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Abstract

Design and Implementation of Low Latency

Video Monitor System based on

H. 264 and H. 265

Abstract

Recent years have seen the great impact of Internet technology,
and streaming media applications have been rapidly promoted and
popularized. Meanwhile, the streaming media system with video monitor
as the core of demand has also received extensive attention and
applications. Users want to use different devices to watch video
surveillance in any environment, including locations, homes,
workplaces, and social venues. Thus, how to send high bit rate video
images under low delay becomes the frontier and challenge for the
development of video surveillance technology. Till now, we use
traditional streaming live broadcast architecture to tackle the problem.
However, the architecture has a high latency for video transmission
and does not meet the low latency basic requirements of video
surveillance systems. We, therefore, find that it is very necessary to
propose a new video monitor system architecture that allows it to have
both high bitrate and low latency. On the basis of high concurrency,
this paper proposes and implements a novel low—latency video monitor
system based on H. 264 and H. 265. The system includes multiple modules
such as server and client. Through this system, the user can watch the
real-time video stream of most cameras supporting the RTSP protocol on
the market with low latency from different platforms. The main

contributions of this article are shown as follows:

1. Introduced the core technology of streaming media technology

and digital video surveillance technology. By comparing and

11



Abstract

combining the advantages of both, a new video surveillance
system architecture method was proposed, taking into account
the characteristics of high concurrency in streaming media
systems. The low latency characteristics of video surveillance
systems.

2. According to the proposed architecture scheme, a complete video
surveillance system is studied and implemented. The system
consists of multiple sub—modules, including video server,
mobile client, desktop client, video streamer and database
middleware. This article will design and implement the system
modules one by one.

3. Based on the architecture, this paper studies a variety of
special data structures and algorithms that meet the
requirements and adds them to the system. The research contents
include: Studying the key parts of H.264 and H.265 in low—
latency video transmission, such as: Improved frame header
judgment algorithm; Improved RingBuffer data structure;
Exploring the impact of key frame buffer number on video low
latency; Improve the Livebb5 open source library code and so
on.

4. To verify and evaluate the system proposed in this paper, a
test environment was implemented. The test results show that

the system meets the low latency evaluation criteria.

Keywords: real-time monitoring system, multimedia, low latency, live

streaming

111



PPN e VAT

B3 it

LIFREEREX

HAT, BB THSAL B S BAR A AN W 5 fie LA 190 2% A% A e 5 1) AN I 484 00
WP 1% R G IEAEE R e . H5 2 NOARZE, BEE AT 2 e VE R 2RI
P S 2GR IZETE T AR SR ARk 7 ROk ey, L R Y R
BSRIER)™, A ST 12 2R Golin i e il R e P sk e

AR 2 AR IEAE H 2K, AN 1-1, 2017 4F B [E AL Bk
ATV BI ek 5 JAT AT, 2017 SR AR 3. 92424, EEHR 2016 FEHE K T 26. 5%,
2019 4TI 4. 9512, [FIRSELR ELABH AR H R . H EARAIA T VAR R
H5HAN, @& 1-2, 2017 F 2o E A0 AT M AT 7ok o 1 EcE o
2017 FEIRATAT ML AU BSE BK AT 2000 12, #2016 AFIGK 13%, FEFIHLE 2019
SRS 2500 12

2015-2019 PEHELEBBFAERTITN (12ZA )

3

2

1 |:| I

0 S
2015

2016 2017 2018 2019

B 1-1 2017 5 bS50 o AR 28 B AT M0 A S K Tt

2015-2019 FEISTSEF-RIIHIERITN(Z7T )

2500

2000

1500

1000

500
0 SR

2015 2016 2017 2018 2019

B 1-2 2017 4 rp A 4% il 17 37 S B 39000

FELLE IR A G S MBI 12 R ST 18] KO 2L AN (R, {ELAS mT DU L AL A 4%
REGLP] T =AY 2R RBEIEAR, R ARIITE 1 A iR

1



PPN e VAT

S A ARSI AN, AU DA UL 5 3R () Al F B8R 47 A% A, JF eh 2 ) ALt
(RCEDYSE

5 A R IR, AL LIAEL 5 2R A TRk e EAT 1, et 22 S A
FALEEE AL AR AL (DVR) BEAT HCF AL B S5 774

5 = A B IR, AL S B 15 CR 4R e 46 At I RIS B 745 5, JFRAK
2O, BT E BRIE A TCP/ TP WX, SR PR S SR S AAE I L 1)
% % 2 P AR, R IR BEAE R L X 2% R 40 (R0 7) FE R A SR L, SRS A
WIE RGN . A0k, RIS IIRE. BRAMRE . 148, IR S5 T im i
6 S T PR i L D 2 AT AR R T AR [ & b BT AR
il o UTARSR DAMUARUR 32 5 RO IR AR R G B 3 T T2 MR . Bz
et FERPEUENRGE" . o TR RAN S, WA RIR
eI ST NBL R S5 IO IE , e N BEA IR SRR voe 1 HAL97
17 =N VPAN AR A AT R B E2 BAR Web ARSS SRV ARMEZ —, FTLAEEHT
Btk AR, PRI RS SRR RS PR 2B 2 R
BORY . GRS, B RS R H AR A, R RIEREE,
NEVENRIIREE . SO AT — R IR R G, 4 RGN B A
BT S, JER A OB EORBEAT TIRA M. RS G B, IR ®E. 12
A7l A, AR AR 4 P R I i U % R SR B T AT SR
R, BAMRIF s AL SR ARATIAM R C/ S BEMxt RauidtiT it IR
MRBAAEAR, @id IP ZHEEOR, RTP / RTCP SERHARIA A IR 20 o

MPEHRRSE — ENMSERERS

ZER) (ms) ~2000 <300
S R SEIIMN R Y RTMP, RTSP
HTTP-FLV
eSS & %
Codec h.264,h.265 h.264,h.265

13 FE L% B3R A 5 A0 47 2 Je 2 %ot EE &

Do



PPN e VAT

MH A E AR FCBCROR S, AU 4% R 48 2 2200 iR AN AL 4% R
4, SO RGMB R RS . A H AT B IR H R
FITFIEAL AT 7% R GE I SEIL, BT AR TR SCHIT FUAR A IR FR T F A A0 47 ) S 3
RIFEAH RN HAELERASRN OB TRE, TR, &
P ERNTR, HEEBEZ T Sir WA IR . (o TR Em2RA LK
BRI, A LA 2R Gt 58 I BT IR AR IR 1) 755K, TR SE IR 5 DR AL A
WIE ARG S EE . WA RIS LW 1-3 Pron, AXEEL S
FE 28 B 2 GL 0 T 1) I R A 3 DL R AR SR AL AR e 2R (R AIRSE R L34, 3R
FESEBL—RE I RIE N MR 32 R 8, FFREBNEI

1. 2 BFFIR
H A7 A T O 12 R G 50 LA R LA 7T -
1. NP 2 5

W R E I K, WIS R e E s e, RUE, DUERK
RV P2 RGN I FANTE & S RE M, BT LA H A 8 e 5 AN S
WA RIS TR L

H

SCHR™ SR T S8 i35 18E+0VO712 J5 28, et ISl 1 Jo Lk N 4% i i it
BRG. HT B/S 40, ML B E RN 54 Boa, ST & P i Web 1y
o SCHRBETE T — R T ARM ORI 1 R G, AR RS FIIUE
A At P RS AE 5 N, AR A AR i 545l SCER O TE OMAP SF &k
18 Gstreamer ZHEAANELE, SEILT —ANMEMBUCREE . WIS FIRLSIAL Har K] C
/S GRS TIRE R GE . SCHR T ER Y T — R RN Linux S FEAR ST 4%
ARG . RGUMRAI Linux FIEHIE S3C2440 NiZOF &, BT AT G4
37 Web Al 55 #% Boa FIMEARUR 55 4%, FIHIFET TCP / IP 1) socket Z/e S 45 18
15, B USB $RAG kKA 1) UG Has E AT e 4 38 1o 19X 28 4% Hin A 12 B IR0 IR 55 2%
P e SCHRTHRH T —Fh L ARMO AR HEEE A TF R BEAEF G AR Linux R4
AT R IR BE R 7%, R R 2e301 B A5 Sk A A 9T AT o R 4, I
TCP/IP P ARSI 4585 o SCHR ™ BTS2 T — AN N2 099 25 R AT ik
RS, IR A IR AR AR 25 2%, a8t P9 A SR A 1 2 AR 4 R B



PPN e VAT

IR, Zeidgmith . B%e. FTEJS M2 W B BT SeRt R4, fETHENL g IT R
F 3, E W9 2% b B SOROHE S5 AR R 4 AT B R, DA SEIL S AU W 1 E
SCRRT AT IR 4% R GETE B RS R S I DA BN S R B 3 R
18 10 W R, B R RN ST 42t R 7 58 o SCRR R — R R R NS Linux )
TEMIE R G B RGEH 120 LA N RN & 1) sz i fz, F 5
5 5 THI PR A« e —, e BRI T o L, IR AR AR . SR E RN
7 Linux ) ARMO P& b S2E 00 28 WA R 428, 3 22 58 U 2 IR 55 2% 3 P #5340 3 1)
R

HF AU REETFHL LM ARBIRE, ST Android MTFURES
Y, ERGHMFEZ ERIFTTFRMBRIE RS . ARG IR T KM
Android J8 H TR o R 24

2. RAMEETFMBUR 1% R 5

i 5 R Y DA B ELBR P+ 1) R R 538 B, ST AR S T N —A
R, Fir AW FOR AL 35 R G0 IUE I R B BR A WG & R 7 e
Z

SCHRTER T ARG B BRI RS, RGAZO LA ARMLL %
LR S3C6410 A AE Tk 2% GSM/GPRS HEBR M10 AJEmt . SR HEHE [ % 2
HoG TR WAL, 70 18 RSN A B AR 15 RGN 2K, #2
T 511 AR AR, a4 R AR % 0 R TR, JF
BT TRRSEELR, N E MR 2. Sk R T LINX 5
H. 264 ()2 RS RGFAT T L ZH IR

ARG, WEANTEAE, EEBLAHEARKH
EH AR R A R B EANAIRNE R, BRE
SRV, AR — Sk e 3 Ok U AR 5L

meE, AAEit
=

=
BREME R G R

SCHR R —FhEE T DM6437 (¥R BERUAR I # R Ge My . TEFRMGAL ST
IRJ7H, R ViBe S AR R TSR — it PR S ABUR 5 T [ WL SROeS AT A5 78 B 11 8
R - A% e R A SR RN ZR AN BB BL, St — Mk TR A 123 H
PRASTIN VR DR m A I ROR . SCIR ™ B T — B TR AR AR IR BE AL



PPN e VAT

W% R G, WG SERR R 2, FEIR AT & L& BB AL RS AL S BR ER TLD 5%,
SCHL T XS B B IS s UL B BOE A FIRTATTIE . JRas KR R
W2 P IE A R BRIA B 95% LA Lo SCHR™ SRt T — PR AT 2 o 1) 2% A S AT
HNRANTTE TCanny—ABC-SVM. 15535 AL I % o SR S AT N IRHE, SR A it
Canny S5 %F EURHEAT 1A GA N ; 3 i 4 BRI AN HEARFAE , - R AL 1) 2
AN TR SRR I AL b A7 2 5], M AT 0 28k . SR ™ it 7 2
F Hadoop M AT 6 RS, BidX Hadoop BARMIBIFT, 5 XN AR
SR RERE . b N H AR AT M AR BT, A 2 M RS 7 A BRI R 4R
R PR AT TSR W IREED TGS, N a R iRREN =

1A 5%
Wiz,

[ A1 F 7 s T BEAE S AT 5 A R REAL AU 8

ST T AR 3 AR R B B S IR RGN AT AT IS R, BAE
PR L m ARG DL 32 o TriB A N3 T T H W AR s i H T
IS E P HATHT . RS SRS H 22 5H it —HaENE =R
R0 AT ASEILA H AR SS o 10U N =AP0R, Ra S AR B B R 2R i35 3 -
(D /FWES), (2 FRFES, (3 LIRFED). (A B H AL
WO ALAFAL ) B SIS L3R GER AT X0 T RS2 538 B TEA

SCER™ S T 1w s PR R R AR B . B ELRE S
5 BRI B d I TR HDOE AR SR X 225 BB R m . 8 TR E
ZRPERMANER AL, $R Y 17 3 TR 7592 1) B0 S € 22 ) (R 25 2 e 4 R0

HRSN BT M R R S I R G B B PHS (MATF
i R4 FR PDA (P ASEEIF) o KIEIBEET PC Mo 2%,
FLEIE TSDN-TA EH: 3| ISDN £Ris. SLEL 7 AHNLIERE, G REAHALIE HI R = 2 HE
PR Thae

SCHRET R — TR R S R G, BT 51500 NJsigE). 7E
ARG, BB FIIREE LS T O T R AL A1 R
BNV H =AM =TS, WP ERHPIANRFE: B SRR AT 50 7R 3
AR 25— P RS RIS R, 1028 R 2 S RS Al R 3t ik



PPN e VAT

SCHER R AN 2 BB S RS . AR B =AM B K,
R ARG AN BURHE 2 YR S B R, DA ROR R] S AL AT 32
BRI . FoRWr Bod 2 R IR AR, IS IS s FHAE 0 S, AEFTAR
FEIHIE. &5, RAFrBOC FEE R A RS AR

1.3 WX FEHRAE

ARILEERWS BT G NREN S R 5. SR EEIN
REZ, WBFEMEZIR. RSS2 IR 55 SRR B REZ I TP %k,
eSS, EUrAUSIUIR 55 # O AdE , 5 HLAR P AN [R] A A AL e K IR A 7 3K
R BE 45 OUUR 55455 - B 5 WEAIUIR 55 4 R 1 S Bt B e 4 v T332 RS Bl ik %
R T B 9 S S S i A KT s AR 55 A A N BT — R IR 5 IR e . ARG
e EZ MR

L WF I SEIL SRR 2 P A s 32 i 55 35 . JIRZ(EFFFEE libevent
B BT epoll B icop ZEMHE R, 2RMAIMEH c++11 W5, I
DB

2. WUE TSI SCRF B 2 M A AL s 2 25 P i A% Do B, R AE 1in-
ux, windows, mac osx, android V- & SEHL A WA % .

3. WIT IR T AR 5% P, JRFE windows, android ¥ IIA &
3, RoRA P UEE Rk,

4. VTSI AT HEE 2 A0 A R 5 2 (IR 2

I, ASCH 5 BT LR 2R

1. H.264 5 H. 265 PURIERASPE: RGAEWPMCH TCP B, A WAL
#3000 H. 264 BCH. 265, BT LT ZERE A H. 264 5 H. 265 TEARAERS FLATUA% i
P, 4% gop_size, BIWFFL T Wi [a) b ARSI AE ) R 200 At
T WIS AR R A E N I 5Em, 45, BESE H. 264 5 H. 265 PSR
M HHHE SO E, PR R s R,

2. SPHTES NURAT MR LR RO RIS B TR IRAT IR B AR AR e
FA, BT RIMP AL E AR TT %, HET UDP AL EL R o T 5255 .
WA AR5 R IT e &AM T R IR ER



PPN e VAT

3. WHFLEET RIMP B RIRRAI B i v 07 2 b R 1 SE L, I 9 S IRE
I AT G 35 R GE M HET 2% . RTMP Z244 FR 4RI 2 JE AR R 25 1 i 3= sl i 2 iR
ST IEE ARG IR 2%, HERAE W] DILER oA AW ip B
F i ] A R 55 35, AEJR IR 55 38 T 125 3 Bl e 12 217 7 o P 47 45 {8
JITCARIE 5 2 ST 5% rhond BN L, B3 BAL S AT e AR H A L B .

4. WF5T RTSP Pl Ifilid 1iveb55 JTURPEMEHT RTSP B3, IR AE IR
WA 55 d o AR SCRL AT B AR AR v AL EL A% IR 55 4 4 A RTSP il
HALEH c++ém’s, MFHFFLMA Live555 JFURFEMENT RTSP Bl

5. WHIFCHEVLAS 5 AR 55 2% 2 (B IR B RE ML . A28 RAERE)Z W AIEN
P, BRI 5% 25 U5 i) AN 2, SR P I 52 2% e U7 i) 2R AR 5% 25 ¥ 1%
TR A RS T W TP FRAR Sk I R A2 21 (AT E5 3 4
IELE IR S5 35 o BT LARRSIUIR 55 4 5 28 o 2 (8] 1) R AL ) K 2 A A5

T o

1. 4 BCHLRLH

AL EZEBNEAFHM, Hr

BB T ARSCHIRE SR StA S SR S Bl R fal iid 1 N AR
FHUIR,  FFEF XS AT FEIRFEIR 1 18 SCH 32 ZE0F FT A 2 L RIE 78 7 1) o

BRI TSR SR, B RO, WA
MU Jr B SR, IF TS T LN R BT IR T

=R RGNS AT ThRE AT, B ARG RGThhE
B [FLENV S5 o BT AT e 73 A i BR il b EAT T DhReHas i, @ ik
Bl SREZEmESRIE SERSROCRIE (FEURE R A5 1)) P EURE R kAT 1 VR4 4y
tristite

B ERALZONEZ —, MDA T ARGkt M4 T RGN
B, AT RGN TARKIFRABIT R, RN TSRS 4 T R
S, BARPEPIEMFRA, REE P mERIT.

BREANE T ARG EENRE 9% 5 2%, DB T RGN
g5 s, B IR, S s ) G 1B B AT

7



PPN e VAT

NEEEYRR T IR E N AU IS LA R EOR, Hi & H264,
H265 Ak FIWT S, B, JFRM 7 T MIZEAFIRFIR RingBuf fer
Bl i, el 7 LIVESSS H eI st it % 1R o

BEEATEE T AN HEIAE AT TARIER IS, i, i 5
SEIAERS £ 300 ZFPLLA, 5 2 IRIERS 23K

B NFE LGS TASC N TAR, R Xt — 2D i TAREAT TR



SN R EER 2 AR S

BE WIS AR

2. 1 BARE AR 5T

TR AT A% A 1 77 3UAE W 2% B BEAT R TR A 2. bt sl
TRORE GEAR B AT 548 Ja I8 I X 2% 73 BORGE I AR 4 )5 30 H R A% 4 5 24T 52
o I AR A IR AL P

G 9 2 A SRR M A S, SRR HTTP Bis ™™ ™ e di
P B AR > B B A, ASH T 3R TR % HR N
B 1) HITP RSS2 B n] 2oL, ] B N CDN 45™ . H Al HLS (HITP Live
Streaming) W™ "™ ™ F BAE HZ 7 VE AT o

ST AL 2 3 TSR P R AR P D0 286 W AL DA Sz Bt ek v oAy I IR T A e 3
T S R B R IR SS, fln TP $AR Sk, WIS ERRSE . %07 0B R
RTSP™™ RTP™™, RTMP™ 5B PMSCIEAT By 22 1. o U 47 SR A P HTTP iS4 Ay 24
Fy Sz g AR i B AL S PR 1 22, kg3 HTTP—FLV ™ R HTTP-H264 ™ '
PP CE AN BRI EEERH T A2 —.

2. 2 P AL LR A

R GARE AR 014350, AR AL R ARSI O Rl o A SC 32 B F SR
mAAEs, SCERZAL T NP RTSP™, RTMP, HTTP-FLV %%,

RTSP CSERFR MO RN R P, P seid Bl (1%3% o RTSP 424t 17—
ANFYRAEZE, FTULBZ A L AR S A . 1% SE O AR I R S A G
Bl . AP 2 DB OE =, IR 7 2R, Bl TCp,

UDP %%,

RTMP #p[F) 4= F5 j& Real Time Messaging Protocol, RISZA Y BALIE P,
Hi Adobe Aw$EH. RTMP A& JFBAT BRE %, FrCLBE AT AR F 4 5 &
B, AR R H AR UMRAE B . RTMP BRSUEEFH TCP i/ y HoA%
ZG WERRN, AR . FHRH, RIMP B 7E T X AR 55 5
PEREAN ARl 98 EORE R . AT BEE THEAUEE 53 RAC BN LR B an i AE, 5P
FAHHIR R IE, XLk SR @A 218 . RTMP PS5 F A 2-1 Frs .

9



SN R EER 2 AR S

chunk

R chunk
message ‘—b rkmp  chunk —

message ‘

chunk

chunk

Bl 2-1 RTMP Pl &5 44 P
HTTP-FLV 55 RTMP P SEFr_E AL S #icdls — ¢, Bdla it FLV SCHFH tag. HTTP-
FLV AR 09— AN o BRKH HITP RS, 522 AHEL RTMP R BEH T EHik. H
& HTTP-FLV A LATE 80 ufii (13EAT HTTP @15, WhilZFiE Mk, RIMP N384 44 &
2-2 Fizx. HTTP-FLV 7E FLV WM A 325 7 —A HTTP #pi%. HAf, HTTP-FLV 5
RTMP P B 4 FLA-F & T2k i) B A6 7 2.

h.264 raw

flv h.264 raw

h.264 raw

RTMP->FLV->H.264 RAW

K] 2-2 RTMP #Md5 FLV Hf 2R
2. 3 MR R B 5 pRiiE

PRSI 4 b H BOTE T 2 BR AT AR H i TURB R, T2 RS ST
TR S AR TRRT 0 K 7. RS R 4R 7006 T 20 th2d 50 424X, I T 4
BAS BITURIIMG R 205 VLS EE TR R 25 Pl gD 4, X I 48 BoR R &
THHES . N 70 FERTFI LI T A BUELE, Blaissh TR B EUR 23
#e (DCT) &%, BT RL 13T AL 4 1) VR & o e SE . SUCEmy, IS0 (hrifk
R4 /IEC MPEG AR5 ITU-T VCEG ([HE PR EBH) TARLLE L FE A
%€ T MPEG-1. H. 261 gmhdbnifl, FEAESGLEHEH T MPEG-2. MPEG-4. H. 263 f5ifk.

10



SN R EER 2 AR S

21 thd#], ITU-T/ISO/I1EC ([HPFrrE EBEE) MAgm DA v E N JCT-VC
P T AR D FRVE H. 264/AVCYY (Advanced Video Coding) . HHRE
FiDAEZL NP 2-3 Frow:

—> EfH > v B E
% |
RE STy
R
B
A A
iéﬁ{fﬁﬁ < T 4
( > il

K 2-3 H264 V& & gmidHE 2L

BB ANE G, P EE GRS ST IEshAMER TN E G A RS 53
ZAHEE X. ARENZE B X 3T DCT ¥ fl ik, BAL)E EEE T LU A2
T 2 AT IS, ARG IRAY SRR G B R AR A 2, it 2R
BT AT B AL RN S AR e, AR5 Sz s Mg B EIG A A IS 205 10 i
MEG X7, ARG E X7 K05 2 Wi fig as b HEAT 5 284

{E 2 Bl 5 B AN, A B B, O T ISR EE AR P AREE, AT
A PR L T N CIF (352X288) F|ApiE (480p, 720X576) FF| & iE
(720p, 1080p) H-ZHEEE 4k, 8k WIIRMLIE T, MAgmtd s & 4k, FHATILI R
SKHaE IR X RIS 7R R, AR Gngm il R DA Tk 2

N, MRS A TAE4H JCT-VC T 2013 4 1 H IEZUWiAT T H. 265/HEVC
ARG AL FR R . HEVC 1 H ARt 25 M gm s 20, A EG R =T,
JE45Z b H. 264/AVC high profile #2TF 50%, [R5 &S50 BOAAT, FHAE T

FSLIRIE R G A I AT I 2 [A) 2 rh A EE

HEVC™ ISR R H T e T i@ s aME IR G O AELE . gmis B AN B A L4 b b
W bR S AR — 2, BV g A/ I VR 53k R ) SR T ek KA S s Ok

11



SN R EER 2 AR S

BB M 5 B PRI ZE HEAT DCT AR I AL BR S AR G, s G Gttt TUR &
AR 7S E I 3 AR5 2 A A B S S BOR BEAT I B . HEVC g HEZR & 2-2 Fir

7N

——>| SR

AR
LN A— »(?—» /R Y NN e R N &

A

A
R/ %
[_,iffﬂ,y #
Y ) > e
B3 WP (Ve 2
e
A
WA |
Vv <J
] mam samgr | SR

K] 2-4 H265 VA 2 A HE 22 P
2. 4 WA TFFIR I E A
2. 4.1 Liveb55 JFVRTR AR R T3

Live555 ™" e — AN F G IR IR B A iR T % A FIFRAE ot +dn 'S 58, 1
AEH STL FE. BSEL T X RTSP (SCHF HITP, TCP, UDP 282 Fh75 :f&Hi) |
RTP/RTCP  Zhm kit SRS Y B S e, 17 FL S RE 22 R (AT el 4 210 22 1
IREIE AL U ALEE, A4S H. 265, H.264, MPEG, MJPEG ZEMATAIZL Fh %
Sgntdk . BT Live555 i RIUFMLE ML ILTT, FTLMREE 59 st Hofh 2
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ESEnf: MU SRIER < 1B, T 50077 =R,

S48 WebRTC™ rR 4R B [ RHIRZE IS (1) 5E X, A& RS 300 =R /ENRIE
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AR B A I aE A, SR E R ERE, Bk, TR
XK, SAUBIAZ o TS LR I 20 498 Tt S o AR

JNI FE R

TZARER 32 T TR S AR, i UT AR B AT

3.4. 4 HEW 2

HEVL 28 E AT um R R, 27, Zmid A Al HEIE i 2l il . an
3-9 iR

AR AR R

AR B R ER IR Sk, SISO EdE, B EEE S N
YUV 4 AR N AR,

ZFER

AR B OR B A i R SRR B R E R W BA S R, SR AR AR
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HER R
M T H264 e OB B R
3.5 HIWEBELAMBIT

AR Z G I AR 1A m R B P O R R U sqlite. 3
38 PP LT A2 FE I S 5 rh— S VL P A LE (10 N FH Ak BRI 30308 it 5 i — > Bl I
ARG PR BRI, st T — AN e MR B, SRt —
€ IR Y 5 A B AR R BT, DU 5008 2 A7 i 54 5 A7 L
JREMYIE T, AR MBI SE I FE B AE BRI ESR, R
AN B E ARG, RN RESEILAR ST H br I R U R 20

ARG BT R B RS TR R e AR N RE M, IR 2 S =7
TR ARG T RIG BN X G RGO b 1S SR BRI VRN IR, AR
haed R, 1 sqlite N T — NN cyclops MEIEE, JFHEIE T
ZANEIER, I AR AAFAEKIR R & -

3.5. 1 5 :LFE

R TAG KT WG, R Ek 1D 5, UGB MR
%45 1D 5, S, BHRKRARR, RESKEARR. REkHR, BBk as
EHIZRR, Bk G OERlS, A 1D, REARIK 1P 5, st
JERERALE, Gk B, SRk 1D 5 (AR ARNEREE K 1D
5, Wk 3-3 Pin.

Name Declared Type Type Size Not Null Primary Key
CameralD integer integer 0 TRUE TRUE
VideoServerID integer integer 0 TRUE TRUE
Port integer integer 0 TRUE FALSE
Name varchar (255)  varchar 255 FALSE FALSE
SubName varchar (50)  varchar 50 FALSE FALSE

Description varchar (500)  varchar 500 FALSE FALSE
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PTZControl integer integer 0 FALSE FALSE
SerialPort integer integer 0 FALSE FALSE

Audio integer integer 0 FALSE FALSE
MultiCastIP varchar (50)  varchar 50 FALSE FALSE
defaultdir varchar (100)  varchar 100 FALSE FALSE
CameraNum integer integer 0 FALSE FALSE
RelCameralD integer integer 0 FALSE FALSE

% 3-3 B skFE
3.5.2 ZIREBE

HRRAE T A RS 2 W 75, BFERS 4 1D, ARES&S%FK, WM IP,
I 5, AR TP, AbMISE 4, BRI/, 1dsRridt, Bahftbrss. sk
3-4 Fizso

Name Declared Type Size Not Null Primary

Key

ServerID integer integer 0 TRUE TRUE
ServerName varchar (100)  varchar 100 FALSE FALSE
Internal IP varchar (50)  varchar 50 FALSE FALSE
InternalPort integer integer 0 FALSE FALSE
External IP varchar (50)  varchar 50 FALSE FALSE
ExternalPort integer integer 0 FALSE FALSE
DevicelLimitCode  varchar(50)  varchar 50 FALSE FALSE
RecordFolder varchar (100) varchar 100 FALSE FALSE
AutoDelete integer integer 0 FALSE FALSE
DeviceLimit integer integer 0 FALSE FALSE

® 34 ZRSERER
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3.5.3 HPBEGLE

FHR RAE VI AN 40 52 S bri g Sk 1D A4 1D, @4& A 345k 1D, 41 1D,
B4k 1D, |Gk~ 688, Wk 3-5 s

Name Declared Type Type Size Not Null Primary Key
UserCameralD integer integer 0 TRUE TRUE
GroupID integer integer 0 TRUE TRUE
CameralD integer integer 0 TRUE TRUE
CameraPTZ integer integer 0 FALSE FALSE

% 3-5 H iRk
3.5.4 HHFPHR

RIRAF BRI S5 K P H S 3Gk Bs 2 e ik &, WA 4 1o, A
ID, #E44, REAA, WEHRE, Wik, FE 1D, BRAIDSE. W%k 3-6

o

Name Declared Type Type Size Not Null Primary Key
GroupID integer integer 0 TRUE TRUE
UserID integer integer 0 TRUE TRUE

Name varchar (50) varchar 50 TRUE TRUE
private integer integer 0 FALSE FALSE

type integer integer 0 FALSE FALSE

Description varchar (50) varchar 50 FALSE FALSE

GroupDomainID integer integer 0 FALSE FALSE

topGROUPID integer integer 0 TRUE TRUE

topGROUPID1 integer integer 0 TRUE TRUE
*®3-6 %k
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3.5.5 ZRIEMRBEFRER

FIRAME =L BRI 2 % H g rI2%, S ETH 4 1D, ETH 4
ZFR, EIEiA, /I, el 10, RPH LR 1D &, Wk 3-7

N
Name Declared Type Type Size Not Null Primary Key
topGroupID integer integer 0 TRUE TRUE
topGroupName varchar (20) varchar 20 TRUE FALSE
topDescription varchar (50) varchar 50 FALSE FALSE
UserID integer integer 0 TRUE TRUE
GroupDomainID integer integer 0 FALSE FALSE
topGroupParent integer integer 0 TRUE TRUE

® 3T ZYIAHAFE

3.5.6 P B3R

AskicEA P HoREE, SFEHS ID, LR, FS, P ESE
SRR, PR, PALAH P #IARSE, Wk 3-8 Frw

Name Declared Type Type Size Not Null Primary Key
UserID integer integer 0 TRUE TRUE
UserName varchar (50) varchar 50 TRUE FALSE
UserPwd varchar (50) varchar 50 FALSE FALSE
RealName varchar (50) varchar 50 FALSE FALSE
FullControl smallint smallint 0 FALSE FALSE
Description varchar (300) varchar 300 FALSE FALSE
*® 3-8 B RE
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3. 5. T B LK BUE R R
FASRAEAEFEA PR IR Sk M B2 7 N T B, 315 Sk KA

D, $#fgLFEMA

R, ISR,

i HH, EET

i/ ME, ERTAT

EAL, ERETA R, AEbE, Z6FEESE. WK 3-9 Pk
Name Declared Type Type Size Not Null Primary Key

VSTypelD integer integer 0 TRUE TRUE
VSType varchar (50) varchar 50 TRUE FALSE
ocxType integer integer 0 FALSE FALSE
protocol integer integer 0 FALSE FALSE
StreamType integer integer 0 FALSE FALSE
PortCount integer integer 0 FALSE FALSE
HalfSize varchar (100) varchar 100 FALSE FALSE
FullSize varchar (100) varchar 100 FALSE FALSE
HugeSize varchar (100) varchar 100 FALSE FALSE
SoundUr1 varchar (100) varchar 100 FALSE FALSE
RecordSoundURL varchar (100) varchar 100 FALSE FALSE
AudioParameterURL  varchar (100) varchar 100 FALSE FALSE
CanCDM integer integer 0 FALSE FALSE

* 3-9 TGk E R EanR

3.6 RGTT R

AARIER AR S35 R % FE R C/S (Client/Server) ZEM, FfHAIRTESE
= FAHT ) SEBR RS T R IFATIE LR AL . AR H AR Wt —
EEANE, KRBEAHRE RGN,
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fiis. BRI EBMERE, BARFES A e+l o1l FE T std &,
i 5 IR 55 AR FE P AR A3 SE AR 5, FEIN auto, foreach S5, fHHFREA
RS std FERERRBI kL. 7E windows SEMSmBEZ G, MHH MR
f4E linux FiEIE gee, make e, A HATHME configure 5 makefile.,
£ linux N T HRAH gdb,

ELHIJT RIS FBAE windows R visual studio community 2013 5E/,
RGITRIAEE 4-2 o, A HIEES N c# . net  framework 4.0, .net
framework 4.0 ¥ [ lambda, continuations, FHZ&WME, linq ZIhRE, T
R IR TR S TH %5 ) i

3.7 KE/NG

AKBEE LI TAGER AR R TR, FHFREFRRE RGN =K
B, BEJE L= KRSy B HE AT T Re Ry, 0/ RER 0 AU T RSt
KERBNE TEHNTRGE TN RBAER . R % i1 RSN
ATl BOE B A 7RI ID AR, JFRIEARIEHAT 7B . BEE e T B
PR BT, B ERRIE T R R
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4.1 RS A TELNE T

55 4% £ ol b, SeAr i, ME AR, o0 s S R R A
BREK, B 55 s RGtisAT WA 4-1 Fron. P RGE G UM 3K 45 iRk 55 4% (1
P RARER, it Ja e AR E T R PR AR B A VN NI 1D G5, An SR A IR A
BB B EF X GO IT SR it e AR 55w R LA M AR B A7 N A A B
it i Al 55 e R AU 30 o A SR R R A Bl A B I AR 2, B
e R B A A B

B XASTR

- el
RTSP  fe------ >\
H264/H265 5T ////’ TR |
MR myim&m| B AT

H264/H2651 5557

- e e e e - - e e = = = = e = = = = = e e e - = = - - - = = = = = = = = = = = = — -

B 4-1 RS AGETE
4.1. 1 B

BT IR TR, BIRBEHCREOR B S8 I AR, R A7 3
RATRLH . BRSO RS BRI RTSP It, & SUEUEIL, h264 SRS,
FFmpeg ffHS J5 ARSI 5 HER 28 K% R R -

FAERAIE T ZA KA TR . HH, MythLiveb55Decoder 5
T f# #Hr RISP i, mythStreamDecoder 2K H T ¢ #r B & X % #5 it ,
mythH264Decoder ZEH T-##HT h264 CAFHEIA, mythFFmpegDecoder ZEH %
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Mr£2 3t FRmpeg fifthd J5 IRARSIIR, mythProxyDecoder 2 T-fEHT HE 25 KL R 1)
AT o

mythVirtualDecoder 3 :

BRI A TR H SR, 23S RE WA 4-9 o, 2R WA
& start M stop, FrATHARMEEASE AT M AR EMOT R . R, ki
1 mythListFactory, %RET L) WAITE, RoAABIIIZLIE. 1Fvi
AT o S AL 18] Y IR R, BB R R B DR A AE A RS m_count T
AR ISP -

r' f

mythVirtualDecoder A | mythListFactory a
Class Class |
-+ mythListFactory
== = Fields |
= Felds | 8, Gtsos
G* flag s - .
@ i ot public = Methods |
@ m_pipeline 1 @ -mythlistFactory
@, m thread B CreateMew
®  ori_count @ get
. ret_count 2,, mythListFactory
Ribltees @ felease
@ ~mythVirtualDecoder © SetMagic
@ CreateNew i
@ get
@ GetTimeCount : .
@ MainLoop @, ulist |
:a. mL)-rt'tthrtuaIDecoder F et VirtualList =
. Class |
@ start
S wap = Fields |
@ StopThread ]
X J ® magic
= pMethods |
@ ~mythVirtuallist
@ CreateNew
@ get
@ Islframe
@, mythVirtuallist
@ put (+ 1 overload)
@ release

K] 4-2 mythVirtualDecoder 25/
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myhStreamDecoder 3£:

ZR AT mythVirtualDecoder, ®E'E | MainLoop 1 stop, FEHT
HTTP Jias 2 S E I EOBF AR A an 4k 744 7f) mythListFactory 28, %35 4-
2 s

MythStreamDecoder 7EHCHL HTTP it < il mythSocket 3§, mythSocket 2§
Bk 4-3 Fios, &BEX HITP $hillh 7 204, G — N2 5
socket_ReceiveDatalLn2, HT#EdT H & ARSCHIMN, HERIGAE SR SEIA b
MH# . MythSocket 28#4 native, libevent, libcurl =FpEZkahHEA . H
i native SRR R A, BRI TR native B,

( mythVirtualDecoder ¥

Class f WhSD{kEt A
=+ mythlistFactory Class
=l Fields
public @ isconnected
P i\ @ cockid
mythStreamDecoder A @ active
i:Dlans-|:'i.'|-|.\v"|rt.l.laIDE|:,I\:»|:!Er aﬁ addrSrv
@ addtionaldata
=l Felds | @ data
@ m cameraid #. downlength
@ mip ¥ ip
@ m port @ isPush
= Methods | @, isrunning
@ ~mythStreamDecoder LA maxlength
@ CreateNew (+ 2 overloads) = Methods
g Mai:goop — @ ~MythSocket
E)* gzr:d;u::::;loecio 24 @  CreateNew (+ 1 overload)
= : @, MythSocket (+ 2 overloads)
@ stop
@  socket CloseSocket
@ socket ReceiveData
W @ socket ReceiveDataln2
: / @ socket SendStr
( MythSocket v | @, socket SendStrCore
Class @, wait on socket

Kl 4-3 MythStreamDecoder Z5

myhLive555Decoder 2 :

ZEM KT mythVirtualDecoder, &Y RTSP %002, 1Z3EHIME
32U RTSP #d8 Ui F-BHAth AE N N B S A Herp o a2 A O 78 3 T TF U5
livebbb VR —IXIF K1 StreamSink 2, HVEAHKE 4-4 Fir.
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H264VideoStreamSink. H264VideoStreamSink 2RI 4-6 7R
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Class
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JHR
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e §
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Cla; . o
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= GE env
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@, fla ©, scheduler
@, 1 = Methods
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& @ continueAfterDESCRIBE
G @ continusAfterBLAY
e 9, rsp | @ continueAkerSETUP
B M [ 7] @ CreateNew
@ ~mythlive555Decoder @, mythRTSP
© callbackdata @ apenURL
@ callbackdatastatic @  setupNextSubsession
@ CreateNew (+ 1 overload) @ shutdownStream
@ decodethread @ Start
@ decodethreadstatic @ Stop
@ Maintoop @ streamTimerHandler
@, mythLive555Decoder @  subsessionAfterPlaying
©  OnReconnect @ subsessionByeHandler
@ ParseRTSPlink E Nested Types
@ stop r
- — live555responseHand...
Typedaf
@, client
| RTSPClient ¥
Class
=+ Medivm
PifTse tup PATplay B PR
i * - WA
& 4-4 mythLive555Decoder 2 & 4-5 RTSP Blliiite

KA GEAERIY, RI IR, e 1ivesss th BRI, I
ARG AR e . fEFT A 2K, StreamSink, H264or5VideoStreamSink,
H264VideoStreamSink AHIEA, HAe N 1ivebdd AHHA RIS, StreamSink 4k
& B MediaSink, F % 4k & MediaSink 1 19 JL A [ I o ¥, 4 Bl &
afterGettingFrame fll continuePlaying. afterGettingFrame [E|{iKH T &
FERUUREE S, BRI RTSP A4 BO#REME . 28R, an 2R B sa HT XA Bt 26 g e
ANREIR Bl IE# B RS IR, Mod 7F E 7 — N H2640rb5VideoStreamSink 4k 7K
StreamSink, [FIZHIH StreamSink #H[F], H2640r5VideoStreamSink tHE S |

afterGettingkFrame.
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TERR IR R 3% sps Al pps 2 J&, BIA[4%HE H264VideoStreamSink JEH
(5] M % afterGettingFrame [I4HE BB . B AT ELEHERE ML AT W Fh,

—MRIE MR E K, BRI B P DU e K T, e
B B ik B B R AR I A A R, 2 FIFO AR, 58 b B AR5 o s
DRAFREEL, W BARAZRRER b, SR FARRR 7 U A A P A . PR T IR AR
FHEA T, FRARGON TIERMER T 5 =M LTI 7.

| streamsink A |
Class
+ MedisSink
i - : P = Fields
H265VideoStreamSink & - -
Class " fBuffer
b H2B45r5VideoStresmSink public @, fBufferindex
| G fBufferSize
= p—
Methads ‘ [ H2640r5VideoStreamsink | @, fore eifitessntatiohline
@, ~H265VideoStreamSink i G fSamePresentationTimeCounter
&, H265VideoStreamsSink b StreamSink 9 fTimeStamp
— { @, fotalBuffer
= Fields . 9 fTotalBufferSize
—13 @, fHaveWrittenFirstFrame public 9 live353response
@, fSPropParameterSetsStr @ phwnd
. i+ © Methods | = Methods
| H264VideoStreamsink & | @, ~H2640r5VideoStreamSink @, ~StreamSink
s public @, afterGettingFrame @ addData
b H2640r5VideaStresmSink @, H2640r5VideaStreamSink @, afterGettingFrame (+ 1 overload)
= S @, continuePlaying
= Methods @ createNew
@, ~H264VideoStreamsSink ¥ — . 9, St eamSink
@ createNew Pl Cas ik Y| public | & Nosted Types

Class

@ % .
i , H264VideoStreamSink ) S

Iwe555responseHandler : voi...
Typedsf

4-6 StreamSink ZEE]

MythH264Decoder 3£:

KAk T mythVirtualDecoder, W f#EMT h264 $RAGUHL AR I ORAF WIEAE
Bt Jerh 22 K h264 T A2 BR . H264 it PR =252 h264 1% JF
LK HARMT R — M SE MR, P A SO BN A LRI
SO IR R TS, R A E BN N A RO IR

MARE L@ fopen FTHF XA IFIRBUOCAKC L, B G HIE 5 S FEAHSE
MINAE KN, FFiIT getnal IHFEEEEN h264 MAT M SLAL S, Wik Ar 8N 0
W B SO B e HE, IR AR T . A SRR AL E AR 0, U4k 25 W2 15 52K
IR, G SR ) 4k A W 4y IR R sps, MR U U AR A
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T fpse H4 70 F H I WiAFE N A b J AR Y8 fps AT RERS, BEEIEAT R —IX
getnal BfE. BAEWMAEWE 4-7 iR,

Gy B AT

A4
—>  nal=3kHuik bl

TNGA? [ fps=ifHuiiz(nal)

1 ER(ps) [«

4-7 2B H264 LA FR R

MythFFmpegDecoder 3£

2R AT mythVirtualDecoder, R]IHIT FFmpeg $% h264 AR M & Fhdt
TR R ECH, 3R 0 4E mpd, mkyv, ts, rtmp . %K@ av read -
frame MSCAFHEEELHS h264 AR, FdEid h264 mpdtoannexb i JE &4 h264-
_mp4 ML Y 4E h264 MR IFAF N GATALE . I fE BIan &l 4-8 B
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av_register_all

avformat_network_init
av_bitstream_filter_init [4— avformat_find_stream_info [¢— avfom\at_open_input]

<
<
‘ J
av_read_frame >=0 av_bitstream_filter_filter —{ av_usleep —av_free_packet

av_bitstream_filter_close > avformat_close_input—b( #R )

K 4-8 FFMPEG { FH it i€ 28 FR X H264 A2 K

v¥: MythFFmpegDecoder 2R & Bk 4T HF enable—pipeline BT F B Hr
Gk

A 4

MythProxyDecoder 3
ZRG AT mythVirtualDecoder, #id MythSocket ZSHEUAIE K i A1 1Y
M BNCGER W EES R LR iR . REWE 4-9 B

o

mythProxyDecoder A | ® msocket | MythSocket W
Class I Class
=+ mythVirtualDecoder | .

= Felds
‘i',, mmutex

= Methods
~mythProxyDecoder
CreateMNew
MainLoop

. mythProxyDecoder
refreshSocket
stop

e a0 e

e

K| 4-9 MythProxyDecoder ZX[]

.2 B PEER

g
[a—
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BT IR TR, BHCR RSO RGBT S AT 2247, Bk SCAE ot
P, BERREABEPENGNE, WASKAENAIN. AR 32 H
DL B9 B ¥ mythListFactory 28, {7 mythVirtuallist, KPIEEE
F mythAvlist B 5@ RS mythNodeList IR, WK 4-10 s,

MythVirtualList 38 :

IR ES, HA put Al get PN ER B AFIL A P2 35 800 2 34 11T
F, 39 — AN RIS HIT ek 5L isIframe FH T340 B 24 i 2 Sk 1ty o Sk 2 S g
h264 5 h265 HIoBmiE LW 2 JF & ENH.

[ mythListFactory A |
Class

= Fields |
@, list_type

= Methads |
@ ~mythlistFact...
@ CreateNew

[ mythavlist

»

Class
~ mythVirtuallist

= Fields
@, abort_request
@ |istcount
@, listread
@, fistwrite

®  ListPacket
)

B

@ header

»

PacketQueue
Struct

= Fields

@ height

@ isiframe

list

magic

Packet
PacketCount
PacketLength
stream_type
TimeStamp
width
yuvPacket
yuvPacketlength

L O R )

list head A

Struct

T “jiRiEcE:

Bget s @, mBufferSize
2* mythListFactory @, startread
put @ totalbuffer
2 ;ElE:;E. @, totalptr
tM )
. Y = Methods
L @ ~mythavlist
B . @ CreateNew
| mythVirtualList A @ free
Class ® gt
public D, InitalList
El Fields L | @, mythawlist (+ 1 overload)
® magic | @ put (+ 1 overload)
= Methods @, putcore
@ rel
@ ~mythVirtuallist THease
@  CreateNew —_—— -
@ get mythNodeList A |
@ Islframe public g‘a“ i
2, mythVirtuallist il
@ put (+ 1 overload) & Belde
@ release g
) ® size
B Methods ‘
@ ~mythNodelist
@  CreateMNew
@ {freeMemory
@ get
@, mythNodeList
@ put (+ 1 overload)
@ putcore
@ release

Kl 4-10 MythVirtualList 28/

MythAvlist 3§ :

@ next
@ prev

AR R S5 % IR B 5 P A BB S AR A2 MG RingBuf fer 25
Z5H) . RingBuffer H¥EL MM TFMFEHAER L EH LT EENA -
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MythAvlist 47 MEARL T HBREL put A1 get, 20l AUGRIUEER S Bl A A
FEERE. SHMEERME nalloc HIENAFIF free BIAMFARE, AFHLEE
RATT B AUREIR,  T2RMARe 2238 i DR I 55 e A e P22 11 T

S H W EAE AR — S5 AR PacketQueue H'. PacketQueue H 1] A7 fif
TR KR 757 R AR e yuv 204 .

MythNodeList 3§:

ISR RSS2 AT ARM Y- 6338 A7 I A FH (I R A7 A 0 L PR 502 38 1 X
R, AEFEE KA AETERE R I R, T S R SR R e, R
SR I U RORBER A e . MR KR, BERG I Ak
o ZEHTEANAE, WS NEEBADK ARM G, hAET EE HE N A7
AAfEAENAER A, T EREI 1inux FXF malloc MIPLALSREE G .

PacketQueue 3:

R TR AR P — DR EE, U8R aEEdETEE Packet,

e K F PacketLength, A stream type, B [AJEL timestamp Z5.
4. 2 ROCHE iR

RS A AR R 3 R TR Al A A B R O AR A 5, H AT
http—flv #3%, HE XIS TCP-h264/h265 #5374k e Y E it
B g BRI AT VR ) O % e A oA E SR I . AR Bl e IR SR R
mythStreamClient, #f h264 FASFAEEZE mythH264Client 5 flv # AR
A mythFLVClient 4%, fhf1#F4k& 5 mythBaseClient, Fr T BizlA
[T mythClientFactory f 5t A . ZKEE WA 4-11 Fis.

MythStreamClient 3£

ZERR mythSocket AT NI, M THIME HITP WA DAL IR S5 4%
NEEEAT AR, BT SEAE, SCRENINEAS, P iR USCSE N U 5 S5 AR bR 5 AT
PR T HITP S3EPM, T0 HTTP 26 2 A 55 2 of B At b 13 s 14
e JaARIRTT . HITP B REME 4-12 Frox. RS BAE CIHFE stamp HEES
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B T2 P il R e B B S BRI ], RN AR S MK, JE YR
ANERENELE HTTP kK content_length J&krh, T RIEIE LT IERH. &
JE A% I3 B £F boundary 25 T3 4r F1 6L, T AL B ECR I socket REGEH .
Bi& content length PLJ boundary #m i [m) ke AT LAFEAL FI K2 754 — i se Bl
Ao AR, WHFEZmL, BRI —Mil. RS HTTP Bl Rk, Wi
RO RAFRIELLS, AT LGRS SRS — A3 E A 1 content length ELFETIAG
N—4Af] content length /7B .

( mythClientFactory & 1 ( mythBaseClient A [ mythStreamClient A
Class ‘ & dient Class ‘ Class
.;. =+ mythBaseClient
E Methods | = Felds ‘ —
@ CreateNew @ alist public = Falelc!s |
@ _basictick by | s iFrameCount
i 5 ) @, isrunning E Methods
ST Clisnt ol @, _mythprotocol @ ~mythStreamClient
glass hBaseClient @, _thread @ CreateMew
P @ icfirst @ DataCallBack
B Fialds | ) LA mpeople @, mythStreamClient
@, hassendlframe = Methods |
@ pps public ) & f-mythﬂlaseclient . 1
@, ppslen I 21 @ CloseClient [ mythH264Client A
@ s @ CreateMew Class
@, cpslen @ DatlaCallBack SoEEE =+ mythBaseClient
@, fps @, mainthread L -
LA height @, mythBaseClient = Fields |
# timestart @, mythSendMessage @ iFrameCount
®. width @ SetProtocol = Methods |
= Methods | = @ ~mythH264Client
@ ~mythFLVClient @ CreateNew
@ CreateNew @ DataCallBac!{
@ DataCallBack @, mythH264Client
@, find start_code

S, get_nal

@, mythFLVClient
8 writeavcframe
@, writespspps

B 4-11 sCA: i Hek

AR HTTP/1.1 200 OK
Server
Connection
Content-Type
boundary
1 Http header Content-Type
Content Length
Stamp
H264 data Bytel[]
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Http end boundary

£ 2 Http header Content-Type

Content Length

Stamp
H264 data Bytel]
Http end boundary
:h ) NS ~
& 4-12 HTTP $h3E Philkk
MythBaseClient 2
_ [ Mythsecket A
[ mythavlist A b
Class e A ) =
+ mythVirtusiList Qﬁhsﬂeﬂlent 5 ] Fgle\ds |
= _isconnected
= Fields = L -’
@ & Felds s sockfd
. abort_request @ _ | @ active
@, listcount s _basictick @, addrSrv
@ ListPacket @, _isrunning & addtionaldata
@, listread :" _mythprotocol @ data
. . thread
@ listwrite @ alist a* .—‘_‘rE'E @, mpeople - ldDwn\ength
@, mBufferSize e | il e L N ¥ ip
@ ctartread | = Methods [ 7] @ isPush
@, totalbuffer @ ~mythBaseClient ®, isrunning
@, totalptr @ CloseClient @, maxlength
= = |
2 Methods §  CreateNew = Methods
@ ~mythavlist S Dk @ ~MythSocket
@ CreateNew Cﬂ* ma\nthreadl @  CreateNew (+ 1 overload)
@ free '+ mythBaseClient @, MythSocket (+ 2 overloads)
@ get 2‘ mythSendI\-Tessage @ socket CloseSocket
@, Initallist I ® socket ReceiveData
@, mythawlist (+ 1 overload) = & socket_ReceiveDataln2
@  put (+ 1 overload) @  socket SendStr
B, putcore @, socket SendStrCore
@ release @, wait_on_socket

K 4-13 mythBaseClient X[

MythBaseClient ZR[ZEEWE 4-13 FiR, & —4> mythBaseClient ZE#[4k
AT mythAvlist, WHESE A CHMNAEER, HTHHIRIENESR, ERs
WRERA G, SRR NNARERT, FRDREREMEEH nythSocket
[¥] socket send "o JXFERAS S HELDE Ay FH P 1) ) 325 ol R 25 (BB 1D 1)

MythH264Client 3

ZHRRRT mythSocket AT NIESE, M THIME HITP JidtH P DL IRSS 2%
WESBEAT AR, T Mg E AR SR, AR T http-h264 330750, HTTP 3
Bt IR 55 40t BT FAR B S EREE 1 5 5 R 3R 7730, http-h264 :32%& 77 i
P’ 4-14 Fis:
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B — M

HTTP/1.1 200 OK

Server

Connection

Content-Type

£ 1

H264 data

Bytel[]

£, 2

H264 data

Bytel]

1 n

H264 data

Bytel[]

4-14 TCP Bl %

BRFEMTE kurentomedia—server & HE#E, WL webrte {518 K i%
h264 #RASAEHE, Bl G 7E kurento—media-server I TH65, FHE N vp8 J5 i
T F P TR i o

( mythStreamsServer

Class

=l Fields
@, _hasstart
®, parselr
@, additionalargs
@, Fullsize
@, httpport
g
LA isrunning
@, m_cameraid
@, password
@, realcameraid
@, ctreamserverthread
@, username
@, vstypeid
= Methods
@ ~mythStreamServer
@ AppendClient
CheckTime
connect

200

DropClient
FindClient
getClientNumber
GetDecoder
GetiD

GetStart
mainthread

#

oeooo0Q0Re @

mythTickCount
parseUrlHeader
SetlD

SetStart

start

stop

@ ToString

meelv

ee

connectVialrl (+ 1 overload)
CreateNew (+ 2 overloads)

# | | mythServerMap # | | mythRequestParser A |
Class Class
= Fields | & Fields |
. cameraid_pool @, _header

Oﬁ mapmutex
@, servermap

¥, tempservermap =]

= Methods
@ ~mythServerMap
@ AppendClient (+ 4 overloads)
@ CreateNew
@ DropClient
@E FreeCameralD
@, mythServerMap

( 5 y
@, docoder mythVirtualDecoder ¥
 E— |

Class

~+ mythlistFactory

@ baselist | mythBaseClient ¥ ]
 — e R

mythStreamServer (+ 2 overloads)

4. 2.1 B

e AP

4-15 B AP

40

@, _mapcore

@ Success

Methods

@ ~mythRequestParser
CreateNew

Lo 5]

fromHex
GetHeader
mythReguestParser
Parse

20 80

parseCore
Parselnt
split

toHex
URLDecode
URLEncode
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TH SR N TR S I AR IVE B, R R Im K 1D I\ B 42 A7 A PV B2
g E TR Rk B K . IR PUEH Tibevent JFREETERL, HA
FHWIERAE D BT . B EE B libevent fE N O I
mythStreamMapServer, & A = & FH 2 E ) mythStreamServer 28, RS 251
FE2% mythServerMap 28, 153RENTZE mythRequestParser ZR4H k. W& 4-15 fr

o

mythStreamServer 3

| mythstreamserver A | | mythvirtualDecoder A |
Class <l
b mythlistFactary e e
E Fields | mythListFactory A | mythvirtualList  # |
@, hasstart & :e\d; Class Class
B ), flag
s ;’;‘Z:ifﬂunj‘m . o £ Fields | £ Fields |
o s, ©, m_pipeline ©, list_type @ magic
@, hitpport :. m_thread public | & Methods | @ ylist | Methods |
@, ip ) ¥ ofEcount 1 @ ~mythlstFactory —————— © ~mythVirtualL..
@, isrunning @, decoder @, ret_count @ CreateNew & CreateNew
@, m_cameraid [ 7] ¥ Methods @ get @ get
©, password @ ~mythVirtualDecoder @, mythlistFactory @ Islframe
@, realcameraid @ CreateNew @ put D, mythVirtualList
@, streamserverthread @ get @ release @ put {+ 1 overl..
@, Username 6 GetTimeCount 6 SetMagic @ release
@, vstypeid @ MainLoop - .
E Methods @, mythVirtualDecoder
@ ~mythStreamServer ® put
@ AppendClient B sttt
@, CheckTime @ stop
@, connect @ StopThread
@, connectVialrl (+ 1 overload)
@ CreateNew (+ 2 overloads) §
@ DropClient | mythBaseClient A | | Mythsocket a)
@, FindClient Class Class
@ getClientNumber - -
@ GetDecoder E Fields E Fields
® GetiD @, avist @, isconnected
@, GetStart @, basictick @, sockid
@, mainthread @ baselist | % _isrunning @ active
@, mythStreamServer (+ 2 overloads) L~~~ @, "mythprotocol @, addrSry
@, mythTickCount @, thread " @ addtionaldata
9, parseUrlHeader @ ifirst s mpeople | g gt
® SetlD = Methods @, downlength
@y Setstart © ~mythBaseClient ®: ip
@ stapt @ CloseClient . Epshy
] stop & CreatéNew :E isrunning
@ ToString @ DataCallBack » maxlength
@, mainthread = Methods
&, mythBaseClient @  ~MythSocket
@, mythSendMessage @ CreateNew (+ 1 overload)
@ SetProtocol @, MythSocket (+ 2 overloads)
@ socket CloseSocket
© socket ReceiveData
@ socket_ReceiveDataln2
@ socket SendStr
@, socket_SendStrCore
@, wait_on socket

K 4-16 mythStreamServer 25
ZIAXF mythVirtualDecoder LI mythBaseClient JSHI4E & B 25 17 &,
A L) R DA S A =i s ik, SR A 4-16 ok,
mythStreamServer 2K iEiL CreateNew £33 camera 45 HISZBIALRT %, %%
FRM TR REF Z AN A ERZ camera 4 SIS, BEJE W EIT IS 4810
WEE, FEAF=E GG, I8 ATE P R SR R s 45
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JU, Mo, mythBaseClient HHEIRAT AT LA, WAL, LA ik
2 28GR AW . [AIRF, mythStreamServer AT LA ] AppenedClient AN
DropClient BB T ) mythBaseClient BN, Pi MG NI 8] & 4% &
ek 0(1), BT RNESDEIE, MATH IZ0 RAERZ R Z 100 815 R] 7130
N FFAAT B AL connect FSRZEBEHRE FE (B A4 HEAT FIWT camera 9w 5 2 J& T (T
FAEAEG, I HROIT T B AR decoder HAEARLRAEIERT A
WA E S, BT NARINATE, SRS A SRR SRS

52 AT A MR E, fhpEi@e: WA start A stop AN, H
XA FARES] server IFFAIDE, AT SRS

myhStreamMapServer 3§

GITEFE BN IRSS s WG R Im A 1, 7K AH B 502 8 F P AR SR I ke SC Y
camera 457> FIH K, I H o B EIAHN A mythStreamServer H'. WIRZ HTEA
A B 38 5 camera %W 5[] MythSreamServer Xf RN HE A K — 1. £ F
mythcameraServer s& S AFFEM BEIEE :EHN 0(logn) , AR B

mythStreamMapServer JE&/Z+& libevent JFJEE, BRIME epoll L ikZfih
KA, BN IERCR LN select 3. Libevent i id 5720 i A S LI
FE, TS libevent FRFWECNWME, ANk c++11 MHHRFE lambda %
BRI RN RATIRBE T M 7R . A KAIET libevent FE 58 Bk
mythStreamMapServer 18i%. KM T 7P .

4. 3 5 B P A VR Al BT
KA e v () 2 A A 55 s AN 7 i R s PE B TR AL, AR — B AR
AR, RIS g ] 2 AT DT e 58 e B e 2 R AN 5 sl i o5 a4, 3K
fLL orm ZRHY . Hde B v A 32 e A AR ORI B e ik B R R A B, e
TESEBRFF e, % ASTERAE [R] — /N e rh o B A 1) B8 come B 2 96 I 0008 5

sqlite, ZESCHA VRGN A WAL

4.3.1 B
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AR 5 AR AR 25 4 B B ARAL, = S P T e SR i A 38 O 4 Sk
AT ISR, RSB SO T DMEIE S sqlite PRI, 5¢ a0 )G IR 9145 1
Ko AP ERA—DRRE tep M5y, BRI 0045 ik 5% 4% 2 2K
mythVirtualServer, Hk%%#% 325 mythBaseServer Fl socket % 77 umdf 3%

People 2. BIHEE MK 4-17 Fiw.

i f

)
»

mythBaseServer mythVirtualServer
Class Class
=+ mythVirtuslServer

: =l Feld
5 methods | public s
. 4 | ®, acceptthreadHandle
~mythBaseServer [ M e
. s m_port
g CreateNew L m_stop
. mythBaseServer @ cervsock
@ ServerDecodeCallBack @ cocketset
@ UserResult =
s = Methods
@ ~mythVirtualServer
’ ; @ acceptthread
PEOFPLE A @ acceptthreadstatic
Class @, cleanup
— @ closePeople
- Fields @ ContainPeople
@ active @ CreateMNew
@ addtionaldata @, peaple @, HandleClient
@ peer b= . HandleServer
@ sock @, initalsocket
= Methods @, mythVirtualServer
§ ~PEOQPLE @ ServerCloseCallBack
8 CreateMew @ ServerDecodeCallBack
@ PEOPLE @ StartServer
@ StopServer

@ peopleSendMessage

A-17 FROCHEERRE
MythVirtualServer 3£
ZFIE T A IR A 3L, A createNew /E NSEHIAL N, AEESHC AR
M5, Start REEHINITE MBS ZEE T TN Server Close
Callback #1 Server Decode Callback #&ft[El1f. ZAk5S 2533 T SDL net,
SDL_net #&F SDL, HIT- 54 RGELIITETCRHAEIT L

MythBaseServer 3£

R T MythVirtualServer 28, BH5 [ AR, T EAPEARSS SR
PIRIROCAE S, IFHJEB) mythvirtualsqlite AT AR AT 20 &l

43



PPN e VAT

b Bl 7 T sqlite A A KM S BUE A ESERITE O, BEEAE
LA £ R A v ) R P 4R 82 R 55

AR SRS HTTP B XML Pl N 175 8l e 1 51 20 8, BE X
SR LA TR e RS 5 e AN E, RIS el A R . 35 SO 5 40
4-18 7o AR A SR AR 2 f8 DL SR B SO 1

GET /scripts/dbnet. d11?param=
<XML>
{function>SQL SELECT</function>

{Content>SELECT%20A. CAMERAPTZ, A. USERCAMERAID, %20B. CAMERAID%20, %20B. CAMERANUM, B. NAME, B. SU
BNAME, %20B. PORT, B. PTZCONTROL, B. SERTALPORT, B. AUDIO, %20C. HTTPPORT, C. IP, C. VSTYPEID, C. NAME%20AS%
20SERVERNAME, C. VIDEOSERVERID, D. NAME%20AS%20GROUPNAME, D. GROUPID, D. TYPE%20AS%20GROUPTYPE%20, B
PTZCONTROL, B. AUDIO, B. DESCRIPTION, C. USERNAME, C. PASSWORD, FROM%20USERCAMERA%20A, %20CAMERA%20B, %
20VIDEOSERVER%20C, %20GROUPS%20D%20WHERE%20D. USERID%20=%201014%20%20AND%20A. GROUPID%20=%20D. G
ROUPID%20AND%20A. CAMERAID%20=%20B. CAMERAID%20AND%20B. VIDEOSERVERID%20=%20C. VIDEOSERVERID%200
RDER%20BY%20D. DESCRIPTTON%20ASC, D. GROUPID%20ASC, A. USERCAMERATD%20ASC</Content>

</XML>
HTTP/1.0

418 F45 2 8] 1 =K B i S2 45

<?xml version="1.0" encoding="gh2312”?>
<XML>
{TableSchema>CameraPTZ, UserCameralD, CameralD, CameraNum, Name, SubName, Port </TableSchema>
{TableContent>
{line>
{CameraPTZ>20</CameraPTZ>
{UserCameralD>1165</UserCameralD>
{CameralD>1731</CameralD>
{CameraNum>0</CameraNum>
{Name>180. 168. 218. 195</Name>
{SubName>9008</SubName>
{Port>1</Port>
<{/line>
{/TableContent>
</XML>

B 4-19 Hodfe e v R4 5K (8] 52 se 451

M55 SAE AT xml 5 BB value J&, FZMEEEHUR) sql THA)EGE HiAb A
WA EUE ERRAW, ZERERILE, MWDy xnl JEAERISR ) . RS
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B POEWICUT R P, NEEEE B, ROORBIRHI ISR R, W 4-19 Fr
7No TableSchema FI<iR [BlIFTA B4 FK, TableContent NIJyf &) 1
e, B BAEWREBIES R line B3, {KYE TableSchema RJ LURHA ) 2]
P 7 BOW B BE . i A Wb Beah

PEOPLE %

SN NEEN tep &0, BERT DL RS REER, trlLIELRE sock T
T ESHIEEELEHT . ZOERN sendMessage, HH T A #HAE AT 2
A, BIASHILEAN sqlite 7 i A K 0 -5 BRI R R AE TS O o

4. 3. 2 B A B iR B

AL B TX sqlite BEATHGM A e, %R T sqlite3 Ml iconv
P AN TFUR 2 58 AR o AR 2 E s FE AT 2 mythVirtualSqlite 28, #id
P4 TAEIESK mythSQLResult 284 .

[ mythvirtualsqlite 2 |
Class

El Fields

#. m filename

ﬁa m_ip

@ mVirtualSgllite
= Methods

@ ~mythVirtualSglite
CreateMNew
CreateXMLline
doSQLFromStream
GetHeader
Getlnstance
myth_toupper
mythVirtualSglite
parses0L
replace
Set5QLIP

o0 88

*

ope

*

< a2a

4-20 mythVirtualSqlite 25

mythVirtualSqlite 3¢
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AR B A IR A sqlite JFE, JREREUEYE SR . 7RI
mythBaseServer [ 15 3K J5 7 20 5 & [H 28 38 ) & ok, I8 K 3R [BI{E B
mythBaseServer H1f people L H K% . KEUI 4-20 Fiws.

sqlite MIPLRAAHAL, AL/ NRIEEE AR 55 I 2R n] e L H Al R R
RE s, ARV, B d, ETHEW, BT A mIRASES . PTLUERE sqlite
P Jir A el A i P DAE A %

sqlite UVFH P MAZIARE, HEFEEEA SRS FNRA. BT
P56 R T oK, AR R sqlite. ¢ ST NI S ETIEN .
SEBER R ATE T R TFE— 1 makefile HIATEEFE&, MAREHMFGNFET
1] sqlite, BALLETHT sqlite.c K/NEAE] 5M £, Hidm il Kb ZImiE, #)
AEELETT R AL -

W sqlite B EMUIEME SSMEER RS, REEE T REG T
BRI ATiEE, sqlite BUR%Cr api PRERANEE 4-1 Fios

APT B %% =94
sqlite3 open FIIT db #dls e
sqlite3 get_table BH 2 132 BRI e it

sqlite3 free table FEA 7
sqlite3_exec S0 B IO P A
sqlite3 close KA )

% 4-1 sqlite %> API
EX B — BRI, BT sqlite WHgafid ol utf-8, W Ab3 i S HdE
R iconv BEATHAE, iconv WML T, WM LA s Z T AT Ak
Tconv #0» api ERELUNFER 4-2 Fiw,

APT ER% BX

iconv_open FTIT e 45 e
icony e Mo

iconv_close R P 45t P
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% 4-2 iconv #Z.» APT

[ mythStreamSQLresult A |
Class

ields

doc

-

element
isfirst
tablecontent

[It [Iﬁ I:Iﬁ I:Iﬁ I:Iﬁ

xmilstring
ethods

~mythStreamS0Lresult
close

CreateMew
init \4

Sqlite3_open?

Sqlite3_get_table

i
‘Iconv_open?
Y

iconv

—

Iconv_close

:

MoveNext
mythStreamSOLresult
prase

geaeeccad

TryPrase

A 4

Sqlite3_close

e—

Sqlite3_free_table

( a5 )

K 4-22 BB RAEE

K 4-21 mythStreamSQLresult
FKH

mythvirtualSqlite AJIR [BME & — 2K mythSQLresult, JEHALHEZ TR [H]

fi, KM 4-21 Pros; ARRREE 4-22 BT,
4. 4 S P imiEaw

ST 2% 7 it = B S ] UT AR A AR s A O B 2E B, UT A i A AZ O
Wi, Horb UD BERAER] c#t. net framework4. 0 %5 . WA A% O AT F

CHEYRE FRMIERL d11 £ UT B .

4.4.1UT Btk

UT BB EEH T 5 M P #A7ac B, B EZE B E%3K login, A

EZK winmain, BIEEEIHZE drizzle Hik.
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Login 3¢
ZRTFEHTHP S, B0, WA AR . =AES 5] 2
NHP 4, 8NEW, BN 1P, WAMZHE ARG, B . ZRPREmE
4-23 Fion. P& ER 2105 userid 45 H3E N winmain 28,
Winmain 3

R EEH TR, rDEMSIEREIGH . Winmain 89 32 h
—MTEAIER, R — DM R 2RISR N 4-24 PR, WIBSIRE
i sal ERIZEEFHRY], IR R AT, B e A k2 RIK
w, ARWEIR, —BOEEES M. Bl EARE A 4-25 Pros.

» |

| winmain

B

i =
login

Class

Class = MetroForm
= MetroForm = Fields
= %, Cameralist
= Fields @, components
@ | &
aﬁ g @ isplaying
@ | @ |mainkey
) -
aﬁ = e T
L :a Toplevellist
aﬁ . treeVie
@ = Methods
a P @,
@ . &, InitializeComp
¢ W, MythTryPrase
o @, treeView1 AfterSelect
aﬂ EXtE @  winmain
[ userid @, winmain_Load
_ e = Nested Types
5 Methods —
: Camera ¥
&, btnPurgeRows_Click Class
@, checkLogin : —
@, o e ListMainKey v
* = Class ‘
®a e X
@ |Dgin ToplLevel ¥
@, login Load ez
K] 4-23 Login KK Kl 4-24 winmain &

SELECT a. CameraPTZ, a. UserCameralD, b. cameraid , b. CAMERANUM, b. name, b. subname,
b. port, b. ptzcontrol, b. SerialPort, b. audio, c. httpport, c. ip, c. vstypeid, c. name As

ServerName, c. videoserverid, d. name AS groupname, d. groupid, D. type as
grouptype ,b.ptzcontrol, b. audio, b. description, c. username, c. password, CASE when
MultiCastIP is NULL or MultiCastIP =" then '’ else (select externalip from

server where serverid = multicastIP) end as MultiCastIP FROM UserCamera a, Camera
b, videoserver c, groups d WHERE d.userid = {0} AND a.groupid = d. groupid AND
a.cameraid = b.cameraid AND b.videoserverid = c.videoserverid order by
d. Description asc, d. groupid asc, a. usercameraid asc
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Kl 4-25 winmain ZEEHE R £ 1075 ) SL A
FEAWEEIE, ENBEWB. @A 7, A —% R T7 i
A2 H M7 BB BT — 2 H St 0 — 2 H Sl %, & RN
BEN — G H S SR R g H k. MRS A 2 H g LB AT
MainControl Z5F1 APT #%.0»2 MythAvPlayer 41E. MBAIHANREES
Peghi kg Bl 4-25 s

Ao B

| Maincontrol A | | MythAVPlayer A |
Class Class ‘
= UserControl
b = Fields |
N 28|d5 | # decoder
_ 9% components % i
= Properties ‘ @ MHandle
F Cameraid @ player
&op = Methods
& Port ° @ capture
F Text | ¥ avplayer .| @ ConvertToCppChar
=] = :
= Methods | G, Myth H264VideoPlayer Create
@, ~MainControl @, Myth H264VideoPlayer Start
@ capture . Myth H264VideoPlayer Stop
P, Dispose @, Myth Live555Decoder Create
@, zeC @, Myth StreamDecoder_Create
MainContral @, Myth VideoPlayer Capture
= MainControl ... @, Myth VideoPlayer SetAlpha
M ainControl ... . Myth VideoPlayer SetText

e POO0

M ainControl_... @ MythAVPlayer (+ 1 overload)
Play @ Play
stop @, playcore
N I @ SetAlpha
@  SetText
@ Stop

Kl 4-26 AR K
MainControl ZEFEH =N, HIHFET play, &l 1ER stop,
1 H M capture. PEEE — MythAvPlayer 2K, 1%KL c++Z L0

cyclops. d11 IS H %, HZEER A, dl1 SHEEINE 4-3 Frx.

S E Tt R U
Myth StreamDecoder Create B B ORI 3
Myth Live555Decoder Create B3 RTSP Pril fRAG 4%
Myth_H264VideoPlayer Create Bl h264/h265 #E i 2e
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Myth H264VideoPlayer Start B T APEG) 5% AR B 1 PR AR
Myth H264VideoPlayer Stop 158 1 3B USRS S AT
Myth VideoPlayer Capture 28 B 2wl
Myth VideoPlayer SetText TERE I ES L2 H 77 5
Myth VideoPlayer SetAlpha W R A B

R A-3 PUIESE T H R R
IR, B S R S AR, RS T R R

= /Yy

APT HPRTHE. 2 LRk, H P nldsd 20 1342088 handle, RTSP #EH:7-5F
B RTSP, FH 44 username, Z4Y password PU/NZEAN -85 1 AH NI

N7y
/TR

| MythH264VideoPlayer ¥
Class
+ MythVirtualVideoPlayar

public
| MythH265VideoPlayer ¥ public | MythVirtualvideoPlayer % | mythStreamDecoder ¥
Class —— Class
+ MythVirtualVideoPlayer & . + mythVirtuslDecoder
public
@ virtualdecoder
| mythvirtualDecoder ¥ |
Class | —
+ mythAvlist
i | public
public | mythLive555Decoder g
Class
= mythVirtus| Decoder
®, mylist | mythavlist ¥ | Packetqueue ¥

Struct

Class

e &
‘ @, ListPacket T—L

4-27 FIRZ Oy B 2R

4. 4. 2 IR O BLER

AR 75 A DA T 125 )7 i SR s MR . BERAE windows "NE ] a4k
PR 7 AT 2 B B 2 e H265 MUATE 7 26 My thH265VideoPlayer 25,
H264 FEAN & 7R2E MythH264VideoPlayer 2K, fiAEREZ MythVirtualPlayer
2, Y E 22 MythVirutalDecoder 22 H B W BT & 2k . H
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MythVirtualDecoder ZEH[IIATA FEHB S MMIARSS 4% H SRAH A, EMEA IR .
B i 4-27 Fos

&
-
b
:

( Fa o) VT 2
r spac
| y
I BB —5 SR I
R ——— R p—
&8 A
)

4-28 Z LRI RO K

MythH264VideoPlayer 255 MythH265VideoPlayer 3¢

PSR S5 R EAE [A], 7E I DL MythH264VideoPlayer RVER . K
SDL2™ 2 IR # Y ffmpeg fRADERE. HHETH =R, & A 75K
VirualDecoder RAERMIMAEIE, BESMEAIEZAABIA h. 2678 B M50 2%
FAASEEL A A ATAE TSR £ Empeg MRTDERALR, ARIDH YOV BRI REAFIE AT
PR B . ZRFE C S BUKFERAFASER B ) YUV MG E L SDL2 22 R B $ 2 il 78 S
Fo AR A MR B #A BRI, RNAT ARG B T iR 1B
PRI A P, R IEIR . S ANRAERAE R a0 4-28 PR

4. 5 FEF A EA BTt

HIRGT T nl AL, R ds 12t A R SRR, Gefr i, gmig A HuUR I
AR LR o e SR A AR RN AR B K e v 8] 1 v ) SR A AR Bk b R A
BROEEMR . AEA R 3 A AR AR AT I IS R AR A B AN G AR e

4. 5. 1 BiuERERIR
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B K 8 3
A B TR AR AT BBk AR AR, I DUAR R 1 B 4 B R A
BIZAFBI R, (ERIE R AT 9 4 B . 2 G 0D 30 /N TSR B P
AR FH 22 A A5 1) 25 R 4 88 ik ) T Bk SR MRS B o A R 405 Sk R AR A
Pt myth CameraDecoder 28, HiE X MBUFEMLELIL mythStreamDecoder 2, %K
SRR S5 %% FF 1) mythStreamDecoder R5EAHMAIR, HHENR 8 AL
5 O8CHE B bl MR b o 28 AF BB R, B Bt B mythVirtual-
Decoder, mythAvlist fIZ5E 1A Pa—cketQueue. iZARHLLEFy EI NI 4-29 FTR .

| mythCameraDecoder %) public
Class r
=+ mythVirtualDecoder

[ mythVirtualDecoder ¥ |
Class

P 3 yehiviie
( mythStreamDecoder ¥ | public public
Class - —
= mythVirtualDecoder " 5 )
' | mythaviist ¥ |
Class
PacketQueue ¥ | @ ListPacket = ‘| ——

Struct =
| 4\

4-29 Hi s KA TRE]
MythCameraDecoder 3§
%R BRI B AR Sk SR UG A, ASHE L 2% A B AT S AR Sk R 1 2 2B
TEAS HLAN 7 AR Sk B USB 85k, 2R IRAG SLERE A T opency
TR, Frdr3E N mythCamera 2EH7,

1ZERMFH c i&= APT I opencv, H.H cv 1 cxcore, highgui {3 F A%
o 4R opencv B HUEAG 3K B F EAZ OIS LE cv N, TEANAZFRUNER 4-4 Fis:

BRI AL R Jii&
cvCreateCameraCapture [lfzEE 3L S HETDUE
cvQueryFrame RIS L
cvReleaselmage FEBERAG SR R

* 4-4 opencv FRHEUFE% S APT
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cvCreateCameraCapture V=8 —f# FH CV_CAP_ANY, ik opencv H3zhH|
Wr, Bla07E windows T 4xHZNAE K CV_CAP_DSHOW. 561 %% ik 2 M3k [A]
CvCapture ¥f%.

cvQueryFrame Z#(H] 2 #7441 CvCapture Xt 4%, & AT iR [B] — i
IplIimage. —fBCRULIR [ FKIEHE Ny argb #630, 752U FFmpeg ¥ HF AL yuy
# 0o SR opencv HHHA argb ¥ yuv BI777%, AN T HiENAAREE Z 1M
JF

cvReleaselmage ZH B 2 BB &) CvCapture X%, fEHHEAG LG
B REBE T A EE . [RIEFREAL Ipl Image FR4%T S

mythCamera FZHET opencv M =ANFEAREERAZ LB 2L, Wik 4-48
B, Z R A BB R IERE P 1217 )5 R A — > mythCamera ZEAFTE
MythCameraDecoder 25 Capture iR [F135A% L KEE BN EME 1 argb HERE,
H CloseCamera F<H451% 3k .

4.5. 2 RhgBith

Yt 7 578 Capture G RGB FEFEH N H. 264 #&xCMAIIR . 2 EL

mythFFmpegEncoder 2220 /% . %355 mythCameraDecoder ZEEEE K R,

MythFFmpegEncoder 28/l T FFmpeg JFIR IV 2w idA% r . FFmpeg A% 0>
(5 It 2 B R K PR D R st e MR Aa sk e . 55— JCE O th it R A% U S AN [
FFmpeg W] DL LTI £S48, A2t Rl =77
MIBERESE G, BRI R A F A 1ibx264. A 5 = Ak s\ 7 i Ja b
At R B0 pR B0 A% S M FRmpeg HOS R . H AT FFmpeg Zwf% %0 bR
¥(/2 avcodec encode video2, ML 115 B 1% N\ Z B0k Wi H ¥ 4 A5 7 X
o BAIRISTAR A 4-30 PR .

gD 52 I K h264 $dls 51 AvPacket HHELH, FEENZEAAE . H
TAEPHR, FHLBHAG (5 e B EMANE, FETRIURAR L 5 ] 2R S Y
RAT R i a8, SEUmE R, 5 ce (M ZLREERME, —RERELTH
B CK, AR T Mg . P s A Bl (S, M RIRUSR D
AR EHLAS BT IAET T, MBS LRE R 2 55 fr AR S 2R 1 X B AR )5 -
i, TENLASEZE R, R RE R AT B R b SRR B BGE S,
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TRBRERERAF M EE VAR yuv BT, S 2 R h264 HF T Wit
A

Fog

av_register_all | avcodec_register_all J

avcodec_open2 < avcodec_alloc_context3 |« avcodec_find_encoder

»i

avcodec_encode_video2 >= 0 response —]

aveodec_close

P 4-30 i i FEMPEG Zm it it 2 B
FT rgb ¥ yuv #:4F, %M T FFmpeg 1 sws_scale Bk, ZHE KL
W AT = G AE A7 T7 U F Oy HABE R I B g7 730, B @i B4
DAIA S35 B T MG I A o = (R (R4, RO S o B A, Bl yuv &2
rgb. B TSR ELIE AN TR EA R &, WU T BB Reb % yuv ARG AN
] 4-31 fi7R:

Input:video width:width;video height:height;argh data from opencv capture:src

Output:yuv data from FFmpeg sws scale:dst

1. img convert ctx<sws getContext (width, height, PIX FMT RGB24, width, height,
PIX FMT YUV420P, SWS_FAST BILINEAR, nothing, nothing, nothing);
rgbsrc[]={src, nothing. nothing };

srewidth[] <~ {width>>2, width>>2, width>>2};

dstwidth[]={width, width<<l, width<<1};

sws_scale(img convert ctx, (const uint8 t *const*) rgh src, srcwidth, 0,
height, (uint8 t *const*) dst, dstwidth);

sws_freeContext (img convert ctx);

7. return dst;

Q1 W N

&

Kl 4-31 {§iF FEMPEG #4T RGB % YUV fGh5

4.6 RE/NGE
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REFMNAT RAWTH. HENBAT RAFLKAE, AHTRAEHT
ANFRTFRABETIF R . 5B SV TSRS 2% 7 258, Hyegusa i 748
H] LIVES55 2B RTSP Wit /715 SB=2Brdl 1 Bl e b i1 R g eit, 3
AN 2H T A iconv Fl sqlite FRRFEM 5. SBVWBA4 T S IHI% 7 3
HAPEAA4d 7 R AL O R BRI TV BB TP T AR AR BT
Hor g e 7 A OpenCV BEAT I Sm RAEHI 7%, LASAEA] 1ibx264 BEAT 4whd
W77 BE M T AR R0, S a4 1A = AN AR S U
RS 1) 2 R AT AR o
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BLE RANHFIFS5IEAT
5. 1 ZRGUKMI I 1%

KRG A TFIRJE FFmpeg |, 1ibx264, 1ivebb5, SDL2, libevent, tinyxml,
cjson, sqlite, iconv, opencv, SDL2 net, KZHIFIEER ZEIFAEL, R
FLH @ BT configure, make, make install BIA[ 4% HVRER I 9PE. SR
AR H ) TUAN TR PR 2 i L ATE AT . AN HA 4
FFmpeg+1ibx264 Mm% %35 1ivebbs MdmikE %3,

5. 2 FFmpeg+1ibx264 W4miF52ds

FFmpeg s&—/NKME-F & EARES, Al Ll B B %A B DR 1 BE e 2
HYFrTUEAMEIE o« AT FRmpeg 3£ H gpl ¥F AT E,

E: gpl AT VFATHE

B, ik YASM. YASM J2E5-F & B g R At — A R B JE 5%
£ x264 M1 FFmpeg WIRZETHA yvasm KIS, B, IR —disable-
vasm REVHIC g 2 o AR e, Bk R A —E ik, MAETS A
SCHF yasm PNV BON AR SR AN G, JBSRPUH SR PRI . YASM 2 3 A 4
5-1 Fi7R.

1> yasm
#Yasm is an assembler and is recommended for x264 and FFmpeg
wget http://www. tortall. net/projects/yasm/releases/yasm—1. 2. 0. tar. gz
tar xzvf yasm—1. 2. 0. tar. gz
cd yasm—1.2.0
. /configure
make
sudo checkinstall ——pkgname=yasm ——pkgversion="1.2.0” ——backup=no \

——deldoc=yes ——fstrans=no ——default

K& 5-1 YASM % iF 4
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HR, 9P 1ibx264. Libx264 & vic F—aKAEHMRFH h264 4% 205 i
o HACERH T FTA TR h264 Jrffhs s b i s, e — R S 7E e 1
gpl MR FRA AP . B R T, N EfHH 1ibx264 DT BOL AR
P IEAEAAS NN 1icense. T4&, FFmpeg HZELHATINE 1 —3K h264 fiid#s,
PRI FFmpeg YA A h264dec. co HMMRR LTS 1ibx264 MHZELIL, 5
1ibx264 AN[FEIHI&, FFmpeg fEIX 7 HAEH T 1gpl ¥, BI#3hZ5 7 Fimpeg &
WANTE ZIFRORAND . #CE A% h264 YR SR I FRmpeg AIANT A4 IEAR
fho {H/& FFmpeg N HIAN H 47 h264 it a%, Mol 0k il n % gpl LAik FRmpeg
MM IhAE . Libx264 4 FERIA WA 5-2 iR .

2>11bx264

H. 264 video encoder. The following commands will get the current source files, compile
and install x264

wget ftp://ftp.videolan. org/pub/x264/snapshots/last x264. tar.bz2

tar —jxvf last x264. tar. bz2

cd x264%

. /configure ——enable-shared ——enable-static
make

make install

K] 5-2 1ibx264 4uBEfHIAS

e BB, BURl 4208 1E % 71915 FFmpeg, {HREIETER, DI
Ja egpl EIUFT x264 LI, BNA TR PE R . Frmpeg ZmPEIAIE 5-3 F

7N o

3>FFmpeg

wget http://FFmpeg. org/releases/FFmpeg—2. 7. 1. tar. bz2

tar —jxvf FFmpeg—2.7. 1. tar. bz2

cd FFmpeg—2.7.1

. /configure ——enable—gpl ——enable-1ibx264 ——enable-shared ——disable—-ffplay
make

make install

K 5-3 FFMPEG % & I A
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SR A BB E, 1847 L N2 LA N Ga e, 9B 2 B 16 a0 T Bl
7N, 1E encoder FFR I 1ibx264 LA 1ibx264rgh WiM4mides, Wik 5-4
BT FFmpeg —encoders|grep 1ibx264.

with gcc 4.9.2 (GCC)
: --enable-gpl --enable-version3 --disable-w32threads --enable-ayv
1 fe -enable- !cWOI ——enab e- qnut? --enab)
fcnach Tibbs2b --enabl
e-1ibgme --enable-libgs
e --enable- wanpencnre—
bopcnjpeq ffenachf wbupu ffcnab
oxr --enable- s
»—enab(e Tibvo-aa e
x --enable-Tibwavpack enab e- 1b 3
enab?e wa\’ha ——enabf -libxavs —»enab?e—?wb\ id --enable-1zma --
cnach z1lib
27.100
56. 4(.100
6. 40.100
.100
.100
.101
2.100 /
3.100 53. 3.
T1ibx264 H. 264 AVC MPEG-4 AVC MPEG-4 part 10 (|

>4)
Tibx264rgb Tibx264 H.26 AVC MPEG-4 AVC MPEG-4 part 10
B (codec h264)

5—4 FFMPEG #fiil & 75 2w i¥ 1ibx264

5. 2.1 Live555 Mgmi%k 5 %d

Live555 ;& FFURELHL RTSP PR IR, A4 PR AA R T gnu M.
5 configure, make, make install 2P ERANEHISE, Livebbb 7EZm VI HAM 7 48
ERFERI RS, miFHAWE 5-5 Fin, 1E genMakefiles J& i £E3H LY ATET
PIHERAE R G R I,

cd livebbb
chmod 755 genMakefiles
. /genMakefiles linux

make —j && sudo make install

5-5 Livebb5 miFHIA

5. 3 BLSIR 55 A 4 1 51817

MAAR 55 2% H Bl 56 & JTIEAE oschina F. fESPEZ HISCHIE H 3 N A &
] libevent JZ, 1ivebbb JFE, 1ibx264 FEF ffmpeg JE . Hii\Toiz /Gl Al @E T git
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THET#, Mf5181T configure AFSHATRIBACE, BRI livebss wiFFa N
linux. A2 M wmEFEETBEMLERE, Wk 5-1 fis.

G BB EP
enable-pipeline FTIF h264 55 h265 (4% HdE Bl 2k
enable-mingw 8 mingw kAR 2R 1 win hRAS
enable-libevent i libevent 1ENFIERIKE

R 5-1 VAR R 55 %9 12 2 4

£ linux FREZNIMTRIEFE R, HFHZEMA nythnultikast BIA] 5 RS
&), FEFRB) I EAE mythconfig. ini S E B PRI AR) 1P Hubik DAE 5
7. k554018 Ja n & 5-6 s, ABIRH ubuntuld. 04LTS HRGEIEAT RS %%
H EAEF D N TR IRSS A5 S 1], IS5 A< il 5834 Imld, M select
3# epoll [IJ7VLEAT socket $Ei].

LP III_‘,"LIIIIIUILII\d.:rL SUDD o dal s

[root@localhost mythmultikast]# . /mythmultikast

[2017-06-27 21:28:49.003]Initalizing servermap

[2017-06-27 21:28:49.004]Libevent Current Using Method: epoll
[2007-06-27 21:28:49.004]Server IP: 0.0.0.0 --- 5834

[2017-06-27 21:28:49. 004 JMythMultikast in libevent: stable version.

K 5-6 VAR S5 S AT E T
k&I EEICR T REHE, HEXHEMRS & H T L yyyy—mm-
dd. log M & i 776k . HEICENA&E HURHRBEIZ0. nsRK2 2017
6 H 27 H, MATLUEE cat 2017-06-27. log #4THERE. BiFTHEAESE
A DARE AR K70 M 2% 28 it i . H B A B W 5-7 fiw.

[root@localhost mythmultikast]# cat 2017-06-27.log
[2017-06-27 21:28:49.003]Initalizing Servermap

[2017-06-27 21:28:49.004]L7bevent Current Using Method: epoll
[2017-06-27 21:28:49.004]server IP: 0.0.0.0 --- 5834

[2017-06-27 21:28:49.004]MythMultikast in Tibevent: stable version.

B 5-7 AR S S H S EE
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5. 4 H % Fimiit 5B

FEBCUT SR H % o 2 /i, B SEMIE 1 am iE EER . e, TR SR
2 7r # 1200x743; Hk, FHEMW. %55, GBS HRE DI .
FE G AU R AT metro fRIZIAME, AR, —H 798, BIfEA
FORJG, IRGHEAT UT B ) 7 B s 5 T A4S 25 57 T8 1 95 SR B

5.4.1 BF A MK

R EEAS ST, BB RGP RTIEE, 0 5 R ik T
5 ooRRA.  H OSSR K B B, IR HARR AL P RE,
LR R TR G FATEM . SR 5-8 Fiac.

Innovation

|ruot

[120.204.70.218

s B

K] 5-8 S
K 5-9 WAIEE A

5. 4. 2 MUEE Fm it
MIRE R T AR X A APy, a2 — R, HhtigEz
PP RLR T Res B A AR A2 B AL D, AR e s o, M )id
W% E LA L A R . EE S 5-9 P, sidiei—
EIHEIFWIEIR, fdr R R /AT, BRSO R R]
B SIS o ol At 75 U R] AT S A S AL -
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5. 5 B I S HER A I R R 518 1T

oA PE b R A S AR 2% A — FE T LB O s AT, ERX B EEAN Y
windows FHgmiF 1%, Win FRFEEA visual studio2013 BIW] 58 g i, 1
{RAE S 1% RT H 3% N4 SDL2 %, SDL2 net J&, sqlite3 FEAI iconv FE. DYANZEHR
FIERAS YR PRI N AR PP N o 3 B0 2 AR i 95 4 2 S5 ROR Il 5-10 Jiow,
B 2 R AR I WT 5830 i, RN O TP bR ALAR 5% 28 AR T
F 3

INFO: 1: 192, 168, 1. 182

fartlieter.. .
Server IP: 0.0.0,.0 ——

Kl 5-10 ¥ e rp | s 47 K
[FEE, HERARE AT/ windows FiBid visual studio2013 B4 1F5E .
7ESm BT IE B IA R B H s opencv JiE, SDL2 JFE, ffmpeg A SDL2 net J&.
IR FRTE A ISR . NHFESF myth-StreamPusher [11)3 8 4 y:

MythStreamPusher stream://src/id stream://dst/id

i

MythStreamPusher camera:// stream://dst/id

SR T30 5 SO BB R AR Sk B
5.6 AT/

AHELENN T RENHE BT, HEART R EE MR
kit MR NET BT REBIRS S, BRI AL, A%
PR E (T
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BANE REBRORLH

ARG T i RARIERRFE, ST HEBAE (4 S HERAR R MM/ T, SEBL T
VPR RRIRGAE, Bk RISk, SCBEWTAIINT RE, WIE T VR 2 AR Bl
Z5K, BIIRFER I ringbuffer K45 i LA EOCBEWIZE A BOR, o5t 1 TFIR 2 (1)
VA, B 1ives55 FHRCEHE R 7 . AFR A G LR

6.1 M/M/1 HEBAAEY

M/M/ T HEIREARD R — A B 55 O HEBARSE RS, PR T 7 3R\ (1 HE B 2R
Gilt RS, AT AR e 5 75t A M 80 F 7 AR R 0 M B 8 e i 5 e e 4
MM/ T HEBBEAS (A HE BA S e B o B (KA, GRS 32, B BEAE T LI 2% 4
BOeh, BT R] 16 B AR SR RO A, B A AR B, LR S B 5 A
B AR TN, RS589 A AR B A . BIIA AR S5 H R B, RS G
I L JE BRI BN (FIFS) |, BABUK: B 5] i A\ A F A S50 2 T B

[N-
IN

Queue

Kl 6-1 SRS R G M/M/1 AR

Wl 6-1 fros, FESCR ISR G AR AR ST st b, JRATRYE HERA e X 54> 52
ARSI 7 BEESE 7 M/M/ T HERAVEEARY, b LR

N FREMIR 1 i dmiD s gmiD G AR AR, Kb EdRa RN A —
AN MTU K7 (1500bytes) o

G FREMMIUR 1 2 ECRIMIARSS 98 KN, ASCAFERERTRIATTE (ABW) i
RAIFEM, BRI [ 2 {H -

N FEEMIR 1 ARG5S
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AR TEEF 1 ,=C/N;, BIRERE 27 b DRI, X T2 7 ok, ¢
55 Bt BEAG AL/ o WUAE ROr Al — N SE AR S 00 R, BATTRT LA 21—
ML RG-S E I E T A

1 N
7‘—-;:;-— A (6-1)

AR 6-1 AJ#F, FEERS R ANE N FEn, RS- F-15E &)
I, JFERAERKE, WE 6-2 Fras, 2 A=104, C=4370, RS2 405G
N 1. 2mbps, H 4755 C=50mbps BF, 2 i AN 5 N=31 NG B B [ 5e

N-T

0.200
0.175
0.150
0.125

0.100

T(s)

0.075
0.050
0.025

0.000

K 6-2 2z um NN 5P K2 N E] T 7E M =104, C=4370 TR

[l Iy BATT T AR 2 R GEH T BN Dy

N
1-p C—N2A

NI 6-2 FURE RG] T AR A0S S N AT BA B SE B ) St
Ko MESERIRIE RS T, A€ UGER AR 300 =40, HIT=0.3, WS
KRKSE Moo 2

AT (6-2)

in x 1024 x 1024 _
Nmax = ATmax = —zo0gg 03 = 26:21in

Horbr in AN SERM RSS2, SR mbps o T BB B KA BERE I LA
(EESHESTEE B
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6.2 H. 264 5 H. 265 i Sk 3 by 23k

FEAR A, SRS LSRG a6 7 B AR H B, X FlioiibioR
Y, BRE]— BRI G S AR A B, AT — kR BIRL
L Sy B R E — MM R B . W H. 264, H. 265 BOMITEK A T ELOR R OR
PRTTHERHL K

M orfe B 7 SCRY RT3, H. 264 5 H. 265 #BLL 00 00 00 01 8¢ 00 00
01 FFaf. oA R ZE AW AP B BLED AT . H AT R W 7 vy — A — A7 )
i 00 00 00 01 =i 00 00 01, FFEAFMIHHEAM cpu XFHINH . MARIE
RSN 32 LLxFFFRIM S, FRRALER 4 A1 . KPR BRI 10 3 3k 47 7
P, HEEAE 6-3 s,

Algorithm 1 Find the start code for H.264 and H.265
Input: Nal unit: g
Output: Startcode Index: int
1: procedure FINDSTARTCODE(1)
tmp < p & 0x00FFFFFF;
iftmp=0:
return 3;
elsei f p = 0x10000000:
return 3;
else:
return 0;

K 6-3 H264 5 H265 ik iy 4y

6. 3 H. 264 SBEMIH 1L
FERASS T, A R BARGEANEE, WL AR A8 L 55 FLAth o ol J57 8] 325 i G 125
PR E BRI, AT DR BB R AR R F BRI, BRI e UK AL R .
SR Bk ot (14 o7 L RS2 m) DA H Bk ST R R O B I e o Wb L L IR 5 A P
FUWTEmE A5 T W AR AR NS EER L.
TEEL P 77 H264 Bk, AIEUMS NAL B3R, NAL 28K Network Abstract
Layer, BIMIZRHIZE. NAL $0/E NAL MIREAEVES W, A& D7 1Hk
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= BA—RVIk A VCL IFR N E G 7T F#Ar (RBSP) HFT 5. NAL ZRAYTE
h264 FLIFSLAT S, BIFS NAL XTSI slice SA—Wiffrag, WI7E {00 , 00 , 00,
01} 2 J5; FAEWIF, MIZE {00, 00,01} 2 f5. NALU Z55R W1 6-4 fix.

2 ]
; Nal Unit :
: Forbidden i
I zero nal_ref_idc nal_unit_type ;
1 bit 1

6-4 NALU 33 45H

nal unit_type NAL 2874 C

0 ARAEH]
1 Ay, HE IDR BRI A 2,3,4
2 FArX A 2
3 FrX B 3
4 R4 C 4
5 IDR P4 9 Fr 2,3
6 HhFEtE R fE B RIC (SED) 5
7 P52 4% 0
8 (SIS e S 1
9 5y A 6
10 JF A S5 7
11 i 4t R 8
12 H% 9

13..23 TRe

24..31 ARAEH]

% 6-1 nal unit type ZEHIHE
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N3 6-1 s, nal_unit_type Al RIS 52 8w, A7 B AL NAL {47
Fro IR AATLUCHIMTHE T, B NAL SERN 50 — NS 41 il — A3 8 1
G TC AL, A — 2S5 BT S P AR . Wi e 51
THiE 2B R S0 (IDR) o IDR /2—A> I WiEMg, Fox)E i BIEAH
ZE AN EE . — A NAL B al 68— ECE 2 g 41 H. 264 1)
SR NFHIBHEE (Sequence parameter set) FIEIESHEE (Picture
parameter set) o FPIIZEEUTE - NEEFIINIAEL, BIPA IDR EE
AT A EBEE . 2 DAFRFFSIMEES B  as T, D ek
TR G 7> v 1R E R A A BRI BE M S HUE, BIGSHEA S HE
AP IS HESEE R

L Lh BT, EEXTR AT REE, AT DRI 2 MR AE R A
Jerft, Bl nal unit_type 95, MW ER LUK AN A T 5 EBESETSI
&rh, Blnal unit type N7, WHZMHHA sps Sk, RVSHHAE#D: & EIE
7 4%, Blnal unit type 8, WIZMUHA pps k, RIJSHHA 765
M. 7£ 1ibx264 ', nal unit type CLEME I LU NH L. T2 0l DAHEH AR
JCHEMWUIR AR NAL B MU VS B . o B R0 U@ T R B 6% A7 SR o
nal unit type Jy 5, H ZgEHIFRIAN 101, ¥ RF 5 f7KEH 00 101,
nal _ref ide fetRZEHE L, WA XA HE N 00,01, 10, 11. b0k kWi
forbidden type {8y 0, #A] LU IS 7 54 I HES 2543 2 LA T #odls -

(0 00 00101)B = (5)H, (0 01 00101)B = (25)H
(0 10 00101)B = (45)H, (0 11 00101)B = (65)H

Mmi)E T SPS B, nal _unit_type A 7, HHIREN 111, ¥ 72 547
FIEHF 00 111, nal_ref idc ALK, BUER AR FEN 00, 01, 10, 11, JH
b Skiiff) forbidden type fE A 0, #rT DL & A HEZZH & 15 3 DL Ed -

(0 00 00111)B = (7)H, (0 01 00111)B = (27)H
(0 10 00111)B = (47)H. (0 11 00111)B = (67)H

& F PPS B, nal unit type A8, FH kH|FRiE N 1000, 782 5 L
LN 01 000, nal ref ide sefideibiyk, HUEAARIEEN 00, 01, 10, 11. A0
b Skiif¥) forbidden type fE A 0, #nT DL & 5 A HEZZH & 15 3 DL B -
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(0 00 01000)B = (8)H, (0 01 01000)B = (28)H
(0 10 01000)B = (48)H, (0 11 01000)B = (68)H

FELPRMEM T, nal ref ide BN 0 WIMERMA, BUMER, WA LLH
AMEF AR BN FE . W] BHEOE I8 nal_ref ide A 00 BTN, AR LA
BIES 1 1E: NAL fE7E 0x25, 0x45, 0x65, 0x27, 0x47, 0x67, 0x28, 0x48, 0x68 it
ZWORRERMT. BESR CAS R T LR REEE, B AFRA AT LU B S A
e HEBTSE RN 0(n), RAG AN EAN ST, HRIEMRE E%R
8], B3k 64 AT LANAT K ZHUE L. #5550 SR AT A TR ARG 2, AT DA P gk
L AR nal_ref ide MFTARARAEFZETEN, A FHEHFR forbidden
type A L HEHL, FFIRIUS AL bit MBI . HRHE T RS H 2 AR mask=(1 00
11111)B=(90)H, Zh5EHdE 5i2F K 6-7 Fiox. 5 HEFR T 0x1F
HIM 7 IANE, Ox9F i 9E T forbidden type Ay 1, &N T X} android #4154
AEER ALY SCRE . A A 6-8 s, BEME R E &M 0(1), R
HigH— kWA HIERAE R . [FEA 1 H. 265 OCHEWHIET S 40N 0xTE.

B

B 6-7 S ik Lk

Algorithm 2 Find the start code for H.264 and H.265
Input: H.264 stream data: data, Data Index: n;
Output: Is I frame or not:True/False;

1: procedure ISFRAME(data,n)

2 if FindStartCode(&data[n]) > 0 :

3: KeyFrame < datalp);
4: if KeyFrame & 0x9f = 5:
5.
6

returntrue;
return false;

K 6-8 R H il ik SVA AR
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6. 4 Ringbuffer B4

BERANLL T2V RINF 454, #RAER M. T AR AT 7, #ERAE
FANPIERTDUA R 0(1) ME R, W —M&uERyEIEZ, HRER
AN RV IR E ST KT SRRSO () PRI TR), 17 2 A A L
(RIS [A) 52 2% B2 23 il 2 0 (Logn) AT O(1) o (EUR T HER T EIME PIE NAF, 57
B (B 1) P T BEAS 2 HE L i) /R, RIS AT — @I AL S, R 5 18 RN A
3 2 SEHENARBIR . ME KA T ringbuffer 45450 .
ringbuffer FA LK EUN1E] 6-9 fios:

out it 1 KR 32

K 6-9 ringbuffer J&A K 4544 &
B, RGLHIE N RN, BRI 1OM, AT A E
HAR KNI 5OM. Fl 5 G — MEMEER, KN EREERE, 72N
iR 25 DL F

FEAN B 32 AT a7 I, B SR AR A X, R 2ol e 4= R A
BEANAE, BEJEIC T H AR LR RN, AN SRR ER T TR, T8
MEERTE AN — 2B L fa R X k. 255 AN EE /N K A7 B B
IR AR WA, AP S, SRl Bl S BIBOy e, i ORA7 1
WAEAIR A FL R AR AT B A SRR/ o IR IR R AR A 7 B0 X A 2344
P, AR EREEIR N LRI RS, IR RJA A AE X . RSB
R, JEE AR E A, PONATE BRFM T &Ja— R NE, HRFHER
S EHINAAPIR, T 5 RO A ZERUSHE R

68



PPN e VAT

BEIRKIRWEE T, BRIThRERY ringbuffer BHRLTH

H264/H265 KEHMA =F2ERMT, J3 702 T Wi, P UMl B it b T i@ ok
M, P OAD B MR EARE T WA REAE RGEITRT . T WO LA B gop_size XA
SBEPE, —BE NI 25, B gop_size. I,P, B gop_size [f13%
AU 6-10 Fis.

I B B P B I B P

gop _size=b T

6-10 gop size niE K

Ringbuffer #ife st A B AT I A& 5 B MU DIRE,  RFRHEHS 1 Kcdfa i
ARRESE T, PO B G, T E WIANZ T MBS O0 N IR A BETE BE T . 7E L
G EE BRI R Jr AR EY 58 Ringbuf fer dEaitly, B0 I miZzss
Thg. BRSNS B A S I T U RS 2 T il, W R I E e
QRS M S i) —A Tt BEJE AN BN IR, Wl 6-11 Fios.

I0 B P I1 B

A
iﬁu ﬁ Last Last Last Last Last
I0 10 I0 I1 I1
B P B

Kl 6-11 I migefinEi
TEAN AR FH 2 VAT BRI, A4 5 2 5 B — AN R DL K — AN FREE .
WA S RIWAF AR AT & 5 5 SR A E,  DARCHIWT LR £ 5 A7 R4 R EA
FE—f A, HREMHEZERTHRY, &R TERE, WHEATBM, B
FER—AEERE. BB SAREE—RN, MR ELIREERNALE,
SEH R RE R — L. RN — BRI T, AR B 2T
JE BRI E . S AN O S R TR L8 AR AT T P R AE
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AW 2 R EE RIS SN, B DUARAE R OR .
Z AR FDPPERAER, B WE 6-12 5 6-13 fx:

Algorithm 3 RingBuffer: Put

Input: packet data sources:data , packet data length:len;
Output: Data Index
1: procedure RINGBUFFERPUT(data, len)
2 if listwriteptr > buf fercount :
3 listwriteptr < 0;
4: endif
5: buf listwriteptr|.length = len
6 if totalptr + len > buf ferlength :
T totalptr < 0;
8 endif
9: CopyM emory(totalptr + totalbuf, data,len);
10: totalptr < totalptr + len;
11: buf[listwriteptr].packet « totalbuf + totalptr;
12: listwriteptr < listwriteptr + 1;
13: return listwriteptr;

K 6-12 avlist-put {05

Algorithm 4 RingBuffer: Get
Input: Is Free Packet:freepacket;
Output: Packet:pkt;
1: procedure RINGBUFFERGET( freepacket)
2: if listwriteptr—listreadptr > 1or (listwriteptr = 0andlistreadptr =

buf ferlength) :
3: returnN one;
4: else
5: ret = buf|listreadptr];
6: if freepacket = Othen
T i f listwriteptr—listreadptr > QueuingMax :
8: fori « listwriteptr + 1tolistreadptr — 1 :
9: if isFrame(bufli]) :
10: listreadptr < listreadptr + 1;
11: endif
12: end for
13: else
14: listreadptr < listreadptr + 1;
15: endif
16: endif
17: endif

18: pkt <+ buf|listread);

K 6-13 avlist—get BkfifChd
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TES R, Rl R A AR FRE PG R BE 2 B8 T SE N s UK B IR R 1R
M2, T T B AR E A DR AR BT E R DA I B YE B, 3 G tH BN AE R
FE IR A s R, SR T TS B W, B S AR B AN S HR I
M/M/1 B3 R B (R B R AN BN DA () 22 B A st K S I P i RS N-1 A3
BEFIIEH—AL. 498, FESCPRRIA, XEW & T H264/H265 4% XSG
FIWT RS, BHTEE ) P B PR B S HR R OB MU B, P A B YR
B ERE B KB ERABIE T, SR S HE R
JRPEE N 0(1), TEBRMTAIE LN, BT oG i W v, S P B R e (1] &2
RIEEZ 0, RIFNTRIERER ().

6. 5 Livebbb % Lo ACHE Buidt

Live555 JFRFEFESLPRIZATHAAAE I, BDJCiRFIMT ek T, 1P $fgk
T P S W T SRR B 5, select (EFANE L — BLPAT WM, AN 2 BB I 2
IP $& AR Sk 5 W 44 % 28 8 . 2ot b 5 7E BasicTaskScheduler0 26 i1,
singlestep () 7E W &% 5 Wi P A 00 MR A IR T2, 76 A FRIEER 4k S0 0T,
WK 6-14 FioR.

void BasicTaskScheduler0::doEventLoop (char* watchVariable) {
// Repeatedly loop, handling readble sockets and timed events:
while (1) {
if (watchVariable != NULL && *watchVariable != 0) break;
SingleStep() ; // AR H
}

K 6-14 i singlestep fCA5 K]

IRFCH T H K LFE BasicTaskScheduler 25 ] singlestep BRAEH. 7E 83
TS IE 6-16, 1ive555 EIEEL socket KINZ JG 4k THi%E, (H2& RTSP Jf
ANERE UL udp W7 OB, TELL tep RN MR 2R Frilm ik
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HAH singlestep ) P e EIE, UL BAIIENR)E, %5 singlestep ¥4

T int IREME, MEEWITEBERERRE 1, HaERERRE 0, W 6-15 5
K 6-16 iR

int selectResult = select (fMaxNumSockets, &readSet, &writeSet,
&exceptionSet, &tv timeToDelay) ;

if (selectResult < 0) {
int err = WSAGetLastError();
if (err == WSAEINVAL && readSet. fd count == 0) {
err = EINTR;
int dummySocketNum = socket (AF INET, SOCK DGRAM, O0):
FD_SET ((unsigned) dummySocketNum, &fReadSet) ;

K 6-15 Jol FEACHE K

int selectResult = select (fMaxNumSockets, &readSet, &writeSet,
&exceptionSet, &tv timeToDelay) ;

if (selectResult < 0) {

return 1;

Kl 6-16 B 5Us 1 RS ]

Singlestep &I HiEE % T — 1Mk [FIME, FMJ57E BasicTaskScheduler ff]
doeventloop PRELHIE N —ANHIWT, @R singlestep IR[EIME KT 0 MR H Toop
PEIN, W 6-17 fiw.

ELBEE T 1ivebb5 [ LE I I T FEHCAS IEAA Y 1) 2

void BasicTaskScheduler0: :doEventLoop (char volatile* watchVariable) {
while (1) {
if (watchVariable != NULL && *watchVariable != 0) break;:
if (SingleStep() > 0) {
break;
HH

6-17 M5 singlestep AAH5
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6. 6 AR E/NGE

REAG T SEIARIE N RATR FE LA B BOR 15 S S ML AR 55 il
FRCT MM/ AR, BEJSAFA B T BN B S B 52, BEJSHESE T H264,
H265 Mk Wk, SCBMISE, JHRIE AR AL 510 Sk W FE SR th T
A T WA HIRFIR RingBuf fer Bu4ht), oot 1 LIVESSS HR it ik
OARRS, RIS RS
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FLE RGN
eI ST, A RGBT . RARAEIEE
R IR S B P R BN HCAR P e R, B RUBUR S5 5, R AT TR
ST A
7. 1 PHAZRSE
W EEm A PRk, — ARG R, FA B, TR

IP BB IA=AAFE RO FRE S, RREREEAR, =685k
SRR -1 Pfow, =D RERWE 7-1 .

4 DN R TP fi % (kbps) Pwhd 7 = 77 30
A 1280x720 2048 h. 265 A4
B 1920x1080 3214 h. 264 HE
C 1280x720 1538 h. 264 Tolk

=11 Bk HEE

B 7-1 SRR Bk
IR 55 4 S 22 2 AE— & ubuntu #4E RGEH PC AL L. Windows 75 )7 Jii 22 2 (E
— & windows #ERGA M PCHL L, KH i3cpu, 16G WAF; mac 2 /i 22 AT
— %G mac BN L, mac osx BAE RGN el captain. Android %7 ¥ &2 AE—
G FHL L, 18T androids. 0 R 4.
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[ 245 PR 155 0y S 56 2 JR 3, 5 BE A 100Mbps o % 24 i (] 38 Ik % b 28 130 AT 18
e KMALELLREGERE. B/ ImFERER =8 1P B, HEAM
TR ANFPP 6N 0% ih 1] I 5 SR A 55 4 A WA -

TENE S RS AT, DA ZICKE AT I 428 e A MR I NS PR rp o FRATIAE A
FAFZIRINI 7 e 1 Sk WA 475 1 4% % N\ 98 1 9 B A node js™ ~onvif £
PRGBS S, Bl RTSP sidik, $f8k 1P sthik, M4, #igsE. HP
B W T8 5% /search H sk RIW 2 17 W BT TG WUS i 25 15 4% 1) RTSP
k. 7EFREXE) RTSP bk S5, EHLGUEH sqlite BHAF A4S BB INEIH
o PErb A, 3555 a0 o (R AR 55 s . B R SRAE A T sqlitespy.

e B SRR RIS, Xk B AN T RV RR . B e B S AR A i
[EIPESRAL R ip HuhE Xt MU 45 2 OO B ini HEAT TP AORCE . AN p icdie 122
[AfF L2 192 168. 1. 106, WIFERLAIRSS aIRCE ind o, SEHNZHbEIF
TRAF. B NTERBUG G2 I AR 55 25 -

FETF R MBI 25 4 J5 X 4T TP /- o, ZEA AN P 4 A0S JE BN
MINEF S, Sl 2 B ARk, B LRI A58 AR Sk A Sk i i
[, WE7-2 fin. BILRGESIEIT I RIELS

cyclops-client

017-07-03 21:09:15

'7

.rirf-'~
| ;A*

B 7-2 s s A M
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KAGFR T windows “F &% P bA4l, A android “F &% /i, mac osx
FER S M ITE . o mac osx P& & AN TR A A
®KEEDRE, RAMAURBCE RS OB . DU R R & 6 % i
Hs TR oL

7.2 B P it
BEEFIRIEIT

BE& Pt 4 AT, BT R B, BB RS AR,
MIMBE & A R AW, WA E B Ko Bgggidionfiian, H2E—
AN P2 IEKRE, — AN BT IR ANHERIL 2 1Y) 1P MR B3 ST .
PP LI an T B TR, Horh i B IR S5 2548 1 B IR S5 2, 8 S
K 7-3 Fiom o

H

EEREEL

#EES || ®mAven

Kl 7-3 B Kl 7-4 BCE RS AR S

B MR 55 AR 1 B I AR ST A5 B, P AR U 3 AR e B
W g5 as A%, TP Mk, S5, sRAg ) 44 A0 a0 Ja Ry st 476k e o
[ I 3 AT LI R PR 20 SR A 50 H MBI BRI H « A I 7-4 P . MU
B 3 B AT T B o il 55 s 2 3 1 AL A 9 4815 Sk A KA BT AR 1 o L 2
BUE R P aT, I P i T I 2 H B A B8 sk . A S

76



LA PN 2 e S AT

HW, MR LR G EEE O ENE FI3HE k. I £ 21 2% 2 18 F T i
7-5 7N

“"Ye-05-2016 F£HIT 02:06:15

7-5 WUPRBL % H R i S I K 7-6 i R R B

MR ALIRR O R A OB, At ] T B AR IR 55 45 A% SR O AL O
SEINFRI. N T HBAFNE, 2O e T =R 515 R AR
Ao, EERERRAR T, FREBASI %, a2 s EicAR i L
RIS %, EE T E A . WIS IO S i 7-6 s .

Mac osx - && FRiRiE(T

T=T MAC V-5 % 7 sk RS T

K 7-8 1inux %6 M
Linux N¥F5EF

Linux R4 NN — N CTFHRE, WERLA 2 HER T A B, C, D U N
1% 3 PO/ SERF I TH - Linux &2488 Ubuntul4. 04, {3 FH Opengl 527 S2 B H) ]
WA 7-8 s,
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7. 3 MLAR MR P (R IE I 3

AR 3 AAEBEAT =528 LR AE I R ST ERE, A 45 = 2
PRI, 190 2 ASEADL 2 o T 00 3K DA B S SE P 28 A5 . L R A I A
S 28R BEAEN K o

7.3. 1 REMAAS &R
fERAE I 0 S DA TP RS BR800 I 6 ) S5 7 P St 652 1 45
(R IE) . AL, ASCBETH T — B R R I A A i R B . T —

IP 5k, —GUMRS S, — PR, AR imA k. A
AL T AR A B B o KA S0 Fh B 7-10 B .

M PEsek

\ 4

o % 2R
WS 5
l £ smzrw

7-10 JAIA B 1]

FEARIR T 950, R TR 85 I ELAE S T R, PR TP RSk HE
SR, TP BRI N SR i S TN g R SR TR AR
S o B T SR AR T RE s N SERP LA, feJim ORAF D9 FLV 3CA . TN (] 30 2»
B, SRAGCRA 5 Bl — AN, — 3% 6 AN SCAFRT A AF

B 7-11 G5
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BE R TR AR SR, B 10 APRFREAT — A, IR THRL SR R ) i B e

I 18] 5 FRp i S0 sk I TR 2 22, SRARER 7 KA 7-11 Jror

ISR AR T34, ARSCRFHBENIRAE 300 A SE A RFEE S . P A% 20k
RN P, (T, DD o Hrf T ARRZEEE LATH E], D AR P i s il 6] to 5 1h i 2%
WPIE) t 22, RUAERS Do SEIGAESMINEIE L MR srs, nginx—rtmp-module PAS AL
J7 AT ZER X B . o, BT RTMP 1977 S48 HF A F ProxyProtocol #ATH4

SAIR LR .

Latency(s)

ARSCAEFRE R FXS b T =05 %, AEE R 7-12 fros. dEw]
&, FRATITT RN BT FREE 300 =40, FHMELE 189 2. FFE1K
JERE S, T HAR AN 7 P T #R i 1 300 2240, JF HLim i SE 38 £ S AR X

2.5 A

2.0 4

=
w
1

1y
o
1

0.5 1

0.0 4

-+ NRM
=+ Optimal
- Baseline

0 50 100 150 200 250 300
Time(s)

B 7-12 JR3  A LE B Ik 5 SR A

BOK o IRATH T SEAEARIE I 4 P AT T i b AR B T 6
7. 3. 2 FENIALR T oA 7] o9 48 175 100 0k 5 0 ik 4 2R

AR SCAEREADIA I N X AN [ B 45 155 DU = A>3 SR BEAT T ARSE IS e AL
WEEA T Cellsim™, —PiHR4H v A0 B Il ) 2 A2 18 5 ik T e [ T AL
Cellsim [ ¥ 5 PdbRe SCF VEHRUE -

LAR 4G 2%, SERCS | B EIE R .
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Cellsim [R5 i#

T IRIRAT RIS R, FRATT B iR B HE AR AN S AR . BT, 3R
ATRIARREAIL 28 S ZARAUAE AN [F] X 28 260 gk AR AL 72, IR ERER I (R EG,  MA
T SRAFA S (I HEPASEIR o 22 Mahimahi™ 5 Cellsim [1Ja &, FAIME AR 2%
A TEAC TR A A R B d . B 713 s, RBSEEUE S RA R I 4 AR
FEA RN LR, FRATTAE FH 326 T A0 D09 2% 290 28 v FF) LG AR S R B/ D BIIE 2 A I

SR EERE b

T Queue

Sending rate

— || e
sl

Saturated traces

K 7-13 Cellsim FH 545/ K

HARTIE, AR Rk # MHENCGE 2 0 R B A& 5 R, IFH
WA A FEBAE IR Pk 9" HIRIEIR (self-inflected delay) . ZW&H=
MNAFIVALE, 4> Bl 6429 input’ , " output’ A1’ limbo’ o — FhAE kit Adk
TR L 1) 43 2H 3k B0 RS AR TS 2. A Hh (R A 6 3R 2 e
A ARE R, XREWRE MTU /N EUE GG AR 26 B ] (BLZE 0 9 5
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