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Rate-Distortion Optimization of H.264 SVC Internet
Streaming via RTP with Receiver-driven Retransmission

Student: Chia-Chi Hu Advisor: Dr. John Kar-Kin Zao

Institute of Network Engineering

National Chiao Tung University

ABSTRACT

In this thesis, we aim to build’a rate-distortion estimation model. The expected rate and
distortion can be calculated through our estimation model with a given packet loss rate and a
transmission policy under certain transmission scenario.

Many details need to be tackled when streaming via RTP over the wired Internet are taken
into account in our estimation model. This model is build for SVC video streaming under
receiver-driven retransmission and receiver-driven aggressive retransmission.

The results show that the difference of RD points between different transmission policies
become larger when the packet loss rate increase. As the maximum retransmission times
increase, the improvement of distortion becomes less obvious.

We also propose transmission policy optimization algorithms. For a given bit rate, we can find
the optimal transmission policy with minimum expected distortion through our optimization

algorithms.
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en(r) = ) Po (N, DFy(r) 3)
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1 Jforr=0
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t=1,6,(1) = P3,(1,0)(eg - 1) + P, (1,1)(1) = Ps,(1,0)(e5 - 1) + P, (1,1)G,(0)
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t = 2,G,(2) = Ps,(2,0)(e5? - 2)
+ P21 (1 = ) (Pa(L0)(ep - D) + Py (L)
+ €5 (P (1,0) (€5 2) + Py (11)((1 — €5) - 1+ €5 - 2)))
+ Ps1(2,2) (Psu(2.0)(€5 - 2) + Py (2 1)((1 — €5) - 1 + €5 - 2)
+ Py (2,2)(2)) = Poy(2,00G5,0(2) + Psy(2,1)G24(2) + Py (2.2)6,(1)
t = 3,G,(3) = Ps,(2,0)(e5° - 2)
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T RICEE F2BHE > ABRLE BT Y B

Go(t) = Ps(2,0)Gp0(t=1) + Pg; (2,1)G54(t — 1) + P, (2,2)G(t — 1)

Db ET NGOG AT M G d BT R EN ST RE AR

* NRdte » BEpHE- SHERMFTHRIEANER O P L ES

1
pt) = (Gu(®)

r /N-1
Gy(t) =X (Z Ps (N, i)GN,i(t)> + Ps,(N,N)Gy(t—1) ,fort>0

i=0

\ N ,fort =20

( i
6oty = |Gt =)+ €5 ) Pru(if)Gn (t=1) fore>1

N,i =0
\ (1—-€p)Gi(t—1)+exGy(t—1) Jfort =1

FOMRE ri@FEArE > PIEArRBATFHYLES
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- BB ETHE AP e T RS - BARMA £ T 258 (scalable layer
representation) S(L, T)** — & GOP(Group Of Pictures)r #73 1% 5B FHLHE ~ > 4 ,T*u{
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D(L’T)(Tl') = DO = Z AD(LI'TI) 1_[ (1 = en.(LII‘TII)) + C(L,T) (5)
Re(L', THES(L,T) R, TR, T

B R T") S R (L, T 4 7 R (U, T E 422 B 42 5B SING (L, T) » 7 Cumy & 4

A SR TLE A4
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Can = 1- En(o,o))(l - e‘rt(O,l))(l - E11(1,0))‘511(1,1)
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Ciaz) =

(1= €rgo0)(1 -

- Z AD(L,T) ) Z AD(L,T)

Xg(LTES(0,1) X (LT)ES(1,0) T

+ (1 = €r(00) (1 = €r0.) (1 = €r02)) (1 — €rr0))€rc1n) | 4P c00)
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— max Z AD (LT)» Z AD &m
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— €x1,1))€x(1,2) | Do) + AD o1y + 4D 2) + AD 1,0y + AD(1,1)

— max Z AD (LT z 4D @mn
Xg(L,T)ES(0,2) Re(LT)ES(1L,1)

C(L,T) - Z P/‘{ Z AD(L T) — max Z AD(L,T)

i€[1-k]
AEA(L_T) Ng(L,T)EA, Rg(L,T)ES(L;,T)
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Ny & 5 B 7R 2 Ro(L, T 73 % RTP & e > prpy oyt & Rg(L, T
@ﬁ%%n@ﬂﬂ@ﬁ%ﬁﬁﬁﬂi@’ﬁ&iikwﬁﬁﬁ%$’?$%2§@§2
(4) > PR @%J FOES S @%] PHEAIE ZS(LT)P 5 ST E e s HAgge

HHEA

)

R(L,T) (11') = Z (B(LI’TI) + H - N(LI'TI)) pn(L',T’) (7)
Re (L', TES(L,T)
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WEHE A GG kY gy e -

€Ewm.= G(Li,Ti)ll'c=1

Prm) = Pn(Li,Tl-)|i'(=1

(=t

e 2R (L, T) e R (Ly, T |foq it " 102 £ 2

k
(AD@,T) t Z ADa,ry

i=1 ) Re(L', TR (L,T)

(1= enw))

3

@ﬁ?‘]xc(h T)fe Rg (Ly, T 7 % [N W

k
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PR A WE TR AR o W] S B TR E AN gt o i FRE T

BEHE A 4 - Fd e o ARG E o (v R T

Spatial / Quality

0 1 2 3 Temporal

Bl 14°SVC ikt & 52 B endp & W %
B3%6(0,2,t)¥¢(0,2,t,) % NAL units* % R (0,2) " 3oFF Bt %0 o A PR, 3%
g o Bodel] 1400 AR H G ks BT B KA E BApE L €N & Rp(0,2)7
PR - RF o BT 0 MEron) = Enozt) = €nlozt,) * ~ N6 (0,0)2R(0,DF ¥
S F-®EG 0 b)) = €n01) " En(02) = En(02)

D(0,2)(m) = Do = AD(0,0)(1 = €r(00)) = AD0,1)(1 = €n0,0)) (1 — €xo))
- % (1 = €r0,0) (1 = €0)) (1 = €xco20))
- % (1= €2000)) (1 = €xo) (1 — €no2:2)) + Cr02)
= Do — 4D(0,0)(1 = én0.0)) = 4D(01)(1 = én0,0)) (1 = éncom))

AD
— _éo,z) (1= €r(0,0)) (1 = €n(0,0) (1 = €r02)) * 2 + Co2)

=0o— > wum || (1-&wm) teen

Rg (L, TES(0,2) R (L', T'"HKIRG (L', T
PV RFLISMTPE AL E G fER O HAZHPFES
D(L,T)(n) =) DO = Z AD(LI'TI) 1_[ (1 = én(LII’TII)) + C(L,T) (8)

Re(L!, TES(L,T) R TR (L', T
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B IR AR o A b5 BARUR B vk R e B T
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1
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L B EE AR | kG
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Optimization algorithm 2 Bt 2%
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35 WBMAY
ChoufrMiao#-i = & -4 2 & if - 4831 f?;ﬁ%]t“ REGCSHEHE - JHERMTHEE S f?;ﬁ%]féi

CESSE SRR LIN SRS S T SHIRESIPE 2 T T S
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- F R R RE AT Pﬁm@%ﬁ\“*—"iﬁfi“ BARAAZ DN T E - KT
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351 A7)
BALILR R kMY o BRI T AR AL S TR E AR e ¢ by
Bt @4 o Chou -5 AR A H ~ M Hhe X L5 - H PP G B I HUT

BE A EHED S BHE > KA~ BHE RSB S AMTRE R TR 0
2

ERSSMTHEE AR R O R B R (S AT T ML B A
Z R i 58U Tprse & B I GMERE ~epla Lo+ | 3 - ZAPR > B f248 15 97 a
A B4 3 - @ KRERARNE S S TRE A KL B g R
Ren? AR F R E A kB 5 > AdhEAR s > BIR AP ST HE £ﬁ§.$°“i§f¥%
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1P % B CR ¥ 0L & 7 2 G e & U5 %k Bl(directed acyclic graph)

tChoucda g ® » 2 B4te FATE L pad P fe AT 22 77 42 @
ﬁﬁ@ﬁi“ FRE SR T Ry MRINE T R RO A § Tt
% o B e end A2 pF R FTT(forward trip time) 8 5 B R S pp > 3¢ Ew il i

(forward channel)@ﬁi%lﬁﬁit‘ BAXTLFTT=00 7RAE3& B 4 e & 2
P{FTT >t} =€z + (1 — eF)f pr(t/not lost)dt
T

@ k v i ig (backward channel)» F_4p i 3k 20 3t ¢ chw 42 I BTT(backward trip time)
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P{FTT >t} =€+ (1 — eB)f pg(t|not lost)dt
T

d e fek il andte FA 5 vRE Ry - dpandte F 4 K5

PRTT >t} =€+ (1 —€ep)eg + (1 —ep)(1 — eB)f pr(t|not lost)dt

¥ pr & 3t e AE P RTT(round trip time) s 3¢ & & o 1 _F % 3| chpp ~ ppfepp il 7

B e ) -
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Chou :Jéi—@ﬁi%]ﬁ - PR THME AR G R BRI 2 7 Lagrangian k3 2 45 1 i@ K
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Bn B, =+ App s BB fEAVBERESLZFF A A BERERE
(dynamic programming) % i = > fpt Mg 02 B R X1 R E i 0§ ﬁ;’;‘i—@ﬁg?] I
PAE TR E Bt i R REPE G R e XTI -

@@?J SHRTAE A e g VR AER @ v 5 02 Lagrangian &+ 45 ) @ﬁ%] FQEY 4
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