu doc.
StepSize(y) = max(|MVi(y), MVi(y)|) MVL (5)

Diéu nay rat c6 Igi cho qua trinh tim kiém diém két hop
t6t nhat va nhanh nhat. Theo so dé cda thuat toan dugc
thé hién cac budc chi tiét dugc thuc hién nhu sau:

Bu'éc 1: DUing thuc hién ngay d6i véi khéi tinh. Tinh gia
tri SAD(0,0) clia vector khong(0,0). Néu SAD(0,0) < T, thi
MV hién tai Ia (0, 0) chuyén sang budc 7 hodc chuyén dén
budc 2.

Bu6c 2: Phan loai chuyén dong véi cac khdi bén tréi va
khoi trén cling. MVL ctia mbi khéi la:

MVL = max(|MV;(x), MV (y)|)

hodc MVL = max(|MV(x), MV(y)|) (6)

Néu MVL< 2 chuyén dén budc 6, déi vai cac khdi khac
chuyén dén buéc 3.

MVL= max(|MV1(x), MV;(y)|,| MVi(x), MV(y)|) 7)

Néu MVL < 2 chuyén dén budc 6, néu 2 < MVL < 4
chuyén dén budc 5, trudng hop con lai MVL > 4  thi
chuyén sang buéc 4.

Bu'éc 3: Thuat toan tim ra diém MB sau d6 chuyén sang
buéc 7.
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Buc 4: Du doan diém tim ki€ém ban dau so sanh gia
tri SAD cuUa khoi bén trai va khoi trén cung cla cac khoi
hién tai v6i dac diém cua gia tri SAD t&i thiéu la diém tim
kiém ban dau sau d6 chuyén dén budc 6.

Buédc 5: T6i uu hoa thuat toan bat dau tim kiém tu
diém ban dau tai khdi tuong Uing trong khung tham chiéu
xét theo chiéu ngang.

StepSize(x) = max(|MV;(x), MV¢(x)|) (8)
Xét theo chiéu doc.
StepSize(y) = max(|MV;(y), MVi(y)|) 9)

Sau d6 chuyén dén budc 7.

Bu'éc 6: Thuat toan SRPS c6 dac diém gia SAD téi thiéu
tim thay trong budc cudi cuing dé kiém tra gia tri SAD cla
mobi diém nhé hon T hay khong khi tim kiém. Néu
SAD < T chuyén sang budc 7 truc ti€p néu khong tiép tuc
tai buéc 6.

Buéc 7: Dung thuat toan.
5. PHAN TiCH KET QUA THU'C NGHIEM VA MO PHONG

DE& chiing minh tinh sdn sang cla thuat toan dugc dé
xudt, tac gia sir dung cac khai la chudi thong thudng co
day du cac chi tiét vé khéng gian vai viéc phat video & vi
tri trung gian. Vi tri ding dau dugc chon lam hinh anh
video chuyén déng chung binh. S dung 50 khung dau
tién dugc dung trong thuc nghiém. Thuat toan dé xuat
dugc minh hoa bang thuc nghiém va st dung kich thuéc
khoi st dung la 16*16 pixel va 7 lam tham s6 tim kiém.
Trong d6 hai chi sé dugc str dung dé so sanh hiéu suat ctia
thuat toan. Mot |a cac diém tim ki€ém. Trung binh trén moi
MB, con lai la MV trung binh clia hinh dnh dugc bu. Cac
diém tim kiém trung binh dugc st dung dé so sanh dé
phic tap tinh toan va MV trung binh dugc dung dé so
sanh dé chinh xac trong qua trinh tim kiém. Cac di liéu
thir nghiém chi tiét dugc trinh bay trong bang 2 va 3.

Bang 2. Tim kiém trung vdi cac thudt toan khac nhau

FS TSS DS

Seq Diém tim kiém trung binh trén méi MB
Akiyo 184,56 21,48 11,43
News 184,56 21,48 11,45
Foreman 184,56 21,54 13,08
Flower 204,28 23,32 15,76
Stefan 204,28 23,39 16,03

Bang 2 cho thdy rang trong trinh tu véi chuyén déng
cham, MV t6i uu c6 thé dugc tim thay dé st dung trung
binh 11,43 diém v&i thuat toan DS, 4,93 diém vdi thuat
toan ARPS, nhung chi cé 1,24 diém véi dé xuat thuat toan.
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So vai thuat toan FS, thuat toan nay tang 148,8 lan trong

téc doi tim kiém. tang téc do trong chuyén déng trung

binh va trinh tu chuyén déng I6n. Thuat toan khéng chi tim

ra MV t6i uu héa rat nhanh, ma con gilr dé chinh xac tim

kiém cao cing mot luc. Gid tri MB trung binh ctia hinh anh

bu dugc gidm nhe so vai FS dugc thé hién trong bang 3.
Bang 3. So sanh PSRN trung binh

Seq Akiyo News | Foreman | Flower | Stefan
FS 44,54 38,51 33,06 26,34 25,91
TSS 44,54 38,49 32,83 26,81 25,34
DS 44,54 38,49 32,84 26,32 25,13
METRIC 44,54 38,49 32,96 26,33 24,88
ARSP 44,54 38,49 32,67 26,3 25,56
Proposed 44,54 38,49 32,67 26,3 25,45
6. KET LUAN

Thuat toan METRIC ma tac gia da dé xuat da cai thién
dang ké téc do va dé chinh xac qua trinh tim kiém nhanh
thich nghi trén mang théng tin di dong s&r dung phuong
phéap udc lugng chuyén déng va trinh tu anh, dua theo
dac diém phan bé clia vector chuyén déng va madi tuang
quan khong gian dugc phan tich dau tién. Thuat toan
METRIC tim kiém nhanh thich nghi cho ta chat luong tét
va d6 chinh xéac cao. Ap dung céach tim kiém nhanh thich
nghi dua trén ma nguén ma véi dac tinh téc dé tim kiém
nhanh thich nghi trong thuat toan dé xuat la nhanh nhat
SO VGi cac thuat toan khac. Két qua thr nghiém cho thay
thuat todn nay da dap Ung nhu cau thgi gian thuc va rat
nhanh chéng, hiéu qua va dé thuc hién.
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