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The advent of the industrial revolution 4.0 and the explosive
development of advanced technologies such as 10T (Internet of Things)
have solved most of the essential needs of a constantly changing digital
society. One of those is the environmental video surveillance system.
This paper presents such a system including compact devices such as
Raspberry Pi. This system is assembled and programmed to be able to
transmit images or videos from the environment area via the Internet to
the user's end devices. In order to transmit video from the surveillance
system to the user's end devices, the most popular video transmission
protocols are tested in practice, such as HLS, DASH, RTMP, and
RTSP. As a result, a difference in video transmission latency between
these protocols through different experimental scenarios was found. In
particular, the HTTP-based protocol group such as HLS and DASH has
higher transmission latency than RTMP and RTSP and much higher
than the latency of video encoding at 1oT devices. The main reason
comes from the different streaming video and video encoding
techniques between the above protocols.
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Su ra doi cta cudc cach mang cong nghiép 4.0 cung voi Sy phat trién
bung nd cta cac cong nghé tién tién nhu IoT (Internet of Things) da giai
quyét phan Ién cac nhu cau thiét yéu cua mot xa hoi sb dang khong
nging thay dbi. Mot trong s6 dé 1a cac hé théng quan tric méi truong
bang hinh anh tir xa. Bai bdo nay trinh bay mét hé théng quan tric nhu
vay bao gom céc thiét bi nho gon nhu Raspberry Pi. Hé thong nay duoc
lip ghép va lap trinh dé co thé truyén dugc hinh anh hozc video tir moi
truong thong qua mang Internet dén cac thiét bi dau cudi cua nguoi
ding. Dé truyén duoc video tir tram quan tric dén thiét bi dau cudi, cac
giao thuc truyén tai video pho bién lan lugt dwoc thir nghiém trong thuc
té nhu HLS, DASH, RTMP va RTSP. Két qua cho thdy c6 su khac biét
vé do tré truyén tai video giita cac giao thirc ndy thong qua céc kich ban
thi nghiém khac nhau. Cu thé, nhom giao thuc dua trén HTTP nhu HLS
va DASH c6 d¢ tré truyén tai cao hon nhom giao thirc RTMP va RTSP
va cao hon hin d6 tré ma héa video tai thiét bi 10T. Nguyén nhan chinh
dén tir sy khac nhau vé ky thuat truyén video thoi gian thuc va cong
nghé ma hoa video gitra cic giao thic trén.
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1. Gigi thigu

Sy phat trién bung nd cia cac dich vu mang Internet va xu hudng phat trién manh mé cia cac
nén tang cong nghé 4.0 nhu cong nghé Internet van vat (Internet of Things - IoT) da mang lai cho
nguoi dung nhu:ng phuong phap mdai trong viéc theo ddi su thay d6i cua moi truong hay cay
tréng, vat nudi trong linh vuc nong nghiép [1], [2]. Mot hé thong 10T tng dung trong gidm sat tur
xa duogc trién khai ngoai moi truong cd thé bao gom may tinh nho, h¢ thong cam bién, cum
camera Vi hé thong co dién tir diéu hudng, mo dun két néi Internet sir dung mang 3G hoic LTE,
ic qui kém hé théng sac tu dong tir pin ning lugng mit troi [3]. Cac thiét bi nay duoc két ndi va
diéu khién boi mot may tinh nho vi du nhu Raspberry Pi [4]. Mot hé thong nhu vay duoc goi 1a
tram quan tric. Toan bd dit liéu hinh anh va video tir tram quan tric nay sé dugc truyén dén mot
may chu trung gian trén dién todn ddm may, dit li¢u sau d6 dugc Xu ly va truyén toi thiét bi dau
cubi cua ngudi dung qua mang Internet.

Trén thuc té, camera cia mot hé théng tram quan tric c6 kha nang cung cép cac loai phan giai
video khac nhau tir SD, HD cho dén Full HD, tham chi c6 thé 1a 2K hodc 4K. Dé truyén cac dir
liéu video nay tdi thiét bi cua ngudi ding dau cudi, ha tAng cua tram sir dung cac giao thirc khac
nhau nhu RTMP, RTSP, HLS hoic DASH [5], [6]. Pay la cac giao thuc phd bién trong video
streaming d duoc thé gioi nghién ctu nhiéu, tuy nhién trong mot hé théng tram quan trac tir xa,
V6i cac yéu cau dic trung nhu didu khién trong thoi gian thuc hoic truyén hinh anh rd nét dé
quan sat d6i twong thi chua c6 nhidu nha nghién ciru tim hiéu, dic biét 1a do tré truyén tai video
trong thoi gian thuc. Vai ha tang mang truyén thdng thiét ké cho tram chu yéu 1a khong day, thi
viéc danh gia do tré truyén tai video cua nhitng giao thirc nay ciing nhu chat luong video nhan
dugc & nguoi dung dau cudi 1a can thiét dé tir 46 cac nha nghién ctru, nha cung cap dich vu c6 thé
cai thién kha nang truyén video cho cac hé théng quan tric ngoai troi.

Dbi tugng nghién ctru chinh cta bai bao 1a mot hé thdng tram quan tric c6 trang bi camera
phan giai cao c6 kha ning truyén dit liéu qua mang Internet thong qua mot may chu trung gian sir
dung cac giao thirc video streaming. Toan bd hé théng st dung giao thiue RTMP dé truyén video
tir tram dén may chu, video tir may chu duoc truyén téi thiét bi dau cudi cua ngudi ding bang
mot trong cac giao thiuc RTMP, RTSP, HLS hodc DASH. Nghién ctu tap trung danh gia va so
sanh d¢ tré truyén tai video cua cac giao thic ndy dya trén quan sat va phan tich thuc té. Két qua
ctia nghién ctru s& chi ra wu nhugc diém cua cac giao thic truyén video phd bién hién nay. Tur do,
céc nha cung cap dich vu mang va nha san xuat hé thong tram quan tric c6 thé lya chon giao thiic
phu hop hoic cai tién dé tang chat luong truyén video. Bai bao ciing trinh bay chi tiét phuong
phap thi nghiém, danh gia do tré truyén tai video cua cac giao thirc truyén video truc tuyén, thoi
gian thyc, 1a tai liéu tham khao cho sinh vién, hoc vién va cac nha nghién ctru cung linh vyc.

Hé thdng quan tric dua trén IoT d3 va dang dwoc nhiu nha khoa hoc trén thé gidi nghién cuu,
Prathibha va ddng tac gia trong [7] gigi thiéu mot hé théng giam sat trong nong nghiép hoan
chinh vé mit thiét ké vi mach va cac thiét bi. Mot hé thong twong tuy nhu vay va c6 kém thém
thiét ké ng dung trén dién thoai di dong ciing dwoc dé xuat trong [8] boi Suma va dong tac gia.
Tuy nhién, trong cac bai bao ndy, cac tac gia chua danh gia hiéu ning cua hé thdng da thiét ké,
ma cha yéu 1a gidi thiéu. Trong nghién ctru [3], Abas va ddng tac gia da gigi thiéu chi tiét mot hé
thdng quan tric hoan chinh bao gom ca thiét ké phan cang, hé thong mang va nguyén 1y hoat
dong. Céc tac gia da danh gia hiéu nang cua hé thong thong qua mot s6 tham sé QoS nhu tdc do
truyen file trung binh, do tré va ty 1 goi tin bi 16i. Tuy nhién, cac tac gia danh gia hi¢u nang cua
hé thong dua trén kién tric mang mesh gom nhiéu tram quan tric khac nhau giao tiép qua kénh
truyén khong déy. Nghién ctru cua ching t6i tép trung vao danh gid uu nhugce diém cua cac giao
thirc truyén phat video dau cudi. Cac nghién ciru ciia Lyndon trong [5] ¢6 tinh twong dong Véi
chung 61 khi tac gid c6 so sanh hi¢u nang cua cac giao thtc RTMP, RTSP va HLS. Tuy nhién,
nghién ciru nay chi tap trung dénh gid hoat dong cua cac giao thirc trén thiét bi di dong duya trén
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mo hinh chim diém, trong khi nghién ctru ctia chiing t6i so sanh hiéu ning cua cac giao thic dua
trén do tre truyén tai video dau cuoi.

2. Phwong phap nghién ciru
2.1. Kién triic téng qudt hé thong quan trdc tie xa bang hinh anh

Hinh 1 mé hinh hoa két ndi mang cua cac thiét bi thudc hé théng quan tric, bao gom cac thiét
bi du cudi, khong gian dién toan dam may va két ndi mang giira cac thanh phan. Trong thi
nghiém, Mdy khdch 1a mot may tinh ca nhéan, chay hé diéu hanh Windows 11 v&i CPU Intel Core
i5, b nhé RAM 16Gb, 6 cang SSD. Céu hinh trén dam bao qua trinh giai ma va render video
khong gay ra nhidu do tré.

mmmmp [ udng video

—— Lénh diéu khién

Rashberry

Méﬂ Khachi Cloud VPS ‘ e
=
1= il
" MQTTBroker
Hinh 1. M6 hinh két néi cdc thiét bi trong hé thong quan tréic Hinh 2. Mach Raspberry Pi4

Phia cum camera quan tric bén phai Hinh 1 bao gém mot may tinh Raspberry Pi4, cu hinh
bao gom CPU téc d6 1.5GHz quad-core 64-bit ARM Cortex-A72 CPU, b nhé RAM 4GB of
LPDDR4 SDRAM va Full throughput Gigabit Ethernet. Raspberry Pi Camera 12 megapixel ¢6
thé thay d6i dng kinh str dung cam bién Sony IMX477 cho d6 phan giai cua anh chup 1én téi 4K,
video quay Full HD. Ca may tinh khach va cum Raspberry Pi4 nay duoc két ndi Internet bing
thong rong 1én toi 80 Mbps thong qua mang LAN cua phong thi nghiém. Video truyén tir Pi
camera duoc ciu hinh véi d6 phan giai 1920x1080 ¢ téc do framerate 60fps.

Dé c6 thé diéu khién cum Raspberry Pi4 va camera qua mang Internet, may khach phat 1énh
lén MQTT Broker théng qua mot may chu riéng ao (Virtual Private Server - VPS) ¢ cau hinh
goém 2 core CPU 3.5GHz, b nhé RAM 4Gb va khong gian luu trir SSD. VPS chay hé diéu hanh
Windows Server va cai hai ung dung MQTT Broker va Wowza Media Server s& dugc mé ta chi
tiét trong phan sau.

2.1.1. Raspberry Pi4

Thiét bi chinh ciia tram bao gdm mach Raspberry Pi4, cam bién camera kém 6ng kinh duoc lap
truc tiép vao mach. Raspberry Pi4 1a mét loai may tinh nho gon duogc thiét ké dé dap tng nhu cau
clia cac nha phat trién va nguoi ding c4 nhan. Pugc phat trién bai Raspberry Pi Foundation,
Raspberry Pi4 c6 thé duoc str dung dé xay dung cac du an da dang, tir cac thiét bi IoT don gian dén
cac hé thong may tinh phuc tap. May tinh Raspberry Pi4 trong Hinh 2 dugc trang bi cac b vi xtr ly
ARM, bd nhé RAM, két ndi Internet va cac cong két ndi khac dé két ndi véi cac thiét bi ngoai vi.

2.1.2. Raspberry Pi Camera

Raspberry Pi Camera 12 megapixel co thé thay doi 6ng kinh va c6
thé dugc két ndi véi cac phién ban Raspberry Pi thong qua cong DSl
va cong CSI. May anh dugc diéu khién bang phan mém c6 san trén
Raspberry Pi OS va hd tro nhiéu ché do chup anh khac nhau, bao
gom chyp anh don, chyp anh lién tuc va chup anh timelapse. May
anh Raspberry Pi c6 kha nang chup anh va quay video vdi d6 phan
giai cao lén dén 12 megapixel va co thé ghi lai video 4K véi toc do
30 khung hinh/gidy hoic video 1080p véi téc d6 60 khung hinh/gidy.  Hinh 3. Raspberry Pi Camera
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2.1.3. MQTT Server Broker

Giao thuic truyén thong diép MQTT theo mé hinh publish/subscribe, dugc sir dung cho céc
thiét bi 10T véi bang thong thap, d tin cay cao va kha niang dugc st dung trong mang ludi khong
on dinh. N6 dua trén mot Broker kha it tac vu xur Iy va duogc thiét ké co tinh mé, don gian va dé
cai dit. Chinh vi c6 thiét ké don gian, kich thudc goi tin nho chi 2 Bytes cho truong Header va
phan con lai 1a _dung lugng cho Iénh diéu khién nén hoat dong cua MQTT gan nhu khéng anh
huong téi do tré truyén tai video dau cudi ké ca trong hé théng mang bang thong thap. Nhu vay,
lya chon MQTT s& lam ting hiéu qua trong cac thi nghiém do d¢ tré truyén tai video.

2.1.4. Wowza Streaming Server

Wowza Streaming Server 1a mot phan mém phan phdi video truc tuyén, thoi gian thuc duoc
phat trién boi Wowza Media Systems. N6 cho phép nguoi ding truyén phat video va 4m thanh
tryc tuyén trén Internet thong qua cic giao thirc nhu RTMP, RTSP, HLS va MPEG-DASH.
Wowza Streaming Server dugcC Su dung rong rai cho cac ung dung truc tuyen nhu phat séng
truyén hinh tryc tuyen video truc tlep, hoi nghi truc tuyen tro choi truc tuyén va cac tng dung
khac lién quan dén video truc tuyén. N6 hd trg nhidu dinh dang video va 4m thanh, cho phép
nguoi dung ty do tity chinh va thiét lap cac cdu hinh pht hop véi nhu cau cua ho.

2.2. Phwong phdp nghién ciru va thi nghi¢m
2.2.1. Phwong phap nghién cuu

Trong bai bao nay, phuong phap nghién ciru chu yeu dua trén thi nghiém thyc té, xay dung hé
théng tram quan tric tir cac thlet bi c6 san véi phan mém duoc lap trinh truéc. Dya trén quan sat
thuc té va danh gia so bo cac yéu td ¢ thé anh huong téi chat lwong truyén phat video dau cudi
trong mot sb tinh hudng nhu xem video streaming thi gian thuc, truyén video & cac do phan giai
khac nhau. Do tré truyén tai cua cac giao thire duoc thé hién tryc tiép trén man hinh cua thiét bi
dau cudi. Bai bao tap trung vao hai ndi dung chinh 1a phuong phap xiy dung md hinh thuc
nghiém va phuong phap danh gia hiéu ning ctia cac giao thirc truyén video RTMP, RTSP, HLS
va DASH. Trong d6, hiéu ning cta cac giao thirc trén duoc danh gia chu yéu dwa trén do tré cua
video nhan duoc tai may khach & cac do phan giai SD, HD va Full HD trong cac mo hinh truyén
dan khéac nhau, cu thé:

e Truyeén video tryc tiép tir Raspberry Pi 1én man hinh
e Truyén video qua mang Internet nhu mé ta & Hinh 1

Viéc danh gid hiéu nang cua tung giao thiac ¢ cac mé hinh truyen dan va do phan giai video
khac nhau s& cung cip cho cac nha nghién ctu mot cai nhin téng quan vé cong nghé quan tric
hinh anh dua trén IoT, tir d6 cac nha nghién clru va cac nha san Xuét ciing nhu ngudi ding quan
tam c6 thé luu ¥ lva chon cong nghé phi hop cho san pham ciia minh trén thyc té.

2.2.2. Phuong phap thi nghiém
a) M6 ta hoat dong ctia hé thong

Tram quan tric c6 thé duoc van hanh theo nhiéu cach khac nhau, nhu khoi tao va diéu khién
tir phan mém cai trén may tram hoic thiét bj di dong, ciing c6 thé diéu khién thong qua giao dién
web. Thi nghiém trong bai bao nay khong chu trong vé thiét ké hoan chinh ciia phan mém quan
1y, ma chi tap trung danh gia do tré cua video & cac do phan giai khac nhau, str dung cc giao
thire khac nhau. Vi vy, cac thi nghiém duoc thuc hién thong qua cic chuong trinh dugc thiét ké
don gian, dua trén dong 1énh dé khai tao toan bo hé thong ciing nhu ghi lai cac ban nhat ky chira
s6 lidu dé phan tich vé sau. Qué trinh video dugc khoi tao va truyén toi thiét bi dau cudi cua
nguoi dung nhu mo ta trong Hinh 1 theo cac bude nhu sau:
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(1) May khach phat 1énh “bat du video stream” téi MQTT broker trén VPS thong qua mang
Internet;

(2) MQTT broker chuyén tiép yéu cau tgi Raspberry Pi4;

(3) Raspberry Pi4 khai dong chuong trinh Libcamera. Chuong trinh nay doc dir liéu tir camera
va dong thoi phat stream 1én Wowza Media Server theo giao thixc RTMP push.

(4) Khi Raspberry Pi4 day ludng video 1én Wowza Media Server, n6 cung cap thong tin vé tén
ng dung trén Wowza Media Server sé& tiép nhan stream, va tén stream. Tén stream s& duoc
Wowza Media Server sir dung dé tao ra duong link phat trong ung cho mdi giao thirc ma tng
dung @6 ho trg.

(5) Wowza Media Server nhan ludng video day Ién bang giao thic RTMP tir Raspberry Pi4 va
Xt 1y n6 dé tao ra cac dinh dang video, am thanh va metadata khac phu hop dé phan phdi video
truc tuyén.

(6) Wowza Media Server tao ra ludng video phat twong tng voi cac giao thirc dugc hd trg (va
kich hoat) cuia tng dung (bao gom RTMP, RTSP, HLS, DASH) cung véi duong link twong tng
ma may khach c6 thé sir dung dé phat stream.

(7) May khach st dung duong link da duoc tao dé phat theo giao thie duoc lya chon.

b) Xay dung cac kich ban thi nghiém

Trén thuc té, viéc so sanh chat lugng truyén video truc tuyén, thoi gian thuc 13 mot bai toan
kho, dic biét véi sy cai tién khong ngiing cua cac giao thuc truyén va ha ting mang ngay cang
manh mé. bé giam do tré t6i da, cac nha phat trién ha tang mang, dich vy va giao thirc luon co
gang cat giam tdi da cac dir liéu hoac thuat toan du thira dé dam bao nguoi dung luén xem duoc
video vai chét luong tdt nhit va do tr& nho nhit dé dam bao gia tri chat lugng trai nghiém
(Quality of Experience) cao nhét. Tuy nhién, do thiét ké co ban ciia mang may tinh, dir liéu video
van phai duoc dong goi trong cdc goi tin va truyén di nhu cac ung dung khac, va vi vay no van bi
anh hudng it nhiéu bai cac tham s6 chit luong dich vu mang (Quality of Service), dac biét la do
tré. Trong live streaming, d6 tré cua hinh anh la yeu t6 anh huong truc tlep t6i chat lugng trai
nghiém cua nguoi dung. Vay viéc danh gia dd tré caa video 1a rat can thiét va ciing 1a muc tiéu
chinh cua bai bao nay.

Céc kich ban duoc trinh bay trong phan nay duoc thyc hién dé so sanh d6 tré truyén video
truc tuyén (live streaming) ¢ cac mé hinh truyén d;m khac nhau va video nguf)n cling duoc thay
do6i cac do phan giai khac nhau. Sy chénh léch vé do tré cua video cho thiy sy khac biét, uu
nhuoc diém cua cac giao thire duoc danh gia. Dé danh gia do tré cua video c6 thé thuc hién bang
nhiéu phuong phap khac nhau nhu VideoLat [9], vDelay [10], and AvCloak [11], tuy nhién, cac
phuong phap nay ap dung cho cac truong hop truyén phat va xem video khac nhau. Trong bai
béo, video duoc truyén phat truc tuyén, thoi gian thuc tir mot hé thong IoT, 1a dang video quan
tric moi truong. BE phu hop V6i bai toan thyc té, cac kich ban thi nghiém danh gia do tré cua
video duoc thuc hién dua trén yéu to guan tric truc tiép tir hinh anh va co tinh toan do tré dua
trén thoi gian thuc. Cu thé, cac thi nghiém duoc chia thanh 2 kich ban chinh, tai mdi kich ban, do
phan giai ca video ngudn duoc lan luot thay ddi tir SD, HD sang Full HD. Biém chung cua cac
kich ban 1a déu c6 cum thiét bi quan trac bao gom mach Raspberry Pi4, Camera gan kém va 2
man hinh hién thi. Trong d6, man hinh thir nhat 1a mot bo may tinh c4 nhan binh thuong, chay
mot doan mi ngudn cho phép hién thi thong tin thoi gian hién tai tinh dén milli gidy, Pi Camera
s& quay truc tiép ma hinh nay dé truyén hinh anh dén mach Raspberry Pi4, nhu vay, video ngudn
s€ 1a canh quay truc tiép man hinh thi nhat, ngi dung chinh la thoi gian hién tai tinh dén milli
gidy. Video ngudn nay duoc quay trong thoi gian c¢b dinh & tit ca cac kich ban 1a 30 gidy. Man
hinh tht hai 13 man hinh cua may khach, hién thi video dugc phat tir Pi Camera. Trong cac kich
ban déu c6 mot Testbed Cam doc 1ap dé chup ca hai man hinh nay theo mdi 2 gidy. Testbed Cam
1a mot thiét bi Webcam duoc két ndi voi mot may tinh va dugc didu khién chup tu dong thong
qua mdt script duoc viét bang ngdn ngit Python, str dung thu vién OpenCV.
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Céc hinh anh duoc chup tir Testbed Cam sau d6 duoc luu trit vao co sé dir liéu dé phan tich
vé sau. Su khac nhau cta cac kich ban nim & mé hinh truyén dit liéu. Cu thé, Hinh 4 mé ta cau
hinh thi nghiém cho kich ban s 1, trong ¢4 man hinh hién thi video duoc két néi tryc tiép tsi
mach Raspberry Pi4 thong qua céng miniHDMI tich hgp trén mach.

Trong truong hop ndy, d6 tré ciia video khong phu thudc vao hé théng mang vi khong c6 goi
tin nao dugc truyén di. Mach Raspberry Pi4 duoc diéu khién truc tiép tir Iénh trén cira s6 console
cua hé diéu hanh Raspbian, hoac dugc diéu khién thong qua giao thirc SSH tir mét may tinh khac.
Tuy nhién, cac 1énh diéu khién Raspberry Pi4 khong anh huong gi t6i qué trinh thiét bi nay
truyén video 1én man hinh. Bé ghi nhan lai d6 tré cua video, Pi Cam quay man hinh video nguon
¢6 ndi dung 1a thoi gian hién tai tinh dén milli gidy va phat 1én man hinh thtr hai. Tai thoi diém
Testbed Cam chup lai, sy chénh 1éch giita 2 hinh anh thoi gian nay chinh 1a do tré cia toan hé
thng. Tuy nhién, & ddy khong c6 su xuat hién ciia mang, nén do tré nay chi yéu 1a do tré ma hoa
va giai ma video, render video tai mach Raspberry Pi.

Pi Cam

03:25:19 821 03:25:18 425
E\% milisecons milisecons
I Video géc Display
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Hinh 4. Kich ban 1 - Xem video truc tiep Hinh 5. Kich ban 2 - Video duwoc truyén
ter hé thong qua mang Internet

Hinh 5 mé ta cdu hinh cta kich ban thi nghiém thir 2, trong kich ban nay, cum Raspberry Pi
va Pi Cam dugc giit nguyén cing véi hai man hinh nhu cac kich ban khac. M6 hinh két néi cua
kich ban nay hoan dya trén mang Internet nhu moé ta & Hinh 1. Trong d6 VPS dugc tich hop
san cac phan mém Wowza Media Server va MQTT broker dong vai tro 1a may chu trung gian
nhan 1énh diéu khién va phan phdi video tir Raspberry Pi toi cac nguoi ding khac nhau co két
ndi Internet.

Trong kich ban nay, Pi Cam van quay man hinh cé chira noi dung 1a thoi gian hién tai duoc
tinh dén milli gidy va phat tryc tuyén, thoi gian thuc 1én Wowza Media Server. May khach sir
dung mét eng dung nho duoc viét bang ngdn ngit C# dé c6 thé xem video phat truc tiép tir hé
thng quan tric. Tir cau hinh cta kich ban, ta co thé d& dang nhan ra d6 tré cua video s& phan lén
dén tir 46 tré cua mang Internet, thoi gian xir Iy goi tin dau cudi, va dac biét 1a thoi gian Wowza
Media Server thuc hién cac tac vu xir ly video nhu transcode, transmux, nén, giam d¢ phan giai
video dé dap g yéu cau ciia may khach. Ngoai ra, do tré cua video ciing bi anh huong tryc tiép
tir 6 phan giai cua cac video ngudn SH, HD va Full HD. Phan tiép theo cua bai bao s& trinh bay
chi tiét két qua thi nghiém tir cac kich ban dwoc trinh bay nhu trén.

3. Két qua nghién ctru

Phan nay trinh bay cac két qua nghién ctru chinh cia bai béo, trong d6 cac kich ban thi
nghiém nhu mé ta & trén duoc thuc hién it nhat 30 1an cho mdi giao thirc & mdi d6 phén giai khac
nhau dé dam bao y nghia vé mat théng ké. Do tré ciia video 1a do tré trung binh dugc tinh truc
tiép tir epoch time (hay dwoc goi 1a thoi gian Unix, 1a hé théng mo ta mot diém trong thoi gian.
Thoi gian Unix dugc dinh nghia bang sb gidy ké tir 00:00:00 theo gio Phéi hop Quéc té ngay 1
thang 1 ndm 1970, trir di gidy nhuan) hién 1én man hinh tai mdi lan lay mau, d¢ tré cia video la
hiéu cta hai con s6 hién 1én man hinh ngudn va man hinh cta Mdy khdch nhu mé ta trong cac
Hinh 4, Hinh 5, gi4 trj cua hiéu nay duoc tinh dén milli gidy. Qua trinh 14y mau duoc thuc hién
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tai cac thoi diém khéac nhau trong ngay va trong vong 1 tudn dé dam béo tinh chat ngiu nhién cua
mang may tinh. Tat ca cac thict bi trong thi nghiém déu duogc két noi véi nguon dién dan dung va
h¢ thong mang cua phong thi nghiém dé dam bao hiéu nang hoat dong cao nhat.

3.1. Kich ban 1 — Xem video truc tiép tr hé thong

Hinh 6 biéu thi do tré trung binh cua video trong kich ban thi nghiém déu tién, video dugc
truyén truc tiép tir mach Raspberry Pi4 1én man hinh. Trong biéu dd, truc x 1a cac biéu do cot
biéu thi do tré trung binh cua video & cac d6 phéan giai SD, HD va Full HD, truc y thé hién do tré
trung binh cua video tinh bang milli gidy voi khoang tin cay 95%, va dugc thé hién bang cac
error bar trén dinh mdi cot.

Biéu d6 cho thiy do tré trung binh cua video c¢6 xu hudéng ting 1én khi truyén video ¢ cac do
phan giai 16n dan. Video c¢6 d6 phan giai Full HD khi truyén tryc tiép 1én man hinh c6 do tré
trung binh 16n nhat 1a 173 milli gidy, trong khi gia tri ndy thap hon & cac do phan giai HD va SD
lan Tuot 12 158 va 110 milli gidy. Hién twong nay ciing dé hiéu, vi trong kich ban thi nghiém nay,
video duoc truyén tryc tiép tir mach Raspberry Pi4 1én man hinh, nhu vay khong hé c6 do tré cua
mang hay cac mdy chu trung gian. B tré & day vé co ban chi Ia tré do méi hoa va giai mi video &
cac thiét bi dau cubi. Do phan giai video 16n hon dong nghia véi viéc kich thude cua chung 16n
hon dan t6i tré ma héa ciing cao hon. Két qua thi nghiém nay cho thay thoi gian xir 1y video cua
mach Raspberry Pi4 14 hoan toan chip nhan duoc, véi do tré rat nho chi 1/5 gidy, va két qua nay
ciing c6 thé dugc xem la gia tri tham chiéu cho cac két qua thi nghiém khi truyén video thoi gian
thuc qua mang Internet.

200 T T T <104
I s I oAasH (O RTMP [C]RTSP
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g g g
ba tré (milli gidy)
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o W — (4]
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D6 phan giai D6 phan giai
Hinh 6. Do tré cua video khi truyen tryc tiep Hinh 7. Do treé cua video khi truyén qua Internet

3.2. Kich bén 2 — Video dwoc truyén tai qua mang Internet

Hinh 7 cho thiy d¢ tré trung binh cua video duoc truyén qua mang Internet theo kich ban 3 &
cac do phan giai khac nhau va vé6i cac giao thire khac nhau. Trong biéu dd, truc x 1a cac nhom
biéu dd cot biéu thi do tré cua video & cac do phan giai SD, HD va Full HD, truc y thé hién d¢ tré
trung binh cta video tinh bang milli gidy. Cac cot trong biéu dd voi cac mau khac nhau tir ¢am
dén nhat thé hién do tré trung binh cta cac giao thuc lan luot 14 HLS, DASH, RTMP va RTSP
v6i khoang tin cay 95%, va dugc thé hién bang céc error bar trén dinh mdi cot.

Biéu d6 cho thiy khong c6 nhiéu su khac biét khi video duoc truyén & cac do phan giai khac
nhau 1a SD, HD va Full HD. Hién twong nay ciing kha d& hiéu khi mang Internet & phong thi
nghiém co tc do tai trung binh khoang 80 Mbps, véi téc d6 nhu thé nay thi gan nhu khong anh
huong nhiéu dén viéc truyén video ¢ do phan giai ndo. Trén thuc té, kich thudc cac goi tin cua
video & d6 phan giai Full HD ciing khong 16n hon qué nhiéu so véi cac d phan giai khac va
hoan toan khong thé bi tic nghén & téc do Internet ké trén. Tuy nhién, biéu dd van cho thay do tré
truyén tai video c6 xu hudng tang cham khi sir dung giao thirc RTMP dé truyén.

Su khac biét 16n nhat vé do tré truyén tai video duoc thé hién qua viéc so sanh cac giao thirc
khac nhau. Biéu dd cho thdy, do tré truyén video truc tuyén, thoi gian thuc sir dung nhom giao
thire dya trén HTTP 1a HLS va DASH 1a cao nht, tiép theo 1a giao thitc RTMP va RTSP. B tré
trung binh khi truyén bang HLS va DASH vao khoang 15 gidy, trong khi RTMP va RTSP lan
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luot chi khoang 3 va 2 gidy. Cac két qua nay hoan toan tuong dong véi nghién ctru cia Wang va
ddng tac gia trong [12] cung kién trac thi nghiém st dung Wowza Media Server. Céc tac gia ghi
nhan trong thi nghiém thyc té d6 tré cua HLS khoang 12 gidy va RTMP khoang 2 gidy.

Giao thac RTMP va RTSP duoc thiét ké dé c6 do tré thap hon so véi giao thirc HLS va
DASH vi mét 6 1y do sau, thir nhat, RTMP va RTSP dugc thiét ké dé truyén phat truc tiép dix
liéu video va 4m thanh tir may chi dén méay khach. Diéu nay cho phép dit liéu dwoc truyén phat
mot cach nhanh chéng va hiéu qua hon so voi cac giao thitrc HLS va DASH, noi dir li¢u phai
duoc tai vé may chd, luu trit va chia nho thanh cac phan doan trude khi duoc truyén phat, do do,
tao ra do tré cao hon. Thir hai, RTMP va RTSP khong str dung md hoa bd sung trong qué trinh
truyén phat, diéu nay giup giam do tre so véi HLS va DASH noi dir liéu phai dugc ma hoa va
giai mi bo sung trong qua trinh truyen phat. Cudi cung, dir liéu video khi truyén bang cac giao
thire HLS va DASH tir tram quan tric 1én may cha phai théng qua qua trinh m3 hoa base64, 1a
phuong thirc chuyén d6i dang ma hoa 2 chiéu tir binary sang string dé c6 thé giri di dugc trong
mang Internet mot cach dé dang. Cac binary lac nay s& duoc thé hién bang cac ky tuw ma ASCIL
Qua4 trinh mé héa nay ciing tao ra do tré dang ké gop thém vao tong do tré truyén tai

Tuy nhién, giao thit¢ RTMP cua Adobe Systems la giao thirc doc q uyén, yéu cau mot may chu
phan phdi va mot két ndi gan nhu khong nging giita may khach va may cha. Yéu ciu mot may
chu phan phdi c6 thé 1am ting gia thanh thyc hién va cac goi tin RTMP c6 thé s& bi cac twong hia
chan. Hon nita, nhom giao thirc RTMP va RTSP yéu cau phai c6 phan mém xem video riéng
hozc phai co Flash tich hgp vao trinh duyét, diéu nay 1a khong kha thi khi cac trinh duyét hién dai
déu khong cho phép tich hop céac tng dung dua trén Flash.

Biéu d0 Hinh 7 ciing cho théy giao thirc RTMP c¢6 d¢ tré cao hon so véi RTSP 1a bdi vi giao
thirc RTSP dugc sir dung chu yeu cho IPTV va dung giao thuc UDP ¢ 16p chuyén van (Transport
Layer — TCP/IP) dé truyén di liéu, va hiéu qua truyén tai tuong dbi cao khi méi tredng mang 6n
dinh. Trong khi giao thic RTMP chu yéu duoc sir dung dé truyén am thanh va video trén
Internet. N6 sir dung giao thirc TCP & 16p chuyén van. Do méi truong Internet doi khi kém 6n
dinh nén viéc str dung RTMP dam bao chat luwong truyén cua video, tuy nhién do tré truyén cua
n6 twong dbi cao va hidu qua truyén dan thap hon néu so véi RTSP.

Dua vao két qua do dac va phan tich nhu trén, nguoi dung c¢6 thé tuy tinh hubng thuc té khi
van hanh mot tram quan tric dé quyét dinh xem nén dung giao thirc nao dé truyén video t6i cac
thiét bi dau cudi. Néu 1a mot tram quan tric c6 diéu khién hudng quay video, can phai giam tdi da
d6 tré thi nhém giao thire RTMP va RTSP 1a mét lva chon phu hop. Tuy nhién, & cac tinh hudng
su dung hoac muc dich khac thi nhoém giao thirc HLS va DASH dua trén HTTP s€ than thién véi
céc tudng lra hon va c6 thé tan dung duoc lgi thé cia cac co ché dém HTTP trén web. Kha ndng
nay con cé thé giam ca bang thong sur dung lién quan t6i viéc chuyén phat video va ca viéc nhiéu
dir lidu c6 thé dugc cung cap tir cac bo dém web thay vi tir cac may chu gdc, va cai thién chat
luong dich vy, do dit liéu dém thuong gan véi ngudi xem hon nén c6 thé 1y dé dang hon.

4. Két luan

Trong bai bio nay, tac gia di gidi thiéu mot hé thong quan tric tir xa, thoi gian thuc don gian
bao gom céc thiét bi c6 sdn nhu Raspberry Pi4, Pi Camera va mot h¢ thdng két néi qua VPS sir
dung giao thuc diéu khlen MQTT va mdt phan mém phén phéi video Wowza Streaming Server.
Céc thanh phan nay cau thanh mot tram quan tric co ban st dung cho cac muc dich nhu gidm sat
mbi trudng, quan tric vung trong ndng nghiép va nhiéu ung dung khac trén thuc té c6 thé sir
dung. Bai bao ciing trinh bay phwong phap thi nghiém va danh gia d¢ tré truyén tai video trung
binh cta cac giao thuc truyén video khac nhau 1a RTMP, RTSP, HLS va DASH.

Két qua thi nghiém cho thiy, thir nhat d6 tré cua qua trinh ma hoa, render video tuong dbi
thip, trung binh chi dwdi 200 milli gidy, diéu nay dam bao video duoc tao ra tir may tinh
Raspberry Pi4 ¢am bao chat luong, c6 d phan gidi cao va do tré thap. Thu hai, thong qua viéc
thi nghiém truyén video bang céac giao thirc khac nhau, tic gia nhan thay nhém giao thirc dua trén
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HTTP la HLS va DASH c6 d6 tré trung binh téng thé 16n, nguyén nhan chu yéu do qua trinh ma
hoa, tai cau triic video thanh cac do phan giai khac nhau dé phuc vy cong ngh¢ truyén video thich
mg. Trong khi nhom giao thirc RTMP va RTSP ¢6 d9 tré trung binh téng thé nho hon nhiéu, chi
khoang 2 dén 3 gidy. Nhém giao thirc nay thich hop trong truong hop nguoi dung can diéu khién
tram quan trac thoi gian thyuc dé xoay camera, phong to hoac thu nho. Tuy nhién, nhom giao thirc
RTMP va RTSP yéu ciu may chu riéng, phan mém xem video riéng hodc phai c6 Flash tich hop
vao trinh duyét, va dac biét nhom giao thirc nay nhay cam véi tuong lira trong céac hé thong mang
dau cudi. Trong truong hop nay, nhém giao thic dua trén HTTP tuy d6 tré cao nhung lai t6i wu
hon vé bang thong, sir dung bo dém ciia trinh duyét web va khong bi chan boi tuong lra. Nhom
giao thirc nay phu hop voi céc truong hop s dung khong can thoi gian thuc, nhu gidm sat vung
trong tu dong, thu thap anh, video cho cic qua trinh phén tich vé sau.

Hudng nghién ctu tiép theo ciia bai bao tap trung cai tién nhom giao thic dua trén HTTP dé
giam d6 tré va toi wu qua trinh truyén video sir dung hé thong d thiét ké nhu trén.

Lot cdm on
Nghién ctru nay duoc hd trg boi dé tai nghién ciru khoa hoc cap co so Truong Pai hoc Cong
nghé¢ thong tin va Truyén théng — Dai hoc Thai Nguyén (Ma s6: T2023-07-03).
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