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Abstract The explosive growth of video data volume, the increasing diversity of video forms, and the ubiquity of
video services are the three main characteristics of the development of current video communication technology. This
fact will undoubtedly lead to two main problems. The first is that the traffic burden of the core network is difficult to
offload, and the second is that, the video transmission conflict is difficult to coordinate. In order to alleviate these two
problems, we propose a ubiquitous video scheduling scheme, supported by computing power networks. Specifically,
we first propose a hierarchical video coding and decoding model to enhance the flexibility of video content
deployment and transmission; Secondly, we propose a service-oriented good-put model with the consideration that the
diversity transmission parameter constraints of different video services; Finally, with the support of computing power
network, on the one hand, through task decomposition, the “fragmented” network resources can be utilized
effectively, and on the other hand, through global detection and real-time perception of network status, accurate
deployment of video content and efficient scheduling of network resources can be achieved. Simulation experimental
results verify the effectiveness of the proposed scheme in terms of core network traffic offloading, good-put
improvement, and network resource utilization rate improvement.
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Fig. 1 Ubiquitous video communication model supported by the computing power network
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Fig. 2 Hierarchical coding model for ubiquitous video services ( take spatial domain as an example )

K2 BT 2 AR R (LIS TR )



790

HENR SR E 2023, 60(4)

2) % polia) By 547 23 (8] R SRAE, 15351 L 715
%UP’?{%%Y W) 5 B A 5 2 1) oy B R R (1, ), e
I+ J === Wi AR AT OL, 7T oy e £
ARt oty Gy B A UAARHS 1B A5 5 B9 58 & it 1)
EREBE T LIHE N

P 1<ISLI<k<KI1<i<Ll<j<J (D

)M L TR T AT AR R TS E
J G R IR 5 3% T LA RN

ain 1 c ]
Pl = = P Yk, (2)
=1

FHorpr pMan R SR LT R E 5
4) % B A5 5 R Bk 22 4 38 2o 0 0 5T R A 80T
A F o L BR, it R A Ry
Py =P~ P k6 L (3
AF I HE, AR A 65 Sy 2 5D 1) 3 0k R, AN 3 R
Hodr, 458 2 0 G il 65 7T LLIfEZE H. 265 12 2500 0
% 1% (high efficient video coding, HEVC) . H. 264 = %%
1947 4 A% (advanced video coding, AVC), 34 5 i it )2
2 fift i 1] LA SHVC, SVC i fift i 4%, {5 2 A ]
MR, ORI R Z RN B 2%, MRS F i
)25, Gl DA TR 4 A B ) SR k.

WA AR | A M owwm e
r SRS O Bz [ > e T LA
ST T e : o
................................... [ f L
A R R AR | R A 5 M o P
M OREHEVC, AVORRE) ()| R [ > FEARE B
.................................. i._.._..
e o =
WEHREBEARR | mamiik)R & e | R
> Pt O Bz [ , > BR R R
. v > R
""""""""""""""""""""""" & B

Fig. 3 Hierarchical video decoder block diagram

3 JRUACHUIT AL 2RAE 5]

22 HEWESHEREMLEEE
7 S B W 2% 0 R RN AE AR I 55 1% Ha
YUY 22 Mk, AR SCHR H TET ) ol 55 B A R A
RLE S, R B — D E m B H B n
A5 18 (m—n) LI m BARIC AT DL AR IR 55 19 =
Huls . MEC il 55 &%, ol & AR o] — P W 2% 152 5%, (HAN TR
FEHZEAL HD, FESE ) M2, AR E IR 55 1 S AR
T G T Qnfa] 2R 5 2 46 19 T 28 W% R SR At i 55 SR ),
€ X A7 1 i 2 {5 B, (channel quality information, CQI):
RTT,, y NIEE) H # 33R B R, 8 15 16 (m—n) 1Y
A HEE AR, v, N IZIEE R EE B, S har
[6] 43 A B (i 1. d) R 2, AT 3 3 i RS A T H S . AR
SCR F Gilbert 538 A5 78121 Sl iR (5 18 £ A 56
P

c
Ymn = "GB ., BG
mn + mn

Hodr, pB 9k {518 t 47 (G) BIIR (B) B IR S 5L B AR,
P L Z..

AN, AST] T A A ()l 55, WA IR 55 75 22 7%
B B B B SE 24 BRI, S A0 1 55, an
R— B AR AE RN Z T, HN & iy oL R 20 (group

, Ym, n, 4

of pictures, GoP) U\ £ fift i I 4 i ¢ 5, Wiz ¥dis
ToRL, DL AL AL B GE R R 3 R TE FLE I RN
Ty 3] 35 422 o 1) FCHE B2 SR A SO I i (good-
put), I H. 25 JEHAS [F] 28 BRI 55 %5 4 Bsf 249 3 7y 2
ST R, A SCE SCIX R R K 7R 48 8 B 3k B R] Y )
KB B Z A0 R I Ay, T T MUG/T HE B
B S I [ S I

Yom = P(Lyn > %) = Xp(=An X 7%, (5
Horr, T, R i I 1) 3 1) 0 S8 15, 7 SR AN TR] Ak 55 225K 1Y
% AR BT 18], AR 203K 28, Ay = 1/ E(T ), E(Tn) R
SIE B ) S50 R AL SR R FH H, E(T,,) 7T 38 2 Ty 2 0
AT, (0 B RNZ S BB B %, AT AT EUR B
AT AV :

! RTT,,
E(T),) = 2m 2 m, 6
w 2

mn

Horb, r, 08 TEAE 5 1IS3, w,, WIEEEH (m-n)

e Ry A3 TS A A 3 R 2K (5) A (6) Tl 75 B
217X !

Lt XRTT,, |

Yo, = exp(— 57 D



TRIESGAE . 3 2% S5 T 12 TR AL AU A% i 390 2

791

=, BEERN
pB,G
ylmn = Vf,m + (1 _’)/frm) XY;)nn = pG’B - B.G

mn + mn
!
o ZT“XZwmn (8)
xexp|— ,
2% Z ¥+ RTT,,x Z W
1 !

HK, MBAE AR 18 (m—n) b A% B 0 AT R4 ik

O = ) rhy X (1=1,,). (9
1

3 VLomtE H R B AR B

AR SCHRE H 1 A i A A5 TR AT 2 i
B, A A 28 i er AR AR R T T 4% R 245 B O 64
A 15 B0 LA BT 68 RN 55 B4 335 5K A7 D0 0 A0 A 4%
S HEAT A BRI B, LLAR TS 55 1 i 55 B i

N T PRE AR A i B e, TR —BE % (m—n)
o3 P AR AL R 2 AN 7 e G S s m] A
il

Z(l)fnngﬂmny (10)
!

Hr, @, AAEAFIE (m—n) 256 IR IE 09 15 i
AR, HAFTE (m—n) B9S2 PR ] ] 784

RO ERRIE, B BT S i MDDy
B3 T 2 e i AT A i B R B, G R B DT R AR E
1O R % A AT A R, U s PAO-1 HEFE C(D X D)
R M PR EET C R, Gl e = 1, WSRTR N 24
B BN m ] R B n B A T B A U
AR SR B — A AR 2 B0 L AS A JZ , I 40
JZ 1 38 AR 3 B 5 S AR [ @, (Lx DY, 9t 4 2R
Kot Rw, #0, WRRTEAGE (m—n) L T 1
JZ BB, B3 Bl A ), X T A B (B
i) B AF IR 2, T L 0-1 4 M H (Lx D)7, Hoh
Hehy, = 1A KRB A (BN ) T C A7 T A |
JZ R JEM, C, @ MHIYIE (1) frR:

M Mz °°" Hip ¢ Ciz *** Cip
M1 " T Cy Cpp
M= . . c=| . .
Mo "+ : L Cm
HMp1 MbD Cpr **° Cpp
oWl w!
1n 2n Dn h]l hl2 h]D
2 2
Wy, Wy, hy hy
Q, = , ,H = .
a)mn hln
L vee eee L
wf, wh, huy hip
(1D

PE— 20 4, 4TI AY F R )= 5 0 0 A R
BA AR B PE B, HOE T g o s (12) s 69 2
FiE =

B 1’12] ees th
'H:[zg], HE = (i1, hia, *+hip), IHE:[ ]
hLI cee hLD (12)
hln
H:( Hh H2 HD )7 an[ ], VnEZ):{LZ’""D}’
hi,
SHof, PO A% 80 2 o RS A 770, =12 (13)

JE 5 A, H 3E— 25 3R n i U 2 0 B R A i
3.1 AR BREBE

AR SCAR B DN JE TR — 55 1 9 4 v i D AN s DA
ANTR) 23 HE 2R N TR 2B (C4n 2D WA, 3D HLAR . 4
A5 ) [ B 3 3R R — A WA D 25, JF AL B D.
BE T A SCHE Y %) RS G AR O AR DN AR ) A
43R 3ABYEE, W 4 Bk,

55— B BN ORI B A 2 1 4 & B B, DR BT
A B A5 AT G A7 AT AT AT BOE B, T AR 1) B
i A AT B T B O T R UE RS IR 55 1 T 1, BT
A R A SR T 5K o FOAR S I N 2 IR, AT
. 23 5T SO A i A Y R 2 EE £
(B), Bead BRah smt, X (13) K gl 2.

5 i B AL 4 1 S A AR )= 1 K B B, e

_____

Fig. 4 Video content distribution model

4 BB A R



792

B T AT 15 4 T X WA G A 3 R 2 B, A G R )=
BOYE 20T DLk v £ 35 A B B R i, (HOh T 4R
PARG AN R e VA T S g | D T NP o
R 2 FH L IR AT g — LRI R B B Y
FEHWA 24 — 2R TR IR TSN 55 0 ik
5 i, IR S5 038 3K & 4 BOTA 24 00 R ok 48 AL I
ST A0 AT 34 e e A 2 B e 2 (U E1,E2,E3), &
AT T 4% v a3 A B RE AR 4 REUR, YRR
BRI P25 0 B DR TR — B B A R P A
Gy B, FEE 4, Y3 A QT K — A B R Al A
2B E AL, JCAe S g s g W — A 1 v 2 5
o3 BE 25 15 £ QO #R 0T LA TH LAY 55 B & (525 &
FERFOMEELEN, Z&OMKE QKM
Bl A 02 B3, BIOKE B3 43 BC 205 13 7 Qe RE A2 1 5 4%
GMITEIESYTE 18 f (n, DTN ZS 53 3 4 i R, AR
T HBS n B 250 R0 ™ A 1Y 58 5 5 =
Hags . 4n £(3, E3) = 2. WZ Lk #% mT DL Bk sR Bk
i’%i—\‘:

maxZ fn, 1), (14

nedD,led,
Horb, AR B 8% n B R RUIRZ 5, T IE o A i) H,
HeAg. 2 (14) P 7 18 B A0 A 3 72 nT DL ad 3 330k 10k
.
=873 W ) R T T R
A H, D, A, neD, MITFTA L IZEHE;
vt SF.
@® S =[0];
@ while D # @ do
@ FEHLIEFE—TneD;
foralll €4, do
BIUG AL f(n, 1) = 0;
HEAE n 19— BE Fl 2 N BB iE R ns
for all ' do /* 15 f(n, 1) */
ifled,
f, D)= f(n,)+1;
end if
end for
B th f(n, D
end for
TEFTA f(n, DR AT, (54 f(n, IRITETE
FIT A f(n, D), 1€ 4, 5 R
RIS s
Sten < 1

/* R SERR RS RLICER BTN 1, PUE 3 o

®

SECNCNSRSECRCRSNONY)

® &

TRMES S LR 2023, 60(4)
g */
@ BKIREL n, EHH,;
iR A ACK, CQL, H 2515ty HHTH;
D« {n}/D;
/¥ n NG DR ER */
end while

SE VY b SPEI O AL R 1 e A o i T
Z.SMLxD)R 0-1 1, HIE KR

s 0 e syp
1 0 .o
SE=| . R 15
: Sin 1 :
SiL ottt Sip

o5 = B B DA 2 R N 2 0 T B B, i
A TR 3 A v AT BEAEfift 1 A [ 4 40009 8 % 4 8 2= M0l
A, AN B A Z B o 5, ey e s it e A
TOHE A A [R] A, MG B v AR IR 2K 1 Rt 4, 3
[ 48 T+ R AR B4 4% 05T B i B BT LR g A6 T —
SE A BB 55 35 5K & A T it & J
T — SO R R 1 BRI 2 B, MK S A i
[F] fsf 3 96 33 oK o A e 5 SR 02 B B 03, 0 B Y
P45 BT
32 ETHHNETMHENERIEE

2 N B B9 7 K s, L — 7 BB o)
Aii TR 2 vb, Bl — Lo g | Bt A A T I A
TR TR B, 12T R A 2 ol A7 20 )
JFH I 88 73 TR AR N 2, A 1 TH R 55 Bt S 14 [
I, i e 4 A IR 28 B R B AT . ol AR SR Y
PLAT 2 A5 4SS 0 v, 0 0 i R SR O ) S5 E LAY, LR
Fon IF 16 2 G R A R A, 10 TS O AR A
2 Jey VA JRE R e LA Rk 2 B n WIR— 1 0 5 A i
JZ2. G BAE n diR — P SR R 2 I, e
SR B R BE O B A n SR R 0 0 A 2 B A (i
Jiti) BB G H h m P AR LR SR &, RIAF 6l
RS w5 HL, P BT AT 1 I8 2060 B A B AL bR e PR
FEAE T n B s BUBUZ B2 (B0 19 4E 5, B P,
ARLEfHAHH,, N4, # DB A& (VL) 5. BRI Z 5b,
% B R W 2% v B B A (Bt B9 AT BRBE 7, 72 i
#on JEPUIR 55 Z A, b 7 02 LB A T U 2SN, B
IR A G B AT A SE L R L T A R,
TR N AR MEE LS E NP, =P,NE, K5k
“EE TR (i) A

e TR R AR AN ] e B — >l AR I O A iR
B I ORI 2 R . 2 BB AN [ S AU A AL 55
P8 AN ] A1 J5 (3] 0 %o S B 249 SR AN ] E5R ), AR S 3k



TRIESGAE . 3 2% S5 T 12 TR AL AU A% i 390 2

TR AT RO R R L 55 T SR 20T Y
% G PR SR, IR S B 49 g T O 2% Y SCHE
S AR T 49 TR 1 T LR T 0 4 R e L S
IR re P B A0 A2 ) 52 S, S — B i R —
BUBUZ I, B8 A sk BRSPS B Y
W55 AR (o) Kk g i S oL R, IR L SR
LRMM, C. Q,, H. ZLLEAEE 4, 7 AR
PR IR JBE SRS, 2% A JEE SR SR AT 2 S T E: 1 AR M)
25 R LI N AR B 23 A DL, DR E K IR 4 n B ABUZ D
0, AR LI PN A Y 23 A A T R A 0 45 D
L. 2) AR 3JE n O RLIRY 55 29 SRORIAT R0AT i AR AR
o n g3 A T Y A A B, DROAIE LR 55 B R
MR B F LA Y R R DR SR, e AR RO A T A R Y
B A B it TR AR B 1 i, — T T, R S R A
PR T AR B 25 115 b0 AT, S 2 R s
o3 —J7 1L, Bl i A% Lo A X T Xt 4, 185 1
2% v e A Y 0 265 T R R AR SO Y g R T
AT SECA W 1 i R Bk DA A Rk 2 .

m* n HE T

- R — MR R,
[ 2, an, Zit 5187
I
A, o, CQL, Hx(8)(9)1t
B A R R I B X
BT m* e 2,
[
[ Sk 1 i ed,NH, |

m* S IAR S R T

N s
Hm* NErh v
%

(£ T7 Em* 0 | I
G AV e m R IE AU P 4 B i
RIEI JZH R

ACK ACK, CQL H,
/ n

A H, S5 72,

em* EHENE

Fig. 5 Link selection strategy under service requirement

constraints
B5 PS5 RRRANUT MR LR SR
Bk 20 5L T R i Y B R R R
BWAM, Q,H, =
fai: S.
@ while B n Kk — DK, Kk 4,, 1 do
@ =0

793
® whilet <8 FI|H,|, =L
@  WEH. =z 4EP. =P, NE;
/% B G A R OC & | A8 LIRS B SE n
Rt 5
® for all m € P, do
© RIEM ., Q,, = (8) FI (9)1H5E O3
£ B o £ RS T A S R
@ end for
SR AR H5 K @, XT3 1 m %
© R LR 1 R RO T R
S = (mx, n, I¥);
/% B m*h n AL 1
O A m*REIE P, K AT RSRR, T
BH, H. 5.t
@ end while
@ end while

4 (FEMBESH

R T AR SCHR T R fE AT A 0
TR AR L TR R R 2% B R R R AR 3 AN T
I BE A S %5 DASH 7 &Y. J6F MEC A 3L
it 4 5 % (MEC-enabled goodput-aware, MEGA)""'| %
T A S Y AR A 1 B AIL B2 O %8 LA B SR T SVC S
(R4 Jry I BE 5 G855 4 R SR AT T 0 L L A AT HLAA
¥ N #:4E & 4 (Windows 10 Enterprise 64 b), CPU
(L4 /R Core 17-8700 @ 3.20 GHz 6 #% ), N 7 (8 GB
DDR4 2666MHz), GPU(Nvidia Quadro K4000 3 GB),
i B4k 1 (MATLAB R2020a-academic use) . U1 JC 45 5k
YL, AT R O S EOOAanR 1 FTR.

Table 1 Simulation Parameter Values Setting

®1 HESHELRE

S5 A
WUARZ 0 L 10
RS D 200
Ml 55 TR 10
RTT/ms 50
PUTIS/Mbps 1
HIHHF Y/ MHz 1
(R EER% 5

WP 6 Jr7R, 19 2% BB A AN [ I [R] T 46, B
B 25 R WA AR 55345 5K . TR B9 ZR RUEC 10 il A
[ i) Jot e 20 L) FIAR Rl SE RS 29 (7). i T DASH
J5 g8 B rp s A Al 55 B X, R0 R T T



794

L i 6 4L, D G it ] A9 728 1k, 19 2% v i SR LA
A B B H B £, B0 R U R AR B
LRSI HAR Y 4 BT 5 19 m] LSRR o0 Ai 2 DL
P, TR I 18 T AT R0 AR A% 0 T A 17 38 (LA
LR BB, TR 2% s AN A7 A AT RO
PR AZ 0 AT SR 7R 380 1 A i it o B 4H. Bl 2 I [)
RS, Bk B 22 (Y 00 2% B o (B0 ) A7 6k 1 T Y
BTN 25, TR I ) sk 4 i 8 (RBE Tt ) v 9 e 1 0
KBTI A B A RO N 2, A R T
NN R iEiER

120 ¢ .
.
.
.
o ®

90 »
% .
& ]
= .
g 60
S
2
X —e—DASHJ/ %

BERLIE 77 %

MEGA 7 %
—e—SVC+a R
—A— KT R

30

0 0.2 0.4 0.6 0.8 1.0
LSS 1) e/s

Fig. 6 Changes of core network load with time
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