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DANH MUC CAC THUAT NGU, CHU VIET TAT

STT | Chir viét tat Tiéng Anh Tiéng Viét

1 Big Data - Dt liéu 16n

2 URL Uniform Resource Puong dan hay dia chi ding dé
Locator tham chiéu téi cac tai nguyén trén

mang internet

3 FFT Fast Fourier Transform Bién d6i nhanh Fourier

4 HDFS Hadoop Distributed File |  Hé thdng tap tin phan tan cta
System Hadoop

5 DAU Data Acquisition Unit Hé théng thu thap dit liéu

6 SHM Structural Health Hé thdng quan trac cau

Monitoring

7 TSDB Time Series Database Co s& dit lieu chudi thoi gian

8 loT Internet of Things Internet Van Vat

9 SQL Structured Query Ngon ngit truy van co cau trdc

Language




MO DAU

1. Ly do chon dé tai

Vi su phat trién vuot bac cua khoa hoc k¥ thuat, sb lugng cau day vang trén thé
gidi duoc xay dung ngay cang nhiéu. Do vai tro dic biét quan trong ctia chiing, cong véi
gia thanh x4y dung rat dit do, cac cau nay can thiét phai duoc duy tu, bao dudng thudng
xuyén va kip thoi. Qua trinh nay thudng gip nhiéu kho khin do nhiéu 1y do nhu vi tri
xay dung khac nghiét, s6 chi tiét nhiéu, ciu tao phirc tap, chi phi 16n... [1]. Chinh vi vay,
nham dép Gng nhu cau thuc tién cta cong tac duy tu, biao dudng cau, nhat 1 cau nhip
16n, hé théng quan tric cau (Structural Health Monitoring — SHM) da tirng buéc duoc
ap dung tai Viét Nam, dac bi¢t sau khi B GTVT ban hanh Thong tu 52/2013/TT-
BGTVT quy dinh vé quan 1y, khai thac va bao tri cong trinh dudng b, trong d6 yéu cau
cac cong trinh cau co nhip dai hon 150m hodc tru cau cao hon 50m phai duoc lép dat hé

théng quan tric [2].

Hé thdng quan tric cau ddy viang 1a mot hé thong phuc tap, dugc tich hop nhiéu
cong nghé tién tién nham quan tric, giam sat trang thai cong trinh lién tuc trong thoi gian
thue [3]. Hién nay, tai Viét Nam d4 va dang xay dung rat nhiéu cau 16n va hé théng quan
trac giam sat sira khoe cau di duoc lap dit pho bién trén cac cdy cau 16n nhu: Cau Can
Tho, cau Bai Chay, cau Binh, ciu Phii My ... nhung phéan 16n 14 hé thong thiét bi va phan
mém do céc cong ty nudc ngodi cung cap, vi thé khi cac sy cd xay ra dbi véi hé thong
nay rat kho c6 thé tir can thiép va khic phuc [4]. Bén canh do, viéc quan 1y, phén tich,
xtr 1y va luu trir dir lidu, thong so thu thap duge tir hé théng quan trac trong qué trinh
khai thac ¢ nhiéu cong trinh con lung tang, chua hiéu quéa va sb luong chuyén gia con

han ché [5].



Vén d& dit ra 1a 1am sao trién khai dugc mot hé thdng khong nhitng c6 thé quan
Iy khdi lugng 16n dir li¢u thu dugc mdi ngay mot cach hi¢u qua, dé méo rong, kha nang
chiu 161 cao ma con c6 thé phén tich va dua ra canh bao bat thudng ghi nhin dugc vé
tinh trang k¥ thuat cdu, dam bao khai thac cAu an toan giam chi phi van hanh, bao dudng
cau 1a mot mot viée hét sirc cap thiét. Tur nhitng 1y do trén, t6i xin lra chon dé tai nghién

ctru “Hé théng canh bao bat thwong cho cau day ving”.

2. Tong quan van dé nghién ciru

Trén thé gii da c6 nhiéu cdng trinh nghién ctu tng dung cong nghé Big Data
vao viéc quan ly va phan tich dit liéu cho hé théng SHM. Seongwoon Jeong et al. [6, 7]
da dé xuat mé hinh quan Iy va phan tich di liéu 16n cho viéc giam sat cau dua trén dir
liéu tir hé théng quan trac. M6 hinh nay bao gom cac may ao dam may, hé thong co s
dir liéu phan tan nhu Cassandra, NoSQL cuing véi Spark cluster va may cha. Két qua cho
thay khung dé xuat khdng chi quan ly dit liéu 16n va phuc tap dugc thu thap tir viéc giam

sat cau, ma con dbi pho vai cac nhu cau thay do6i vé xir ly dir ligu.

S. Gunner et al. [8] trién khai hé théng quan ly dix liéu ma ngudn ma tich hop véi
hé théng quan trac cng trinh cau sir dung mang cam bién khdng day cho cau treo Clifton,
Vuong Quéc Anh. Hé théng cho phép thu thap, luu trit, truy xuat, xir Iy va truc quan hoa
dir liéu vé viéc st dung cau dua trén luu lugng tai trén cau mot cach linh hoat véi phan
I6n phan mém 1a mién phi nhu: Kafka giap don gian héa viéc di chuyén dir liéu, co s&
dit liéu chudi thoi gian InfluxDB cung cip kha ning luu trir 1au dai cho dit liéu va giao

dién truc quan hoa dit liéu dua trén Grafana.

Andrew Scullion [9] di khai thac cong nghé dir liéu 16n mad nguon mé dé xir ly
dir liéu caa hé thbng SHM va giai thich cach mot s6 cong nghé ma ngudn md méi nhat
nhu Python, Redis, Apache, PostgreSQL, WebGL, JQuery, Hadoop ecosystem... da cho
phép chuyén déi dit liéu thanh thong tin va co thé dwa ra quyét dinh hiéu qua trong viéc

quan Iy cau.


https://www.researchgate.net/profile/Seongwoon_Jeong

C6 nhiéu nghién ctru 4p dung céc cdng nghé khac nhau dé thu thap, quan Iy leu
trir va phan tich dix liéu thu dwgc cho hé théng SHM. Tuy nhién, pham vi dé tai luan van
chi tap trung &p dung cac cdng nghé Big Data trén hé thong canh bao bat thuong cho cau
day vang tir dit liéu thu dugc cua hé théng SHM. Viéc ang dung cdng nghé Big Data ma
ngudn mé khdng nhitng téi wu vé mat chi phi ma con cé kha ning mé rong, kha ning

chiu 16i va do tin cay cao.

3. Muc tiéu nghién ctu
Muc tiéu tong quat

- Xay dung hé théng canh bao bat thuong cho cau diy ving dua trén dit liéu thd
thu duoc tir cac cam bién caia hé quan tric cau trdc cong trinh cau bang cong nghé
Big Data.

Muc tiéu cu thé

- Cung cap mot Dashboard cho giam séat cau day vang dé: 1) Hién thi két qua dit
liéu quan tric da qua xir Iy va cac dix liéu lich st bang cac dang do thi khac nhau
theo yéu cau cu thé cua hé thdng trong thoi gian thuc, 2) Hién thi cac thong tin,
thiét lap cac mirc canh béo va giam sét can thiét cho cau day vang.

- Xac dinh tinh trang bat thuong bang céch st dung cac ngudng canh bao cho phép
dbi vai toe @6 gio, luc cang cap, do nghiéng, do dao dong dam, dao déng cap qua
d6 so sanh di chiéu véi gia tri da duoc xir ly tir dit liéu tho dé hién thi thdng tin
canh bo.

- Gui céc thong tin canh bao bat thudng ghi nhan dugc vé tinh trang k¥ thuét cau
thong qua mot so trinh thdng bao khac nhau bao gom PagerDuty, SMS, email
hoic Slack nhu: 1) Canh bao vé toc d6 gid bao dong, 2) Luc cing cap bao dong,
luc cang cap nguy hiém, 3) D9 nghiéng dinh thap, d6 nghiéng chan thap, 4) Dao

dong dam, dao dong cap, 5) Céac thong tin vé thoi tiét bat 1gi cho cau.



Danh gia vé tinh trang tong quét cau Phi My dya vao tinh trang cua toc do gio,
lyc cang cap, d6 nghiéng, d6 dao dong dam, dao dong cap voi ba mic d6 canh
bao: a) Muc 1: Binh thuong, b) Mtc 2: Canh bao, ¢) Mic 3: Nguy hiém.

4. Pdi twong va pham vi nghién ciru

Poi twong nghién ciru

Bién dbi dit liéu thd thu dugc tir cac cam bién cuia hé quan tric ciu tric cong trinh
cau day vang Phu My thanh di liéu phuc vu cho muc dich nghién ctu.

K¥ thuat phén tich dit liéu thé nhu phuong phap tiép can mién tan sd (bién doi
Fourier), Iy thuyét vé tinh luc cing, gbc nghiéng, dao dong.

Ngudng an toan cho cau diy vang dua trén cac ngudng canh bao da dugc phan
tich tinh toan tir mé hinh phéan tich 3D cua cong trinh va dua trén co s¢ thuc
nghiém.

Céc cong nghé Big Data dé quan 1y, phan tich dir liéu nhu: Kafka, Apache Spark

Structured Streaming, InfluxDB, Grafana.

Pham vi nghién ctu

Str dung dit liéu tir cac cam bién thu duoc théng qua hé thdng quan trac caa cau
day vang Pht My nhu: Cam bién do nghiéng, gia toc ké, cam bién thai tiét, phong
ké.

Tap trung canh béo: 1) Tc do gid bao dong, 2) Luc cing cap bao dong, luc cing
cap nguy hiém, 3) D6 nghiéng dinh thap, 46 nghiéng chan thap, 4) Dao dong dam,
dao dong cap, 5) Céac thong tin vé thoi tiét bat lgi cho cau. 6) Tinh hinh tong quéat
cua cau day vang Phit My.

Pénh gia tinh hinh tong quat cau ¢ cac muc do: Binh thuong, canh bao, nguy

hiém.



5. Phwong phap nghién ciru
Pé tai nay sir dung phuong phap nghién ctru Iy thuyét két hop véi xay dung Gng dung
thuc nghi¢ém:
- Thu thap céc tai liéu cd lién quan téi dé tai, cac thong sb va ngudng cho phép vé
cac bo phan cua cau day viang Phit My.
- Ung dung cac cong nghé Big Data nhu Kafka, Apache Spark Structured
Streaming, InfluxDB, Grafana dé phat trién hé thng thuc nghiém.
- Tién hanh danh gia két qua thuc nghiém, dua ra huéng phat trién mé rong cia dé

tai dé dap ung nhiing nhu cau trién khai thyc té.

6. Cau truc luan van
Ngoai phén mé dau, muc luc, két luan va kién nghi, danh muc hinh v&, danh myc

bang biéu, tai liéu tham khéo, phu luc, phﬁn chinh cua luan van gém 4 chuong nhu sau:

Chuong 1: NGHIEN CUU TONG QUAN

Chuong 2: PHAN TICH THIET KE

Chuong 3: TRIEN KHAI UNG DUNG

Chuong 4: PANH GIA KET QUA THU NGHIEM



CHUONG 1: NGHIEN CUU TONG QUAN

1.1. Tong quan vé Big Data

Dit liéu 16n (Big Data) la thuat ngir dung dé mé ta cac bo dit liéu ¢ kich thuéc
rat 16n, toc do phat trién nhanh va khé thu thap, luu trix, quan ly va phan tich vai cac
cdng cu hay tng dung truyén théng. Khi céng nghé tién bo theo thoi gian, kich thudc
cua c4c dir liéu ciing s& ting 1én va Big Data dugc hiéu ludn c6 kich thudc Ién hon rat
nhiéu. Theo mot phéan tich gan day cua IDC cho thay viéc tao va tiéu thu dit liéu toan
cau ngay cang tang, du bao rang vao nam 2025, tong dung luong dit liéu toan cau (global
datasphere) s€ tang Ién tgi 175 Zettabytes so v&i muc 33 Zettabytes dugc tao ra trong
nam 2018 [10]. Xét trén quan diém toan dién hon, Big Data 1a “mdt hién tuong vian hoa,
cong nghé va hoc thuat duya trén su tuong tac cua: (1) Céng nghé téi da hoa sirc manh
tinh toan va do chinh xac thuat toan dé thu thap, phan tich, lién két, va so sanh cac tap
dix liéu 16n. (2) Phan tich tao ra trén dix liéu Ion dé xac dinh mé hinh giai thich cac hién

tugng kinh té, x4 hoi, ky thuat va phéap ly” [11].

C6 rat nhiéu khia canh dé tim hiéu va tng dung 1én quan t6i Big Data nhu: Ung
dung Big Data giup doanh nghiép tim hiéu duoc gia tri thong tin thuc sy nam sau dir liéu
san co, dic biét trong mot xa hoi toan cau hoa va thé gioi s6 nhu hién nay. Tu cac dir
lidu 16n thu dugce qua cac cam bién theo ddi may moc, co sé ha ting nhu cac thiét bi
thong gio, cau hoic dong co may bay. Dit lidu nay cé thé duoc sir dung cho cac phan
tich, dé stra chita hoac thay thé truéc khi ching bi hong... Tuy nhién, pham vi dé tai luan
van chi tap trung &p dung cac cong nghé Big Data trén hé thong canh bao bat thuong cho

cau day vang tir dit liéu thu dwoc ciia hé théng SHM.



1.2. C4c cdng nghé¢ Big Data

Cong nghé¢ Dt liéu 16n co thé dugc dinh nghia la mot Tién ich-Phan mém duoc
thiét ké dé phan tich, xt Iy va trich xuat thong tin tir mot bo dir liéu cuc ky phirc tap va
16n ma phan mém Xt 1y dit lidu truyén théng khé co thé xir Iy duge. Cac cong nghé Big

Data hang dau duoc chia thanh 4 linh vuc duoc phan loai nhu sau:

- Luu trir dir liéu: Hadoop, MongoDB, InfluxDB, Rainstor...
- Khai thac dir liéu: Presto, Elasticsearch, Apache Spark...
- Phan tich dir liéu: Apache Kafka, Splunk, KNIME, Apache Spark...

- Truc quan hoéa dir li¢u: Tableau, Plotly, Grafana ...

1.3. Co s& phan tich dir liéu quan tric cau

Viéc thu nhan dir liéu dugc thuc hién mot cach lién tuc theo thoi gian thuc, khi
c6 nhitng su kién dic biét, mot sé cam bién riéng biét s& do nhitng s6 liéu lién quan cua
cac sy kién nay. Tat ca céc dir liéu nay déu duoc luu trir va phan tich dya theo tinh chat
cua chung, khac véi gia tri thong ké tho trude d6. Chiang han nhu ddi véi thong sb dao

dong thi can di dén thong tin vé tin sé dao dong dé phan tich so sanh.

Dé cac co so dit liéu phan anh mot céch chinh xac trang thai két cau va sac khoe
cua cong trinh cau thi viéc thu thap cac dit liéu can phai dugc thuc hién mot cach dong
bo. Phan mém quan ly di lidu s& duoc thiét ké cho cac trang thai, mirc o 1am viéc khac
nhau cia cong trinh lién quan dén tan suat thu thap dong bo tat ca cac dai lugng vat Iy

tir cac cam bién va cac thiét bi quan tric.

- Muc 1 — Hoat dong binh thuong: dong bo thu thap tat ca céc di lieu ci mdi 1
pht cho cac cam bién, gia tc va thiét bi do nghiéng, do d6 dao dong.
- Muc 2 — Canh bao: Thong bao cho ngudi chiu trach nhiém quan ly cac kich ban

c6 thé xay ra.



- Muc 3 — Nguy hiém: Thong béo cho ngudi chiu trach nhiém vé nguy co hu hai
cua (cong trinh vi du nhu yéu cau cdm cau) [12].

Dé phuc vu t6t cho cong tac duy tu bao dudng, hé thong khong chi cho phép thiét
1ap cac murc canh bao va giam sat can thiét cho cong trinh ma con thyc hién danh gia cac
muc canh bao moét cach ty dong thong qua cac gia tri nhan dugce bai tinh toan phan tich
dir lidu.

1.4. Yéu cau bao co so liéu cho hé thong
Viéc bao cao théng ké phai mang tinh chat dinh ky bao gom:

- Bé&o céo hang ngay,
- Bé&o céo hang thang,

- Béao cdo nam

Trong d6 cac két qua phai phan tich danh gia dén théng sé yéu cau, so sanh danh

gia theo thoi gian quan tréc.



CHUONG 2: PHAN TiCH THIET KE

Trong chwong nay trinh bay mét sé ¢éng nghé Big Data, so sanh danh gia uu
nhuoc diém cua cac cdng nghé nay dé lua chon mé hinh phu hop nhat cho yéu cau xay

dung hé théng canh bao bat thuong cho cau day ving.

2.1 M0 ta van dé

C6 nhiéu nghién ciu ap dung cac cong nghé khac nhau dé thu thap, quan ly heu
trir va phan tich dit liéu thu duoc cho hé théng SHM. Seongwoon Jeong et al. [6, 7] da
str dung cac may ao dam may, hé théng co s& dir liéu phan tan nhu Cassandra, NoSQL
cling vai Spark cluster va may chu dé xay dung hé théng giam sat cac cay cau doc theo
hanh lang 1-275 nam ¢ bang Michigan. S. Gunner et al. [8] thi s dung Kafka,
InfluxDB va Grafana cho hé thdng quan trac cau treo Clifton, Vuong Qubc Anh. Andrew
Scullion [9] d3 phan tich mot s6 cong nghé ma ngudn mé méi nhat nhu Python, Redis,
Apache, PostgreSQL, WebGL, JQuery, Hadoop ecosystem... dé xir Iy dit liéu cua hé
théng SHM.

Théng qua viéc danh gia ngudn di liéu thu duoc tir hé quan trac 13 kiéu dit liu
chudi thoi gian va khéi lwong dit lidu thu duoc 1a rat 16n do né duoc tao ra mdi phat lién
tuc trong thoi gian thuc. Do d6 viéc 4p dung cac cong nghé Big Data ma nguén me trén
hé théng canh béo bt thuong cho cau day ving tir dit liéu thu duoc cua hé théng SHM
khong nhing t6i vu vé mat chi phi ma con c6 kha nang mo rong, kha niang chiu 15i va

do tin cay cao.

2.2. Kién truc Big Data
Kién tric Big Data bao gom mot khéi 1ogic, do d6 dé kham phé nhiing loi ich cua

Kién triic doi hoi phai hiéu rd vé cac 16p khac nhau va chirc nang cua ching. Hinh 2.1


https://www.researchgate.net/profile/Seongwoon_Jeong
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dudi ddy mo ta mot trong nhimg phuong phap hay ding cua kién trac Big Data do6 1a

kién trac phan 16p.

Data Visualization Layer

Real-time Dashboard Intelligent Agents

il

Data Query Layer Analytics Engine

% Statistical Analytics
“ ; Amazon
W Redshift Sementic Analysis

LR Predictive Modeling
DFEStD e Text Analytics

Data Processing Layer

O
Q
=
o]
wn
[s)
C
=
N
M
wn

Batch Real-time Hybrid
Processing Processing Processing

JaAp uonsabu| pipg
JaAp 40329)j00 PIBQ

Data Storage Layer

L
@
-~
&

3 FS

Data Security Layer

Data Monitoring Layer Powered by ElixirData

Hinh 2.1: Kién tric Big Data téng quan

Kién trdc phan 16p duoc chia thanh cac 16p khac nhau trong d6 mdi 16p thyc hién
mot chire nang cu thé. Kién trdc nay bao gom céc 16p kién trac chinh nhu sau: Lép ngudn
dir liéu, 16p thu thap va truyén dit liéu, 16p xt Iy dit liéu, 16p luu trir di liéu, 16p truy van
dix liéu, 16p truc quan hda dit liéu. Kién trdc phan 16p giup xac dinh cac thanh phan can

thiét dé xac dinh giai phap dit liéu Ién cho bai luan van nay.
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2.2.1. Lop thu thap dir ligu

Lép nay 1a bude dau tién dé dir liéu tir cac ngudn khéac nhau bat dau hanh trinh
cua no. Dit lidu & day duoc danh gia, phan loai va dugc van chuyén dén cac 16p con lai
ctia duong ong dit liéu. V&i yéu cau ngudn dit liéu dau vao 1a ngudn dir liéu tir cac cam
bién tryén t&i lién tuc mdi pht trong thoi gian thuc, vay 1am thé nao trién khai cac két
ndi truyén dit liéu tir noi nd duoc tao ra dén nhiéu noi khac nhau dé xu 1y va dam bao
rang di liu vao s& khéng bi mat trude khi né dwgc chuyén téi cac 16p khac. Bé 1am
duogc diéu d6 thi “messaging” 1a mot cong nghé quan trong dé két ni dit liéu trong moi

truong nay.

Messaging la mot thuat ngit bao gom maot s6 mod hinh khéac nhau duya trén cac di
liu dugc chuyén tir nguoi giri sang nguoi nhan. Hai md hinh chinh trong cong nghé nay
1a “message queue” va “publish-subcribe messaging”. Khac mdi message queue — moi
tin nhan s& duoc giri cho mot topic hay channel va xir Iy bai chinh xac mot consumer thi
publish-subcribe messaging cho phép nhiéu consumer nhan tirng message trong mot
topic. Hon nira publish-subcribe messaging dam bao rang mdi consumer nhan duoc
message trong mot topic theo thir ty chinh xac ma hé thong message nhan dugc.

)
i Apache

‘ 1 lx ZooKeeper
Y1

# Kafka cluster &

#0 [patitono2 | |-*' | partition 0.1
L g

' #2_| parition 0.3

‘ % Partition 1.0

Hinh 2.2: CAu tric co ban ciia Kafka



Trong tat ca cac cdng nghé sir dung publish-subcribe messaging thi Kafka [13] 1a

mot mé hinh ¢é téc do nhanh, kha ning mo rong, do tin cay va dam bao tinh chiu 15i

cao. Ngoai ra Kafka c6 thé truyén mot luong lén dit liéu trong thoi gian thuc, vi ¢ do

tin cay vao tinh chiu 15i cao nén trong truong hop bén nhan chua nhan, dit liéu van duoc

luru tri sao luu trén mot hang doi va ca trén 6 dia dé dam bao an toan.

Céc thanh phan chinh cua Kafka dwgc minh hoa trong Hinh 2.3.

Topics

Partition 1

01
Producer 1 .-~~~

Partition 2

"SR, - - -

write data

Producer2. . Partition 3
- o 5

old...new

Kafka Brokers
Leader

Server 1

% replicat | . Consumer Group
Follower “» consumer 1
Server 2 read data
g m m T - -» consumer 2

Follower _-* consumer 3

Server 3

\
\

Hinh 2.3: Cac thanh phan chinh ciia Kafka

B\
p,

« Topic: Dit liéu truyén trong Kafka dugc phan chia theo topic, khi can truyén dir liéu

cho céac g dung khac nhau thi s€ tao ra cac topic khac nhau.

« Partition: Pay la noi dit liéu cho mét topic dugc luu trit. Mt topic ¢ thé c6 mot hay

nhiéu partition. Trén mdi partition thi dit liéu luu trit ¢6 dinh va dugc gan cho mot

ID goi 12 offset. Trong mot Kafka cluster thi mot partition ¢ thé replicate (sao chép)

ra nhiéu ban. Trong d6 c6 mdt ban leader chiu trach nhi¢m doc ghi dir li€u va cac ban

con lai goi 1a follower. Khi ban leader bi 15i thi s& c6 mot ban follower 1én 1am leader

thay thé. Néu mudn dung nhi€u consumer doc song song dir liéu cua mot topic thi

topic d6 can phai c6 nhiéu partition.

« Replicas: 1a mot ban backup ta partition, chi duoc dung dé luu trit, tranh mat dit liéu

va no6 khong dugc dung dé doc ghi.
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« Broker: 1a mot Kafka server. Néu chay dong thoi nhiéu Kafka server thi s& goi d6 1a
Cluster. Mdi Broker (Kafka server) s& 1a mot node trong cluster d6. Nhu vay khi néi
dén Broker, node thi s& hiéu d6 1a Kafka server. Chiu trach nhiém diéu tiét thong diép
input output. Partition s€ nam bén trong Broker. Mgt Broker c6 thé c6 khong, hodc
mét hodc nhiéu partition dat bén trong do.

« Producer: Kafka luu, phan loai message theo topic, sit dung producer dé publish
message vao cac topic. Dir liéu dugc giri dén partition cua topic luu trit trén Broker.

o Consumer: Kafka st dung consumer dé subscribe vao topic, cac consumer dugc dinh
danh bang cac group name. Nhiéu consumer c6 thé cing doc mot topic.

« Leader: Mdi partition s& co6 mot Broker chiu trach nhiém chinh trong viéc doc va ghi
dir liéu vao partition d6. Broker d6 dugc goi la Leader.

o Follower: Bay la mot con replicas cua partition. Khi c6 mot Broker lam Leader thi
cac Broker con lai trong Cluster s€ lam replicas cua partition, n6 s€ lam Follower cho
partition d6. N6 s€ theo doi Leader, néu Leader bi chét thi Zookeeper s€ chiu trach
nhiém bau ra mot trong s6 cac Follower 1&n 1am Leader thay thé. Follower hoat dong
giéng nhu mdt con Consumer, nhiém vu cda no la léy dit liéu tir Leader vé luu cho
riéng no.

« Zookeeper: Pugc sir dung dé quan 1y didu phdi cac Kafka Broker. Zookeeper dugc
str dung chti yéu cho viéc thong bao cho producer va consumer biét thong tin ctia mot
borker mé&i thém vao hoic thong tin cia mot Kafka broker 18i trong hé théng Kafka.
Sau mdi thong béo cua Zookeeper vé viéc borker thém vao hay broker bi 18i thi
producer va consumer s& quyét dinh va bat dau phdi hop véi mot borker khac.

Viéc truyén tai dit liéu gitra cac hé thong khac v6i Kafka broker dugc thuc hién thong
qua giao thuc TCP. Viéc phat trién, phan tich dir li€u c6 thé thyuc hién trén nhiéu nén

tang ngdén ngir 14p trinh khac nhau.



2.2.2. Lop xir ly die lidu
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Céac cong nghé hd trg xu Iy dir ligu thoi gian thuc dugce danh gia cao va sir dung

trong cac mé hinh ¢ trén 1a Apache Spark [14] cu thé 14 Apache Spark Streaming va

Apache Spark Structured Streaming. Spark Structured Streaming nhan dir liéu tir cac

ngudn streaming data, cu thé & trong cac mé hinh trén 1a Kafka. VVé mat khéi niém,

Structured Streaming coi dir liéu stream la mét bang (table) khéng gidi han va dix liéu

lién tuc dugc thém vao ting dong cua bang nay. Do d6 mo hinh xur ly Stream cua Spark

cling twong tu véi mo hinh xt ly batch (coi dit liéu trong méi batch Ia khoang 1 gidy, 5

gidy...) va ta c0 thé str dung céc truy van stream trong Spark twong tu nhu cac truy van

trong xt ly batch. Structured Streaming la phién ban mai, xu ly stream dya trén

Dataset/DataFrame va cd nhiéu tinh ning cai thién hon so véi cac cdng cu truyén phat

khac nhu Hinh 2.4.
Propert Structured Spark Apache Apache Kafka Google
perty Streaming Streaming Storm Flink Streams Dataflow
Streaming AP incrementalize integrates separate separate separate integrates
& batch queries with batch frombatch | frombatch | from batch with batch
Prefix Integrity v v X X X X
Guarantee
Internal
. exactly once | exactly once | atleast once | exactly once | atleast once | exactly once
Processing
Transactional
v some s some X x
Sources/Sinks some some some
Interactive v v X X X X
Queries
Static Data

Hinh 2.4: So sanh Spark Structured Streaming véi cac cong cu truyén phat khac
(Nguon tham khdo [14])
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Mo hinh 14p trinh Spark Structured Streaming coi dong dit liéu dau vao 1a “Input
Table”. Mdi muc dit liéu toi trén ludng dugc thém vao trong dong ctia “Input Table” nay

nhu Hinh 2.5.

Datastream Unbounded Table

new datain the
data stream

new rows appended
to a unbounded table

Data stream as an unbounded table

Hinh 2.5: Ludng dir liéu dwéi dang bang khong gi6i han

MGdi truy van & dau vao s& tao ra “Result Table”. Mdi khoang thoi gian kich hoat (gia
sir, clr sau mot gidy), cac hang méi s& duoc thém vao “Input Table”, cudi cung s& cap
nhat “Result Table”. Bat ct khi nao “Result Table” dugc cap nhat, cac hang két qua da
thay doi s& duoc viét vao mot hé théng bén ngoai, chéng han nhu S3, HDFS hoac co so
dit liéu nhu InfluxDB. Véi muc dich nay, Structured Streaming cung cép ba ché d6 dau

ra. M0 hinh 1ap trinh cho Structured Streaming dugc moé phong trong Hinh 2.6.

« Complete Mode: Toan bd bang két qua dugc cap nhat s& dugc ghi vao bd nhé
ngoai.

« Append Mode: Chi cac hang méi duoc thém vao “Result Table” vi 1an kich hoat
cudi ciing s& dugc ghi vao bd nhd ngoai. Pidu nay chi ap dung cho céc truy van
ma cac hang hién c6 trong Bang Két qua s& khong thay doi.

« Update Mode: Chi nhitng hang d3 duoc cap nhat trong Bang két qua ké tir 1an
kich hoat cudi ciing s& duoc ghi vao bd nhé ngoai. Ché do nay khéac véi “Complete
Mode” & chd ché d6 nay chi xuit ra cac hang di thay doi ké tir 1an kich hoat cudi

cung.
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/ Trigger: every 1 sec

2 3
Time >

data up dala u data up
Input to=1 to1=2 t01=3

Query

Result resultup resultup result up

Qutput
complete mode

Programming Model for Structured Streaming

Hinh 2.6: M6 hinh ldp trinh cho Structured Streaming

Mo hinh nay rat khac véi cac cong cu xir 1y phat truc tuyén khac. Nhiéu hé théng
phat tryc tuyén yéu cau ngudi dung duy tri trang thai. Trong mo hinh nay, Spark chiu
trach nhiém cap nhat “Result Table” khi c6 dir liéu ma1, do d6 gitp nguot dung khong

phai suy doan vé no.

2.2.3. Lop lwu triv dir ligu
Trong dé tai luan van str dung dix liéu thu duoc tir cac cam bién va 1a kiéu dix liéu
chudi thoi gian, trudc khi di vao chi tiét vé 16p luu trir ta s& tim hiéu vé kiéu dix lidu

Time-series Data.

a. Time-series Data

Time-series Data, con dugc goi l1a dir liéu dugc dong diu thoi gian, la mdt chudi
cac diém dit lieu duogc 1ap chi muc theo thir tu thoi gian. Cac diém dit lidu nay thuong
bao gdm cac phép do lién tiép duoc thuc hién tir cing mot ngudn trong mot khoang thoi
gian va duoc sir dung dé theo ddi sy thay ddi theo thoi gian. Hinh 2.7 Minh hoa mét tap
dir liéu theo chudi thoi gian tir cac cam bién thu duge trén cdu day vang Phu My, dir liéu

duoc cap nhat sau mdi 02 millisecond va lién tuc theo thoi gian.
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time G11IACCO01Y | G11IACCO01Z | POGINCO1 | PO7TINCO1
2020-04-23T00:00:28.19Z 0.016108 0.093451 0.012595 0.011712
2020-04-23T00:00:28.21Z 0.016155 0.093382 0.012596 0.01171
2020-04-23T00:00:28.23Z 0.016157 0.093673 0.012594 0.011709
2020-04-23T00:00:28.25Z 0.016209 0.093928 0.012595 0.011711
2020-04-23T00:00:28.27Z 0.016249 0.093999 0.012594 0.01171
2020-04-23T00:00:28.297Z 0.016135 0.093898 0.012594 0.011709
2020-04-23T00:00:28.31Z 0.016171 0.093822 0.012593 0.011711
2020-04-23T00:00:28.33Z 0.016072 0.093738 0.012594 0.01171

Hinh 2.7: Minh hoa Time-series Data

b. Ung dung ciia Time-series Data

Dit liéu chudi thoi gian dugc st dung trong nhiéu ngit canh khac nhau, trong d6

phé bién nhat 1a:

Phéan tich chudi thoi gian: Phan tich chudi thoi gian dugc sir dung dé tim hiéu cach
mot bién s6 nhat dinh thay ddi theo thoi gian. Vi du: Phan tich vé do nghiéng cua
dinh thap cau day vang Phu My theo thoi gian, co thé dugc coi 1a mot nhiém vu Phan
tich chudi thoi gian.

Phan tich héi quy: Phan tich hoi quy co6 thé duoc str dung dé kiém tra xem nhiing
thay d6i lién quan dén mot bién cu thé c6 thé gay ra su thay d6i nhu thé nao ddi véi
céc bién khac trong cliing mot khoang thoi gian. Vi du: Phan tich vé cac gia tri thu
duoc tir cac cam bién trén cAu Phu My, cu thé thong 6 vé luc cang cap cua cau theo

thoi gian anh hudng nhu thé nao t6i thong so ciia cac vi tri khac nhu d6 nghiéng cua
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cau hodc két cdu cua cau trong mdt khoang thoi gian, cé thé duoc coi 14 nhiém vu
Phén tich hdi quy.

e« Dy bdo chudi thoi gian: Dy bao chudi thoi gian sir dung thong tin lién quan dén cac
gia tri lich st va cac mau lién quan dé dy doan hoat dong trong tuong lai. Vi du: Dy
bao thoi tiét, Du bao dut cap, v.v.

Tir c4c phan tich vé kiéu dix liéu chudi thoi gian & trén, dé luu trir mot luong 16n
dit liéu thoi gian thyc, can mot kho luu trix dit liéu hd trg ghi nhanh va c6 kha ning mé
rong. Mot vai co s¢ dir liéu chudi thoi gian (Time Series Database - TSDB) va thir ty
xép hang cua chang dugc hién thi trong Hinh 2.8 cua DB-Engines. DB-Engines 1a mot
trang web tich hop, xép hang co s dir liéu dya trén mirc d6 phé bién caa céng cu tim
kiém, tham khao trén mang xa hoi, cac bai ding cong viéc va tan suat thao luan k thuat.
Tinh t6i thang 9 ndm 2020, InfluxDB [15] 1a mét co s dit liéu chudi thoi gian dugc xép
hang s6 1 trong danh séch nay. Hinh 2.8 ciing thé hién su thay doi theo thoi gian caa cac
co so dir lidu nhung co thé thay rang, vao thang 9 nam 2020, InfluxDB ciing 1a TSDB

hang dau va van giir duoc sy 6n dinh trong thir hang cua né [16].

Rank Score
Sep Aug Sep DBMS Database Model Sep Aug Sep
2020 2020 2019 2020 2020 2019
1. 1. i.  InfluxDB &2 Time Series 23.34 +0.46 +4.69
2. 2. 2. Kdb+ & Time Series, Multi-mode! @ 7.43 +0.63 +1.93
3. 3. 3.  Prometheus Time Series 5.69 +0.33 +2.24
=, 4, 4. Graphite Time Series 4.31 +0.20 +0.99
5. 5. 5. RRDtool Time Series 3.05 +0.03 +0.48
6. 6. 8. TimescaleDB £ Time Series, Multi-model @ 2.73 +0.19 +1.33
7. a8 &%6. OpenTSDB Time Series 2.30 +0.17 +0.45
8. w7. ¥%7. Druid Multi-model @ 2.29 +0.11 +0.56
9. 9. v 11,  FaunaDB Multi-model @ 1.86 +0.15 +1.43
10. # 11, 10. GridDB &2 Time Series, Multi-model |g@ 0.75 +0.09 +0.26

Hinh 2.8: Bang xép hang 10 co sé dir liéu chudi thoi gian hang dau thé gidi theo DB-
Engines
(Nguon tham khdo [17])
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2.2.4. Lop truc quan hoa da ligu

Kibana va Grafana déu 1a nén tang phan tich va truyc quan héa ma ngudn ma, st
dung trong viéc phan tich cac dit liéu thu thap dwoc va hién thi mot cach trec quan di
liéu thu thap duoc ¢ nhiéu dang khac nhau. Tuy nhién vé cét 16i chung déu duoc sir dung
cho céc loai dit liéu va cac ung dung khac nhau: Gafana [18] cung véi co so dir liéu
chudi thoi gian thuc nhu Graphite hoac InfluxDB 1a su két hop dugc sir dung dé phan
tich s liéu. Trong khi d6, Kibana 1a mét phan cua ElasticSearch, duoc sir dung dé kham
pha dir liéu nhat ky.

Ngoai cac chirc nang biéu dién dir liéu voi cac bang diéu khién manh mé thi
Grafana ciing hd tro cai dat va gui canh bao qua mét sé trinh théng béo khac nhau bao
gom PagerDuty, SMS, email hoic Slack. Trong khi d6 Kibana khong c6 kha ning canh
bao vuot troi, dé thém canh bao cho Kibana nguoi dung cd thé trién khai thém céac goi

tién ich bo sung khac nhu ElastAlert hoic sir dung X-Pack.

2.3. Panh gia va lya chon mo hinh phat trién hé théng

Dua vao két qua danh gia cac cong nghé st dung trong kién triic Big Data & trén
cung voi viéc danh gia cac mo hinh twong ty dang dugc nghién ciru va ap dung trong
thuc té duoc cong bb gan day, mé hinh duoc lya chon dé xay dung trong bai luan van

nay duoc mo ta nhu trong Hinh 2.9: M8 hinh xtr ly tong quan.

Dafa Sources Transforming Processing Storage Visualization
S SQ;{(Z | %) ?. )
AVA")) %kﬂﬂ(ﬂ pmtsmming influxd Grafana

Hinh 2.9: Mb hinh xix ly téng quan

Cac cam bién duoc dit tai cau Phi My tao ra dix liéu 1a céc file .csv phat truc

tuyén va duoc luu trir trong thu muc ngudn. Thu muc luu trir dir liéu dugc gidm sat bai
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thu vién Kafka Connect SpoolDir dya trén Kafka Connect dé doc va ghi di liéu tur
c4c file .csv vao Kafka va tir Kafka ra hé théng bén ngoai. Kafka Connect SpoolDir
theo ddi thu muc ngudn duoc cau hinh thdng qua “input.path” va doc dit liéu tir cac tap
tin méi duge dua vao thu muc. Khi mot tép tin di doc xong né s& duoc chuyén sang thu
muc duoc cau hinh théng qua “finished.path”. Dit liéu tir Kafka duogc day ra va duoc Xt
ly bai Spark Structured Streaming sau dé sé luu trit trong InfluxDB dé sir dung cac cong
cu phén tich va bao cdo khac nhau.

Dir liéu vé tat ca cac su kién déu duoc luu trir trong InfluxDB trong thoi gian
thuc, c6 nghia 1a khi dir liéu cia mot topic trong Kafka dugc thém mai, ngay lap tiac no
s& duoc luu vao hé thng va truyén dén Spark Structured Streaming xt Iy dé luu trit vao
InfluxDB. Sé liéu tdm tat, tong hop va bao co hay cac canh bao ciing dugc thé hién dya
Vao céac thay d6i cia cac cam bién dién ra trong thoi gian thuc va duoc truc quan hoa

thdng qua Grafana.

Tir mé hinh xtr 1y tong quan Hinh 2.9 két hop véi dit lidu thuc té ctia cau day ving
cling nhu 1y thuyét tong quan vé cac 16p dit liéu trong muyc 2.1, 2.2, 2.3 ta ¢6 md hinh

chi tiét cua hé théng nhu sau:

Transforming ‘ Data Ingestion/ Data Processing / Storage

2
1 I'A Grafana
£
1
O —
| =<3 SHInfluxDB
= o =
- £ L
EiE g
a 9 Broker 1 3
i€
A - bid )
5 Broker 2 1 Coordination Service ~ APACHE Al
g (orliEalalalar 9
= ZooKeeper
g [

Broker n

Hinh 2.10: M6 hinh chi tiét cia hé théng
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CHUONG 3: TRIEN KHAI UNG DUNG

3.1. Giéi thiéu tong quan vé ciu diy ving Phu My

- Thong tin chung:
e Dbi twong vuot: song Sai Gon, ndi quan 7 va quan 2, thanh phé HO Chi

Minh

e Ly trinh: ndm trén duong vanh dai ngoai thanh phé H6 Chi Minh

e Thoi diém xdy dung: thang 9/2005 dén thang 9/2009 [19]

ks,

Hinh 3.1: P$ hinh vi tri cau Pha My
(Ngudn cong ty c¢é phan ddu tw xdy dung Phi My)
e K&t cau chinh:

e Cau hai mit phing day viang, nhip chinh: 162,5+380+162,5m
e Mong tru thap duogc dat trén hé coc khoan nhdi duong kinh 2,05m sau 75m
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e Truy thap cu dang chir H cao 134,5m tinh tir bé méng
e Hé dam céu - ban mait cau & nhip chinh gém 2 dam doc chu lién két véi
nhau bang ban mit cau va cac dim ngang

e Hinh hoc chinh cua cau dy ving Phu My:

, Quan7 _ Quéan 2

93m

4.5m

Thurong luu

Ha

Hinh 3.2: Kich thwéc hinh hoc chinh cau diy ving Phi My
(Ngudn cong ty cé phan dau tie xdy dung Phi My)

1.5m 1.5m 18.9m 1.5m 1.5m

Hinh 3.3: Kich thwéc mit cit ngang dam cau Phi My
(Ngudn cong ty cé phan dau tw xdy ding Phi My)

3.2. Thuc trang khai thac va bao tri ciu ddy ving Phu My
Cau day vang Phit My duoc trang bi hé théng quan tric dé thu thap dit liéu hd trg

cho cbng tac van hanh. Hé quan trac cua cau bao gom céc thiét bi do, sensor, cac tram
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GPS, cac camera (Bang 3.1) cho phép thu thap cac sb liéu vé tinh trang l1am viéc cua két
cau than cau, cac sé liéu chuyén vi, sb liéu vé diéu kién khi hau (toc do gi6, nhiét do,

lwong mura) va hién trang giao théng trén cau...

Bang 3.1: Danh sach céc cam bién

(Ngudn cong ty cé phan dau tw xdy ding Phi My)

STT. | THIET B| KY HEU | SO LUONG MO TA V| TR
A~ | QUAN TRAC KET CAU '
| Gl TOC KE AC @ B |4 THET B TREN DAM CAU
L THIET B| TREN CAP VANG
2 D0 NGHIENG INC W 3 3 THIET BJ TREN THAP 2
B | QUAN TRAC KHI TUGNG
1 CAM BIEN THOI TIET WEA O 1 1 THIET B| TREN DAM CAU
2 PHONG KE ANE O 1 1 THIET B| TREN THAP CAU
S0 80 HE TRUYEN DAN o @) STACAHO!
ds— @ STACAM02

=[] GOWEA D! O &
= O POTANEO!
= @ GNACCO!

o = PN
C3p mang 1 @ T meoncot
POTCAMOT @) =& 1

= W POSINCOT

GOLACCOI @ =
604 ACCO @ = '
GOLACCO? @ ==

A0 @ 2

PO3CAMO! @) ~— o 4
@4 0240002 @ == @]
PO3CAM02 @) ~— e . t
'

o2 @ ==~ 2~

POT.CAM 02 (@)
1 C02ACC0L @ = i o )i -8
- ~ Cép quang -~ vl |
PO B a;'l~ @ ? ﬂ ‘ @
o tép B t

T0 TAI TRAM

Hinh 3.4: So' dé chi tiét hé truyén din
(Ngudn cong ty cé phan dau tw xdy ding Phi My)
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Dit liéu thu duoc tir mudi sdu cam bién duoc liét ké chi tiét & Bang 3.1. M&i mot
phit hai may cR1O 9031 va cRIO 9065 s& tra vé mot file dinh dang csv liét ké cac thong

sb ma cac cam bién thu duoc.

cRIO 9031

rs232

sensor

file csv

[/] DL Phuhy 8031 03_28 2020 _13_10_14.cev
[/ DL Phuby 9031 03_28 2020 _13_09_14.csv
[/] DL PhuMy 9031 03_28 2020 _ 13.08 1d.csv
[/] DL Phubdy 903103 28 2020 _ 1307 14.csv

.(_'| DL PhuMy 903103_28 2020 _ 13_06_14.csv

cRIO 9065

rs232

sensor

[/] DL Phuhy 9065 03_28_2020 _13_10_14.csv
[/] DL Phuldy 9065 03_28_2020 _13_09_1d.csv
[/] DL Phuly 9065 03_22_2020 _13_08 14.csv
[/] DL Phuldy 9065 03_28_2020 _13_07 14.csv

\/_'l DL Phuby 5065 03_28 2020 _13.06 14.csv

Hinh 3.5: Dir liéu nguén

/] oL PhuMy 903103_28 2020 _13_11_14.csv CSv
'] DL PhuMy.906503_28 2020 _13_11_14.csv CSv
| DL PhuMy 9565 03_28_2020 _13_10_14.csv CS\
| DL PhuMy 9031 03_28_2020 _ 13_10_14.csv CSV
./j DL PhuMy 9065 03_28_2020 _ 13_09_14.csv CSV

/] DL PhuMy 903103_28_2020 _ 13_09_14.csv
Hinh 3.6: Chi tiét dinh dang tén va céu tric hru trir cac file dir ligu

Mic du duoc quan ly bai Tong cuc Puong bd VN nhung hé théng quan tric chi
mai dung lai ¢ viéc thu thap dix liéu, cac dir liéu tho sau khi dugc thu thap sé duoc guri

t6i cac co quan chuyén gia & nudc ngodi (hoi quan tric cau thé gisi) dé phan tich danh
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gia chuyén sau. Tir thuc té trén ta thay duoc viéc xur ly dit liéu cua cau day ving con gap
nhiéu kho khin do thiéu cac chuyén gia 13n phan mém chuyén dung, dan dén viéc khong

tan dung duoc cac trang thiét bi hién co [4].

3.3. Thuc té trién khai wng dung

Phan nay sé& di vao cai dat hé thdng, 1ap trinh va cau hinh hé théng dé thu thap,
xtr 1y, luu trit va md hinh héa dit liéu thu duoc tir cac cam bién. Thiét l1ap céc canh bao
theo ngudng thdng s6 canh bao tir cac don vi chuyén mon trong don vi quan ly, khai thac

va bao tri cau day viang Phu My.

3.3.1. Trién khai hé théng thu thdp, xi Iy va lwu trie die lidu tir cac cam bién
a. Cai dit hé thong
Pé xay dyng hé thong canh bao bat thuong cho cau diy ving trong dé tai nay, ta st

dung ngdn ngit 1ap trinh, thu vién va cic phan mém chinh nhu sau:

- Ngon lap trinh: Python, Scala;
- Coso dir liéu: InfluxDB v2.1.1;
- Thu vién doc va truyén dir liéu: Kafka v2.3.1, Spark v3.1.3;

- Thu vién quan hoa dir liéu: Grafana v8.5.1;

Ngoai ra con c6 cac thu vién mé rong phuc vu cho viéc thu thap, xu 1y dir liéu nhu:

kafka-connect-spooldir [20];

b. Nguén dit liéu
Dit liéu nguon 1a cac file .csv khong giGi han dén lién tuc mdi phat theo thoi
gian thuc. Chi tiét cac cot dix liéu thu duoc trong mdi file .csv nhu cau trdc minh

hoa bén dudi:



1
2
3
4
5
6
7
8

9

10
11
12
13
14
15
16
17
18
19
0

A B C D
ThisRecordStartTime=00:00:14 03/27/2020
Time (ms) G11ACC01 G11ACCO1 PO6INCO1

1585267214086.0000 0.016316 0.08882 0.012601
1585267214106.0000 0.016352 0.089298 0.0126
1585267214126.0000 0.016295 0.089856 0.0126
1585267214146.0000 0.016149 0.09025 0.0126
1585267214166.0000 0.016129 0.090275 0.012599
1585267214186.0000 0.016276 0.090406 0.0126
1585267214206.0000 0.016149 0.090693 0.0126
1585267214226.0000 0.016082 0.090849 0.012604
1585267214246.0000 0.016198 0.090974 0.012605
1585267214266.0000 0.016159 0.090803 0.012604
1585267214286.0000 0.016112 0.090953 0.012605
1585267214306.0000 0.016166 0.09106 0.012604
1585267214326.0000 0.016177 0.091037 0.012605
1585267214346.0000 0.016096 0.091048 0.012604
1585267214366.0000 0.016239 0.091097 0.012605
1585267214386.0000 0.016184 0.0909 0.012604
1585267214406.0000 0.016179 0.090697 0.01262
1585267214426.0000 0.016325 0.090666 0.01262

26

E F G H J K L M
PO7INCO1 PO7INC0O2 GOIWEAD: GOIWEAD: GO1WEAD: GO1WEAO: GOIWEAO: PO7ANEO1 PO7ANEO1IWD
0.011695 0.01168 0 31.2 27.7 78 1005 3.72 81
0.011694 0.011681 0 31.2 27.7 78 1005 3.72 81
0.011694 0.011681 0 31.2 27.7 78 1005 3.72 81
0.011693 0.01168 0 31.2 27.7 78 1005 3.72 81
0.011692 0.011681 0 31.2 27.7 78 1005 3.72 81
0.011692 0.01168 0 31.2 27.7 78 1005 3.72 81
0.011693 0.01168 0 31.2 27.7 78 1005 3.72 81
0.011717 0.011679 0 31.2 27.7 78 1005 3.72 81
0.011717 0.011679 0 31.2 27.7 78 1005 3.72 81
0.011718 0.011701 0 31.2 27.7 78 1005 3.72 81
0.011716 0.0117 0 31.2 27.7 78 1005 3.72 81
0.011717 0.0117 0 31.2 27.7 78 1005 3.72 81
0.011718 0.0117 0 31.2 27.7 78 1005 3.72 81
0.011717 0.011699 0 31.2 27.7 78 1005 3.72 81
0.011717 0.011699 0 31.2 27.7 78 1005 3.72 81
0.011683 0.011699 0 31.2 27.7 78 1005 3.72 81
0.011684 0.011693 0 31.2 27.7 78 1005 3.72 81
0.011683 0.011693 0 31.2 27.7 78 1005 3.72 81

Hinh 3.7: Cac cét da ligu trong file csv thu dwoc tir cR10 9031

Chi tiét cua cac cot dir liéu nhu bang sau:

Bang 3.2: Chi tiét vé cac trwong dix liéu ciia céc file esv thu dwoc tir cR10 9031

Trwong dir liéu

Gia tri do

G11ACCO01Y;G11ACCO01Z;

Gia toc ké - do dao d6ng dam theo phuong Y va
Phuong Z

GOIWEAO1AT

Nhiét do khéng khi

GO1WEAOQ1AP

Ap suat khong khi

GO1WEAO1AH

Do am khong khi

PO7ANEO1WS

Van toc gio

PO7INCO1; PO7INCO02

Do nghiéng chéan thap

times

Thoi gian dudi dang ma Unix cua milliseconds
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A B C D E F G H | J K L M N (o]

1 ThisRecordStartTime=21:23:14 03/24/2020

2 Time (ms) GO1ACCO1Y GO1ACCO1Z GO4ACCO1Y  GO4ACCO1 GO4ACCO2 GO4ACCO2 CO2ACCO1 CO2ACCO1 CO2ACCO2 CO2ACCO2 CO2ACCO3 CO2ACCO3 CO2ACCO4 CO2ACC04Z
3 1585084994659.0000 -0.005009 0.678991 -0.046332 1.042375 0.011392 1.044076 -0.00353 0.945749 0.045367 0.935846 0.035896 -2.09878 -0.04895 0.930488
4 1585084994679.0000 -0.00499 0.679028 -0.046315 1.042659 0.011347 1.043983 -0.0034 0.944868 0.045232 0.936456 0.035819 -2.09867 -0.04883 0.929832
5 1585084994699.0000 -0.004952 0.678966 -0.046235 1.042948 0.011323 1.043878 -0.00275 0.944326 0.046082 0.938024 0.035522 -2.09907 -0.04823 0.928395
6 1585084994719.0000 -0.004988 0.679008 -0.046123 1.0433 0.011325 1.043856 -0.00271 0.94467 0.046528 0.937986 0.035498 -2.09903 -0.04801 0.927903
7 1585084994739.0000 -0.004971 0.678966 -0.046309 1.043497 0.011321 1.044018 -0.0026 0.944985 0.04657 0.937315 0.035538 -2.09895 -0.04785 0.927591
8 1585084994759.0000 -0.004967 0.678985 -0.04628 1.043777 0.011255 1.044462 -0.00284 0.945115 0.046624 0.936159 0.035796 -2.09943 -0.04775 0.928147
9 1585084994779.0000 -0.004979 0.67905 -0.046165 1.043637 0.011257 1.044661 -0.00298 0.944994 0.046596 0.935493 0.035892 -2.10039 -0.0477 0.928601
10 1585084994799.0000 -0.004907 0.679029 -0.0463 1.043471 0.011136 1.044743 -0.00286 0.944725 0.04648 0.934933 0.035853 -2.10142 -0.04781 0.928926
1 1585084994819.0000 -0.00492 0.679028 -0.046213 1.043245 0.011211 1.045117 -0.00223 0.944266 0.046763 0.933891 0.035902 -2.10317 -0.04829 0.928893
12 1585084994839.0000 -0.004925 0.679006 -0.046247 1.043137 0.01114 1.045262 -0.00207 0.944565 0.04677 0.933414 0.035911 -2.10358 -0.04849 0.928947
13 1585084994859.0000 -0.004954 0.678999 -0.046267 1.043031 0.011209 1.045213 -0.00195 0.945151 0.046732 0.932988 0.035724 -2.1037 -0.04866 0.928975
14 1585084994879.0000 -0.004922 0.679038 -0.046221 1.042629 0.01108 1.04519 -0.00202 0.945798 0.046511 0.93276 0.035773 -2.10345 -0.04862 0.929216
15 1585084994899.0000 -0.004795 0.678991 -0.046232 1.041739 0.011114 1.045658 -0.00247 0.947033 0.045996 0.932692 0.035609 -2.10227 -0.04857 0.92965
16 1585084994919.0000 -0.00478 0.678968 -0.04617 1.041456 0.011123 1.04593 -0.00251 0.947441 0.04582 0.93309 0.035982 -2.10163 -0.0488 0.929196
17 1585084994939.0000 -0.0048 0.679023 -0.046257 1.041253 0.011235 1.045983 -0.00254 0.947311 0.045529 0.933688 0.036285 -2.10125 -0.04902 0.928736

Hinh 3.8: Cé&c cot dir li¢u trong file csv thu dwoc tir cRIO 9065

Bang 3.3: Chi tiét vé cac trwong dix liéu ciia céc file esv thu dwoc tir cR10 9065

Trwong dir liu Gia tri do
GO1ACCO1Y; GO1ACCO01Z | Gia tri dao dong dam theo phuong Y,Z
GO4ACCO1Y; GO4ACCO01Z | Gia tri dao dong dam theo phuong Y,Z
GO4ACCO02Y; GO4ACC02Z | Gia tri dao dong dam theo phuong Y,Z
C02ACCO01Y; C02ACC01Z Gia tri dao dong cap 2218 theo phuong Y,Z
C02ACCO02Y; C02ACC02Z Gia tri dao dong cap 2217 theo phuong Y,Z
C02ACCO03Y; C02ACC03Z Gia tri dao dong cap 2216 theo phuong Y,Z
C02ACCO04Y; C02ACC04z Gia tri dao dong cap 2215 theo phuong Y,Z

times Thoi gian dudi dang ma Unix cua milliseconds

b. Truyén dit lidu tir c4c file csv vao Kafka
Nhu di phén tich ¢ trong phan tong quan vé Kafka, Kafka 12 mot nén tang truyén
dir liéu phan tan (distributed streaming platform). Dit liéu nguon s& duoc thu thap va

truyén dan thong qua hé thong Kafka.
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Consumer

Consumer
Kafka

— L_’::l]>—>
o @

Sensor Producer

Consumer

Hinh 3.9: Se' d6 ludng dir liéu vao Kafka

Dit liéu dugc sir dung trong luan van 1a di liéu dang Time-series, duoc hé théng
thu thap dix liéu (DAU - Data Acquisition Unit) ciia hé quan trac tra vé lién tuc mdi phat
s& thu duoc 2 files dit liéu dudi dinh dang .csv nhu hinh 3.10. Trong mai file di liéu cé

3000 ban ghi dugc ghi cach nhau 02 millisecond.

1 |Time (ms) G11ACCO1Y G11ACCO01Z  PO6INCO1 PO7INCO1 PO7INCO2 GO1WEAQD: GOTWEAOD: GOTWEAO' GOTWEAOQ: GOTWEAQ: PO7ANEO1 PO7ANEOTWD
2978 1585267273606 0.016071 0.094773 0.012577 0.01171 0.011707 0 31.2 27.7 78 1005 17 83.9
2979 1585267273626 0.015922 0.094934 0.012578 0.011712 0.011682 0 31.2 27.7 78 1005 1.7 83.9
2980 1585267273646 0.015976 0.095042 0.012576 0.011665 0.011682 0 31.2 27.7 78 1005 17 83.9
2981 1585267273666 0.015984 0.095045 0.012577 0.011666 0.011681 0 31.2 27.7 78 1005 1.7 83.9
2982 1585267273686 0.016002 0.09513 0.012577 0.011666 0.011682 0 31.2 27.7 78 1005 1.7 83.9
2983 1585267273706 0.015977 0.095188 0.012577 0.011665 0.011683 0 31.2 27.7 78 1005 1.7 83.9
2984 1585267273726 0.01608 0.095509 0.012578 0.011667 0.011684 0 31.2 27.7 78 1005 1.7 83.9
2985 1585267273746 0.016044 0.095534 0.012618 0.011666 0.011684 0 31.2 27.7 78 1005 1.7 83.9
2986 1585267273766 0.016134 0.095596 0.012618 0.011667 0.011684 0 31.2 27.7 78 1005 1.7 83.9
2987 1585267273786 0.016224 0.095679 0.012619 0.011701 0.011674 0 31.2 27.7 78 1005 17 83.9
2988 1585267273806 0.016067 0.095814 0.012618 0.011701 0.011674 0 31.2 27.7 78 1005 1.7 83.9
2989 1585267273826 0.016157 0.095846 0.012618 0.011701 0.011674 0 31.2 27.7 78 1005 17 83.9
2990 1585267273846 0.01619 0.095804 0.012619 0.011701 0.011674 0 31.2 27.7 78 1005 1.7 83.9
2991 1585267273866 0.016209 0.095655 0.012619 0.0117 0.011674 0 31.2 27.7 78 1005 17 83.9
2992 1585267273886 0.016129 0.095595 0.012618 0.0117 0.011674 0 31.2 27.7 78 1005 1.7 83.9
2993 1585267273906 0.016181 0.095535 0.012618 0.0117 0.011674 0 31.2 27.7 78 1005 17 83.9
2994 1585267273926 0.016211 0.095494 0.012618 0.0117 0.011673 0 31.2 27.7 78 1005 1.7 83.9
2995 1585267273946 0.01611 0.095255 0.012618 0.011699 0.011723 0 31.2 27.7 78 1005 1.7 83.9
2996 1585267273966 0.016179 0.095245 0.012618 0.011712 0.011723 0 31.2 27.7 78 1005 1.7 83.9
2997 1585267273986 0.016114 0.095304 0.012618 0.011711 0.011723 0 31.2 27.7 78 1005 1.7 83.9
2998 1585267274006 0.016144 0.095323 0.012617 0.011712 0.011723 0 31.2 27.7 78 1005 1.7 83.9
2999 1585267274026 0.016168 0.095364 0.012618 0.011711 0.011723 0 31.2 27.7 78 1005 1.7 83.9
3000 1585267274046 0.01622 0.095295 0.012618 0.011711 0.011723 0 31.2 27.7 78 1005 1.72 60.9

Hinh 3.10: C4c ban ghi trong mai file dir liéu thu dwgc sau méi phat
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Dé truyén dit liéu mot cach lién tuc tir cac file CSV trong thu muc dit liéu vao
Kafka, ta s& st dung plugin kafka-connect-spooldir [20]. Nham phuc vu cho viéc doc,

va ldy data, dé quan ly ngudn dit liéu da dugc xur ly ta s& tao ba thu muc nhu sau:

- M6t thu muc chitra cac file dix liéu gbc (\source)
- Mot thu muc chaa céc file dit liéu da duoc xur ly (\finished)

- Va mét thu muc chir bat ky cac file 18i (\error)
PS D:\hethongcanhbaoluanvan> 1s .\Data\source\
Directory: D:\hethongcanhbaoluanvan\Data\source

LastWriteTime

3/27/2020 : ues8774 03_27_2020 00_00_14.
3/27/2020 : ues724 03_27_2020
_27_ 02
_27_ 03

14,
14.
14.
14.
14.
14.
14.

3/27/2020 - 4e9e99 03_27_2020 00
3/27/2020 : negsu9 03 27 2020 00
3/27/2020 : ue9e7e6 03_27_2020 |
3/27/2020 : 456190 03_27_2020 | 00
3/27/2020 : 456190 03_27_2020 00
3/27/2020 : 456190 03_27_2020 ]¢]
3/27/2020 : 456190 3 -

00
01
02
o4

27_2020 _ 00

Hinh 3.11: Cac thuw muc lwu trir dir li¢u
b. Lay dit liéu tir Kafka thong qua Spark structured Streaming vao database

Dir liéu tir céc file .csv 1a dit liéu thu dwoc tir hé quan trac cau, di lidu da duoc
xtr ly nhidu théng qua hé thdng thu thap data caa hé quan tric (DAU) nhu Hinh 3.12.
CAac cam bién trén cau sé& thu thap tin hiéu do va truyén tin hiéu toi b thu nhan dix liu
DAU. Céc bo thu nhan dix liéu DAU nay thu nhan céc tin hiéu tir cac cam bién, sé hoa
c4c tin hiéu analog va truyén cac di liéu vao phong trung tam. Viéc bd tri téi wu cac bd
thu nhan dit liéu da duoc xem xét ki dé khir nhidu/ton that khi truyén va dé bao vé cac

bo DAU khoi nhidu nham d¢am bao chat lwgng va tinh chinh xac cua sé liéu thu nhan.
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ANALOGUE / DIGITAL CONVERTION CARD
DIGITAL INPUT / OUTPUT CARD

CONDITIONER

Hinh 3.12: Se' db thu thap dir liéu tir hé hé quan tric cau
(Nguon tham khdo [5])
Spark Structured Streaming nhan dit liéu tir cac ngudn streaming data, cu thé &
day 1a Kafka. Pé ghi dir liéu vao InfluxDB, truéc hét ta phai tao mot Class

InfluxDBWriter. Class nay c6 hai methods la — switch_database va write_rows.

Bén canh dé, ta ciing tao mot Kafka consumer dé lay dir lidu tir Kafka. Ham
value_deserializer duoc st dung dé chuyén céc ban ghi dén thanh dang JSON dé c6 thé

phan tich ct phap mot cach dé dang hon:

1 [Hdef main():

2 config = read_yaml (path)

3 logging.info("Starting writing to InfluxDb")

4

5 B consumer = KafkaConsumer (

6 : config["kafka sink"]["topic"],

7 bcotstrap_servers=ccmfig["kafka_sink"] ["bootstrap_servers"] B
8 enable auto_commit=True,

9 - value deserializer=lambda x: json.loads(x.decode('utf-5')))
10
11 db = InfluxDb(config["database"]["host"], config["database"]["database"], config["database"]["port"l)
12
13 for message in consumer:
14 i message = message.value
15 db.write rows (message)‘

Hinh 3.13: M4 nguén l4y dir liéu tir Kafka
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Dé ghi dir liéu vao Kafka, ta can lam nguoc lai nhitng gi da 1am khi doc dit liéu tur

Kafka. Poan ma sau chuyén d6i dit liéu thanh dang JSON va bt dau stream.

df = df.withColumn("valus", to json(struct(df.columns)))

query = df.writeStream \
.format("kafka") \
.option("kafka.bootstrap.servers", ",".join{config["kafka sink"]["bootstrap servers"1)}) \
.option("checkpointlLocation", config["spark checkpoint"] + "/kafka/") \
.option("topic”, config["kafka sink"]["topic”]) \
.start ()

O =] @y LN B Lo B

Hinh 3.14: M4 nguén ghi dir liéu vao Kafka

Tir cu tric dit liéu cua data thu thap duoc, ta thiét ké ciu tric database dé luu

dir liéu vao InfluxDB nhu sau:

> 4

% e g ' "‘B Field value
S 7 %’D Field key

3 Field
Measurement p——

9031 ~a *B Field value

Timestamp
»|=] Field key

Bucket \. ol '
dataphumy \ ] i ’B Field value

>ﬁ' . *’B Field key
Field n

Measurement A Field value

Timestamp

ﬁ,.»Drieldkey

(o

Hinh 3.15: M6 hinh co sé¢ dir liéu
3.3.2. Phan tich va mé hinh héa dé liéu
a. Céu hinh dé Grafana doc dit liéu tir InfluxDB

Dé phan tich va md hinh héa di liéu, ta két ndi Grafana tgi InfluxDB noi luu trit

thong tin dit liéu cua cam bién da hoan thanh & phan 3.3.1.
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Dé két ndi Grafana véi InfluxDB ta st dung cac thdng sb sau:

- URL: la dia chi cua may co chira InfluxDB, nhu trong thuc nghiém cua luan van
Ia http://localhost:8086/

- Database: thong tin database noi luu trir data cua hé thong

Data Sources / InfluxDB-DataPhuMy

tif Settings

Name ©  InfluxDB-DataPhuMy Default

Query Language
Flux

HTTP

URL @ | http:/localhost:8086/
Access Server (default)
Allowed cookies

Timeout

Custom HTTP Headers
Header Authorization configured

+ Add header

InfluxDB Details

Organization luanvandemo
Token configured
Default Bucket dataphumy
Min time interval

Max series

Save & test

Hinh 3.16: Két néi Grafana véi Influxdb

Sau khi hoan thanh két néi Grafana véi InfluxDB ta tién hanh tao cac bang

diéu khién dé phan tich, theo ddi quan sét va canh béo cho hé théng.
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Cdp 2218 05-C02-ACC-01- Theo phuong ¥

> Panel options

07:00:15 07:00:30 07:00:45 07:01:00 07:01:15 07:01:30 07:01:45 07:02:00 07:02:15

> Tooltip
== C02ACCO1YPM Min: -0.0054 Mean:-0.0035 Max:-0.0012

v Legend
B Query 1 1

Legend mode
List Table
pata source InfluxDB-DataPhu... ® > Queryoptio.. MD-=auto=827 Interval =200m: Query inspector

Legend placement

Bottom

Legend values

ataphumy™)

t: v.timeRangeStart, stop: v.timeRangeStop)
n: (r) r["_measurement"] "9065") Min x  Mean x  Max x
fn: (r) r[*_field"] "Ce2ACCO1Y")

Hinh 3.17: Truy vén dix liéu va trwc quan héa dir liéu

Tuong ty nhu phan truy vén trén, ta d6 dit liéu va lua chon d6 thi dé mé
hinh hda dit liéu 18n bang diéu khién cho céc théng sé sau dua vao gid tri cam bién
tuong tng. Phan md hinh héa dit liéu thanh cac biéu do s& dugc bd phan cong
nghé cau hinh. Sau khi hoan thanh cau hinh bd phan cdng nghé s& ban giao céac
bang diéu khién cho bd phan van hanh theo d&i, giam sat dé phuc vu cho cdng viéc
van hanh va bao dudng cau. Trong mé hinh xay dung cta bai luan van nay sir dung
Grafana dé biéu dién dit liéu vé c4c van dé sau:

- Biéu dién d6 nghiéng dinh thap dwa vao dit liéu cua cam bién Po Nghiéng trén
dinh thép.

- Biéu dién d6 nghiéng chan thap dua vao dit liéu ctia cam bién Do Nghiéng duéi
chan thap.

- Biéu dién dao dong dam dya vao dit liéu cua Gia Tdc K& trén dam cAu.

- Biéu dién dao dong cap dua vao dir liéu ctia Gia Toc Ké trén cap ving.

- Biéu dién thoi tiét dya vao 6 liéu cia Cam Bién Thoi Tiét trén dim cau.

- Biéu dién toa do dya vao sb liéu cua Phong K& trén thap cau.

- Biéu dién tinh hinh hoat dong cta hé thong va dua ra canh bao vé cac thiét bi hu

hong, mat tin hi¢u.
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Dé md hinh héa dit liéu cua luc cing cap va canh bao vé ngudng luc cing cap, ta

tién hanh tinh luc cing cap trude khi hién thi va bao cdo. Luc cing cap duoc tinh toan

dwa trén cac thdng s cuia cap vang nhu bang 3.4. Pic trung cap va tan s6 dao dong riéng

thdng qua phuong phap bién doi nhanh Fourier (FFT) tir dit liéu thu duoc & mién thoi

gian cua gia toc ké. Trudc tién ta tim hiéu vé cac thong sé dic trung ctia cap noi lip dat

c4c gia toc ké dé do dao dong cap nhu & Bang 3.4: Pic trung cap.

Bang 3.4: Pac trung cap

(Ngudn cong ty cé phan dau tw xdy diwng Phi My)

(*) Cap phia ha Iwru

Tén | sé | Knéi | Tiétdién | Buong Hé | Mé men

cép (") | wong | lwong | matcat | kinhéng | sé | quan tinh
bén |don vi|ngang cap|bao ngoai | réng

| AP Ggm)| mm’) | (mm) | (em')
2218 70 826 10500 341 0.115 7631
2217 58 68.4 8700 326 0.104 5765
2216 54 63.7 8100 284 0.128 4080
2215 51 60.2 7650 284 0.121 3854

Mé
dun
dan

| B

195

Tinh lwe ciing trong day ving tir két qua do dao dong

Trong do:

T = 4mlL? (%)2

T: 1a lyc cang

__Ejm* 5

L2

f,: Tan sé dao dong riéng tha n caa cap ving .

cao tiét dién cap.

m: 1a trong lwong don vi theo chiéu dai cua cap vang.

L: 1a khoang cach giira hai dau ¢ dinh cua day ving.

Chiéu Géc Luc kéo
dai nghiéng aaot
voi
(m) (do) (KN)
202.04 24.9 18585
192.40 258 15399
182.81 271 14337
173.28 284 13541

(3.1)

EJ: o cuang chong udn. EJ = (B. H?)/12, véi B 1a chiéu rong con H 1a chiéu
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Xac dinh tan sé dao dong riéng ciia cap ving

Dé x4c dinh tan sb dao dong riéng cua cap ving ta st dung phuwong phap bién doi
nhanh Fourier (FFT). Phuong phap FFT dung thuét toan dé bién doi chudi dir lidu tir

mién thoi gian sang mién tan s6. Cong thirc co ban cua phuong phap 1a:

N-1 omi
XK=ine NY, k=012..N-1 (3.2)
j=0

trong d6: x; - bién dit ligu trong mién thoi gian va x, - bién dix liéu mién tan so,

N=2" véi n 1a s6 nguyén; tj=jAt voi j = 0 dén N-1; i = v/—1 14 sb phuc.

from scipy.fftpack import fft

def get fft walues(y wvalues, T, N, f s):
f values = np.linspace(0.0, 1.0/(2.0*T), N//2)
fft values = fft(v values)

fft values = 2.0/N * np.abs(fft values [0:N//2])
return f values, fft wvalues

Hinh 3.18: M4 code bién @6i FFT xac dinh tin s6 dao dong riéng caa cap ving
c. Cau hinh canh bao

Bén canh viéc xay dung cac man hinh theo doi, hé théng con cu hinh canh bao
khi gi tri vuot qua ngudng hodc mét tin hiéu (Hinh 3.19) va guri thong tin canh bao qua
cac kénh nhu slack, email...(Hinh 3.20).

Céc quy tic canh bao s& duoc danh gia dwa vao cac diéu kién can dap ung dé canh
bao thay doi trang thai va kich hoat thong bao. Cac quy tic canh bao nay cé thé dugc
thém moi hodc chinh stra hodc x6a thong qua tab canh bao & cac bang biéu do. Dudi day

la cac truong can cau hinh cho moi canh béo:
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Dao dong dam 05-G01-ACC-01- Theo phuong Y

t")‘ A"A‘{'\ YT TR A
-0.0040 W"""""MW“' W N Y WA

et
~,J"| AI“QI i

o A A A

'tf‘w,"\m“‘,-‘.’w, -
W

07:00:15 07:00:30 07:00:45 07:01:00 07:01:15 07:01:30 07:01:45 07:02:00 07:02:15
== GOTACCO1YPM Min:-0.0049 Mean:-0.0040 Max:-0.0030

8 Alert o

Dao ddng dam 05-G01-ACC-01- Theo phuo... Evaluate every

5m

Conditions

WHEN avg () OF query (A, 1m,now) ISABOVE (.1

(€]

No data and error handling

If no data or all values are null setstateto  Alerting

If execution error or timeout setstateto  Alerting

Hinh 3.19: Cai dit tan s6 va nguong canh bao

Name: Nhap tén m6 ta. Tén s& duoc hién thi trong danh sach cac canh béo trén bang
diéu khién.

Evaluate every: Chi dinh tan sut nguoi lap lich s& danh gia quy tic canh bao. Pay
duogc goi 1a khodng thoi gian danh gia.

For: Chi dinh thoi gian truy van can vi pham cc ngudng da dinh cau hinh trude khi

kich hoat thong bdo canh bdo.
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Cai dat kénh nhan canh bao

Notificati

Send fo

Message

State history

4 Alert 0

ons
& Pham Thij Xuyén (default) +

Cénh béo luc cang cép vugt ngudng bao dong

(® Add Tag

Test rule Delete

Hinh 3.20: Cai dit kénh nhan canh bao

« Send to: Chon mot kénh thong bao canh bao néu ban da thiét 1ap mot kénh.

« Message: Nhap tin nhin vin ban s& dugc giri trén kénh thong bao. Mot sé trinh thong

bao hd tro chuyén ddi van ban sang HTML hodc céac dinh dang khac.

o Tags: Chi dinh danh sach céac thé (khoa / gia tri) dugc dua vao thong bao.

Trong gi61 han cta luan van nay toi st dung gui canh bao thong qua email, dé gui

thong tin canh bao vuot ngudng bao dong dugc cai dat.

Dé mail c6 thé gui di dugc thong qua phuong thitc SMTP ta phéi cAu hinh cac thong

tin trong file grafana.ini nhu sau:

[smtp]
enabled = true
host = localhost:25

user =

"""" SM

# If the password contains # or ; y
password =

cert_file =

key_file =

skip_verify = false

from_address = adminf@grafana.localhost
from_name = Grafana

ehlo_identity =

it with triple quotes.

Ex """#password;"""

Hinh 3.21: C4u hinh SMTP dé giri mail trong Grafana
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d. Cau hinh béo co
Str dyng panel dang table dé hién thi cac béo cao theo thoi gian quy dinh nhu

Ngay, Tuan, hoic Thang....

Previous fiscal year

Today

Today so far
This week
This week so far

This month

Hinh 3.22: Lwa chen méc thoi gian cho cac bang bao céo

Str dung cac ham union and pivot dé téng hop céc gia tri Ion nhat, nhod nhat

hoac cac gié tri trung binh cua di liéu theo thoi gian.

Inspect: Panel Title

Hinh 3.23: Ma nguén lay va tinh toan céc gia tri min, max, mean tir co' sé dir liéu
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3.3.3. Quadn ly khai thac va bdo tri cau day vang Phii My dwa trén két qud phan tich
Dua trén Dashboard dugc xay dung bang Grafana, cac don vi van hanh cau s&
theo dbi cac théng sé trén bang diéu khién, khi cd mot thong sb bat ky vuot ngudng bao
dong, hé thong s& gui email canh béo t6i email da duge cai dat thong qua wng dung
Grafana, cac don vi van hanh s& tién hanh cac bién phap nghiép vu dé dam bao an toan

cho ciu va cho cac phuong tién dang va sap luu thong trén cau ndm duoc.
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CHUONG 4: PANH GIA KET QUA THU NGHIEM

Chuong nay s& md ta chi tiét vé qua trinh truyén phat dit liéu tir cac cam bién. Sau
do s€ mo ta qua tinh xur ly, luu trit, quan ly cac dit li¢u da thu thap dugc. Dya vao cac
yéu cau can theo ddi nhu d6 nghiéng, dao dong dam, dao dong cap... dé phan tich va

xuat trinh bao céo truc quan. Cudi cung la mdt s6 nhan xét vé két qua thir nghiém.

4.1. M6 ta vé qua trinh truyén dir liéu phat dir liéu

Toan by dir li¢u dugc thu thap trong thoi gian chay thur nghiém da duoc doc,
truyén va import vao co s& dir liéu InfluxDB. Nhu d3 trinh bay ¢ muc 3.3.1 b, plugin
kafka-connect-spooldir s& giam sat thu muc ngudn (.\Data\source), khi co bat ky file
dir liéu méi nao dugc dua vao thu muc nguén, thi hé théng s€ doc, truyén dwr liéu do toi
Kafka ngay lap tuec. biéu nay dam bao dugc dir liéu luén dugc ghi vao co s¢ dir liéu va
phat dir liéu trong thoi gian thuc. Cac file dit liéu sau khi duoc xtr Iy xong duge chuyén

qua folder finished.

Directory: D:\hethongcanhbaoluanvan\Data\finished

LastWriteTime

3/27/2020 2 4es774 03_27_2020 00_00_14.
3/27/2020 : qes724 03_27_2020 00_01_14.
3/27/2020 2 49099 03_27_2020 00_02_14.
3/27/2020 2 4e8su9 03_27_2020 00_63_14.
3/27/2020 2 4e9e76 03_27_2020 ee_o4_14.
3/27/2020 2 456190 03_27_2020 00_00_14.
3/27/2020 : 456190 03_27_2020 00_01_14.
3/27/2020 2 456190 03_27_2020 00_02_14.
3/27/2020 2 456190 03_27_2020 ee_oed4_14.
3/27/2020 2 456190 03_27_2020 00_65_14.

Hinh 4.1: Cic file dir liéu chuyén sang folder finished sau khi truyén dir liéu két thic

Khi thue muc ngudn bi ngit két ndi (khong co dir liéu duge dwa vao) thi hé thong

truyén phat truc tiép s& ghi nhan lai viéc mat tin hiéu va hién thi 1én trén bang diéu khién
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la khdng c6 dir liéu nhu Hinh 4.2. Dya vao d6 bo phan van hanh c6 thé danh gia xem lai
vé cam biét hodc cac truc tric phat sinh & bo phan truyén dan dit liéu lién quan.

al / HE THONG CANH BAO BAT THUONG CHO CAU DAY VANG ¢ <&
N (]
Béo céo

Theo ddi thai Tiét 05-G01-WEA-01

Nhigt 6 khong khi GO1-WEA-01-AT X D9 &m khong khi GO1-WEA-01-AH Vén t8c gi6 PO7-ANE-01-WS » Ap suit khdng khi GO1-WEA-01-AP

No dataj No datz: No data No data

Theo dai ban ghi dd nghiéng dinh thap va chan thép

D9 nghiéng dinh thap 05-P07-INC-02 g nghiéng chén thap 06-P06-INC-01

No data No data

Theo di dao dong dam - Ban ghi gla téc dao dong dam

Hinh 4.2: Bang diéu khién khi dix liéu truyén phat tryc tiép bi gian doan

4.2. M6 ta hé thong lwu trir, xir ly va quan tri dix liéu
Dir liéu thuc té duoc ghi vao InfluxDB rét 16n va duoc ghi véi thoi gian cach nhau

02 millisecond.

9031.GOTWEAOTAH 9031.GOTWEADTAP 9031.GOTWEAOTAT 9031.GOTWEAOD1 . 9031.GOTWEADT . 9031.611ACCO1Y 9031.611ACC01Z

Hinh 4.3: Co sé dir liéu thuc té duwgc ghi vao InfluxDB
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4.3. Phan tich va xuit trinh bao céo
4.3.1 Theo doi duc ligu

Phéan nay s& phan tich, xir Iy cac dir liéu tir cic cam bién khac nhau va chuyén
thanh bao c4o tric quan dé cac phong ban, bd phan nim bat dugc két qua qua dé 1én ké

hoach quan 1y, khai thac va bao tri cau ddy ving Phu My theo két qua phan tich.

Theo doi lwe cang day cap

Két qua truc quan hoa cua luc cing diy cap dugc minh hoa nhu hinh sau:

Luc cdng cap 2215 Y

Manc 6386 KN (77.5% luc kéo dirt)
Thurlg binh: 6342 KN (77.0% luc kéo dirf)
Min: 6310 KN (76.6% hre kéo dirt)

m = o s 05

Mo 386 KN (77.5% luc ko dir)
Thurlg binh: 6342 KN (77.0% lure kéo dirf)
Min: 6310 KN (76.6% hc kéo dirt)

m L= o L] 05

Hinh 4.4: P6 thi theo dbi lue cing day cap 2215
D6 chi cho biét duoc luc cang ¢ thoi diém hién tai véi ca 4 cap 2218, 2217, 2216,
2215 theo ca phuong Y va Phuong Z. Di véi mdi thoi diém hé thong dong thoi cho biét

duoc lyc cang trung binh (mean), luc cang nho nhat ghi nhan dugc (min) va luc cing 16n
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nhit d3 ghi nhan dugc (max). Bong thoi hé thong ciing hién thi dwgc phan trim so voi
luc kéo dut cap twong tmg nhu anh trén.
Theo dbi thoi tiét

Theo dbi thoi tiét bao gom cac thdng sb theo ddi nhu: Nhiét do khong khi, do am
khong khi, van téc gi6 trén mat cau va &p suat khong khi.

Theo di thoi Tiét 05-G01-WEA-01

Nhiét d khong khi GO1-WEA-01-AT D6 3m khong khi GO1-WEA-01-AH Van t6c gio P07-ANE-01-WS Ap suit khdng khi GO1-WEA-01-AP

27.6°% 78 % 3-45m/U 1.00«

Hinh 4.5: Bang diéu khién theo déi cac thong tin thai tiét

Theo ddi dao dong dam

v Theo ddi dao dong dam - Ban ghi gia toc dao dong dam

Dao dong dam 05-G01-ACC-01- Theo phuong Y y Dao dong dam 05-G04-ACC-01- Theo phuong Y y Dao dong dam 05-G04-ACC-02- Theo phuong Y . Dao dong dam 05-G11-ACC-01- Theo phuong Y

0.046
0.046
0.047
0.047
0.048

0701:00

n: 0.0109 Mean: 0.0116

Dao dgng dam 05-GO1-ACC-01- Theo phuong Z : ’ Dao dgng dam 05-G04-ACC-02- Theo phurang Z

00:30 07:01:00 07:01:30 07:02:00
GO4ACCO1ZPM Min: 1.04 Mean:1.04 Max: 1.04

Hinh 4.6: Bang diéu khién theo ddi c4c thdng tin dao ddng ciia 4 cap theo cic phuwong

cung cac gia tri min, max, mean twong ng
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Theo do6i d§ nghiéng

~ Theo di bn ghi d3 nghiéng dinh thap va chan thap

09 nghiéng dinh thap 05-P07-INC-02 ‘ D6 nghiéng chin thap 06-PO6-INC-01

Hinh 4.7: Bang diéu khién theo déi dd nghiéng dinh thap va chan thap

Theo d6i dao dong cap

« Theo déi dao déng cap - Ban ghi gia téc dao déng cap

Cép 2218 05-C02-ACC-01- Theo phuong Y % Cép 2217 05-C02-ACC-02 - Theo phuong Y > Cép 2216 05-C02-ACC-03 - Theo phuong Y & Cép 2215 05-C02-ACC-04 - Theo phuong Y

Cép 2217 05-C02-ACC-02 -

> Canh bao

Hinh 4.8: Bang diéu khién theo doi cac thong tin dao dong dam theo cic phwong ciing

cac gia tri min, max, mean twong ng
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Dashboard tong quat ciia hé thdng giam sat ciu diy ving da trién khai.

General / HE THONG CANH BAO BAT THUONG CHO CAU DAY VANG
» Béo céo
Theo ddi thai Tigt 05-G01-WEA-01

Nhigt 46 khong khi GO1-WEA-01-AT D6 8m khong khi GO1-WEA-01-AH Viin téc gi6 PO7-ANE-01-WS ¥ Ap suiit khdng khi GO1-WEA-01-AP

v Theo ddi ban ghi dé nghiéng dinh thap va chan thap

D% nghiéng dinh thap 05-P07-INC-02 v Do nghiéng chén thap 06-P06-INC-01

0.0126 dd

~ Theo d&i dao déng dam - Ban ghi gia t&c dao ddng dam

Dao ddng dam 05-G01-ACC-01- Theo phirang Y Dao déng dam 05-G04-ACC-01- Theo phirong Y Dao ddng dam 05-G04-ACC-02- Theo phurang Y Dao ddng dam 05-G11-ACC-01- Theo phuong Y

0165

).0155

COTYPM Min Mean: -0.0040 Max: -0 G 0.047 Max -0.046 GDAA 00116 Ma == G11ACCOTY PM Mirt C Mean: 0.0160 Max: 0.

a0 ddng dam 05-G01-ACC-01- Theo phuong Z Theo phuong Z Dao dgng dam 05-G04-ACC-02- Theo phurong Z ; Dao dng dam 05-G11-ACC-01- Theo phurong Z

70100 07:01:3 17:02:00

M Min: 0.679 Me 9 G ZPM Min 1.04 Mean:1.04 Max: 1.04 022 PM M 1.04 Mear: 1
Theo déi dao déng cap - Ban ghi gia téc dao dong cap

Cap 2218 05-C02-ACC-01- Theo phuang Y Cép 2217 05-C02-ACC-02 - Theo phirong Y Cap 2216 05-C02-ACC-03 - Theo phuong Y Cép 2215 05-C02-ACC-04 - Theo phuong Y

02:00 07:01 0 7 01:00  07:01

1Y PM Min:-0.0054 Mean: -0.0035 Max: -0.0012 COZACCOTY PM Min: -0.0054 Mean: -0.0035 Max -0.0012 2 v 0372 F 1050 Mean:-0.049 Max 0

Cap 2218 05-C02-ACC-01- Theo phuong Z Cap 2217 05-C02-ACC-02 - Theo phuong Z Cap 2215 05-C02-ACC-04 - Theo phuong Z

00 7.01:3

Min:0.929 Mean: 0.935 Max 0.941 02 ZPM Min: 2.0 Mean:-2.0

» Canh bdo

Hinh 4.9: Dashboard ciia hé thong giam sit cau diy ving da trién khai
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4.3.2. Canh bdo
Str dung bang gia tri canh bao (Bang 4.1) dé cai dit cac ngudng canh bao cho hé
thdng, khi gia tri vuot ngudng thi hé thong s& hién thi mau sic dé phan biét cac gia tri
bat thudng dong thoi cling s& guri email dinh kém gia trj canh béo.
Bang 4.1: Gia tri canh bao
(Nguon cong ty c6 phan dau tu xay dung Phi M)

Loai canh bao Gia tri
Ngudng vén tdc gi6 bao dong (m/s) 25
Ngudng van téc gié nguy hiém(m/s) 11
Can trén ngudng lyc cang cap nguy hiém (% so voi luc kéo dut cap) 65
Can dudi ngudng lyc cing cap nguy hiém (% so véi luc kéo dut cap) 15
Can trén ngudng luc cang cap bao dong (% so voi luc kéo dut cap) 7
Can dudi ngudng lyc cang cap bao dong (% so voi luc kéo dut cap) 5

€ HE THONG CANH BAO BAT THUONG CHO CAU DAY VANG / Edit Panel

Fill

Viin tc gio PO7-ANE-01-WS

1 59 m/s

Hinh 4.10: P thi hién thi téc d9 gi6 binh thwong

Mau sic biéu d6 thay dbi ddi v6i cac trang thai dir liéu, trong thoi gian tién hanh
mo phong dir liéu thi gia tri van tdc gié thyuc té chua vuot ngudng canh bao, tuy nhién

dé minh hoa cho thyc nghiém ching ta s& thay doi muc canh béo téc do gid canh bao
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nguy hiém tir 1 1m/s xudng thanh 5m/s. Thi ta thiy c6 thoi diém d6 thi da hién thi man
hinh véi mau canh bao dé cho biét téc d6 gié di vuot qua mirc canh bao nguy hiém nhu

Hinh 4.11 va Hinh 4.12.

& HETHO

+ Add link

Value mappings

Thresholds

Query inspector + Add threshold

Hinh 4.11: Do thi hién thi toc dd gi6 vret ngwdng cinh bao dwoc cai dit

M Gmail O T et )
¢« B 6§ & 0 ¢ D =
Soan thu
Metric name Valoe
High value -
Hop thu dén
Higher Value 597

Co gan dau sao

Patam an -
v Van téc gi6 PO7-ANE-01-WS

ba gui

Thu nhap

+ 597 m/s

Hinh 4.12: Canh bao giri vé email khi gia tri vurot ngudng canh bao di cai dit
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4.3.3. Bao cao
Béo céo s& duoc tong hop va hién thi theo bang véi méc thoi gian lra chon theo

chu ky tinh t&i thoi diém thyc té.

B4o c4o theo Tuan ta lya chon chu ky thoi gian 1a 7 ngay trudc hoic 1a thoi gian

cd dinh theo tuin nhu hinh minh hoa bén dudi.

Bao céo dinh ky theo tuan

time

2022-05-11 03:02:04

2022-05-12 07:02:04

2022-05-13 11:02:04

2022-05-14 15:02:04

2022-05-1519:02:04

2022-05-16 23:02:04

Hinh 4.13: B&o céo két qua thuc té theo Tuin

Bao céo dinh ky theo tuan
time Nhié ng khi (r  Nhiét d¢ <hi (r  Nhié 6ng khi (ma> Luc
2022-05-07 04:47:59 . c 33.9
2022-05-08 05:35:59 34.5
2022-05-09 06:23:59 X ! 35

2022-05-10 07:11:59 5 343

2022-05-11 07:59:59 . 34.1

2022-05-12 08:47:59 A b 387

Hinh 4.14: Béo céo két qua thuc té theo Thang

B4o c4o s& duoc giri vé kénh nhan bao cao (email, slack...) két qua bao cao dinh

ky theo ngay, tuan, thang... nhu anh dudi.
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o i Lue céing ca - . . :
. Nhigt 80 khong Ihi . Mar-;Z : D6 nghiéng dinh thip Dao déng dam
Nty (e0) (o0) (o0) (KN) (KN) (KN) (0) (0) (n/s2)
Min TB Max Min B Max Max TB [Max — Min|

i 01 27.5 30.3 35.5 6252 6291 6320 -0.38 -0.57 0.002
i 02 28.3 30.3 34.9 6281 6313 6338 -0.38 -0.57 0.001
i 03 28 30.4 33.9 6254 6303 6335 -0.37 -0.57 0.001
r 04 28.6 30.6 34.2 6283 6332 6365 -0.3 -0.56 0.001
" 05 28.9 31.3 38.4 6294 6327 6357 -0.28 -0.56 0.001
" 06 28.9 311 34.2 6282 6326 6362 -0.32 -0.56 0.001
" 07 28.9 31 33.9 6290 6332 6388 -0.33 -0.56 0.001
" 08 29 314 34.5 6299 6330 6361 -0.34 -0.56 0.001
" 09 28.1 31 35 6287 6323 6349 -0.35 -0.56 0.001
" 10 27.7 30.6 343 6281 6308 6332 -0.32 -0.57 0.001
" 11 28.6 31 34.1 6288 6327 6386 -0.29 -0.57 0.001
" 12 291 314 38.7 6294 6324 6361 -0.31 -0.56 0.001
" 13 0 19.4 344 6284 6319 6342 -0.28 -0.57 0.729
r 14 0 0 0 6302 6332 6368 -0.33 -0.56 0.002
r 15 0 0 0 6290 6328 6374 -0.34 -0.57 0.001
r 16 0 0 0 6286 6326 6368 -0.32 -0.56 0.001

Hinh 4.15: B4o céo két qua thiang 3 nim 2022

4.4. Nhan xét két qua thir nghiém &ng dung

Két qua thir nghiém @ng dung da xay dung dugc bang diéu khién hién thi két qua
dua trén dit liéu cam bién thu dugc. Man hinh diéu khién minh hoa céc sé liéu truc quan,
dé nhin va theo ddi. Phan cai dat cac ngudng canh bao va tin nhan canh bao ciing t6i wu

dé ngudi van hanh dé& dang diéu chinh theo céc s liéu duoc cap nhat mai nhat.
Cic wu diém caa hé thong

« Hé théng str dung phan mém ma ngudén mé va cac thu vién hd trg méi nhat, tir d6
g6p phan giam thoi gian cai dit cling nhu tich hop.

« Hé théng str dung cong cu truyén phat truc tiép Spark Structured Streaming -
phién ban API m&i ning cap ctia Apache Spark 2.0. Spark Structured Streaming
¢6 nhiéu tinh nang cai thién hon so v&i cic cong cu truyén phat khac giup hé thong
xir Iy mot cach nhét quan va tang cudng kha niang chiu 15i.

« HE¢ thé)ng co tinh bao mat cao vi cac ph'ém mém st dung trong mé hinh cta bai
luan van déu hd trg phan quyén ciu hinh cho céc user truy cap vao hé thong va

cap quyén diéu chinh céc thong s6 theo quyén duoc cap.
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« Hé théng xir 1y dir liéu Big data thuong rat phtrc tap va gdm nhiéu thanh phan va
nhiéu khau xur 1y, luan vin co ban di thiét ké mot moé hinh tinh gon nhét cac thanh
phan thyc su can thiét cho hé théng phu hop véi dic thu dir liéu 13 cac thong sb
quan trong cia Cau day vang bang cach két hop mot cach hop 1y nhét cac nén

tang ma ngudn me.
Bén canh wu diém thi hé théng ciing con diém can can nhic

« H¢ théng co s& dir li¢u 1a InfluxDB 1a dang co s¢ dir licu chudi thoi gian nén chi
st dung duoc cho céc loai dir 1i¢u chudi thoi gian, ddi véi cac di lieu khong mang
dau thoi gian s& khong hd tro.

« Bén canh wu diém 13 ma nguén mé moi nhat gitp giam thoi gian tich hop thi d6
cling coi la mot nhugc diém nho. Vi hién tai cac hé théng 6 su hd tro két ndi va
tuong thich véi nhau nhung néu twong lai mot trong cac phan mém cap nhat theo
huéng khong tuong thich véi mot trong cac phan mém khac thi chung ta phai
kiém tra lai trudc hét 12 ndi dung cap nhat c¢6 can phai update hay khong, néu né
lién quan t&i bao mat thi phai update, khi 6 ching ta s& phai kiém tra d6i tmg véi

cac phan mém khéc trong hé thong.
Huwéng nghién ciru tiép theo

Tu s6 liéu cua cam cam bién, dé tai luan van hién tai d3 tinh toan va cho ra duoc
cac chi s6 va canh bao dwa vao ting chi s. Huéng nghién ciru tiép theo cua dé tai sé
phan tich sy anh hudng qua lai giita cac chi sd két hop v6i phan tich chuyén sau vé sb
liéu cua tinh trang két cau cau dé danh gia dugc tac dong l1én toan bo cau, tir d6 1én ké

hoach van hanh, stra chira va bao tri hi¢u qua hon.
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KET LUAN

Hién nay c6 rat nhiéu hudng nghién ciru dé trién khai hé thong co sé dit liéu quan
trac phuc vu t6t cho cong tac duy tu bao dudng cau day ving trong giai doan khai thac.
Lun van da trinh by mot hudng tiép can c6 hidu qua d6 1a ing dung cong nghé Big
Data vao viéc phat trién hé thong canh bao bat thuong cho cau day ving. Pong thoi
phuong phap dé xuat s& duoc phan tich va danh gia bang mo hinh thuc nghiém dya trén

dir liéu thuc té cua cong trinh cau Phit M.

Nhirng dong gép cia luin van

« Tim hiéu téng quan vé kién trac va cong nghé Big Data.

« Tim hiéu vé cau day vang va hé quan tric cau diy ving.

« Tim hiéu vé cac cong nghé Big Data la Kafka, Apache Spark Structured
Streaming, InfluxDB, Grafana.

o Thiét ké mo hinh canh bao bét thudng cho cau diy ving va trién khai tmg dung
thuc nghiém.

Huwéng phat trién tiép theo ciia dé tai

e Tu nhiing dong gdp cua luan van, hoc vién cling dat ra mot s6 van dé nghién ctru
nhu sau:

o Két hop cac thong sb cua cac cam bién va tim hiéu su lién quan gitta cac
thong s6 voi nhau dé danh gia sy anh huong qua lai giita cac chi s6 va dua
ra ing xu cho cau ddy vang.

o Phan tich dir liéu dé du bao sy thay doi cta cu dua trén cac chi sb theo

cac mua va sy thay doi cia két cau theo thoi gian.
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BAN CAM DOAN

T6i cam doan da thyc hién viéc kiém tra mic d6 twong ddng ndi dung luan van
qua phan mém Dol T mét cach trung thuc va dat két qua mirc d6 twong dong 7% toan bo
noi dung luan van. Ban luan van kiém tra qua phan mém Ia ban ciing luan vin da nop dé
bao vé trudc hoi dong. Néu sai tdi xin chiu hinh thic ky luat theo quy dinh hién hanh

cua Hoc vién.

TP.HCM, ngay 16 thang 07 nam 2022

Hoc vién thuc hién luin van

Pham Thi Xuyén
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