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ABSTRACT

With the popularity of the network and the development of streaming media, online
education in a different from the traditional form of education in daily life. Its advantages
are constantly emerging, greatly increasing the student's initiative, and break the traditional
education in many aspects of the limitations. The campus network-based video education
platform can not only meet the teachers and students on the teacher lectures, campus
activities, but also can further expand the video conferencing and other application
platforms. This paper designs the video education system with campus network as the
carrier, adopts the form of video live to realize the network distance teaching, builds the
streaming media server on the basis of the secondary development of Live555, adopts
H.265 video coding standard and RTSP, RTP/RTCP network transmission strategy to
achieve based on H.265 video education system.

This paper first introduces the system scheme and introduces the related technology;,
including video coding standard, streaming media protocol and streaming media open
source framework. Through the current mainstream video coding standard encoded video
quality assessment, select the H.265 video coding standard as the system video coding
standard; By analyzing the advantages and disadvantages of common streaming media
server open source framework, and according to the system used by the streaming media
protocol, select Live555 as a system of streaming media server. Secondly, a brief
introduction to the overall design of the video education system, the system is divided into
video capture upload client and streaming media server and player client components, Video
capture upload client using plug-and-play USB camera as a hardware device, call the
FFmpeg library to capture the original video stream encoded into H.265 stream, in order to
adapt to complex, easy to packet loss of the wireless network environment and Follow-up
audio or subtitles expansion, the encoded H.264 stream will be TS package. Streaming
media server is based on the secondary development of Live555, modular design, including

streaming media receiving module and forwarding module, use of RTSP protocol as an



ABSTRACT

interactive protocol to achieve the communication betweent server and various players
client. According to the RTSP session request, the streaming media server receives data
from the network, and carries out RTP encapsulation and sending of the received data to
realize the streaming media forwarding function. The player client chooses an open source
player that supports the RTSP protocol, such as a VLC player, which reduces the
development cost of the entire system and saves development time. Finally, the VLC player
is used as a player client to perform a comprehensive functional test of the system, the delay
of the streaming media server and system are estimated. Test results show that the system

can meet the real-time requirements, the video screen is clear, with good practical value.

Key words: Online education;Video coding;Live555;FFmpeg;Streaming media protocol
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Figure 2-2 H.265 coding framework
H.265/HEVC [ITEREAT JARKHIFET, IXIRT 8w ht T H A6 LA R AT Rr
RO . H.265/HEVC FHT IS S BOARA R 2 , 1 403 T 00 SRR 0 2 B 7y 5 el
PERE S LTI CABACET | Brask it A FI s AR L k22 DY SO AR (RQT)EIEER L [ i
N2 F)RET AMVP. &38R Merge. T8 RUSH I B BUR 5L AR 4 . AR U6 2
BIETZA e . SRAE B & AW A (SAO)IEIAR L BLRHT BIRE i H 1 N AMEE Y8 I 4555

2.1.2 FFmpeg 48

FFmpeg J&— MM Fed. AU IS Th B N — R e B ek T7 %8, Bl
AR A43TZ . FFmpeg /& —/ME Linux “F 4 _EFFRBIFIEIE , B0 LIE K25
BEE RGP R IEAE A, L ans2#E Windows. Mac OS X. Linux 800, - H'& HEC
Z3CFF AC3. DV. MPEG. FLV %5 40 ZFh%if%, MPEG. ASF. AVI 4% 90 % Ffi L
B, 04, DAV ZITRIE B A, tin Google Chrome. MPlayer. VLC. Quick
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Time [¥] Perian. Directshow [ ffdshow 2% . FFmpeg /&£ LGPL/GPL W3 F I K AR I,
AT NH AT LA E B A

FFmpeg & 1R 2 [ SO, 5 A5 BLR DY/ 22 30« libavformat., libavutil |
libswscale Al libavcodec, F:H1, libavcodec f& H i 405G & AAM G A AT 2 o

TR FFmpeg ) — L8 = AR EAT 73 H

AVFormatContext: J& T8I H IR S5 M4, IERW LA — L
RS E L 1, R T AR SO B AR AR O A R

AVCodecContext: XM &5 Konf gt 25 (1 bR 05 BkAT 1k, 65 7 &AM
DA i HE E, AFUR SE A T . SR AR R A E S, A R AR
(e S W N STE 2 N VAN TR IR S RN

AVIOContext: s& FFmpeg & P4 N H 20 il 25 M ik

AVStream: fE£ FFmpeg H1j2 —/MREM KL, B0E FRl—S8dEER, 4
S VIR SN - G £ 5 [T IR N [F1 B A Y A

AVFrame: &5 R4 T A7 B a6 HHs RO R 46 2 B A, 90 s IR Asi ke it
7& YUV B RGB # UL, X &MUk S PCM #53.

AVPacket: FFMPEG f FlIX ANt 45 R BT APt A R e, A 2 AT A 22 A
Bl Hean S AR e R AR

2.1.3 MPEG-2 TS f&4v

TEAR Z 40 AL S AT A E Ak N8, 456 R st AR LR R
ZIREEIENL, Yo RA TS RREH H.265 PUATMIAEE . AN AEIEIE B & 44 1 25 25
S5, T HRENE AT G RS AR S R JE, BT LRI ek, B & il 55 i
HAT LRI R G

M 1991 SETFAR, ITU-T A1 I1SO JHARER& il & ¥ — A sh BUR gl brite, 2 T1E
1993 FilEL Ak “IEAESI EIUR IS " HIARHERSE, B MPEG-2. MPEG-2 i 7>
NEAEBEEBIRSY, Al RGE . WIE A=,

MPEG-2 R4tJZ1HEY IR, F B H K —ABEE 2B, S Al
BRI S BCR AR, DAEIE R R SR AL . BRI w T FR
BRI, BN R PS ML TS, Pl mZEARIML R PES 4k, i
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PES &5 . 4a gmtiD 5 123 A B & A s DA S — SR Ao iy 4 B BB 4T B . P& 1Y)
WENHIEA—FE, AXRNE TS . MPEG-2 2% 25 H 10 & 2-3 fis:

s |5
H
— =
18 DS WLAFES o HPAPEE s ‘
g | ERE
- e - A
SR B HEs,| yrmem | EffREs | =
K 2-3 MPEG-2 A GHE K

Figure 2-3 MPEG-2 system block diagram

TS Wik A 2 /I 8] 2k s B i & B NI, Heh e TR — A 3 A&
P, Eean F— B i AR L, 5T R R ) PES Hidls B B A AH F 1
iRgEEIE- S

T TS iR A T REKE M Zi, TS iR H T EEHNALT . A%
PORIIAEE, BINfERLR IGO0 N BRI, S Ra RS, BIREEE 2k 7R 4t
TS B[R AE S, el 58 vT LLAE [ € 7 & E A I A iy [R5 8, ATk &2 s
i, RFFREIM B R, MGSHEEMRE T, BT TS MR EA BRI IKTE
RS RE ), R EAR R A th A EHCR A T TS AU a4 2.

2.2 FRERARIIY

AR FE RTSP WS F it B4R IR 2528 5 I AR 25 7 s 2 18] B4 A8 HLWMAL,
SR IAME BRI, BN ERE . RRCERIRAEThAE, 1 RTSP 4 1) i S it )
it RTP/UDP il HEAT AL S H

2.2.1 RTSP MY

SRR IAL PR J T B JE WS, FEAA SR G AL T SIS A i PO S I A% 42 |
iz b, SRS FEAME AR, 8 RTP/RTCP PSR 58 B AR B 144 4 .
RTSP Ph il 25k T RTP _ESER B rgfE1%, R0t 7 XRHRBHARSR. 215k
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18, "EEBFIF 2 N BIRIR ALY . Z S SRR IR &5 2 i il o,
T A SRR B R TSR 2 i I A AR 5% A e R PR SE IR 23 1 o T R 38 AT DA
PIRSCRAR T 2 P iy 5 I 55 2% D) 38 208 A 5 A, SIS BN AL ARURT 25 A ESC A 1 i T e PO 45 )
RTSP iR A 7 H5: OPTIONS. ANNOUNCE. DESCRIBE. SETUP.
TEARDOWN. PLAY. RECORD. PAUSE. GET_PARAMETER #1 SET_PARAMETER
G, R 2-1 /2 RTSP HJ5 AR 08, Horb 07 ARSI W — 05 Hahiid Rk —J7, %
FAE 21T RTSP JTVERPRIRER R RN, MEKEHE N TS RTSP 23, H4Hi77
ERBALE,
# 2-1 RTSP HiEN4H
Table 2-1The Introduction of RTSP Methods

A& Ala] HE EH
OPTIONS C->8->C B3 e
DESCRIBE C>8 BS W
ANNOUNCE C->8.8->C B3 alik
SETUP C->8 8 e
PLAY C=5 BS BE
PAUSE C>8 B3 #iF
RECORD C->8 ES ali%k
REDIRECT C->5 BS ali%
SET_PARAMETER | C»8,8->C BS Bk
GET PARAMETER | C>§5>C BS alik
TEARDOWN C->8 B3 e

2.2.2 RTP 1Y

S ARSI BUR TR, E B STREARIE R A SE IR . BN
RTP {2 & s, SRR, RirbEMER, Fries/z— A uDP
P, AR BIR A #E . tH T RTP B3R S 57 bl 0 1% i A DRk A% ey ) o B2
IR 7 R FH S I 428 1) P BCREAT i B 2 A ZE R CRAE AR SR O S . AE TR AR dE
eI R P 1 4 B () gt A TG vR TIURL e L B 2SR I [R), i LAAE RTP [
B TR, AiEumAE RTP TR AT DL BN AR 2, Feiiom it vl A2 I [A] bR
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oK DA Iy P 3 2R Jir B 1) 508
RTP 4 (0 A4 B UCRAN S B P 73 - RFC3550 S rhé i |7 RTP Bk B
PEANGE S, Herb, HT 12 SR [ 2 ) CRSCidentifiers FBOE PTG, ST A

AR BAAEEE . B 2-4 45 H T RTP ocis =

0 1 2

3
01234567890123456789012345678901
s T e St S S e

|[v=2|P|X| cCC M| PT | sequence number
T ST S S ST S S S T S S ST U BT S

+
+
| timestamp |
T S S S ST A S U T S TS T U BT S S
| synchronization source (SSRC) identifier
e = e R = = e
| contributing source (CSRC) identifiers

+

+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—;;;;+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—
K 2-4 RTP 3¢
Figure 2-4 RTP packets

2.2.3 RTCP MY

SEE R P 5 RTP Pl — 3L IR @ AE 1996 4F42 Hi 1) RFC1889 1, "Bl 2 Al
RTP PSS s FH 56 B 4 S 4% LRI ZE 4 1), RTCP ) 32 A 2 F 90 48 £ ok
BT R, BIGETHMSOIRITSE, R GRS e A i3, 326 s 48 £ 2 i [ ke
(RPN 2% 15 U HH R B, IXRERE NS TE AT (R S P 45 4R DL . RTCP 43411 RTP 434 — 45
S H] UDP L4 sl 34715 B4, RTP 2444 S 508, 10 RTCP 4r AL 4
R BHE R, AERER. EERULNEEE . RTCP il A F T ae i EdEfiok
SLHL RTCP B IZhAE, RTCP 3 aeng LLF 5 Fifi:

(1) &EWHWEE SR: Kikimk HILHE L.

(2) FWERIREE RR: HBUREIIISHE B

(3) IRFEIRE SDES: FEINALRMIR L S HIEMHKHIE R

(4) BFEBYE: BIFN#HRER.

(5) RIFAEL APP: fi#vk T RTCP (¥ JE Ik I B, TFA B IR o
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2.3 ERIRAR S5 RE T IRIESS

B SR IR 55 e AL FE AR 1Y Windows Media Service. Real Networks 2 ][]
Helix Server DL &z Adobe /2] Flash Media Server 2%, {HIX SR 55 2340 & T YR A 4K
TERGE, ARETEIR E R ERRBEAT —IREITT R, BT OEAE S AR RGEHITT K S5

FEXS IR S5 4 BEAT 0T R I AERIL b, 3 A SR I T IR T IR IR IR 55 A HE S8 - 2L
A live555 Al Darwin. Darwin & B35 R I — BB R TT 2, A8k SR
Z, HIHEZR. MEK. B8, 5 Darwin M, Lives55 fCHGIR R % — Tk,
T H BEINEER . Live555 VR IEAA IRk 55 a2 5 T H A IRE R AR T T 28, (EFH C++
B 5 PR, SCFF RTSPLRTP/RTCP LA J SIP 45 @ R s vhist, BAA R4 i ml B pE 1
(7 I8 SR A A o A B A N2, A R B3R RTPIRTSP Bl BB T8 A% ko)
PATCEE M R IXNF &, ELindii T i VLC. MPlayer.

Ay, HRGEKH Livebss VENRBA RS & IT KT &, TE=EARR: —=24Mf
SRR TR A JE H i 2 R ok A e 38, 75 Live555 &K & RN —MERER
N T RIITRY-6: £ R4 i, w7 FH BT i) Sk
I 55=. Live555 Media Server X ASMEHE L 00 e A SEIBAR KT, A3 ] T S HLATTE 7%
AW

2.4 WS R=EIEN

W T ECF IR B AR R, AR TAAE A E R Oy T BRI A% ey i A2
PTG B 58, IR AAEAT IR g g f AL B, A R G H.265 MLHGw A bnvHE xR
ERIAIHEAT S AG AL BE . | T AU IS i A B2 R G RO R 8, BRIk, A4
AU B PP A 5 92K G i i RO AT E AT o B DA DAIRORAE D MRS I F) BB B A

2.4.1 MSREEN X

EE, PR AN B VR KRB AR 35 = A (SQA) AN & ML = AL
(OQA) B, Ji & & A WA & 1) R A R &, J5 38 &5 TR TS
A EAL S HCRk T E AR TR . R 2-5 Fs, PR 7 X ALE DSIS.DSCQS.
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Figure 2-5 Video quality evaluation method

1. fSREENTEMN

MRATUST £ B0 E R PPA e I P WA A, A D0 X ) ) WS DA A
[T & o W5 B VA 0 A8 FH 3 48 XUt 52752 (double stimulus continuous quality
scale, DSCQS), X TAEMME & f Bt I G AN I da i B R H MR, HWE
AR R I S b 25 H o

PRAT 5T B VPAly & ik NATTRL S AR B0 S AE R 1K 77 =X, AT DL B HE R S AT
JRELFIR, ok PR RO T N R, RS E MRARE 2, T S 32 )
THEOPIRE R Abrm e, AR S HLE (S R ARsT B PPAl e, R B
FIAEZ VT 75 B 225 T R T

2. WIREEYITFN

HAET, WA RS I AR T =M%, 2R eZH. BrsHEL ik
SHCI I BT % K 2-6 Fis:

\
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Figure 2-6 objective evaluation of video
FE SRR R I i, 42225 J7 iR R AR E RES 3R R aa AR AT 52 T, %
Gt J5 R LA BR AR AR AT o B LU, L 486 SRR G A S5 MLABURE X T SR S A A3 )
I ECE R, AR ERRFRFEBIINE. 02 RAR R F A
SERUER 7 RHIEAS ER AT RS R 5B, W REARE R B & . &5, 5%
B AN 5 FATAT SR AR AR ATE S, RO gD J5 i) 2 AR AT I S AN 50
AT RAE R AR, LIS R BT 2 AT PEAG
A T AR A S B R 58 BO i e AU ) o VA LA, HAT=2K2Z%
0593 ) 2 T 45 2 25 5 (Pixel Difference) (U 3EAT J7 1. & T 45 #) #5180 (Structural
Similarity) )34 77 72 R0 T 40 3 S8 (Visual Perception) FEREAN 773214, AR ST X6 R
AP A 7 VAT B R/ 4
(1) ETHEREFTNHE
BT TR 2 e AR B VPAN J7 v el o v B LAk A S SR A MR . [R)
MEE A ZESR, RERES MR ANZER, AWM ER Y 7% B, 1
77 7% (mean square error, MSE)FTIE{H {5 8 Lt (peak signal noise ratio, PSNR)® 2 3 H £
JZ MR, R o alina(2.1). (2.2) Fis:
MSE = ~ S, (x; — 1) (2.1)

Ci

PSNR = 10l0g;o(-5—")

Horb, x M 0 39 R BRI R 462 25 PP 2R | AME R RE, N2

(2.2)
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BB R FRINEG n 9B EREHE I B AL

(2) ETHMEUERITNTGE

BTG ARACLRE B PR 77 1% B RO AE EE U AR 2 5 MU 2R AL S5 4045
i PER A A ARLEE T AR R A R 22 5 EOREAT I oA . |k, =7
FARM TR T SR VAN Tk B e SGRInK(2.3) Frn :

SSIM(x,y) = 1(x,y)C(x, Y)S(x,Y) (2.3)
Cry) = 2 (2.4)
Cly) = 22t (2.5)
SGy) =2 (2.6)

by 10 )REME, COo )RR, SO, y)REWTT £
ZERARAAE B a0 T B 2-7 T

[ L o EERE B
B B
ik TIRE
B Bapsomigh || MERENE || RISEENS

K 2-7 Z5R AT i
Figure 2-7 Structure similarity method
BT EMARAPEAN 512 5 5 TR 3R 22 3 B0 PPN D5 VAN [A) 2 85 B v 2k A Ji
ARSI ) S5 R AR DL E R AT B B, B SR i P e PR s A AL, 35 B o e P 4%
JREAAK, FEHRAE,

2.4.2 SR ELLIR

MRYE A B2 W 5 9%, @I R A B UIE B R, e ) o R A
TR 2l B LA 14—, SR B ARSI 2 PP T 45 HE 0 2 LA 5 W2 Z TR R &R
DA FH AR5 1) 220 R P A [R) G 6 s a2k A7 G, AESBUM R ATSE &, 0 lda AN ]
(IR 26 G A S T H AR H T AT ) PSNR R SSIM B T THI ) UG 31 A 51 56 25
iR o
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IR 2-8 fiian, %3y 200kps, PSNR=25.899, SSIM=0.667. & 2-9 ffix,
fih % )y 600kbps, PSNR=31.202, SSIM=0.888.

K 2-8 it Jo i) — i & 2-9 it e i — i &
Figure2-8 A coded image Figure2-9 A coded image
K 2-10 fiion, 5%y 1000kbps, PSNR=33.673, SSIM=0.932. ~ & 2-11 iR,
DAL G A 2 1B SR AR AN A

= 4 suv )

2-10 Zwhd f5 A — il MG K 2-11 JRaa A G

Figure2-10 A coded image 2-11 Original video image

T EE 2-12. 2-13 NEASFEHIEE 50 i, B NEEANFES PSNR DL SSIM
Eb s -
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dB(4r ). i, EIEM PSNR fH—MK1E 30~40dB . [A], SSIM fHFE 0~1 Z[a]. FHE
FHERAAS], 2 PSNR 5 SSIM KIS, g% At Jo A ATGER IS I, Bk T3 h dfid
HIER GG . At U, 7T AR ] R PSNR A1 SSIM (B RACE R I B & .

2.5 KRENE
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I8 T IR R B, B R — A A AR v HEVC 2 i HE 28 DL K e P it
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E=F HBERENEMET

MEFSRE TR HRIZEkR, WaSEbRE HFHEE T, HE S Mg g
PRAEAC RS AR DRI BT B (5 B R, SREVEEMM 4R, 18155 B3 2 4F i 4h B,
B LA X SR AR A “ B AR I (Digital Campus)®”, 2 w45 B g i 115 B4k I H
M. PEESEHEIN “BruRiE” 2 HEAEESNN =R —. W
HHAR NG, WERABRMANE&M. R 153, LM REPEE, X2 “H
TR 1) — PR A% o B A A el 7 fy X ) 3 2 R AR el ) 5 L BITZE F 12 R B LA
AT S B REA 2 (R B T S A o 2 Tl O SR S gl e — A S e Tl EEL Ty U A= A
HAE N GUPRAE H 255 . HE B Ss . RTRHIE N AT T K 58 e
¥R 28 i 55 1A 2 T SR 3 1 22 4 2 Y 2%

HE RGu2 DAL R i, i WA B 1 7 Ok S BN R0, TR G2
BRSO TR BRI . RGER A E AR R el s, IR B3 A
PE R G2 K F H.264 W gmisAriE, A RGRH H.265 AL idbritE . H.265
FEXS T H.264 45 T R85 . S Fe AR 1R A L RE 77 DA R /> S IR A8 B 042 NI
M. AR & T, H.265 HA FALHEE, AT LASEIUH A 1~2Mbps H)4% ik
JEAL% T20P (43 HE R 1280%720) 8 3 i i 5 ML AL 3% .

3.1 RGHEZE

ARG REIET CIS BEABAT I, EERICRE Ekin, S LRI AR &
MR 5545 RTSP 5 242H1°T & A Ak as 4. A A% i s R A 1 IR AL A4l & — &
T Y SEEAE ML R AN AL B B0, A5 24 5 il i 28] IR 5% T A5 4 5 L S AT 1) s 4
TS a3, RTP ITWMKIE . SCIS MBI G4 il 55 45 L & RTSP 52 £ 7 & 52 i
Pom R BERS AL YESBERS (S S, S AL RE AL I 2w 2 W) iRy e Ao T RTSP 5
REHIF BN R GURE BRI Sy, FHAG A K, EEAITEHE
i e e b T A S IR IR SRS T DI RE, MR AN [R5 238 SRORAZ i) S it
PRI 5 e TAF o FRIBEAEAR R G FESCRF RTSP W TR R A v =
U0 VLC SRS B T IR A o IR S A0 I vt BEJT (8 1 X 7 sh AR S o A1 3%
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Figure 3-1 system block diagram
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Figure 3-2 Streaming Media Server Block Diagram
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AVFormatContext *pFormatCtx = avformat_alloc_context();

AVInputFormat *ifmt=av_find_input_format("vfwcap");

avformat_open_input(&pFormatCtx, 0, ifmt,NULL);
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VAR TN RSk, B SOV AR R /ISR AR T P T ke 22 PR AR PEREAT 13
RIUREE . KBRS AR T/ NP AR e, — 7 TR IR AL TE T I RE AR TR R, I fe
TEEA G RAE T 2 MG 407, (2 5 —J7 TAE B AL 5 50 235 SR 38 2 IR 8 AR

BLANA RATY 55 B0 Rk 1) i 7 R, H.264 gmfitbr it ) Ja) B B H 25 B
Ko H.264 BgmiG SR ICRAZ PSRRI, K/ANEEHE16 x 16/535% . FIL,

25



JARI KF RS

DHRRAWIE R, BN EIRERNGERERD T, MEd RS E R E TR S
R, XFEHUE R TEBMIIR, HESERDSE . LK, FHRAHHELHE
Eo PR nitm 2 PuE K, SREANFEITNER. SR 5| UL LS R &
S HABEZ R, i EE T, BBIRZERE B G B b

H.265 #fidbr#ts H.264 AL, RA DY SO 9id 7 20 i E 2R, HEM
R 73 Z RN, H.265 Bt 507 m] LAk #E B /MR8 x 8F B K )64 x 64. 1T K]
4-1 5 4-2 FioR, B3R BT X3, L G B AR (R 3 43, R o 8 R
IXFE I DX IR B IS K1) o3 1) 2 Bt LUK, T FE P s A8 A L I X3, 72 B )
NBEH A R 2 Pt i B2 o IORERUT H 12 Be 8 4% IR 22 M Al T AR 10 oK B i
9, AT e D8

K 4-1 H.264 Zwhd— i = K K 4-2 H.265 Zwhd— i 7~ = &

Figure 4-1 H.264 encoding a frame diagram Figure 4-2 H.265 encoding a frame diagram
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| av_register_all() |

!

| aviormat_alloc output context2() |

| avio_open() |

l

| av_new _stream() |

|

| avcodec find encoder() |

l

| aveodec_openl() |

]

| aviormat_write_header(} |
|

Falze

| aveodec _encode wideol() |

| Thread_encoder() | AVPacket
:

| av_write_trailer(} |
l | av_write_frame() |

| Cloze() |

4-3 FFmpeg i i
Figure 4-3 FFmpeg encoding process
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Figure 4-4 Function call diagram
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R, A RGURA H.265 gafi, W& 1libx265, %R AVCodec 145 FI A 1€ S,
LNV
AVCodec ff_libx265_encoder = {

name = "libx265";

id = AV_CODEC_ID_HEVC;
init = libx265_encode_init;
encode2 = libx265_encode_frame;
defaults = x265_defaults;

...... },
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Figure 4-5 x265 coding flow chart
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Figure 4-6 PES composition structure
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Figure 4-8 ES stream encapsulated into TS stream
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Figure 5-1 Live555 basic frame diagram
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Figure 5-2 Streaming media server flow chart
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TaskScheduler* scheduler = BasicTaskScheduler::createNew();

UsageEnvironment* env = BasicUsageEnvironment::createNew(*scheduler);
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UserAuthenticationDatabase* authDB= new UserAuthenticationDatabase ("Name");

authDB->addUserRecord ("username”, "passwd123");

(2) )3 RTSPServer 3t :

e, GBI 1 RTSPServer 38, JRikH] 1 biE) 554 F1 8554 i [

RTSPServer* rtspServer;

portNumBits rtspServerPortNum = 554;

rtspServer = DynamicRTSPServer::createNew(*env, rtspServerPortNum, authDB);

if (rtspServer == NULL)

{
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rtspServer = DynamicRTSPServer::createNew(*env,
rtspServerPortNum, authDB);
}
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ServerMediaSession Xf % & {0 F

ServerMediaSession*sm = ServerMediaSession::createNew(*env,streamName,

streamName, descriptionString);

[F B $2 it — /> ServerMediaSubSession 74 1%, B HIFE AR, © N ITK
liveFramedSource H13RHUK R A KRR 21T RTP 34, SRJ5% ServerMediaSession X
ZOINE] RTSPServer Xf g d. AR 41F Fros:

sms->addSubsession(H265VideoFileServerMediaSubsession::createNew(*env,

inputFileName,reuseFirstSource));
rtspServer->addServerMediaSession(sms);

7E RTSPServer Y 23k F % F i (17 SETUP 7 ST, At 2 FIR 750 7 v b i 25040

EEHET, B, SR . EIRST AR B #E IR P i) PLAY 15K,
FH6 5 3 RTP Bd A 4 o
4. HANKIEIALIEE M4
env->taskScheduler().doEventLoop();
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doEventLoop()J& T SEH, — HFE AT AR AR ERF . MR
IBFHAFRI AR, S AR S I AL PE R BOR AL PRAR B AT 55 - RTSP Ik 554 9 EIH A
i ITAH N, RTSP 2> iG ML RTP f&4%i, Shr i F BasicTaskScheduler ] SingleStep()
PRAIOR S o

MG doEventLoop ()4 W IAS 7 7 i A R (B2 K, RTSPServer X4
TRAFE R FE AR 2 o KT 2 527 clientSocket, 2858 X AN BT 5N K
PRS2 P ol AS o BN SR A RTP 21, I BN Im ) RTSP 15K
BUE R E K RTP 218, G 2R BRI 3 (1) RTSP 215 1 = 128 . RTSP
%% createNewClientConnection() i £ £ i — 1~ RTSPClientConnect X} 5 kR A7
BRI, LUEE RE 5 RTSP 25 P i 5 . KL T 42 createNewClientConnection()
PR )

RTSPServer::createNewClientConnection(int clientSocket, struct

sockaddr_in clientAddr);
return new RTSPClientConnection(*this, clientSocket, clientAddr);

RTSPClientConnection X} G ZE i 3| RTSP %% /7 it & R A [FH B 5, 566 RTSP 14
SR, AREEE N RAARR TR Rk . #2105 H] DESCRIBE HE /G, &
M 72 7 S ) RTSP itk 38k P 4% 8 e) SETUP WSRIH RN, 73 28 il
R HEIE] PLAY I, JTIRREEAARSE K, Sink 22 A\ Source 5 - BUCEUE T 4R % &
i) TEARDOWN 1 2 )5, KM 15 1IEF K AF . doEventLoop() LEAEU1
K] 5-3 Pron:
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doEventloop()

RTSPServerps TS ocketig

i&3F fHandlers T —{1 &

! BIRBRTSPClientConnect 118

RIBE R EE R
RTSPClientConnection? 18 #MERTSPIE

il Bl andler=rp « $51EHE
B S FiRFIRTSPiEFE

5-3 doEventLoop() LYE 4 Kl
Figure 5-3 doEventLoop() Workflow diagram

522 RTSP %x H

RHE RGCR M RTSP P % i 22 TE B AR SR T, SEh i i il
T CIS HEAUAE A, BAR G AR, R 5 57 SEUESE  JR LA R 1554 . RTSP
WS HTTP P — R T SO, TSR AE T RTSP 2 — M i, Ik
5528 A BN 0 W W 25 P i o SR RTSP S L, T LU J9 %% F s ) RT3 o
1% RTSP VH &, AR ATER £ 3 B T DLAE IR 95 25 32 R 1 I 55 4 i AR O RTSPVH B
o IBCR F v 5 R 5% 25 58 L HE I ol I & P i 1] I A IR 45 28 K% ) OPTION
DESCRIBE. SETUP. PLAY. PAUSE. TEARDOWN Zif R ok 1748 B % e,

TR ELAE SRR R

T PRATL b A ity ) 0 A AR 25 8 R A BE A TIEAS IR, , BN TE B LA B 476 1) T iy 1 5 o

2. FBIRAR U R AR 55 8% & OPTION 13K, “5f5AR 45 o i [al B, 753
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TR R 55 2 BEWS SR L TV

3. VBRI S AU R P o R R I¥) DESCRIBE 13K 5, 2R X #E s 25 /- oii
BEAT P NE, B AUEARSS 2 S5, AR S5 1R 2 P S ilR el 2 AR 45 A2, A PTE R
IR AARR S BRI, BRI ek A . i RIE I A E, R [ R S B9
2 K

4. 3BT R A R 45 % ik SETUP 13K, SRR R 2 7 vy s B8 5 U 1t
AR S5 A LR TE R, BRI IR S B =i B m k. RN R & 3k s 2 ) i
FUBBEAR AR 55 3 (1) 2 T AU AR 55 i 2RI AR S (=18, SIEA A LR B
AT A AR AR & I P kA S 115 S o ik B ME— PR il 5 45

5. ULBEAANR ST A5 B Nk U 7 g, 1S SRS

6. IR IAIE PLAY B3R, BRI 55 R ok E AU A% i R DU g e
REBIFARLI Session X NFKFEBCmBEAT BAE, JFREHIRGAMERIEL, W RTP
R AT DL TR A .

7. BEHEBCE P  a EAR R 55 A K% TEARDOWN 53K, SORIZ R4 R A
7 v ROE R, SRR A BB

5.3 MRk R

5.3.1 REEMAIZIL

fE Live555 11, MediaSource J& T8, T Source Z5#RVRE H MediaSource 2§,
a8 I % AR AR S SLIRT B PR AR R T L A% DA R A G i R B SR . Ho
FramedSource 5t 2 JR4: H MediaSource, H H P # & X —~ & 8% doGetNextFrame(),
TR 728 & 5 25 b ek HOR SEILR BRI SR B . R GtiEid 4k 7k FramedSource 28
H € X —A liveFramedSource 25 K 3K BUEE I -

24 Sink LM Source SL R B HE IR, BB HIEH A doGetNextFrame()
KRS I 20405 , 44 3R A5 (1) B0 [R) 42 4% 33 2] Sink 122 1 X ¢ 5 1 FH FramedSource ::
afterGetting() bR 58 &1 Sink B idEAT AL . SEAF R IR, SR J5 B PackFrame() ek 53k
17 RTP TR Rk 25 . HymfE R an T & 5-4 FioR:
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5]z i " .
doGetNoneFrame o EHEE o ENEHRE
5 .

Source C: Sink ﬂ—\mﬁ afterGetting()

PackFrame()

5-4 JBAR UL B

Figure 5-4 Streaming Media Receive Flowchart

532 REAEITEE XX

BTSSR I AR 5 28 0% SETUP R SCI, H/RTi Bk iR %5 55 5
% P AL DL E RTP BALEEHma, fEA RS h BN ] UDP 144577
o BT IR ST AU B I AS 25 7 i AR ) SETUP 153K )G, IRST @ Qi 72
i, Tl X H I EEEYR Source A1 RTPSink. RTP %d (o (&4 T 5 T8l
F 3 [ R 5% 2% 3% play 53R 2 )5, 4524 Source Rl B HE I, Btk I%4: RTPSink. &
25 8 4 iE R B 3 B8 3 startPlaying() ,  startPlaying() B8 2t i 5 1 FH BR
continuePlaying(), %% V3T 8% buildAndSendPacket() ¥ & 1F RTP i3k, 4RJ51M
FHiiE 25 B8 5 packFrame(), ki 1 afterGettingFramel() ek ZUAL B AT M) 20, B
Wi sendPacketlfNecessary() K 32 1F s2Hl RTP AL 4 . BARRARM T .

1. startPlaying()

25 P A% Play &R, ARSS 283w <A handleCmd_Play() J7 i i Mg oK
startPlaying() /7 ¥ /& /& handleCmd_Play()p& £ b 47 A, skl RTP HI4E %
RECRL ML ¥ A 1 source YR, PAE ML AR R B . KA

MediaSink::startPlaying(MediaSource& source,afterPlayingFunc* afterFunc,

void* afterClientData)

return continuePlaying();
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}
2. continuePlaying()

MultiFramedRTPSink::continuePlaying()
{
buildAndSendPacket(True);
return True;
}
WA 5 2k B startPlaying ()i [7] & XAE MediaSink 2 7 {145 5 % %5 continuePlaying() »
I RO fE FF oE M OB AR sink 7R RS Hl, MR 4G 2l H
H2640r5VideoRTPSink::continuePlaying() B AT 45 ok O AL B,  HACHS I R
Boolean H2640r5VideoRTPSink::continuePlaying()

{
if (fOurFragmenter == NULL)
fOurFragmenter = new H264or5Fragmenter(fHNumber, envir(), fSource,
OutPacketBuffer::maxSize,ourMaxPacketSize() - 12);
return MultiFramedRTPSink::continuePlaying();
}

ZERE e T AN B 2E H2640r5Fragmenter, 3157 RTP & T1E.
continuePlaying() B £ B /] MultiFramedTPSink 2%/ buildAndSendPacket() B8 %%,
MultiFramed TPSink /& 5 Mif 5C K, ‘BRI source FRAG — i Hed . HAD AT -

Boolean MultiFramedRTPSink::continuePlaying()

{

buildAndSendPacket(True);
return True;

}

3. buildAndSendPacket()

H RS 1, buildAndSendPacket() % £ 58 4= B 4% continuePlaying() i £k 5¢
RS RTP HIFT B 5 K8 TAE, ERHIBE NS BRI NE W, PAHSREAT 5 2:
AR AL TAEM . buildAndSendPacket() A CHD 41 T .
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MultiFramedRTPSink::buildAndSendPacket(Boolean isFirstPacket)
{
nextTask() = NULL;
fIsFirstPacket = isFirstPacket;
unsigned rtpHdr = 0x80000000;
rtpHdr |= (FRTPPayloadType<<16);
rtpHdr |= fSeqNo;
packFrame();
}
U SRS 5 — WA Tt LA I TR R D9 AR IS 8], R 3H 78 RTP Ak s i &
T RTP GKIIRA S FRolT . TSR L& SSRC 4415 5., TlE 1 i A BATbR S A7
AL E, EATE TS B doSpecialFramehandling() B8 H0K 58 B
4. packFrame(). getNextFrame()
packFrame()H T35 78 H IEFIERE . e ZRAS
MultiFramedRTPSink::packFrame()

{
if (fOutBuf->haveOverflowData())
{
afterGettingFramel(frameSize, 0, presentationTime,
durationinMicroseconds);
Jelse
{
if (fSource == NULL) return;
fSource->getNextFrame(fOutBuf->curPtr();
fOutBuf->totalBytesAvailable();
afterGettingFrame, this, ourHandleClosure, this);
}
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}
AW E TR buffer B2 54 FF IMWUEEE, O — MUTTREE A T —

i, A0SR A PR T A, IR afterGettingFrame () of i ) A8 HH I R B .
R W5 source B s, 1 getNextFrame() 2= BB

5. afterGettingFramel()

afterGettingFramel() B& i £ 57 B RSB 7508, IR — Wi 2 A R, Bia Rk
AT R LR, IR AT AiEdE 1, IF HAREE FX AN Ao T
HLEATRT AT W DR A7, e M o H SERB i AA 2/D8dls nl AT 224 ir tu s,
I HATH T EAEAF Dy overflow HdatRAr, XA H— L8 i 2Ud 7 R IR AL 2 .
(W ETIN

MultiFramedRTPSink::afterGettingFramel()

{

if (numFrameBytesToUse == 0 && frameSize > 0)
sendPacketIfNecessary();

¥

6. sendPacketlfNecessary()

MultiFramedRTPSink::sendPacketIfNecessary()

{
fRTPInterface.sendPacket(fOutBuf->packet(), fOutBuf->curPacketSize());
nextTask() =envir().taskScheduler().scheduleDelayedTask(uSecondsToGo,
(Task Func*)sendNext,this);
}

U5 packet TG HdE U E ] FRTPInterface.sendPacket ()& i% RTP 41, il & kKi%
RTP 07 75 B () & I& I TR], 48 MultiFramedRTPSink::sendNext() /£ A—> DelayTask #s
%] TaskScheduler (T8, AE v —ANERTFHARE, FRIXTEHHT RTP I A4
ZRIET —ARTP AL, PLJ/NERZE, (RIEKISEZF R, RTP 3765 K%M
AL E 5-5
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MediaSink- startPlaying )
comtiunePlaying()
*  buildAndSendPacket()
packFrame()
=
L
r ETHHIE S
= L
& 2
ﬁ ¥
=] afterGettingFramel()  |¢ getNextFrame()

sendPacketNecessary()

5-5 RTP T4 5 &1L MR Bl
Figure 5-5 RTP package and send the flow chart

5.4 REING

REVEMAI A TR S A 003, E A 1 IR IR 55 s 74 2 1 R 20
FE, SRJEI4H RTSP WM B3, PRI RR0R - v IR 55 43 1Y) RTSP R S
PRI BB DL R SR A 5 AR B B
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FBARE RGN

LLEZT T RGBT AR I AL AR, A FE X RGBT AT
I e I REINR, 550 R G D e I 45 kAT 4 A

6.1 RGEHVRBEIIME

KR GR M VS2010 #EATFF R, LA VLC FFIEABBERE N RTSP W25 5 It 7% il
AR AT M

TEOFBCE : P AR ik AR B0 A, IR R BUZ AL B ES, F4 1GHz,
WA 4GB, #1E R4ty windows10, MK AER H LA B A7 1) 720P FA8 kR A 112
Ao 55 s i 2 K AR 2B 0 A, DRARF R XU AL PR 2%, 00 2.1GHz, W17 4GB,
A 2588 windows10 A .

6.2 MSNZRAL RE 1A
6.2.1 PSNR &R L3R

KRHE RG K H.265 WG IThruE, KA LTI AR E T bR 6] 22
i H.265 4afith f5 (AA LA K B T F IR B RGATR A I H.264 brifEgmhd Ja AT
AT L E VA

N T E SR BRI, A UGTA R R GAITR A 1 A A e AN AT
iy, T 2 E R ARAELE T P A B o 3 3 0 P A Sk R DY BERAT (A7 A
AR, SRJEFRIF YUV SRR RS 1 I B YUV AUSRET D) o [R] 1) 100 Mg, K Y
B AT dw 5 A 1. R4 2 R4 3 UL A 4. SR JE I F FFmpeg i A 1ibx265
A1 libx264 3 5%t DY BAR A AT dmf, HHT x265 A1 x264 & J& T RIVEgmidds, Pt
FFmpeg M libx265 F1 libx264 fEERINZET HIgm s R & vz, Bl HEVC [A)
H.264 [ELER, RATERAEIRINSE, BRVYCERE TS IFEAT LLBL. WA Bl Aoy 7l
FZRGEON IM 2 6M AT S5, X5 THE I B M) PSNR . T & 6-1. 6-2. 6-3.
6-4 43 5l Ay VU BORSIUT S TEAS [T 2% 1) PSNR EL#%
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—0—H.264 —m—H.265 —o—H.264 —m—H.265
41 40
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39
39
o 38 ./././././. % -
z ¥ T 37
& 36 &
& 35 o 36
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33
32 34
1M 2M 3M 4M 5M 6M M 2M 3M 4M 5M 6M
T % /Mbps fi % /Mbps
K] 6-1 #%1 1PSNR LL# K] 6-2 /751 2 PSNR b5

Figure 6-1 Sequence 1PSNR comparison Figure 6-2 Sequence 2PSNR comparison

—&—H.264 —@—H.265 ——H.264 —@—H.265

IS
N
N
=

w
N

PSNR/dB
w o ow s
o o O
PSNR/dB
w oW oW oW N
o I ®© © o

w
N
w
N

1M 2M 3M 4M  5M 6M 1M 2M  3M 4M  5M  6M
1% %% /Mbps fi%%/Mbps
6-3 J7%1 3PSNR Lt &l 6-4 J7°41) 4PSNR b4

Figure 6-3 Sequence 3PSNR comparison Figure 6-4 Sequence 4PSNR comparison

6.2.2 MR ELIRER

TEPL B, H.264 DIZmiSh 2 5M Sk, i85 & i) PL_E % B H.265 BT PSNR
fl, f£326-1 F1%H .
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% 6-1 H.265 5 H.264PSNR L%
Table 6-1 Comparison of H.265 and H.264PSNR

M7 H.265 T i H.264 i RS K
FF31 1 3.9M 5M 22%
FF%1) 2 3.7M 5M 26%
FF31 3 3.2M 5M 34%
FF%1 4 3.6M 5M 28%

M FRER R E 1, fEMAHFEIR PSNR T, BUAHFEFIMAR & T, H.265 5% T
B2 20%-35% A A o SR AYCIRIE — & H R5ER, A —E R, (HEEMER
R FR SR H.265 WA S ARAELL H 50K H.264 MRS 5 b5 HE (11 2% BL I RS IERY
FEHAYAE.

6.3 IhgeMizt

6.3.1 BRS5EF4E &M

B, SRR IR g Thae gt AT I, MK 2 A gAY 5 1 H.265 k. &
ARG, TR AR S5 SR BE FH P AR A2 RR, SN P s I g4 B 1 >R skt
T 6-5 frs:

" stream, from the file ”

K] 6-5 ZEAR B iRiE KL
Figure 6-5 Media Live Request Address
I VLC Hfis 8 377 RTSP /2% 5 3 it 07 s IE I ) Bl 1 SR B4k
AT SER IR el 6-6 B
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& FTFHEE

[¥] 3otk () 2 ED 5 P () E #@ieE o
P8 B
154 FEE URL:

BhA4/ h265E5VidecTest”

http: S, example. comdstream. avi

rtp: /@ 1234

mms: S /mms. examples. com/stream. asx

rtep: ffzerver. example. org: 8080/ test, adp
http: S yourtube, comfwatchh=gzfidx

[] BrE£%Eman

ERE v EEC

Kl 6-6 RTSP 2% it
Figure 6-6 RTSP network streaming
% i N RTSP B-SCGRE Ot L J5 , 1) R 55 #518 SK S ARBEICHE , I 5545 UL AT
i 2 BRI 2R AT SR 3R T8, 20 B 6-7 Fios:
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1 rtsp://192.168.233.1:8554/h265ESVideoTest - VLC media player

BAM) #RL) BFEA) V) FEO T8O WA #FEEH)
~

00:04 () 00:00

P e mm m = o el
K 6-7 HLAELRR A
Figure 6-7 video live interface
B i 55 2 S e S MR I VILC 7 TS 7 T A0 o, KA SR
R, WK RS54 BENS I W H O3 R 8, mefig 1% Tk .

6.3.2 EBMIR

ARG G, SRR S SR T SR RR, DR P A IR BARE SR
Hudik, FFaid VLC #EBCE @I +1 IF RTSP W 2% 83 i 1 77 2K, 1 SREA IR BEAT S #58C
v A\ RTSP PR Ot Ja 17 A 55 48R SR SE I AU » IR 55 45 JUL M s 152
B FBEAT SERR TR 407 ] 6-8 i
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= rtsp://192.168.233.1/live - VLC media player

wmARM) #wRQL) SRA) WAV FRO IRQ RE@D FEHH)

00:54 ’ 00:00

W w5 S
4] 6-8 WL L% 7 Il
Figure 6-8 video live interface
W B, AR SR SR R A I IS iy, 2 Ja#E4T TS B3k,
RTP L MBI IRS K, RIEEIT VLC FRBES R M55 4% Bes 58 45 S
B RMBB R A8 BRI ThRe, B RGN IEH 81T,

6.4 ZAGATIENR

TERNANE R RS, RABERNHEBEN RGN EERHMES . X B REBEK
DA 22 G0 ) B4 S I AT Ak 11
6.4.1 BRS5e4E A LR

ARG Livesss N RGUIRST s, PLRAET 5T U0 R UL RARIERS, 4%
NESCHR[48] R F R 5 92000 R 55 2 e A RO I SE BEAT Al U0 B, 72— & i _EFR O
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BRI et ik 55 g e A, AR Ty — & S AR B ISCAS ld SEN RTSP i hb 40X BAR
W D91 SEINAER AL THIR ST SR A AE , X [A] — BOM AL FE 0L e K B 10 IR, AR
)R 10 ADREAT — kA, 105 2 AT 2] A% e 7 i A0 57— S 47 TSR (0 AL AR TSR [
S5 RAF R S5 S e RAERTAE 1s AN, BES T i 2K

6.4.2 ARG EBULAT

N TR RGN e R ERS BEAT AT, S AE A B AR v R A v I 8 B D 3R 8]
PR R B HETBCT I 25 BI 1), P AE P i [ IR s [R] — I 220 I 45 T s
Ifa], JFREAT EEXS Y RGRERS . i TR AR A N F S8R, 20 fF
FERZE, PR F 2 2H AR R S/ AR 22 o EZRHEAT 1 10 Ak, ks
RN 6-2 fIon:

K 6-2 ZEFE
Table 6-2 Delay test

M IREL EAE | R P S IR Hf ] S2E P
1 01:10.20 01:07.69 2.51s
2 02:19.53 02:16.45 3.08s
3 03:22.45 03:20.04 2.41s
4 05:09.09 05:06.85 2.24s
5 06:40.18 06:38.21 1.97s
6 07:21.91 07:19.42 2.49s
7 09:05.18 09:02.66 2.52s
8 10:32.43 10:29.63 2.8s
9 12:40.56 12:38.12 2.44s
10 14:26.42 14:24.03 2.39s

P EHE RS 2.485s

1 LB fa] IR B, AR I BE R AR A SEIUR AR i, IR IR 55 2 S2 3
il BORBARSCIR R TIRE, BAHEE RGREW LT IsEE, T ST, AR
O RGERIA T, ~FIYIERSJy 2.485s. ESCHR[49] ELAR RGER M H.264 HLHgw
PbRHE, JEXF H.264 FIREATILAL, Ll R G T-2IRER Dy 2,168, £E LLELSEAR A1
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TEAELRE A PC A R S N IR DI PA B  , 2-3s (RSE IR 52 AT LA 32 1

HI AN NI R O P A ) DA R 52 R 2 1 LRI, AR BRI LR, B
X R BIAZE RGR M H.265 ifbriE, SIAEMER BT, {H H.265 4
LI 5 T LB H.264 ifidbritE, R A R iitt. AR
T3 IS TR BRITCVE NS F AR ) G A I TR LA DEA 10 H AR LA AN RTCP ARBR%
R YA o B AT S LA R 2R G A FE A R

6.5 KRE/NES

AT E I H T IIEE RGBT MR LR RS, X9t Ja B
WY, ZJRIBIT ARG, U AR R i A AR A 55 4 2EAT TRt L K et
SEAGTE, IS RBAT ot AEM ARG A AT

54



e e

AT HT H.265 FIHE RGNS LU RE, AR A% 2 7 o ) 3
TS FE LA KR Livess5 IR R SRR A4 IR 55 4% o WIAR b A% vl ok To kB N
2%, A EAG SR BT Sl . 3T QIR IE BT R 55 28, T4 IR %5 25
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2. SEERGTRSNRILN, B RGEREAERTHER], F555 50 &AL G 5
BEAT T f SR o

3. W IFSRBIAA B P, B, SRABHES S AR R &R, IFRIH
FFmpeg FEX R A ARSIEAT H.265 dnfd b B, ff5 Se8ixf H.265 Ryt TS #4.

4. FRAE RS BRI AE R, Ik A RTSP HhUEMIEE ML, SRS 48 5
PG B SRS L, 56 BRI BTG K o AR AR TS A8 v ) I A AR 5
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BT E RGHA — 2 WS, A2 &EdulE, BkaiimT.

L TR, BERAR K2 5, X i iR 55 25 v 10 51 4 RE 71 1
SRR IR . ASTE FE b T IR F b B, A X RS i A 22 DL S et kAT AL
59 R, J58neR BT R = I R IR S B AT T R
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