DAI HOC QUOC GIA THANH PHO HO CHI MINH
TRUONG DAI HOC BACH KHOA
KHOA KHOA HOC & KY THUAT MAY TINH

MANG MAY TINH (C03094)

Bai tap 16n 1

Video Streaming Application

GV ra dé & huéng dan: Lé Bao Thinh

Lép: L02
Nhoém:  Akatsuki
Sinh vién thuyc hién: V6 Minh Toan
Ding Hung Cuong
Nguyén Hai Linh
Nguyén Dinh Hiéu

1915570
1912817
1913944
1913341

Hbé Chi Minh, ngay 31 thang 10 nim 2021



University of Technology, Ho Chi Minh City
Faculty of Computer Science and Engineering

Muc luc
1 Requirements Analysis 3
1.1 Yeucauchcning . . . . . ... . . . 3
1.2 Yeucauphichiicndng . . . . . . . . . . . o o 3
2 Function Description 3
2.1 Clent.py . . . o v v v e 3
2.2 Clent2.py . . .« o o o 6
2.3 SEIVEI.DY v v v v vt e e e e e e e e e e e e 11
2.4 RtpPacket.py . . . . . . . e 11
2.5 ServerWorker.py . . . . . .. L 12
2.6 VideoStream.py . . . . . . . ... .o e 14
2.7 ClientLauncher.py . . . . . . . . . . 15
3 Class Diagram 16
4 A summative Evaluation of Results Achieved 18
5 User Manual 20
51 Chay chuong trinh . . . . . . ... oL 20
5.2 Cach st dung sau khi chay chuong trinh . . . . ... ... ... .00 21
6 Extend 23
6.1 Calculate the statistics about the session . . . . . . . . ... ... ... ...... 23
6.1.1 RTP Packet lostrate . . . . . . . . ... .. .. ... 23
6.1.2 Videodatarate . . . . . . . . ... 23
6.2 Implement PLAY, PAUSE and STOP buttons . . . .. ... ... ........ 24
6.3 Implement the DESCRIBE method . . . . . . ... ... ... ... ... .... 27
6.4 Implement some additional functions for user interface such as: display video total
time and remaining time, fast forward or backward video . . . .. ... .. ... 30
6.4.1 Label total time and remaining time . . . . . . .. .. ... ... ... .. 30
6.4.2 Fast forward and backward video . . . . . . .. ... Lo 31
Danh sach hinh ve
1 Class Diagram . . . . . . . . . .. . e 16
2 Class Diagram cho Extend . . . . . . . . . . .. ... o oo 17
3 Giao dién ¢6 ban cia ngusi dung 6 normal flow . . . . . ... ..o 18
4 Giao dién cta ngudi dung d extend flow . . . . . . ... ... 19
5 RTP packet header . . . . . . . . . . . . . 19
6 Giao dién ctia ngudidling . . . . . . . . ... 21
7  Giao dién clia ngusi dung khi nhdn nat Play . . . . . ... ... ... ...... 21
8 Giao dién ctia ngudi dung khi nhan ntat Pause . . . . . . . ... ... ... .... 22
9  (Giao dién cia ngudi dimg khi nhdn nat X . . . . . . .. ... ... ... 22
10  Khi ngusi ding nhan vao nit Play dé xem video . . . . .. ... ... ... ... 25
11 Khi ngusi diung nhan vao niat Pause dé dimg video . . . . . .. ... ... .... 26
12 Khi ngudi dung nhan vao nit Stop dé reset video . . . . . . . ... ... ... .. 26
13 Khi ngusi dimg nhan vao nit X dé thodt . . . . . ... ... ... ... ..... 27

Assignment for Computer Network - Academic year 2021 Page 1/34



> University of Technology, Ho Chi Minh City
‘J Faculty of Computer Science and Engineerin
y P g g

14 Noi dung vé Stream hién thi ra cho ngudi dung khi ngudi ding gii yéu cau
DESCRIBE . . . . . . e 29
15 Nuat "«" va "»" trong giao dién ngusi dung . . . . ... oL oL 32

Python Code

1 Ham displayStats() hién thue trong Client2.py . . . . . ... ... .. ... ... 23
2 Ham describeMovie() dimg dé giii cho server yeu cau DESCRIBE tit phia Client 27
3 Doan code diing dé xit Iy yeéu cau DESCRIBE tit phia Client bén Server . . . . . 27
4 Ham replyDescribe() diing dé gii thong tin vé Stream tit Server vé Client . . . . 28
5 Mot doan code trong ham parseRtspReply() phia Client2.py dé xit Iy reply tit Server 28
6 Ham displayDescription() dimng dé in ra form gom nhing tin vé Stream cho ngudi

dung . . . .. 29
7  Ham replySetup dé tra vé thong tin sau khi ngusi dimg SETUP . . . . ... .. 30
8  Ham get total time() dimg dé lay tong thoi gian ctia video . . . . . . . . . . .. 31
9  Ham forwardMovies() hién thyc trong Client2.py . . . . . . ... ... ... ... 32
10 Ham nextFrame() hién thyc trong Client2.py . . . . .. ... ... .. ... ... 33
11 Doan code x1t Iy yeu cau BACKWARD tur Client trong Server . . . . . . .. ... 33
12 Ham prevFrame() hién thyc trong VideoStream.py . . . . . . ... ... .. ... 34

Assignment for Computer Network - Academic year 2021 Page 2/34



University of Technology, Ho Chi Minh City
Faculty of Computer Science and Engineering

1 Requirements Analysis

1.1

Yéu cau chitc nang

Trién khai mot server video truc tuyén va client giao tiép bang giao thiic RTSP va gui dit

lieu bing giao thitic RTP

Client khéi dong sé mé RTSP socket dén server dé giii yéu cau cho server
Trang théi ctia Client lién tuc cap nhat khi nhan phan hdi tit server

C6 giao dién do hoa dé client thao tac SETUP, PLAY, PAUSE, TEARDOWN, DESCRIBE

Yéu cau phi chitc ning
Thoi gian chd cita datagram socket dé nhan RTP data tit server 1 0.5s

Server gtti g6i RTP cho client bing UDP mdi 0.05s

2 Function Description

2.1

Client.py
Class variable:

+ INIT luu gia tri 0, READY luu gia tri 1, PLAYING luu gia tri 2

+ state diing dé chi ra trang thai hién tai ctia class Client, trong qua trinh sit dung
phuong thitc sé gan 3 gia tri INIT, READY, PLAYING

+ SETUP luwu gia tri 0, PLAY luu gid tri 1, PAUSE luu gia tri 2, TEARDOWN luu
gia tri 3.

+ checkSocketIsOpen (gia tri khéi tao la False) ding dé kiém tra Rtp socket da dugc
mdé chua.

+ checkPlay (gia tri khéi tao 1a False) ding dé kiém tra video da dang chay hay khong.

+ counter dimmg dé dém s6 géi dit lieu that lac, c6 gia tri 1a 0.

Phuong thitc Client. _init_(self, master, serveraddr, serverport, rtpport, filename): Phuong

thic diing dé khéi tao céc Instance variable, két ndi t6i server va khéi tao giao dién ngudi ding:

+ Field master: dbi tugng tk dudc truyén vao, nhiém vu thiét ké giao dién do hoa cho
ngudsi dung

+ Bén field serverAddr, serverPort, rtpPort, fileName tuong tng v6i bén tham s
truyén vao khi ngusi ding g6 trong cmd.

+ Field rtspSeq (gi4 tri khéi tao = 0): diing dé dém s6 lan chuyén trang thai khi ngudi
dimg thao téc véi cdc ntt bam

+ Field sessionID (gia tri khéi tao = 0) 1a 1 ma dinh danh rieng duge gén cho mbi
may khach khi két néi dén may chi

+ Field requestSent (gia tri khéi tao = -1): luu gitt cac gid tri nguyén dng véi ting
thao téac trén nit bam
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+ Field teardownAcked (gid tri khéi tao = 0) 1a 14 ¢ danh dau viéc két thic két noi
dén may chi va dong socket

+ Field frameNbr (gid tri khéi tao = 0) hd trg viec dém sd packet bi mat trong qua
trinh truyén thong tin gitta may ch@t vd may khach, ngoai ra con gitp cho viéc dong bo
cac frame khi truyén dit licu.

+ Phuong thiic nay goi phuong thiic createWidgets(self) dung dé khéi tao giao dién
clia ngudi dung

+ Phuong thitc nay goi phuong thitc master.protocol("WM_ DELETE WINDOW",
self.handler) ding dé xtt 1y su kien khi ngusi dimg bam vao dau "X".

+ Phuong thiic nay goi phuong thiic connectToServer(self) dé két ndi t6i may chil.

Phuong thic Client.createWidgets(self): Phuong thic nay c6 nhiém vu khéi tao giao dién

dd hoa trong ludng chay co ban clia dé bai

+ Mot nit ¢6 tén "Setup", khi bam vao sé chay phuong thitc Client.setupMovie().

+ Mot nit ¢6 tén "Play", khi bam vao sé chay phuong thitc Client.playMovie().

+ Mot niit c¢6 tén "Pause", khi bAm vao sé chay phuong thitc Client.pauseMovie().
+ Mot niit c6 tén "Teardown", khi bam vao sé chay phuong thiic Client.resetMovie().
Phuong thitc Client.setupMovie(self):

+ Phuong thiic s& kiém tra xem mién state hién tai c6 gia tri 1a INIT (c6 gia tri 0)
hodc dang nhan gi4 tri khdc (READY, PLAYING).

+ Néu state hién tai dang nhan gia tri 1a READY (c6 gid tri 1) hoic PLAYING (c6
gid tri 2) thi phuong thic két thic.

+ Néu state hién tai dang nhan gia tri 1a INIT (c6 gid tri 0) thi sé goi phuong thitc
sendRtspRequest(self, requestCode) v6i tham s6 requestCode = SETUP.

Phuong thitc Client.resetMovie(self):

+ Phuong thitc nay dau tién sé kiém tra cd checkPlay. Néu checkPlay duge mé (c6 gia
tri True) thi phuong thiic sé goi phuong thitc sendRtspRequest() vdi tham s6 13 sel. SETUP
dé tién hanh viéc reset chuyén state ctia Client vé INIT va tién hanh x6a hét tit ca céc
cache dugc hé théng luu trude d6. Sau do, sé tién hanh reset lai nhitng thong s6 mac dinh
va tién hanh két ndi la véi server, mé cong rtp.

+ Néu cd checkPlay khong duge md (gia tri False) thi phuong thiic két thiic.
Phuong thitc Client.pauseMovie(self):

+ Phuong thitc s& kiém tra xem field state hién tai c6 gia tri 1a PLAYING (c6 gi tri
2) hodc dang nhan gia tri khac (INIT, READY).

+ Néu state hién tai dang nhan gia tri 1a INIT (c6 gia tri 0) hoic READY (c6 gia tri
1) thi phuong thic két thic.

+ Néu state hién tai dang nhan gid tri 1a PLAYING (c6 gia tri 2) thi s& goi phuong
thitc sendRtspRequest(self, requestCode) véi tham s6 requestCode = PAUSE.

Phuong thitc Client.playMovie(self):
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+ Phuong thitc sé kiém tra field state hién tai c6 gia tri 1a READY (c6 gia tri 1) hogc
dang nhan gié tri khac (INIT, PLAYING).
+ Néu state hién tai dang nhan gia tri 1a INIT (c6 gid tri 0) hodc PLAYING (c6 gia
tri 2) thi phuong thitc két thiic.
+ Néu state hién tai dang nhan gié tri 1a READY (c6 gia tri 1) thi sé goi phuong thiic
nay sé:
1. Set ¢t checkPlay 1én True.
2. Phuong thitc nay goi threading. Thread(target=self.listenRtp).start() dé tao
ra mot thread chay (6 phuong thic listenRtp(self)) song song véi thread chinh
hién tai.
3. Tao ra mot ¢d playEvent (v6i gia tri khdi tao 1a 0) ¢6 nhiem vu dé két thic
cac ludng
chay song song vdi ludng chinh hién tai (khi playEvent duge set 1).
4. Phuong thic nay sé goi phuong thic sendRtspRequest(self, requestCode) véi
tham s requestCode = PLAY.

Phuong thitc Client.listenRtp(self):

+ Phuong thitc nay ding dé khéi tao déi tugng RtpPacket, doc va giai ma cac goi dit
lidu nhan vao véi bo déem duge cap 1a 20 byte.

+ In ra terminal thit ty clia chudi cac goéi dit lieu da duge nhan.

+ Néu phat hién bo dém goéi dit licu c6 gia tri dém khac s6 thit ty ctia géi dit licu do,
in ra terminal b4o hiéu bi mat géi va luu s6 goi da bi mét, tiép tuc doc cac goi ké do.

+ Néu phat hien bo dém g6i dit lisu nhan vao 16n hon s6 thit ty clia géi dit lieu vira
nhan (g6i dén tré) thi bo qua goéi doé.

+ Khi nhan tin hieu PAUSE thi ngling theo d6i goi.

+ Khi nhan tin TEARDOWN thi s& tién hanh set c& checkSocketIsOpen thanh False,
ngiing theo doéi géi va hity cong két noi.

Phuong thitc Client.updateMovie(self, imageFile):

+ Phuong thifc nay nhan tham sé imageFile 14 mot chudi tén clia tap tin .jpg (14 mot
khung video).

+ Sau d6 sé md tap tin lén vh cap nhat khung hinh lén giao dién dd hoa.

Phuong thie Client.writeFrame(self, data): phuong thiic nay doc dit lieu nhan duge cta

g6i vita nhan da duge gidi ma roi luu vho mot tap tin tam tén "cache-x.jpg" véi x chinh 13 sb
thid tu cha goi.

Phuong thic Client.connectToServer(self):

+ Phuong thic nay tao ra field rtspSocket va gan véi mot ddi tugng socket cé internet
protocol 13 IPv4 v& c6 giao thitc TCP. Sau d6 socket két ndi t6i serverAddr ctia server va
port ciia server. Néu két néi khong thanh cong thi sé hién ra mot biéu mau bao 16i.

+ Sau khi két n6i thanh cong, sé md tap tin lén va cap nhat khung hinh lén giao dién
dd hoa.

Phuong thitc Client.sendRtspRequest(self):
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+ Phuong thitc nay c6 5 truong hgp dé xit 1y yéu cau ctia Client giii t6i Server tuong
ting v6i 5 ma SETUP, PLAY, PAUSE, TEARDOWN va méa khong hop lé.

+ Déi vé6i yeu cau SETUP tit Client t6i Server thi phuong thic sé tao ra mot thread
(6 phuong thic recvRtspReply(self)) song song véi thread hién dang chay.

1§}

+ Phuong thitc sé giii thong diép t6i Server qua socket.

Phuong thitc Client.recvRtspReply(self):

+ Phuong thitc nay lién tuc nhan dit lidu trd vé tit may chi la cac géi dit lieu véi do
rong toi da 1 byte va goi phuong thitc parseRtspReply(self, data) dé xit 1y thong diép.

+ Diéu kién ditng ctia phuong thitc nay 13 khi thong diép giti 1a TEARDOWN.

Phuong thitc Client.parseRtspReply(self, data):

+ Phuong thitc nay sé kiém tra va xit 1y cac géi dit lieu tra vé tit may chii va thuec
hién lénh tity vao yéu cau phia Client di gii cho Server 14 SETUP, PLAY, PAUSE,
TEARDOWN.

+ Déi v6i truong hop requestSent béi Client 13 SETUP thi phuong thiic nay sé chuyén
state ctia Client sang SETUP va goi phuong thic openRtpPort().

+ Déi v6i truong hgp requestSent béi Client 13 PLAY thi phuong thiic nay sé chuyén
state cua Client sang PLAYING.

+ Déi v6i truong hop requestSent béi Client 14 PAUSE thi phuong thiic nay sé chuyén
state ctia Client sang READY, rdi set c5 playEvent lén 1 dé tién hanh hiiy cac thread
dang chay song song v6i thread chay chinh.

+ D6i véi truong hgp requestSent béi Client 13 TEARDOWN thi phuong thitc nay
sé chuyén state ctia Client sang INIT, set gia tri ciia field teardownAcked sang 1 dé dong
socket.

Phuong thitc Client.openRtspPort(self): phuong thitc nay dau tien sé set cd checkSocketlI-

sOpen thanh True vi tao ra field rtpSocket va gan v6i mot ddi tugng socket cé internet protocol
13 IPv4 c6 giao thitc UDP va timeout 13 0.5s. Sau d6 socket sé két ndi dén IP clia Client v port
ciia Client. Néu két néi khong thanh cong thi sé hién lén mot biéu mau thong bao két noi that
bai cho Client.

2.2

Phuong thitc Client.handler(self):

+ Phuong thic nay xt Iy truong hop ngusi dung bam vao dau "X" véi mong mudn
két thiic chuong trinh.

+ Tao mot bidu mau héi ngusi dimg mudn thoat hay khong, néu cé thi két thic
chuong trinh.

Client2.py
Class variable:

+ INIT luu gia tri 0, READY luu gia tri 1, PLAYING luu gia tri 2

+ state diing dé chi ra trang thai hién tai ctia class Client, trong qué trinh sit dung
phuong thiic sé gan 3 gia tri INIT, READY, PLAYING
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+ SETUP luwu gia tri 0, PLAY luu gié tri 1, PAUSE luu gia tri 2, TEARDOWN luu
gia tri 3, DESCRIBE luu gia tri 4, FORWARD luu gia tri 5, PREV luu gia tri 6.

+ checkSocketIsOpen (gia tri khéi tao 1a False) dung dé kiém tra Rtp socket da dugc
mdé chua.

+  checkPlay (gia tri khéi tao 1a False) ding dé kiém tra video d& dang chay hay khong.
+ isFirstPlay (co gia tri khdi tao 1a True) 1a cd ding dé setup video trong lan chay
dau tien.

+ counter dimg dé dém s6 géi dit lieu that lac, c6 gia tri 1a 0.

- Phuong thitc Client2. init _ (self, master, serveraddr, serverport, rtpport, filename): Phuong
thitc dimg dé khdi tao cac Instance variable, két ndi téi server va khéi tao giao dién ngusi dimng.

+ Field master: déi tugng tk dugc truyén vao, nhiém vu thiét ké giao dién dd hoa cho
ngusi dung

+ Bén field serverAddr, serverPort, rtpPort, fileName tuong @ng v6i bén tham s
truyén vao khi ngudi dung gé trong cmd.

+ Field rtspSeq (gia tri khdi tao = 0): dém s6 lan chuyén trang thai khi ngudi ding
thao tac v6i cac nit bam

+ Field sessionID (gia tri khéi tao = 0): 1a 1 ma dinh danh riéng dugc gin cho mdi
may khéach khi két néi dén may chu

+ Field requestSent (gia tri khdi tao = -1): luu gi@t cdc gid tri nguyén tng véi ting
thao tac trén nit bam

+ Field teardownAcked (gid tri khdi tao = 0): 1a cd danh dau viec két thic két ndi
dén may cht vd déng socket

+ Field frameNbr (gia tri khéi tao = 0): hd trg viec dém sb packet bi mat trong qua
trinh truyén thong tin gitta méay ch@t vA may khach, ngoai ra con gitp cho viéc dong bo
cac frame khi truyén di lieu

+ Phuong thitc nay sé goi phuong thitc createWidgets() diing dé khdéi tao giao dién
clia ngudsi dung.

+ Phuong thitc nay sé goi phuong thitc master.protocol("WM _DELETE _WINDOW",
self.handler) ding dé xtt ly su kien khi ngusi dimng bam vao dau "X".

+ Field currentTime (gi4 tri khdi tao = 0): dimg dé hd trg viéc hién thi Remaining
time label trong GUI.

+ Field totalTime ding dé hién thi tdng s6 thoi gian dé video chay.

+ Field isForward (gia tri khéi tao = 0): 1a cd ding dé kiém tra sy kien ngusi ding
tua video tGi.

+ Field isBackward (gia tri khéi tao = 0): 1a c& dimng dé kiém tra sy kien ngusi ding
tua video lui.

+ Cac Field countTotalPacket, timerBegin, timerEnd, timer, bytes, packets, pack-
etsLost, lastSequence, totalJitter, arrivalTimeofPreviousPacket, lastPacketSpacing dudc
diing dé tién hanh théng ke dit lieu dudng truyén va dude khéi tao gia tri mic dinh bing
0.

- Phuong thic Client2.createWidgets(self): Phuong thitc nay ¢6 nhiém vu khéi tao giao dién
dd hoa trong ludng chay cd ban clia dé bai
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Mot nit ¢6 tén "Play", khi bam vao sé chay phuong thitc Client2.playMovie().
Mot nit c¢6 tén "Pause", khi bAm vao sé chay phuong thitc Client2.pauseMovie().

+ o+ +

Mot nit c¢6 tén "Stop", khi bam vao sé chay phuong thitc Client2.resetMovie().

+ Mot ntit ¢6 tén "Descibe", khi bAm vao sé chay phuong thitc Client2.describeMovie(),
tuy nhién do trong giai doan mdi vira khdi tao 1én GUI thi nit nay sé bi disable vi chwa
c6 dit lieu vé video dé giii vé cho ngudi ding.

+ Mot nit ¢6 tén “«”, khi bam vao sé chay phuong thitc Client2.forwardMovies(), tuy
nhién do trong giai doan mdi vira khdi tao 1én GUI thi nat nay sé bi disable vi chua ¢6 di
lieu vé video dé ngudi diing tua téi.

+ Mot niit c¢6 tén “»”, khi bAm vao sé chay phuong thitc Client2.prevMovie(), tuy
nhién do trong giai doan mdi vira khéi tao 1én GUI thi nat nay sé bi disable vi chua ¢6 dit
lieu vé video dé ngusi dung tua vé.

+ Mot label c6 tén "Remaining time", hién thi thoi gian con lai cia video khi dang
chay.

+ Mot label c6 tén "Total time", hién thi tdng thai gian ctia video.

- Phuong thitc Client2.describeMovie(self): phuong thitc nay sé goi phuong thic sendRt-
spRequest(self, requestCode) vdi tham s6 requestCode = DESCRIBE.

- Phuong thitc Client2.setupMovie(self):
+ Phuong thiic sé kiém tra xem mién state hién tai c6 gia tri 1a INIT (0) hoic dang
nhan gia tri khac (READY, PLAYING).
+ Néu state hién tai dang nhan gia tri 1A READY (1) hoic PLAYING (2) thi phuong
thiic két thuc.
+ Néu state hién tai dang nhan gia tri 1a INIT (0) thi sé goi phuong thitc sendRt-
spRequest (self, requestCode) véi tham s6 requestCode = SETUP.

- Phuong thite Client2.resetMovie(self):

+ Phuong thitc nay dau tién sé kiém tra c checkPlay. Néu checkPlay duge mé (cé gia
tri True) thi phuong thiic sé goi phuong thiic sendRtspRequest(requestCode) v6i tham s6
1a SETUP dé tién hanh viéc reset chuyén state ctia Client vé INIT va tién hanh x6a hét
tat ca cac cache dugce hé théng luu trude doé. Sau dé, sé tién hanh reset lai nhitng thong
s6 mic dinh , chuyén state ctia Client lai thanh INIT va tién hanh két ndi lai véi server,
khéi tao ddi tugng socket (IVP4 véi giao thitc UDP).

+ Néu c¢o checkPlay khong dude mé (gia tri False) thi phuong thitc két thic.
- Phuong thitc Client2.pauseMovie(self):
+ Dau tien, kiém tra state hién tai dang c6 phai 134 PLAYING hay khong. Néu la

PLAYING thi sé tién hanh disable 2 nut "»" (FORWARD) va "«" (BACKWARD) va goi
phuong thitc sendRtspRequest(self, requestCode) vé6i requestCode nhan gia tri PAUSE.

+ Néu state hién tai khong phai 13 PLAYING thi phuong thitc két thic.
- Phuong thitc Client2.playMovie(self):

+ Phuong thiic ndy dau tién sé setupMovie néu nhu Client chua gii yéu cau setup t6i
server, set cd isFirstPlay thanh False, cd checkPlay thanh True, frameNbr thanh 0 va set
nhitng field thdng ké thanh 0.
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+ Phuong thitc sé enable 2 nit "»" (FORWARD), "«" (BACKWARD)
+ Sau khi setup thanh cong, phuong thitc kiém tra xem mién state hién tai c6 gia tri
1a READY (c6 gia tri 1) hodac dang nhan gia tri khac (INIT, PLAYING).
+ Néu state hién tai dang nhan gia tri 13 INIT (c6 gid tri 0) hodc PLAYING (c6 gia
tri 2) thi phuong thifc két thiic.
+ Néu state hién tai dang nhan gié tri 1a READY (c6 gia tri 1) thi sé goi phuong thiic
nay sé:
1. Phuong thitc nay sé goi threading. Thread(target=self.listenRtp).start() dé
tao ra mot luong chay (6 phuong thiic listenRtp()) song song vdi ludng chinh hién
tai.
2. Tao ra mot ¢& playEvent (v6i gia tri khéi tao 1a 0) dimg dé két thiic cac ludng
chay song song véi luong chinh hién tai (khi playEvent dugc set 1).
3. Phuong thitc nay sé goi phuong thitc sendRtspRequest(self, requestCode) véi
tham s6 requestCode = PLAY.

Phuong thic Client2.forwardMovies(self): phuong thic nay sé goi phuong thic sendRt-

spRequest(self, request Code) véi requestCode nhan gia tri FORWARD va sau d6 set co isForward

lén 1.

Phuong thic Client2.prevMovie(self): phuong thic nay sé goi phuong thic sendRtspRe-

quest(self, requestCode) v6i requestCode nhan gia tri BACKWARD, set ¢d isBackward lén 1 va
sau do6 tién hanh chinh sita lai field frameNbr.

Phuong thitc Client2.listenRtp(self):

+ Phuong thitc nay ding dé khéi tao déi tugng RtpPacket, doc va giai ma cac goi dit
lidu nhan vao véi bo déem duge cap 1a 20 byte.

+ In ra terminal thit ty clia chudi cac goi dit lieu da duge nhan.

+ Néu phét hien bo dém goéi dit lieu c6 gid tri dém khac s6 thi tir clia goi dit lieu do,
in ra terminal bao hiéu bi mat goéi va luu s6 goi da bi méat, tiép tuc doc cac goi ké do.

+ Néu phat hién bo dém géi dit lieu nhan vao 16n hon s thi tu ciia goéi dit lisu vita
nhan (go6i dén tré) thi bo qua goi doé.

+ Dong thdi, phuong thic nay sé tién hanh théng ké cac gia tri vé dudng truyén tit
server vé client.

+ Khi nhan tin hieu PAUSE thi ngitng theo déi géi va hién ra biéu miu cho phép
ngudi diing thiy dudc cic gia tri théng ke.

+ Khi nhan tin TEARDOWN thi sé tién hanh set c& checkSocketIsOpen thanh False,
ngimg theo déi géi, hity cdng két ndi va hién ra biéu mau cho phép ngudi dimg thay dugc
cac gia tri thong ke.

Phuong thitc Client2.updateMovie(self, imageFile):

+ Phuong thifc nay nhan tham sé imageFile 14 mot chudi tén clia tap tin .jpg (13 mot
khung video).

+ Sau d6 sé md tap tin len vd cap nhat khung hinh lén giao dién dd hoa.

Phuong thitc Client2.writeFrame(self, data): phuong thiic nay doc dit lieu nhan duge ctia

g6i vita nhan da duge gidi ma réi luwu vao mot tap tin tam tén "cache-x.jpg" véi x chinh 14 s6
thi ty cta goi
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- Phuong thitc Client2.connectToServer (self):

+ Phuong thic nay dau tién sé set cd checkSocketIsOpen thanh True va sau d6 tao
ra field rtspSocket, gan véi mot déi tugng socket c6 internet protocol 14 IPv4 va cé giao
thitc TCP. Sau d6 socket két ndi t6i serverAddr ctia server va port clia server. Néu két néi
khong thanh cong thi sé hién ra mot bidu méu béo 15i.

+ Sau khi két néi thanh cong, sé md tap tin lén va cap nhat khung hinh lén giao dién
dd hoa.

- Phuong thitc Client2.sendRtspRequest(self):

+ Phuong thitc nay c6 8 truong hop dé xit 1y yeu cau cia Client giii t6i Server tuong
ing véi 5 ma SETUP, PLAY, PAUSE, TEARDOWN, DESCRIBE, FORWARD, PREV
va ma khong hgp 1é.
+ Dé6i v6i yeu cau SETUP tur Client t6i Server thi phuong thiic & tao ra mot thread
(6 phuong thic recvRtspReply(self)) song song véi thread hién dang chay.
+ Déi véi yeu cau DESCRIBE thi sé tao ra mot biéu miu hién thi cac thong tin vé
video cho ngusi dung.
+ Phuong thiic sé gii thong diép t6i Server qua socket.

- Phuong thitc Client2.recvRtspReply(self):
+ Phuong thiic nay lién tuc nhan dit lidu trd vé tit may chi la cac géi dit lieu véi do
rong ti da 1 byte va goi phuong thitc parseRtspReply(self, data) dé xit 1y thong diep.
+ Diéu kién ditng ctia phuong thitc nay 1a khi thong diép giti 1a TEARDOWN.

- Phuong thite Client2.parseRtspReply(self, data):

+ Phuong thtc nay sé kiém tra va xi 1§ cac géi dit lieu tra vé tit méy chit vi thuc
hién lénh tity vho yéu cau phia Client da giti cho Server 13 DESCRIBE, SETUP, PLAY,
PAUSE, TEARDOWN.

+ Déi véi truong hop requestSent bai Client 14 SETUP thi phuong thitc nay sé chuyén
state ctia Client sang SETUP va goi phuong thitc openRtpPort (self).

+ Déi véi truong hop requestSent béi Client 1a PLAY thi phuong thitc nay sé chuyén
state ctia Client sang PLAYING v tién hanh luwu thoi gian 1an dau tién video chay.

+ Déi véi truong hgp requestSent béi Client 13 PAUSE thi phuong thitc nay sé chuyén
state ctia Client sang READY, luu thoi diém video dimng lai va set cd playEvent lén 1 dé
tién hanh hity cac thread dang chay song song véi thread chay chinh.

+ Déi véi trusng hop requestSent béi Client 14 TEARDOWN thi phuong thitc nay sé
chuyén state ciia Client sang INIT, luu thsi gian hity chay video va set gia tri ctia field
teardownAcked sang 1 dé déng socket.

+ Déi véi trudng hgp requestSent béi Client 14 DESCRIBE thi phuong thic nay sé
goi phuong thitc displayDescription(self, lines) véi lines 1a cdc thong tin Client mudn.

- Phuong thitc Client2.openRtspPort(self):

+ Phuong thiic nay sé tao ra field rtpSocket va gén véi mot déi tugng socket co
internet protocol 1& IPv4 c6 giao thitc UDP va timeout 13 0.5s. Sau dé socket sé két néi
dén IP ctia Client v& port ciia Client. Néu két néi khong thanh cong thi sé hién lén mot
biéu mau thong bao két nbi that bai cho Client.
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- Phuong thitc Client2.handler(self):
+ Phuong thiic nay xit 1y trudng hop ngusi diing baAm vao dau "X" véi mong mudn
két thiic chuong trinh.
+ Tao mot bidu mau héi ngudi dimg mudn thoat hay khong, néu cé thi két thic

chuong trinh.

- Phuong thitc Client2.displayDescription(self, lines): phuong thitc nay sé hieén ra mot biéu
méu gom nhitng théng tin vé streams ciing nhu nhitng phuong thic endcoding dang sit dung

- Phuong thitc Client2.displayStats(self): phuong thitc nay sé hién ra mot biéu mau gom
nhitng thong s6 théng ké trong qua trinh Streaming video tit server téi phia Client.

2.3 Server.py

Phuong thitc Server.main(self):
- Phuong thitc tao 1 bién SERVER_PORT la port clia médy cht duge truyén vao tit cmd.
- Phuong thitc sé khéi tao 1 socket va gan socket nay véi port vita truyen vio.

- Sau d6, phuong thiic lien tuc nhan thong diép dén tit cac nguon khéc nhau (t6i da 5).

2.4 RtpPacket.py

- Global Variable: HEADER,_SIZE (gi4 tri 12): quy dinh s6 lugng phan tit cia mang header
trong class RtpPacket.

- Class Variable: header: mot méng ¢6 12 byte chita siéu dit lieu (thong tin ctia 1 goi RTP).

- Phuong thitc RtpPacket.encode(self, version, padding, extension, cc, seqnum, marker, pt,
ssrc, payload): Phuong thiic dimg dé ma héa cac goi rtp.
+ Tham s6 version (2 bit) 14 phién ban ctia giao thiic.

+ Tham s6 padding (1 bit) la tin hi¢u bao trong géi sé c6 1 (0) hodc nhiéu padding
trong g6i (1), thuong dung dé 1ap cac khoang tréng trong mot khéi dit licu.

+ Tham s6 extension (1 bit) 1a tin hi¢u bao c6 header mé rong (1) hay khong (0).

+ Tham s6 cc (CSRC count) (4 bit) chita cac gia tri ctia truong CSRC ID trong header
cd dinh.

+ Tham s6 marker (1 bit) dung & 16p tng dung, xac dinh mot profile.

+ Tham s6 pt (payload type) (chiém 7 bit) xac dinh va néu ¥ nghia céc dang payload
cua RTP.

+ Tham s6 seqnum (chiém 16 bit) mang s6 tht tu ctia g6i RTP.

+ Tham s6 timestamp (chiém 32 bit) xac dinh thai diém ldy mau ctia byte dau tien
trong goi.

+ Tham s6 ssrc (synchronization source identifier) (chiém 32 bit) chi ra nguon dong
bo (nguodn phat géi tin RTP tit micro, camera hay bo ngdu phdi RTP) ciia géi tin.

- Phuong thitc RtpPacket.decode(self, byteStream): Phuong thiic ding dé gidi ma 1y header
va payload ctia gbi rtp.
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Phuong thitc RtpPacket.version(self): Phuong thitc dé tra vé phién ban clia giao thitc.
Phuong thitc RtpPacket.seqNum(self): Phuong thitc diing dé tra vé s6 thit tu ctia goi.
Phuong thitc RtpPacket.timestamp(self): Phuong thitc dé tra vé moc thai gian clia g6i.
Phuong thitc RtpPacket.payload Type(self): Phuong thitc dé tra vé dinh dang clia goi.
Phuong thitc RtpPacket.getPayload(self): Phuong thitc diing dé 1ay noi dung ctia géi.

Phuong thitic RtpPacket.getPacket(self): : Phuong thitc nay ding dé trd vé header va

payload ctia gobi.

2.5 ServerWorker.py

Class c¢6 nhiém vu quan ly cac cong viéc phia may chii bao gom tao socket két ndi,

truyén/nhan va ma héa/giai ma dit lieu véi méay khéach.

Class variables:

1. SETUP (gia tri= 'SETUP’): 1a ma x1t Iy request SETUP tit phia Client.

2. PLAY (gi4 tri= "PLAY’): 1a ma dung dé xit Iy request PLAY tit phia Client.
3. PAUSE (gia tri= 'PAUSE’): 1a ma xtt Iy request PAUSE tit phia Client.
4.

TEARDOWN (gia tri= "TEARDOWN): 1a ma dimg dé xit Iy request TEARDOWN
tt phia Client.

5. FORWARD (gia tri= 'FORWARD’): 1a ma dimg dé xit Iy request FORWARD tit
phia Client

6. PREV (gi4 tri= "PREV’): la ma dimg dé xit Iy request PREV tit phia Client.
INIT (gia tri= 0): 13 ma thé hién trang thai khdi tao.

READY (gia tri= 1): 13 ma thé hién trang thai sin sang.

9. PLAYING (gia tri= 2): 1a ma thé hién trang thai dang chay.

10.  state (gia tri khdi tao 1la INIT): la field luu trang thai ctia ServerWorker.

11.  OK_200 (gia tri= 0): 13 ma ding dé hién thi gia tri OK giii vé tit phia Server dén
Client.

12.  FILE_NOT_ FOUND_404 (gia tri= 1): la ma dung dé hién thi gi4 tri khong tim
thay gui vé tit phia Server t6i Client.

13.  CON_ERR_500 (gi4 tri= 2): 1a ma hién thi gia tri may chii khong thé xit 1y request
gt vé tit phia Server t6i Client.

® N

14.  clientInfo: chita cac info ctia phia client.
Phuong thitc ServerWorker. init  (self, clientInfo):

+ Gan cho field clientInfo déi tugng clientInfo nhan vao.

+ Khéi tao cd opt véi gia tri 0 ding dé xit 1y truong hop ngudsi yéu cau PLAY,
FORWARD, BACKWARD.

Phuong thic ServerWorker.run(self): Tao ra mot thread méi chay song song véi thread

chinh dé quan ly cac request RTP/RTSP déi v6i mdi may khach.
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Phuong thitc ServerWorker.recvRtspRequest (self): M& socket dé truyén/nhan dit liéu va

ma hoa/gidi ma trude khi gt di.

Phuong thitc ServerWorker.processRtspRequest(self, data):

+ Tach dit lieu truyén tit may khach thanh cac phan ti dé nhan dang yéu cau, bao
gom kiéu request (requestType), tén file muén truyén tai (filename), thong tin chudi RTSP
(seq).

+ Can cit trén kiéu request, may chii sé c6 thao tac xit 1y khac nhau déi véi file duge
yéu cau.

+ Dé6i v6i yeu cau SETUP tit Client thi dau tién sé tién hanh thiét 1ap video Client
mong mudn xem, trong trudng hop khong thé mdé duge video thi sé goi phuong thiic
replyRtsp(self, code, seq) v6i code = FILE_NOT FOUND _404. Sau khi da tién hanh
thiét 1ap video thi sé tién hanh thiét 1ap sessionID va goi phuong thitc replyRtsp(self, code,
seq) vdi code = OK _ 200.

+ D6i v6i yeu cau PLAY tir Client thi server sé tién hanh tao socket (IPV4 va giao
thitc UDP), sau d6 goi giao thiic replyRtsp(self, code, seq) véi code = OK 200 va tao ra
mot thread chay song song dé giii cac géi tin Rtp, tao ra cd clientInfo[’event’] (gid tri khai
tao 0) dé c6 thé kiém soat qua trinh giii goi tin Rtp cho phia Client.

+ D6i v6i yeu cau FORWARD tir Client thi sé goi phuong thiic forwardStream (self).
+ Déi vé6i yeu cau BACKWARD tit Client thi sé set ¢ opt lén 1.

+ Déi v6i yéu cau PAUSE tit Client thif s& set cd clientInfo[’event’] 1én 1 dé tién hanh
hiy viéc gii gdi tin Rtp t6i Client va goi phuong thic replyRtsp(self, code, seq) véi ma
code = OK _200.

+  Déi véi yeu cau TEARDOWN tit Client thi s& set c& clientInfo[’event’] 1én 1 dé tién
hanh hity viéc gii géi tin Rtp t6i Client va goi phuong thiic replyRtsp(self, code, seq) véi
ma code = OK _200.

+ Dé6i véi yeu cau DESCRIBE tur Client thi sé goi phuong thic replyDescribe(self,
code, seq, filename).

Phuong thitc ServerWorker.sendRtp(self, data):

+ Ham c6 chitc ning giii cac goéi tin RTP thong qua giao thitc UDP & tang transport.
Cac goi tin truée khi gii sé c6 1 khoang thai gian chs, méic dinh 1a 0.05s.

+ Trudng hop request giti t6i 14 STOP hoic TEARDOWN, sé dimg viéc truyén dit liéu
vé video cho may khach.

+ Truong hop request gii téi 1a PREV, may cht sé lay dit lieu ciia frame cach 10%
téng s6 frame trude frame hien tai va gan vao bién data va giii vé cho Client.

+ Néu request ko nim trong 2 trudng hop & trén, méy chi sé lay dit lieu ting frame
video v& gan vao bién data. Trudng hop data cé dit lieu: 1y s6 frame hién tai, giii vé may
khach cling vé6i frame vide thong qua ham makeRtp, ngugc lai sé xuat thong béo 16i ra
man hinh.

Phuong thiic ServerWorker.forwardStream(self): Phuong thitc nay sé set co isNext clia

thire thé clientInfo['videoStream’] léen 1 dé xit Iy sy kién Client gtii yeu cau FORWARD.

Phuong thiic ServerWorker.makeRtp(self, payload, frameNbr): C6 nhiém vu nén va chuyén

déi dinh dang dit lieu nhan tit bién data trong ham sendRtp, céc thong s6 di kem khac thanh
cac goi tin.
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- Phuong thic ServerWorker.replyRtsp(self, code, seq): Ham c¢6 chitic ning gii tra goi tin
dén may khach dua vio mé code dugc truyén vao hoic bao 18i néu két ndi khong thanh cong
ho#c khong tim thiy file.

- Phuong thitc ServerWorker.replyDescribe(self, code, seq, filename): Tién hanh kiém tra
tham s6 code nhan vao. Néu code = OK 200 thi s& tién hanh gii cac thong tin vé DESCRIBE
ma Client yéu cau qua Socket cho phia Client.

2.6 VideoStream.py

- Phuong thitc VideoStream.  init  (self, filename):

+ Phuong thitc ndy nhan mot tham s6 13 tén tap tin filename can truyeén.

+ Phuong thic nay cing khéi tao cac field:

1. frameNum (khéi tao véi gid tri 0) luu s6 thit tu clia khung hinh hién tai.

2. filename Itu tén clia tap tin can truyen.

3. isNext 1a c& dung dé xit 1y cho truong hgp Client giti yeu cau FORWARD.
4 totalFrame 1 tong s6 frame ciia video Client yéu cau xem, field nay duge gan

gid tri bing cach phuong thitc __init () goi phuong thitc get _total time video().
+ Phuong thitc nay sé md tap tin c6 tén nhu filename dé doc.
- Phuong thitc VideoStream.get total time video(self): phuong thitc nay sé& tra vé tong

s6 thoi gian tinh theo frame va dong thoi gan gia tri cho field totalFrame bing tdng s6 frame
cia video.

- Phuong thitc VideoStream.setIsNext (self): Phuong thitc nay ding dé set cd isNext lén 1.
- Phuong thitc VideoStream.nextFrame(self):

+ Phuong thitc nay dau tién sé kiém tra cd isNext.

+ Néu c6 isNext 1& 1 tiic 1a Client dang yéu cau tua lén video nén phuong thitc nay
sé tra vé frame céch sau frame hién tai 10% tong s6 frame, set cd isNext bing 0, cong tich
liiy field frameNum thém 10% tong s6 frame don vi. Trong trudng hgp s6 frame yéu cau
tua vuct qua totalFrame thi sb frame tua sé bang totalFrame - frameNum.

+ Néu cd isNext 13 0 thi phuong thidc nay sé tra vé frame tiép theo ctia frame hién tai
va cong tich lay field frameNum thém 1 don vi.

- Phuong thitc VideoStream.prevFrame(self):

+ Phuong thiic nay tra vé frame trude frame hién tai 10% tong so frame, lii frameNum
lai 10% téng s6 frame.

+ Trong trudng hgp viéc tua vé dan dén doc phai frame khong ton tai (ding trude
frame dau tién) thi sé tra vé frame dau tién ctia video va gan frameNum = 0.

- Phuong thitc VideoStream.frameNbr(self): Phuong thitc nay tra vé sé thit tu ciia frame
vira lay.
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2.7 ClientLauncher.py

Phuong thic ~ main

- Nhan 4 tham sb tit ngudi ding trong cmd:

1.

2.
3.
4.

Dia chi IP ctia may chu
Ma port v6i méy chu clia "méay khach" (O day 1a 16p Client dugc khdi tao)
M4 port cac géi dit ligu qua giao thitc van chuyén thai gian thire (Real-time Protocol)

Tén clia tap tin can doc.

- Ham c6 nhiem vu khéi tao doi tugng tk (gitp diéu khién, thiét ké giao dien winform) vao
thuc thé Client duge khdi tao va tao vong lap vo tan cho biéu mau Windows (winform)
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3 Class Diagram

Link &nh Class Diagram:
https://drive.google.com/drive/folders/1t0JqysIcfrEmkvy2Xx41W3D1XeEHvVCX7?usp=sharing

Server threading. Thread Client
time.time
main() rispSeq
filename
frameNbr
ServerWorker
ripPort
state threading.Event P
entin teardownAcked
clientinfo
\ start
op
npSDCkeI
_init_() checkSocketisOpen
run() sessionld
recvRispRequest() 0'_—050cket socket requestsent
processRispRequest() counter
sendRip()
RtpPacket label
e —
replyRisp() "
payload " pause
forwardStream() 0 master
replyDescribe() — JayEvent
decode() playEven
VideoStream encode() serveraddr
N rispSocket
file getPacket() \ P
N b setuy
filename getPayload() P
state
frameNum payloadType()
checkPlay
isNext seqNum() :
teardown
totalFrame timestamp()
init__() version() _init__{)
get_total_time_video() createWidget()
frameNbr() setupMovie()
nextFrame() playhovie()
setlsNext() pauseMovie()
prevFrame() resetMovie()

- istenRip()
writeFrame()
updateMovie()
connectToServer()
sendRispRequest()
recvRispReply()
parseRtspReply()
openRtpPort()
handler()

Figure 1: Class Diagram

Assignment for Computer Network - Academic year 2021 Page 16/34


https://drive.google.com/drive/folders/1t0JqysIcfrEmkvy2Xx4lW3DlXeEHvVCX?usp=sharing

QK University of Technology, Ho Chi Minh City
Faculty of Computer Science and Engineering

Server threading Thread Client 2
time time:
main() master
state
serverAddr
ServerWorker
serverPort
state threading.Event
rtpPort
clientinfo
filename
opt
rispSeq Button
__init__() sessionld
run() requestSent
recvRispRequest() socket socket teardownAcked
processRispRequest() currentTime
sendRip()
- RipPacket framener
makeRip() i Label
N header viaso
replyRtsp()
payload totalTime
forwardStream() —_— isForward
replyDescribe() - isBackward
'y decode()
VideoStream encode() countTotalPacket
timerBegin
file getPacket() °
timerEnd
filename getPayloadi()
timer
frameNum payloadType()
: bytes
isNext seqNum() )
ackets
totalFrame timestamp() !
packetsLost
init_() version()
- - lastSequence
get_total_time_video() totalJitter
frameNbr() arrivalTimeofPreviousPacket
tF
nextFrame() lastPacketSpacing
setlsNext
() start
prevFrame()
pause
stop
describe
label

totaltimeBox
remainTimeBox
forward

backward
isFirstPlay
playEvent
rtipSocket
rispSocket
checkSocketisOpen
counter

checkPlay

_init__()
createWidget()
setupMovie()
playMovie()
pauseMovie()
describeMovie()
forwardMovie()
prevMovie()
resetMovie()
listenRip()
writeFrame()
updateMovie()
connectToServer()
sendRispRequest()
recvRispReply()
parseRispReply()
openRtpPort()
handier()
displayStats()

displayDescription()

Figure 2: Class Diagram cho Extend
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4 A summative Evaluation of Results Achieved
Thong qua Bai tap 16n "Video Streaming Application" nay, nhém da c6 thé:

- Thiét ké duge GUI cho ngudi ding dé c¢6 thé xem duge video thong qua thu vién tkinter
ctia Python. Péi v6i normal flow thi nhém da c6 thé thiét ké dugc mot GUI co ban véi 4
niat"SETUP", "PLAY", "PAUSE", "TEARDOWN" video theo yéu cau ctia bai tap 16n. Déi véi
extend flow thi nhém da thiét ké lai GUI gom 6 nit dé ngusi diing c6 thé tuong tac:"PLAY",
"PAUSE", "STOP", "DESCRIBE", "FORWARD", "BACKWARD" va 2 label "Total time"
diing dé hién thi thai gian tdng ciia video, "Remaining time" thé hien s6 thoi gian con cho téi
khi video két thiic va dong thoi thiét ké mau sic ciing nhu giao dién dé cho GUI trd nén bat mit
hon.

§ Akatsuki Media Player (AMP] — O x

Setup Play Pause Teardown

Figure 3: Giao dién cg bén clia ngudi dung & normal flow
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Figure 4: Giao dién ctia ngusi dung 6 extend flow

- Thiét ké dugec mot mo hinh client-server, véi server online & 1 port ¢6 dinh (16n hon 1024)
va dudc client két ndi dé xem video trén 1 port bat ki clia clien. Nhém da c6 thé tu biét cach
nghién citu SPEC ctia cac protocol thong qua cac tai lieu RFC, nhu trong bai tap 16n nay la
RFC 2326 (RTSP), RFC 1889 (RTP) dé biét ct phap giii nhimmg thong tin cho RTSP Socket vi
phai truyén ding ci phép thi ben may khach méi biét ding protocol gi dé gidi ma video, ching
han nhu bai ndy phan gidi ma chiing ta da mic dinh header UDP 1a 12 bytes, nén ching ta chi
can lay payload tir byte thit 12 trd di va xtt li video 1a c6 thé xem dugc roi, nhung véi xu huéng
phét trién vii bao ciia cong nghé su phat trién cia hang triéu protocol, néu chiing ta khong c6
thong tin vé protocol thi sé khong biét can 13y tit byte thi bao nhiéu.

0 1 2 3
0123456789012 3456789012345678901
B S e T S e S e D et T e e S S e S e e et (e
IV=2|P|X|] CC IMI| PT | sequence number |

B e s
| timestamp |
s e e T
| synchronization source (SSRC) identifier |
B e e e e e e e e T e
| contributing source (CSRC) identifiers |
| e |

t+=t=t=t=t=t=t=t=t=t=t=t=t=t=t=t=t=t=—t ==t =ttt =t =t =ttt =t=t-+

Figure 5: RTP packet header

- Biét vé cac trudng ctia RTP packet rat can thiét, sy quan trong clia sequence number khi
lam extend 1 dé tinh packet loss rate va lenght clia payload dé tinh video data rate. Hodic trong
extend 4 dé c6 thé xtt Iy dudc viec tua video t6i hodc tua video vé.

- Nhém ciing biét cach dich bit dé 14y thong tin tit data clia header, ngoai ra con biét cac
trang thai cia 1 video (INIT,READY va PLAYING) tuy véi trang thai ma hién thuc nhing yéu
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cau khéc nhau.

5 User Manual

5.1 Chay chuong trinh

Tai folder chita source code. MG 2 terminal
- Terminal thi nhat chay lénh: py Server.py <server-port>. Trong dé:

+ server-port: 14 port ma server clia ban nghe cac két né6i RT'SP dén.

+ Port RTSP tiéu chuan la 554, nhung ta phai chon port > 1024.
VD: py Server.py 6969

Terminal:  Local Local (2)

- Terminal thi hai chay lénh: py ClientLauncher.py <server-host> <server-port> <RTP-
port> <video-file>. Trong do:

+ server-host: Dia chi IP cta server (localhost la 127.0.0.1)

+ server-port: port server dang nghe (nhu & vi du py Server.py 6969 thi ¢ day server-
port 1a 6969)

+ RTP-port: port ndi nhan cac géi RTP (C6 thé chon mot s6 nguyén duong ngiu
nhién)

+ video-file: Tén clia tép video ban muén yéu cau stream (6 day 1a movie.Mjpeg)

6972 B8O m
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5.2 Cach st dung sau khi chay chuong trinh

- Sau khi lan lugt thuyc thi 2 lenh trén. Ciia s6 giao dién sé hién lén man hinh nhu dudi:

Setup Play Pause Teardown

Figure 6: Giao dién clia ngusiding

- Sau dé click vao button Setup dé gii yéu cau SETUP t6i may chi.

- Bam vao Play dé chay chuong trinh

@ Akatsuki Media Player (AMP) — O >

Setup Play Pause Teardown

Figure 7: Giao dién clia ngudi dung khi nhan nit Play

- Khi chuong trinh dang chay, néu mudn tam ding thi bAm vao nit Pause
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Setup Play Pause Teardown

Figure 8: Giao dién ctia ngudi diing khi nhan nit Pause

- Bam vao Teardown thi chuong trinh sé ditng video vi quay vé trang thai ban dau chua
duge SETUP

- Dé thoat khoéi chuong trinh va déng cita s6 giao dién ngusi diing, ta bam vao dau X & géc
trén phai man hinh. BaAm OK dé thoat, bam Cancel dé huy bé yéu cau.

9 Are you sure you want to quit?

Setup Play Pause Teardown

Figure 9: Giao dién ctia ngudi dung khi nhan nat X
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6 Extend

6.1 Calculate the statistics about the session
6.1.1 RTP Packet lost rate

Dé xac dinh RTP packet loss rate ta c6 thé diing chiic nang RTP Stream Analysis cia phan
mém Wireshark ho#ic xdc dinh dya trén sequence number & bén phia Client, néu nhu Current
Sequence Number khong ting dan theo thi ty thi ching té6 da cé packet bi loss. Trong bai tap
16n nay thi nhém dung cach thit hai: Xac dinh theo Current Sequence Number.

Theo nhu file ServerWorker.py, cit mdi 0.05s server sé gt 1 goi tin, vay thi t6i da c6 20
g6i dudge giii, nhung c6 nhing lic mang khong én dinh thi c¢6 thé chi ¢6 15-16 géi tin duge g,
vay nén khong thé xac dinh bing cach dém c6 du 20 géi tin trong 1s dugc.

Ta xtt 1y bing cach dit thém 1 bién counter khdi tao biang 0, bién nay sé ting mdi khi
listenRtp dudgc goi va bat duge data.

Khi ham displayStats() dugce goi, rate sé duge tinh béng cong thiic: 1ay counter chia cho
current frame number hién tai (maxframeNbr = 500).

def displayStats(self):
" Displays observed statistics
totalPackets = ((self.counter) / (self.countTotalPacket)) x 100

nimin

topl = Toplevel ()

topl.title("Statistics")

topl.geometry(’300x170°)

Lb2 = Listbox(topl, width=80, height=20)

Lb2.insert(l, "Current Packets No.%d " % self.frameNbr)

Lb2.insert (2, "Total Streaming Packets: %d packets" % self.
countTotalPacket)

Lb2.insert (3, "Packets Received: %d packets" % self.packets)

Lb2.insert (4, "Packets Lost: %d packets" % self.counter)

Lb2.insert (5, "Packet Loss Rate: %d%%" % totalPackets)

Lb2.insert (6, "Play time: %.2f seconds" % self.timer)

Lb2.insert (7, "Bytes received: %d bytes" % self.bytes)

Lb2.insert (8, "Video Data Rate: %d bytes per second" % (self.
bytes / self.timer))

Lb2.insert(9, "Total Jitter: %.3fms" % (self.totallitter *x 1000))

Lb2.insert (10, "Average Jitter: %.3fms" % ((self.totallitter /
self.packets) * 1000))

Lb2.pack ()

Code 1: Ham displayStats() hién thyc trong Client2.py

6.1.2 Video data rate

Vé van dé video data rate, ta sé tinh bing tong dung lugng Payload (chinh 1 phan data
trit di s6 byte ctia header) chia cho thoi gian da chay video.

Ta x1t Iy bang cach thém thu vién time clia python, khéi tao 3 bién timerBegin, timerEnd,
timer.

timerBegin dugc dit tinh tit lic ngudi dung bam Play.
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timerEnd duge dat khi Pause duge goi, timer ciing duge tinh tit lac nay.

timer = timerEnd - timerBegin, vi 1 video c6 thé bi pause nhiéu lan, bdi Pause hoiic nit
thoat (X) nhung lai cancel nén chting ta sé cong don bién nay lai.

Téng s6 Payload thi duge cong don mbi khi listenRtp duge goi va bit duge data.

Khi ham displayStats() dugc goi, video data rate sé dugc tinh bing cong thiic téng sb
Payload tinh dugc chia cho thoi gian tir lac chay t6i lic két thic vige giii gbi tin (khong tinh
thai gian Pause).

Va day 1a két qua khi ham displayStats() duge goi:

7 7

Current Packets No.69

Total Streaming Packets: 69 packets
Packets Received: 69 packets
Packets Lost: 0 packets

Packet Loss Rate: 0%

Play time: 4.36 seconds

Bytes received: 449595 bytes

Video Data Rate: 103165 bytes per second
Total litter: 248.036ms

Average Jitter: 3.595ms

Remaining time: 00:22 o] | | Total time: 00:25

e - o] e |

6.2 Implement PLAY, PAUSE and STOP buttons

- SETUP I bt budc trong tuong tac RTSP, & trong bai tap lén nay, ching ta c6 2 cich
don gian dé hien thuc né:

+ Céach 1: Ty dong SETUP ngay sau khi chuong trinh duge chay ( ngay sau khi go
léenh & terminal thi 2).
+ Cach 2: Chuong trinh sé¢ SETUP & 1an bam PLAY dau tién hodc bAm PLAY sau
khi bam STOP.

- O day, nhom ching em xin chon cach 2 @8 hien thuc thao tac SETUP.

Dé6i vé6i thao tac STOP thi chuong trinh sé quay vé trang thai ban dau vi reset cac bién
thong ké. Khi d6, néu ta tiép tuc nhan PLAY thi chuong trinh sé dugec SETUP va khéi chay
video. Ta chi c¢6 thé thoat bing cach nhin vao ddu X & géc trén bén phai clia dng dung.

- Du6i day 1a cac bude thao tac co ban:

+ Sau khi gé 2 lenh lan lugt trén 2 terminal, chuong trinh sé duge khéi chay:
+ Khi bdm PLAY, chuong trinh sé dugc SETUP vi video sé dugc khdi chay:

+ Khi bam PAUSE, video sé dugc tam diing, cic thong s6 théng ké tit lan PLAY khéi
chay video sé dugc hién thi.
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+ Khi ngusi ding bam vao STOP, video sé& dudc tam dimg trong phiit chbc va dude
dua vé trang théai ban dau, chuong trinh sé goi chitc ning TEARDOWN va SETUP lai,
thong s6 thong ké sé duge hién thi.

+ Khi ngusi diing bam PLAY, chuong trinh sé dugec SETUP va phat nhu 1an PLAY
dau tien.

+ Va cubi ciing, dé thoat ra khodi chuong trinh thi ngudi ding bam vao dau X & goc
phai man hinh, chuong trinh sé héi lai ngudi ding vé quyét dinh nay, nhan OK dé xac
nhan va thoat khoi chuong trinh.

+ Véi cach hién thyc trén thi ta nhan thay: khi bAm vio TEARDOWN & phan hién
thie trong phan yéu cau thi video sé ding lai v& quay vé trang thai ban dau chua duge
SETUP. Déi v6i STOP duge hién thie trong phan mdé rong nay ciing tuong ty, nhung
ddng thai chuong trinh ciing reset cac bién dém va cac bién théng ké.

Diéu goi chitc ning TEARDOWN khi STOP khong hén 1a phit hop, vi ngudi diing c6 kha

nang sé xem lai video sau khi da nhan STOP nén viéc ngit két ndi v6i socket sé lam chuong
trinh phai SETUP lai lan nita néu ngudi dung nhan PLAY .Tuy nhién, theo thdng ké thi ty l&
ngudi ding sé xem lai video sau khi da nhan STOP 14 khong cao nén céch lam nay ciing khong

mang lai nhiéu rii ro. O bai tap 16n nay, dé dam bao kha ning thuyc thi tron tru clia ing dung
thi nhém da dong thoi dua viec ngat két néi véi socket va két ndi lai cho ngusi diing toan quyén
bing cach tich hgp cdc hanh dong nay lan lugt ciing v6i thao tac STOP va PLAY, c¢6 thé xem
& mot cach tdng quét, hanh dong nay ciing mang ¥ nghia tuong tu viec giit két nbi véi socket.
Tuy cach lam nay con kha don thuan va chua t6i wu, nhung ma né gitp chuong trinh vin hoat
dong hiéu qua

Remaining time: 00:22 o S | Total time: 00:25

e | s | D) )

Figure 10: Khi ngudi diing nhan vao nit Play dé xem video

Assignment for Computer Network - Academic year 2021 Page 25/34



@ University of Technology, Ho Chi Minh City
[ & Faculty of Computer Science and Engineering

7 7

Current Packets Mo.69

Total Streaming Packets: 69 packets
Packets Received: 69 packets
Packets Lost: 0 packets

Packet Loss Rate: 0%

Play time: 4.36 seconds

Bytes received: 449395 bytes

Video Data Rate: 103165 bytes per second
Total Jitter: 248.056ms

Average Jitter: 3.595ms

Remaining time: 00:22 ] | s | Total time: 00:25

e | e | ]

Figure 11: Khi ngudi diing nhan vao nut Pause dé dimg video

@ Alkatsuki Media Player (AMP) - [m] * @

Current Packets Mo.69

Total Streaming Packets: 69 packets
Packets Received: 69 packets

Packets Lost: 0 packets

|Packet Loss Rate: 0%

Play time: 4.36 seconds

Bytes received: 449393 bytes

Video Data Rate: 103165 bytes per second
Total Jitter: 248.056ms

Average Jitter: 3.595ms

Remaining time: 00:22 < | fos s | Total time: 00:25

N o | e | S e

Figure 12: Khi ngudi diing nhan vio nit Stop dé reset video
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¢ quitr X
o Are you sure you want to quit?

Remaining time: 00:25 g | Total time: 00:25

Figure 13: Khi ngudi diing nhan vao nit X dé thoat

6.3 Implement the DESCRIBE method

Nhém tao thém 1 niit DESCRIBE trong giao dién ngudi diing va dong thai viét them ham
describeMovie() dé truyén yeu cau DESCRIBE dén server. Yeu cau DESCRIBE chi duge giii di
khi ngusi dung da SETUP thanh cong hodc chuong trinh dang trong trang thai READY hodc
PLAYING.

def describeMovies(self):
""rDescribe button handler
self.sendRtspRequest (self.DESCRIBE)

ninn

Code 2: Ham describeMovie() diing dé giii cho server yéu cau DESCRIBE tit phia Client

Khi Server da nhan dugc yéu cau DESCRIBE qua giao thitc RTSP, ta sé viét thém mot
doan code trong ham processRtspRequest() ciia ServerWorker.py dé xit Iy yéu cau va sau d6 goi
ham replyDescribe() dé tra vé thong tin ciia media stream cho phia Client.

elif requestType == self.DESCRIBE:
if self.state != self.INIT:
print ("processing DESCRIBE\n")
self.replyDescribe(self.0K_200, seq[l], filename)

Code 3: Doan code diing dé xit 1y yéu cau DESCRIBE tit phia Client bén Server
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def replyDescribe(self, code, seq, filename):
"mrSend RTSP Describe reply to the client. """
if code == self.oK_200:
myreply = 'RTSP/1.0 200 OK\nCseq: ' + seq + ’'\nSession:
+ str(self.clientInfo[’session’])

descriptionBody = "\nv= 0"

descriptionBody += "\nm= Video " + self.clientInfo[ rtpPort’]
+ "RTP/AVP " + str(MJPEG_TYPE)
descriptionBody += "\na= Control: streamid =
+ str(self.clientInfo[’ session’])
descriptionBody += "\na= Mimetype: video/MJPEG\""

+ filename
+ "application/sdp"

myreply += "\nContent Base:
myreply += "\ncontent—Type:
myreply += descriptionBody
connSocket = self.clientInfo[’rtspSocket’ ][0]
connSocket.send(myreply.encode())

Code 4: Ham replyDescribe() dimng dé giti thong tin vé Stream tit Server vé Client

Céng miic dinh duge st dung cho giao thitc RTSP 14 554 va cong nay duge sit dung cho
c giao thic clia tang giao van UDP va TCP.
Thong diép tra vé theo SDP format (Session Description Protocol) day la format dimng dé mo ta
cac thong tin phién giao tiép clia cac chuong trinh mulimedia.
Sau khi server giti noi dung vé Stream vé cho Client thi bén Client sé xit Iy thong diép dé c6 thé
hién thi titng thong tin theo ting dong mot duge hién thi tren form.

elif self.requestSent == self.DESCRIBE:
# self.state =
self.displayDescription(Lines)

Code 5: Mot doan code trong ham parseRtspReply() phia Client2.py dé xit 1y reply tit Server
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def displayDescription(self, lines):
top = Toplevel O
top.title("Description")
top.geometry(’300x1807)

Lbl = Listbox(top, width=50, height=30)
Lbl.insert(1l, "Describe: ")

Lbl.insert(2, "Name Video: " + str(self.fileName))
Lbl.insert(3, lines[1])

Lbl.insert(4, lines[2])

Lbl.insert (5, lines[3])

Lbl.insert(6, lines[4])

Lbl.insert(7, lines[5])

Lbl.insert(8, lines[6])

Lbl.insert(9, lines[7])

Lbl.insert (10, lines[8])

Lbl.insert (11, "Thoi diem trong video: " + "%02d:%02d" %
(self.currentTime // 60, self.currentTime % 60))
Lb1l.pack(®)

Code 6: Ham displayDescription() diing dé in ra form gém nhiing tin vé Stream cho ngudi diing

Noi dung duge hién thi ra cho ngudi diing nhu sau:

_
# Description — O X

Describe:

Mame Video: movie.Mjpeg
Cheq: 3

Session: 173807
Content-Base: movie.Mjpeg
Content-Type: application/sdp
w=10

m= Video 80 RTP/AVP 26

a= Control: strearid =175807
a= Mimetype: video/MIPEG"
| Thoi diem treng video: 00:01

-

Figure 14: Noi dung vé Stream hién thi ra cho ngudi diing khi ngusi diing giti yéu cau DESCRIBE

Trong d6, phan noi dung thong diép chia nhitng thong tin sau:
- v=0 : phién béan ctia giao thic, hién chi la 0.

- m=video 5008 RTP/AVP 26 : kiéu clia chuong trinh media va dia chi transport. Theo dic
tad ctia SDP, 'm’ line format theo dang sau:

m=<media> <port> <transport> <fmt>
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Trong d6, kiéu <media> 14 video, phan <port> la RTPport, <transport> la RTP/AVP, va
<fmt> la MJPEG_TYPE = 26.

- a=control:streamid=997216 : streamid chinh 1a session id ctia video stream.

- a=mimetype:string;"video/MJPEG" : Kiéu phuong tién (MIME type hay media type)
13 dinh danh hai phan cho dinh dang file va n6i dung dinh dang dudc truyén trén Internet.
"video/MJPEG" cho biét kiéu noi dung dang streaming trén session la video va file duge ma
héa bing MJPEG.

6.4 Implement some additional functions for user interface such as:
display video total time and remaining time, fast forward or back-
ward video

O phan extend nay, nhém da hién thie ca label hién thi total time v& remaining time ctia
video, dong thsi them chiic nang fast forward 10% va backward 10% video.

6.4.1 Label total time and remaining time

Dau tién, nhém khéi tao 2 label totaltimeBox va remainTimeBox thoéng qua thu vién
tkinter. Khi ngusi dimg bam vao nit SETUP, RTSP Request sé dudc giii dén Server. Sau d6, ngoai
viec goi replyRtsp(), ServerWorker con goi thém ham replySetup() ma trong dé c6 nhan tong
thoi gian cta video vao bién totalTime tit ham get total time video() & file VideoStream.py

def replySetup(self, code, seq):

"mrSend RTSP reply to the client. """

if code == self.0K_200:
totalTime = self.clientInfo[’videoStream’].

get_total_time_video ()

reply = 'RTSP/1.0 200 OK\nCSeq: ’ + seq
+ ’\nSession: ’ + str(self.clientInfo[’session’])
+ '\nTotalTime: ’ + str(totalTime)
connSocket = self.clientInfo[’rtspSocket’ ][0]
connSocket.send(reply.encode())

# Error messages

elif code == self.FILE_NOT_FOUND_404:
print ("404 NOT FOUND")

elif code == self.CON_ERR_500:
print ("500 CONNECTION ERROR")

Code 7: Ham replySetup dé tra vé thong tin sau khi ngusi dimg SETUP
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def get_total_time_video(self):
self.totalFrame = 0
while True:
data = self.file.read(5)
if data:
framelength = int(data)
# Read the current frame
data = self.file.read(framelength)
self.totalFrame += 1
else:
self.file.seek (0)
break
totalTime = self.totalFrame x 0.05
return totalTime

Code 8: Ham get _total time() ding dé lay tong thsi gian clia video

Ham get total time video() tinh tong thoi gian twong déi ctia video bing cach lay tong
s6 frame ctia video nhan véi khoang cach thoi gian gitta 2 1an server giii packet cho client. Tong
thoi gian tinh bing cach nay sé ¢6 thé bi léch so véi thai gian thire video sé chay, vi trong qua
trinh gii packet, c6 thé dudong truyén mang sé gip su ¢ hodc bi delay cho nén thoi gian packet
dudc gii t6i client sé bi tré so vdi thoi gian server gii packet. Tuy nhién, téng thoi gian chay ciia
video c6 thé duge thé hién tuong déi thong qua cach nay. Vi day la Streaming Video, va khong
¢6 cach nao du doan sy delay clia dudng truyén nén nhém khong thé xéc dinh chinh xéc téng
thoi gian thyc ma video sé chay. Label totaltimeBox sé dugc cap nhat & 1lan play video dau tién:

Label remainTimeBox sé& duge cap nhat ¢ mdi khi ham ListenRtp nhan duge data, bing
céch 1ay bién totalTime trit cho bién currentTime (véi bién currentTime duge tinh bing s thit
tu Frame hién tai nhan véi khodng thoi gian gitta 2 1an server giii packet (6 bai tap 16n nay la
0,05s)). Bdi vi cach tinh tuong ti nén remaining time nay ciing mang tinh tuong do6i giong vdi
total time dugc tinh & trén.

6.4.2 Fast forward and backward video

O bai tap 16n nay, nhom hién thyc thic ning fast forward va backward & ¢6 dinh 10%
video, néu ngudi diing mudn fast forward nhiéu hon thi c6 nhé nhan nhidu lan. Dau tién, nhém
khai bao thém 2 button "«" va "»", dai dién cho 2 chic nang fast forward va backward video.
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# Akatsuki Media Player (AMP] - O X

Play » Pause [11]

Remaining time: 00:23 ] | fo | Total time: 00:25

_4

Figure 15: Nut "«" va "»" trong giao dién ngudi dung

- Khi nhan nat "»", ham forwardMovies sé dudc goi vd ham nay sé tiép tuc goi ham
sendRtspRequest véi tham s truyén vao 1a "self FORWARD".

+ Ham sendRtspRequest sé tiép tuc giii request lén cho server.

+ Sau khi server nhan dugc request, flag isNext & d6i tugng VideoStream sé dugc bat
lén:

+ Khi ham sendRtp dugc server goi, ham nay sé tiép tuc goi ham nextFrame & doi

tugng VideoStream.

+ Va khi ham nextFrame dugc goi véi flag isNext da dugc bat, ham sé trd vé data
clia frame & thit tu 10% frame tiép theo thay vi data & frame tiép theo nhu binh thudng,
dong thai flag isNext sé duge dua vé lai gia tri 0.

+ Tuy nhién, néu s6 lugng frame con lai ctia video khong con dén 10%, ham nextFrame
sé tra ve data ciia frame cudi cling.

def forwardMovies(self):
self.sendRtspRequest(self.FORWARD)
self.isForward = 1

Code 9: Ham forwardMovies() hién thue trong Client2.py
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def nextFrame(self):

/I////Get next frame' nnn

if self.isNext == 1:
forwardFrames = int(self.totalFrame x 0.1)
remainFrames = int(self.totalFrame — self.frameNum)

if forwardFrames > remainFrames:
forwardFrames = remainFrames
self.isNext = 0

else:
forwardFrames = 1
if forwardFrames:
for i in range(forwardFrames):
data = self.file.read(5) # Get the framelength from the
first & bits
if data:
framelength = int(data)

# Read the current frame
data = self.file.read(framelength)
self. frameNum += 1

return data

Code 10: Ham nextFrame() hién thyc trong Client2.py

- Khi nhan nat "«", ham prevMovie sé dugc goi v ham ndy sé tiép tuc goi ham sendRt-
spRequest v6i tham s6 truyén vao 1a "selft PREV".

+ Ham sendRtspRequest sé tiép tuc giii request lén cho server.
+ Sau khi server nhan dudc request, flag opt ¢ ddi tugng sé dude bat len:

+ Khi ham sendRtp dugc server goi véi flag opt dugc bat, ham nay sé tiép tuc goi
ham prevFrame & dbi tugng VideoStream.

+ Va khi ham prevFrame dudc goi, ham sé dua con tré doc data vé vi tri dau video,
dong thai tiép tuc dich chuyén vi tri con tré dén vi tri chua data clia frame cach frame
hién tai 10% frame video vé trudc, dong thdoi tra vé data, flag opt sé dudc dua vé lai gia
tri 0.

+ Tuy nhién, néu s6 lugng frame trude dé clia video khong con dén 10%, ham pre-
vFrame sé tra vé data ctia frame dau tien.

if not self.opt:
data = self.clientInfo[’videoStream’].nextFrame ()
else:
data = self.clientInfo[’videoStream’].prevFrame ()
self.opt = 0

Code 11: Doan code xit 1y yéu cau BACKWARD tit Client trong Server
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def prevFrame(self):
preFrames = int(self.totalFrame x 0.1)
if self.frameNum <= preFrames:
data = self.file.seek(0)
self. frameNum = 0
if data:
framelength = int(data)
# Read the current frame
data = self.file.read(framelength)
self. frameNum += 1
else:
data = self.file.seek(0)
fFrames = self.frameNum — preFrames
self.frameNum = 0
for i in range(fFrames):
data = self.nextFrame()

return data

Code 12: Ham prevFrame() hién thyc trong VideoStream.py
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