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Analisis Perbandingan Algoritma Random Forest, Support Vector Machine, dan
Artificial Neural Network untuk Prediksi Kondisi Jaringan dan Mitigasi Gangguan
Jaringan Starlink di PT X

Abstrak

Jaringan Starlinks-merupakan salah satu teknologi komunikasi satelit Low:. Earth
Orbit (LEO).yang menawarkanseakupan luas dan latensi rendah. Namun, kualitas
layanan jaringan masih dipengaruhi oleh kondisi cuaca yang dapat menyebabkan
peningkatan delay, jitter, dan packet loss, serta penurunan throughput. Penelitian
ini ‘bertujuan untuk _membandingkan _kinerja_algoritma Random Forest (RF),
Support Vector Machine (SVM), dan Artificial Neural Network (ANN) dalam
memprediksi kondisi jaringan Starlink serta_mengimplementasikan model terbaik
untuk mendukung mitigasi gangguan jaringan di PT_X. Dataset penelitian
diperoleh dari integrasi data cuaca Badan Meteorologi, Klimatologi, dan
Geofisika (BMKG), yang meliputi curah hujan, kelembapan udara, dan kecepatan
angin, dengan data Quality of Service (QoS) jaringan Starlink yang terdiri atas
ping,  throughput, = jitter, ..dan.. packet loss. .Tahapan " penelitian meliputi
preprocessing data, pelabelan kondisi.jaringan berdasarkan standar TIPHON
menjadi kategori Normal, Warning; dan‘Gangguan, pelatihan model menggunakan
algoritma'RF, SVM, dan ANN; serta evaluasi menggunakan metrik accuracy,
precision, recall, F1-score, dan confusion‘matrix: Hasil pengujian menunjukkan
bahwa algoritma Random Forest memberikan performa terbaik dengan akurasi
99,81%, diikuti oleh Support Vector Machine sebesar 99,03% dan Artificial Neural
Network sebesar. 98,58%: Model Random Forest kemudian_diimplementasikan
pada Raspberry Pi yang terintegrasi-dengan. ESP32,.router MikroTik, modem
Orbit sebagai jalur komunikasi cadangan, serta Telegram Bot untuk melakukan

pemantauan kondisi jaringan secara real-time dan mendukung mekanisme failover

otomatis ketika kondisi jaringan diprediksi mengalami critical.

Kata Kunci: Machine Learning, Random Forest, Support Vector Machine,

Artificial Neural Network, Starlink, Quality of Service, Failover.
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Comparative Analysis of Random Forest, Support Vector Machine, and Artificial
Neural Network for Predicting Network Conditions and Mitigating Starlink
Network Failures at PT X

Abstract

Starlink is a Low Earth Orbit (LEO) satellite communication technology that
provides extensive coverage-and-low-latency internet connectivity.. However, its
network performance.is still affected by weather conditions, which may increase
delay, jitter, and packet loss while reducing throughput. This study aims to compare
the performance of Random Forest (RF), Support Vector Machine (SVM), and
Artificial Neural Network (ANN) algorithms in predicting Starlink network
conditions and to implement the best-performing model to support network
disruption mitigation-at PT X. The dataset was obtained by integrating weather
data from the Indonesian Agency for Meteorology, Climatology, and Geophysics
(BMKG), including rainfall, relative humidity, and wind speed, ‘with Starlink
Quality of Service (QoS) parameters consisting of ping; throughput, jitter, and
packet loss. The research methodology-included data preprocessing, network
condition labeling based on the TIPHON standard-into Normal; Warning, and
Disruption categories, model training using RF, SVM; and ANN algorithms, and
performance evaluation using accuracy, precision;recall, F1-score, and confusion
matrix metrics. The experimental results showed that the Random Forest algorithm
achieved the highest performance with an accuracy-of 99.81%, followed by Support
Vector Machine with 99.03% and Artificial Neural Network with 98.58%. The
Random Forest model was then implemented onia Raspberry Pi integrated with an
ESP32, a MikroTik router, an Orbit modem as a backup communication link, and
a Telegram Bat for real-time network monitoring and automatic failover support
when network " disruptions were...predicted. _The _implementation results
demonstrated that the proposed system was-able-to-accurately classify network

conditions and improve the reliability of the Starlink network at PT X.

Keywords: Machine Learning, Random Forest, Support Vector Machine, Artificial

Neural Network, Starlink, Quality of Service (QoS), Failover..

Vi



eyeyer uabap Niuyaijod uizi edue)

S
v
(1]
=}
Q
o
=
T
o
=
—
Q.
o
=
=
[}
-
[
Q
=
)
=
=
[}
T
[}
=
—
=}
Q
o
=
<
-}
=}
Q
g
o
N—
[
-
v
S
=
(1)
=
2,
~
=
[
Q
[}
-
o
o
=
o
-
-
o

N
o
o
=
o
3
Q
3
o
3
Q
=
3
£
3
=i
o
E]
o
)
E]
3
[
3
T
o
-
o
o
3
<
o
=
w
o
o
o
=
o
3
o
-
o
c
w
o
£
-
c
>
=
o
-
<
o
-~
o
=
3
o
=L
o
3
-
o
3
-
c
8
o
T
o
T
£
5

Jlw exdid yeH S

Daftar Isi

i
» 9%
g3 0O
asT = _
é‘; 9 SHALAMAN PENGESAHAN TESIS.......oocovviiiiiiis Error! Bookmark not defined.
%;é 3AB 1 PENDAHULUAN ...ttt sl i et 1
%_%, g_.-'l.l Latar BelaKang ...........oc.ceeeveerereeerensg@®onect e e 1
5"{.'?_ §1.2 RUMUSAN MaSalah .........coovee st asifienecceieieisieeeeeeeseseseene s sabiins e Bhpas e eenesseseeens 2
=a IR TITE D o ., S 3
) 2 -
2 @ 1.5 Batasan Penelitian .. i oo i 3
;’-:g 1.6 State OF the aitfudl.... it B N 4
52 =/ Novelyfidl......... A ... H B BN .o, 4
é_g %AB I TiNJAUANIPUSEAKA ...............cousseessmasanssereerrerrsestunnsesssesssessomasteseosatssensaieses iessnsereens 6
25 2.1 Jaringan Starlink ... e e e e 6
§§ o 2.2 Parameter Kinerja Jaringan (QoS) berdasarkan Tiphon.........cc.....cooivioieiie e ciienen, 8
g = 2.2.1 THIOUGNPUL.. eeeeeeesissssesssesssssif i eeoosilireees st ot ettt 10
=2 2R.2 Latency...... A A & & . 11
;:.% PR3 Packet Loss . S ... .. AN . .. 11
g% B2 Jitter............. P ... ... S . 12
§ 5 2.3 Konsep Machine Learning (ML) .........ciueeuue s iiimsssissiiitaeasse s eeeeees caibaasnessassassnens.s 12
gz' 2.3.1 Model Maching LEaArMING ......c.uueueueursesssse sl esesesnaseananesnansanasese 13
%g— 2.3.2 " Proses Maching LEaNING .. e seuues . esss. casae e suussnn e soneesunesnsstassnnssianansanssanses 13
§§ 2.4 Prediksi dan Mitigasi Gangguan JArNGAN ... ....csu.usssesessetiassasssbasanssnssesbassasassasases. 15
-'3 ; 2.5 Internetof Things (I0T)........c.oo. S . il S0 B0k ekt nene s e ebn s aneaneaneanen s 15
%.;g 2.5.1 Sensor Hujan (RAINAOPS SENSOK ). uussssrssessinssiunersaresasessassssansanasessansasases.. 16
-%:é: 2.5.2 RASPLEITY Piltuiiiiieis e et adhaenesheras 0t D b 16
58 2.5.3 MIKIOKONIONETr ESPB2......ccccccvvvvevriivmsiomssnsessosessoessoessoossooes 16
‘,E § 2.6 MOGEM GSM (OFDIL)........oveooveeeeeereeereeeseeeseesreessseesseeseeseesssseesessesseesesseessnsesneenns 16
%g 2.7 EValUaSi PEITOMA teuu. v nashs 17
i" 2.7.1 ACCUIACY (AKUFASE)...............o.eo e e s 17
% 2.7.2 PreCISION (PIESIST) ...eiuerviriisreriiiesieseasessestessessestessesseseeseesessessesse e sresne e nseneas 17
g P B, 18
é" BAB [l METODE PENELITIAN ..ottt snae e 19
§ 3.1  Lokasi dan Waktu PEnelitian.............ccoviviiiiiiiiiiiiseseeeeeses e 19
g 3.2 Data dan SUMDET DA .........c..cuurrerrureermrreseressessssesssssesssssssssesssssesss s 20
§ 3.2.1 JENIS DALA.....c.cviiiii s 21
g_» KT A U101 o< g I | - OSSR 21
= 3.3.3  Tahapan Penelitian ...........co.cooveveeeeeeeeeeeeeeeseeeee s 23

Vil



eyeyer uabap Niuyaijod uizi edue)

undede jynjuaq wejep 1ui sijn} efie)y yninjas neje ueibeqas yelueqiadwaw uep uejwnwnbusw buese|iq ‘'z

eyjejer 3B yiuyyalijod 1efem Buek uebunuadayy ueyibniaw yepn uedinbuad 'q

=
%3.4 Pemodelan Maching Learning.........cccccveveveiieieie e 24
N3.5 AU PENEIItIAN ..., 25
" E g_ g.- 3.5.1 Alur penelitian pre processing data...........ccccvevevieeieeiieiieeiese e 27
gg' 0 3 3.5.2 Alur penelitian Process Machine Learning .........ccccoceoveveinvniennnenenennennns 29
28T = .
2a g GG = e — 31
'§ g N 33.7 PeranCangan SISTEM ..........oviiiiiiriire e sgim e 32
g = 3.7.1 DESKIIPST SISIM.....vvvovereeeeesest e nest e s s eeereeseeeeseeeseesees 33
22
D8 R 3.7.2 CaraKeraAlal il W i 33
3 = e
;g = 3.7.3 Spesifikasi Alat ... it e 34
§ 3 %3.8 Perancangan HardWAar€...............cooiiiriirere Bl 0 35
[0S -]
%g %AB IV HASIL DANPEMBAHASAN.........coveiieeeartseiatie e areereessesesesesesssseseasessesens 37
§ o :::4.1 Pengujian'Monitoring Jaringan Starlink..........cce....iie et ueeine e 37
c
Eg % 4.1.2/DeSKIiPSi PENQUJIAN wetitrtarirrsersrrrersesebannsesosnassseessnsnsesessthesssiabisesthasessesnns 37
Q.
§§ e | 4.1.3 Prosedur PENGUJIAN. ............ceveveeereibansinerse densesesestansnsestansses s saatss s iansesesanes 37
3 (Y
g‘i 444 Data HaSil PENQUJIAN.....oveireiiireeieeeeadbeanne e enneneesstananeees sasnaeseeinaaseesssananss 39
T
% % 4.2 §HRbcess Machine L. 4. AW . .. A . BN . . 53
§?_ 4.2.1 Membagi data training dan testing-model Machine Learning............ .co...... 53
>S9
':'B% 4.2.2 Model RaNOM FOESL..........iiiesstiiiinenses s saibarars e sihnsssessssbessesene . 54
o
e 2. odel algoritMa SVIM ... st e e caibenaee e sdanannanenns s
ES3 4.2.3 Model algoritma SVM 58
g 5 4.2.4 Model Artificial Neural Network (ANN) i sl 62
=
3 g' 4.3 Perbandingan Performa Model Machine Learning i e ieeesneseeseeseens .. 64
Y
53 4.4 Pemilihan rekomendasi model machine learning. . s ..o e vt it . 69
— :
5—& 4.5 Implementasi Machine Learning. Pada.alat...........ouuesesseshuesusssbesssssnssestusssassassses .. 70
é ; 4.6 menunjukkan hasil perancangan alat. . i . . i e anesnesnesnennen e 71
=0
5% 4.7 Integrasi Model Random Forest pada alat. . e e ineieienenienieieaeanesnesnesnennes .. 71
=
5E 4.8 Hasil implementasi dan pengujian @lat. d.... b v i s e eeesesees s eesneenen 72
§ § 4.8.1 Pengujian pembacaan SENSOI. ... it sue e teueaiiane e aihauessthneneansasesnessesnensessaness 72
:,?, § 4.8.2 Pengujian klasifikasi Machine Learning..........cccocvevvevvrveresverieseseenienennns 73
=
% g 4.9  Hasil pengujian SWILChING JAriNGaN .........eoveieieieiriee e e sasaniies 75
3 BAB V ANALISA DAN KESIMPULAN. ... s sttt 79
= 5.1 KESIMPUIAN........ocveeveieeeceeeeeec e ssen s en s en s sssss s 79
o
g B.2  SAIAN...c.iiiiiiiiicteee ettt b ettt bena bt re s 80
2
5
<
3
Y]
5
=

viii



eyeyer uabap Niuyaijod uizi edue)

undede jynjuaq wejep 1ui sijn} efie)y yninjas neje ueibeqas yelueqiadwaw uep uejwnwnbusw buese|iq ‘'z

eyjejer 3B yiuyyalijod 1efem Buek uebunuadayy ueyibniaw yepn uedinbuad 'q

*yejesew njens uenefun neje y131] uesiinuad ‘uesode] uesjinuad ‘Yejwjl efiey uesjinuad ‘ ueniuad ‘ueyipipuad uebunuaday ynjun eAuey uediynbuad ‘e

eydideH S

JFabel 2.
=fabel 2.
abel 2.

O abel 2.
g'abel 2.
Aabel 3.
abel 3.
=abel 3.
& abel 4.
Mabel 4.
abel 4.
Srabel 4.
Srabel 4.
& abel 4.
Tabel 4.
Tabel 4.
Tabel 4.

:eydid ey

: Jaquins ueyjngakuaw uep ueywnjueduaw eduey Ui sijny eAiey yninjas neje ueibeqas diynbuaw buelejiqg L

Daftar Tabel
1 Parameter Intensitas Hujan BMKG ..o 7
2 Parameter Perfomansi Throughput............cccocoevieiiiie e 8
3 Parameter perfomansi delay ...........cocooereiiiiiiiiiieeec e, 9
4 Parameter perfomansi Packet 10SS. .t vmue s iiinc e 9
5 Parameter perfomansi JItter e i e e 10
1Jenis data......cccovenee g g I e 21
2 Kategori status jaringan normal, warning, gangguan ..........i. . ... 24
3 Tabel Spesifikast KOMPONEN ..........iiuviiiiiiiiieieiee e el e 34
1 Sampel data BMKG ...........cooooiiiee it e 41
2 Data ping jaringan StarlifKim.. ............coimee it ee e see e e e seeneeans 47
3 hasil-evaluasi model random fOrest.......c...ouieeiiie b i 56
4 HasSil Evaluasi SVM it eabe b e B 60
5hasil evaluasi model ANN ... bbb b 63
6 perbandingan performa model maching learning...........ce v svee e vues.. 65
7 hasil pengujian OVEIfITEING ..............ccecee oo e eine s e sneas 68
8 Hasil PEMbDACAAN SENSOF sussusstiiitennnesreerreesibaneeseresbennneseeedanaseesebanaeseeesnanss 72
9 hasil pengujian mitigasi failover jaringan.......c........cee v ieereeciiinen.. 75



eyeyer uabap Niuyaijod uizi edue)

N
o
o
=~
Q
=]
Q
3
(1]
=]
Q
c
3
c
3
=
Q
=]
Q.
Q
=]
3
(]
3
T
(1]
-
o
Q
=
<
Q
=
n
(1]
o
Q
Q
Q
=
Q
-
Q
=
wn
o
c
-
c
=
=
Q
-
<
o
[ d
o
=
3
Q.
=L
Q
3
o
(1]
=]
-
c
=
Q
T
Q
T
c
=

S
v
(1]
=}
Q
o
=
T
o
=
—
Q.
o
=
=
[}
-
[
Q
=
)
=
~
[}
T
[}
=
—
=}
Q
o
=
<
-}
=}
Q
g
o
N—
[
-
v
S
=
(1)
=
2,
~
=
[
Q
[}
=
o
o
=
o
-
-
o

o
o
o
>
Q
=
=
-]
o
S
=
o
>
<
)
=
S
=
c
s
=
)
©
o
S
=
>
Q
o
S
T
o
>
o
=
=
o
5
°
o
>
s
=
o
S
°
o
S
=
=
o
S
s
o
-
<
)
s
o
=
°
o
S
=
=
o
S
=
©
=}
-
o
2
T
o
S
=
n
o
S
=
=.
=
=
o
e
o
c
o
=
o
c
o
>
w
c
o
-+
=
=
o
w
o
o
g

]
=)
5
o
')
=
(=]
=
[}
=
Q
(=]
=
T
wn
[
o
Qo
Q
(')
-
Q
-
Q
=
"d
o
=
-
-
-
z
Q9
-
<
o
~*
e
=
s
-~
')
=}
T
1)
3
o
=
N
')
-
~,>
c
3
3
1)
=
o
(')
b=}
=
[}
=
<
m
o
c
~*
z
')
)
w
1
e
o
o
-

- 3
Q
=
2]
T
-+
o

2
%
a)
B
3
z

ambar 2. 1 perangkat Starlink............ccooevieiiiieneerc e 6
sambar 3. 1 Grafik ketersediaan data curah hujan ..., 22
ambar 3. 2 Diagram AlUr Penelitian..........ccooveveiiriinie e 26
ambar 3. 3 Alur Penelitian Pre Processing Data .............cccccvevevveieeiecie e 28
@zambar 3. 4 Alur penelitian process machine learning ... .o.cooerererenieieennenn. 30
ﬁambar 3. 5 Diagram BIOK SIStEM .......ctt: otiinee e st e svae e enee e 31
Zoambar 3. 6 Perancangan SYSTeMut. i v e ieereeieeeesieeneeseeesvatbin e eeeeeenns 32
ambar 3. 7 Cara Kerja Alaba. i et e e 34
=sambar 3. 8 PerancanganHardwWare................ceeccciccccccccc i e 35
&ambar 4. 1 Data MBKG ..........c.oruiriirieeittie Bl 40
®>ambar 4. 2 import modul dan lnisialisasi dataset BMKG.di google collab. ......42
<Lzambar 4. 3 Preprocessing Data BMKG.............ccco.coiiniiiibeciee s e 42
Foambar 4. 4.CIEANING DALA. ... suuuussseessssnceeooeeeesbanss s basss e sessseeostheeeeotis e neeeesons 43
5ambar 4,5 Tahap statistic dan vistal data....... i coeveececieies e iense e ien s 44
g5amban4. 6 AKtivasi StAEAK QI P T Xuuusersor: ... ruseusteoemseusssssssusesessesss e sisss oo susen 45
Gambar 4. 7 hasil test konektivitas bandwidth ... it 46
Gambar 4. 8 Data performa jaringan.starhink............cco ... devaeidivee e sieeneeeiianee 46
Gambar 4. 9 uji ping konektivitas INEEINEL.......cxtti . e dbeeiee e ibeeiee e irae e beanae. 47
Gambar 4. 10 Import dataset jaringan Starlink........ .t e deenneesdiaeenee 48
Gambar 4. 11 Inisiasi dataset Starlink ... e 49
Gambar 4. 12 Pendataan laBEIING.......coueieeieen it aifba et e nnnanneanaes 49
Gambar 4. 13 Analisis parameter QOS............... st ee e sibessaassasaesness 50
Gambar 4. 14 Diagram klasifikasi label................ccnnr oottt 51
Gambar 4. 15 Penggabungan data BMKG dan data starlink .............c..cooeeine.. 52
Gambar 4.'16 pembagian training dan teSting .......cco.oooive e it ine st rnnneneeane.. 53
Gambar 4. 17 Hasil training data RanAom . FOFeSt.... .uuwessssneiuwass sbinnisnssnssisaneaseenes.. 55
Gambar 4. 18 Hasil visual confusion matrix.Random.FOrest.........ccoouvvrierieaieenee.. 57
Gambar 4. 19'menunjukkan hasil training Model'SVIM ... iiiiiiiieiieneaneene . 58
Gambar 4. 20 Visual confusion matrix SVIM ... ... e aeeeeeene. 61
Gambar 4. 21 menunjukkan training MOOEI'ANN ......cie i i i sre e enaenaenne. 62
Gambar 4. 22 menunjukkan grafik hasil klasifikasi algoritma machine learning.. 66
Gambar 4. 23 perbandingan overfitting model machine learning.......................... 69
Gambar 4. 24 Hasil perancangan alat ............cocoovvieiiiiiene e 71
Gambar 4. 25 konfigurasimodel.di alat.................coovviiiiiiinnene i 72
Gambar 4. 26 Hasil klasifikasi-model RF pada Telegram ............. ... ...t 74

Daftar Gambar



eyeyer uabap Niuyaijod uizi edue)

S
v
(1]
=}
Q
o
=
T
o
=
—
Q.
o
=
=
[}
-
[
Q
=
)
=
=
[}
T
[}
=
—
=}
Q
o
=
<
-}
=}
Q
g
o
N—
[
-
v
S
=
(1)
=
2,
~
=
[
Q
[}
=
o
o
=
o
-
-
o

N
Ooo
o ]
s 3
=) @
Qe s
35S
2985
ieE
3 o
c Q
3 c
=3 2
o c
= x
)
= T
m
3 5
m gv
=
338
T RS
= ]
T
553
S2s
< B
D 9 3
on
9 QP
Q =
o o
S =
8 o
8 ®>
< °
w m
o 5
£ 5=t
c 4
= S
283
- -
< <
o o
= =
€ 9o 3
= 5
285
3. °
o
o 2
o —
3 £
5 5
o
z o
o
~ >
5 T
IS S
° =
c -
3 @
i)
=
=
=
=
~
o
-,
o
=
o
3.
Q
=
Q
=
w
=
Y
~
s
=
o
w
o
(')
3

- 3
Q
=
2]
T
-+
o

=c
m
x
0
©
-+
Y
E.
=+
v
=k
=.
®
x
E.
r
P4
®
Q
o
:.
e
o
x
3
*
-
Y

=1

]
=)
5
o
')
=
(=]
=
[}
=
Q
(=]
=
T
wn
[
o
Qo
Q
(')
-
Q
-
Q
=
"d
o
=
-
-
-
z
Q9
-
<
o
~*
e
=
s
-~
')
=}
T
1)
3
o
=
N
')
-
~,>
c
3
3
1)
=
o
(')
b=}
=
[}
=
<
m
o
c
~*
z
')
)
w
1
e
o
o
-

BAB 1
PENDAHULUAN

Latar Belakang

Perkembangan teknologi infermasi-dan._komunikasi menuntut
penyedia layanan untuk menghadirkan konektivitas internet yang andal,
berkecepatan tinggi;”dan memiliki ketersediaan (availability). yang
tinggi. Salah satu infrastruktur yang Kinismenjadi solusi utama di
wilayah dengan tantangan geografis adalah jaringan satelit Low Earth
Orbit/(LEO) seperti Starlink [1]. Hal ini sebagaimana di PT X,yang
telah. memanfaatkan jaringan internet berbasis starlink untuk
menyediakan layanan internet korporat, untuk mendukung sistem
operasional publik[2]. Namun, kondisi saat ini menunjukkan bahwa
gangguan jaringan masih sering terjadi, kondisi lingkungan ekstreme
terutama fenomena rain fade (redaman hujan) yang menjadi
karakteristik utama gangguan pada frekuensi Ku band yang digunakan
satelit LEO. Frekuensi waktu yang mengalami gangguan tinggi ini
menimbulkan tantangan serius; terlebih karena-jumlah tim teknis yang
terbatas, sehingga proses perbaikan sering memerlukan waktu lebih
lama. Pendekatan yang digunakan di.PT X lebih banyak bersifat reaktif,
gangguan ditangani setelah terjadi. permasalahan yang muncul adalah
belum adanya sistem yang mampu memprediksi potensi gangguan dan
melakukan ‘mitigasi lebih awal sebelum gangguan berdampak luas.
Akibatnya, perusahaan_berpotensi menghadapi kerugian finansial;
kehilangan pelanggan, sertamenurunnya citra sebagai penyedialayanan
yang andal. Untuk menjawab permasalahan, dibutuhkan sebuah solusi
berbasis teknologi cerdas. Oleh karena itu, diperlukan sebuah sistem
mitigasi yang lebih cerdas dan proaktif. Dengan memanfaatkan sensor
IoT untuk memantau kondisi lingkungan secara real-time dan algoritma
Machine Learning untuk memprediksi gangguan sebelum terjadi
diskoneksi, sistem dapat melakukan pemindahan jalur data (failover) ke
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jaringan GSM secara otomatis [3]. Dengan sistem prediktif berbasis ML
di PT X dapat menerapkan strategi preventif, mengurangi
ketergantungan pada metode reaktif, dan mengoptimalkan penggunaan

sumber daya teknis yang terbatas[4].

Jika penelitian sebelum nya melakukan penelitian mengenai
implementasi kecerdasan buatan.untuk-deteksi dini.gangguan jaringan
yang memanfaatkan data” simulasi untuk memprediksi. gangguan
redaman. Namun, penelitian tersebut belum mengintegrasikan sistem

prediksi dengan.tindakan mitigasi otomatis[5].

Penelitian ini bertujuan implementasi Machine Learning secara
spesifik untuk prediksi dan mitigasi gangguan pada jaringan berbasis
starlink di PT X. Jika penelitian-terdahulu-lebih banyak berfokus-pada
deteksi gangguan di jaringan nirkabel atau:monitoring QoS, maka
penelitian ini sebagail pendekatan prediksi dan mitigasi: menggunakan
Machine Learning dengan konteks pada jaringan berbasis starlink di
PT X . Dengan demikian, hasil penelitian ini membantumonitoring dan
laparan proaktif ke pada pelanggan di PT X sehingga dapat
meningkatkan keandalan jaringan dan kepuasan pelanggan.

1.2 Rumusan Masalah

Berdasarkan dari latar belakang diatas, dapat dibuat rumusan masalah
sebagai berikut :

1. Bagaimana penerapan metode Machine Learning dapat digunakan
untuk memprediksi potensi gangguan pada jaringan berbasis starlik
di PT X?

2. Bagaimana perbandingan Kinerja-algoritma-Random Forest, Support
Vector Machine (SVM), dan Artificial Neural Network (ANN) dalam
mengklasifikasikan kondisi jaringan Starlink di PT X berdasarkan
nilai accuracy, precision, recall, dan F1-score?

3. Bagaimana hasil implementasi system prediksi dan mitigasi
gangguan berdasarkan algoritma machine learning dengan performa

terbaik pada jaringan starlink di PT X?



.3 Tujuan

1. Menerapkan dan membandingkan algoritma Random Forest, Support
Vector Machine (SVM), dan Artificial Neural Network (ANN) dalam
mengklasifikasikan kondisi jaringan Starlink.. berdasarkan parameter
Quality of Service (QoS).
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2. Menganalisis dan.~membandingkan kinerja algoritma Random
Forest, Support-Vector Machine (SVM), dan Artificial Neural
Network/((ANN) dalam.mengklasifikasikan kondisi jaringan Starlink

eyeyer uabap Niuyaijod uizi edue)

di PT X berdasarkan metrik accuracy, precision, recall, dan F1-score

untuk menentukan algoritma dengan performa terbaik.

3. Mengimplementasikan machine learning mekanisme prediksi dan
mitigasi gangguan jaringan Starlink.-menggunakan algoritma
Machine Learning dengan performa terbaik melalui proses failover

ke jaringan cadangan di PT X.
1.4 Manfaat Penelitian

Adapun manfaat dari pembuatan penelitian ini adalah sebagai berikut :

1. Memberikan model prediksi dan mitigasi’ berbasis Machine
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Learning yang dapat digunakan untuk'mendeteksi potensi gangguan
di PT X

2. Membantu PT X mengurangi ketergantungan pada metode reakitif,

dan mengoptimalkan penggunaan sumber daya teknis yang terbatas.
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1.5 Batasan Penelitian

Agar penelitian lebih terarah dan terukur, maka ruang lingkup
penelitian ini dibatasi pada hal-hal berikut:
1. Penelitian hanya dilakukan pada jaringan starlink yang digunakan
untuk layanan internet.
2. Parameter data yang digunakan pada penelitian ini meliputi parameter

Quality of Service (QoS), yaitu latency (ping), throughput, jitter, dan
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packet loss, serta data cuaca BMKG yang terdiri atas curah hujan,
kelembapan udara, dan kecepatan angin. Pada tahap implementasi,
sistem menggunakan sensor curah hujan sebagai masukan data cuaca
secara real time.

Perancangan dan pembuatan model machine learning dengan
menggunakan pemrograman bahasa python.

Evaluasi hasil model hanya mencakup aspek akurasi_prediksi dan
efektivitas mitigasi gangguan berdasarkan data uji dari PT X, tidak

mencakup.aspek biaya implementasi Sistem secara menyeluruh.

.6 State of the art

Perkembangan teknologi komunikasi ‘satelit orbit rendah(Low
Earth Orbit) dan metode kecerdasan buatan dalam pemrosesan data
jaringan. Yussuff dkk. (2023)-dalam penelitiannya yang berjudul
"Adoption of Deep Neural Network Model for.the Prediction of Rain
Attenuation” bahwa penggunaan model Al, khususnya Deep Neural
Network (DNN), memiliki performa yang jauh lebih unggul
dibandingkan model tradisional (seperti model ITU-R).

Penelitian tersebut membuktikan bahwa pola non-linear dari
redaman hujan paling efektif dipetakan menggunakan arsitektur jaringan
saraf tiruan. Namun, penelitian ini terbatas pada akurasi prediksi nilai

redaman dan tidak ada mitigasi dari-hasil prediksis

Penelitian mengenai fondasi infrastruktur monitoring telah
dilakukan “olehAtarian_dkk. (2026) dalam jurnal J-PTHK; yang
memvalidasi keandalan perangkat.edge.gateway-berbasis Raspberry Pi
untuk melakukan akuisisi data Quality of Service (QoS) Starlink secara
real-time. Di sisi lain, Pramukantoro dkk. (2025) dalam jurnal JTHK
telah mengimplementasikan algoritma Machine Learning (khususnya
Random Forest) untuk klasifikasi kualitas sinyal satelit LEO. Namun,
terdapat celah (gap) di mana penelitian tersebut masih mengandalkan

log internal sistem tanpa melibatkan input kondisi lingkungan fisik
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secara langsung.

Alifi dan Ichsan (2026) dalam jurnal AVITEC menjelaskan bahwa
mekanisme failover pada jaringan Dual-WAN umumnya masih bersifat
reaktif, di mana perpindahan jalur internet baru terjadi setelah koneksi
utama terputus sepenuhnya. Hal ini diperkuat oleh studi kasus Distira
dkk. (2025) dalam jurnal JTOS yang menunjukkan bahwa degradasi
sinyal Starlink akibathujan terjadi secara bertahap, namun.belum ada
otomasi yang mampu mengambil keputusan sebelum kegagalan koneksi

(downtime) terjadi.

Novelty

Kebaruan (novelty)pada penelitian ini terletak pada penerapan dan
perbandingantiga algoritma Machine Learning, yaitu Random Forest,
Support Vectar Machine (SVM), dan Artificial Neural Network (ANN)
dalam mengklasifikasikan kondisi jaringan Starlink menggunakan
dataset yang diintegrasikan dari data historis Quality of Service (QoS)
jaringan Starlink dan data cuaca BMKG. Selain membandingkan
performa algoritma berdasarkan nilai accuracy, preeision, recall, dan
F1-score, penelitian ini juga mengimplementasikan algoritma dengan
performa terbaik pada sistem monitoring berbasis Raspberry Pi yang
terintegrasi dengan . ESP32, rrouter” MikroTik, modem Orbit, dan
Telegram Bot untuk mendukung mekanisme failover otomatis pada
jaringan Starlink di PT X,
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BAB V
ANALISA DAN KESIMPULAN

1  Kesimpulan

Penelitian ini bertujuan membandingkan kinerja algoritma.Random Forest,
Hupport Vector Machine (SVM),.dan Artificial Neural Network (ANN) dalam
fbmengklasifikasikan kondisijaringan sebagai dasar penerapan mitigasi gangguan

b

'ﬁ)ada jaringan Starlink«di PT X. Penelitian menggunakan data historis Quality of
;éervice (QoS). jaringan Starlink yang diintegrasikan dengan data,cuaca BMKG
§eriode Januari 2025 hingga Juni-2026. Tahap implementasi sistem dilakukan di
a')epok, Jawa Barat, dengan total periode implementasi-selama enam bulan;yaitu
pada rentang Februari hingga Juli 2026. Pengujian dilakukan secara berkala dan
tidak secara kontinu, dengan menyesuaikan.kondisicuaca serta ketersediaan
perangkat operasional yang digunakan.dalam penelitian. Berdasarkan hasil

penelitian, diperoleh beberapa kesimpulan sebagai berikut:

1. Metode Machine Learning diterapkan menggunakan 12:984 data hasil
penggabungan data BMKG dan data Quality of Service (QoS) jaringan Starlink
yang terdiri atas parameter kelembapan (RH_AVG), curah hujan (RR), delay
(Ping), throughput, jitter, dan packet loss. Dataset dibagi menjadi 10.387 data
latih (80%) dan 2.597 data uji (20%), kemudian dilakukan pelatihan
menggunakan tiga algoritma Machine Learning;yaitu Random Forest, Support
Vector Machine (SVM), dan Artificial Neural Network (ANN). Berdasarkan
hasil evaluasi, algoritma Random Forest dipilih sebagai model terbaik karena
memiliki performa“paling._ tinggi dibandingkan:SVM dan  ANN...dalam
mengklasifikasikan kondisi jaringan menjadi normal, warning, dan critical.
Oleh karena itu, model Random Forest diimplementasikan pada sistem
monitoring sebagai dasar pengambilan keputusan dalam memprediksi potensi

gangguan jaringan secara real-time dan mendukung proses mitigasi gangguan.

2. Berdasarkan hasil evaluasi, algoritma Random Forest memperoleh accuracy
sebesar 99,81%, sehingga menjadi model dengan performa terbaik
dibandingkan algoritma Support Vector Machine (SVM) yang memperoleh
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99,03% dan Artificial Neural Network (ANN) sebesar 98,58%. Pada evaluasi
tiap kelas, Random Forest memperoleh precision sebesar 0,99, recall sebesar
0,98, dan F1-score sebesar 0,99 untuk kelas Gangguan, precision, recall, dan
F1-score sebesar 1,00 untuk kelas Normal, serta precision sebesar 0,95, recall
sebesar 0,99, dan F1-score sebesar 0,97 untuk kelas Warning. Hasil tersebut
menunjukkan bahwa Random Forest_memiliki kemampuan klasifikasi yang
lebih baik dan lebih stabil dibandingkan algoritma SVM dan/ANN.

Berdasarkan hasil evaluasi-algoritma model random forest dengan performa
terbaik berhasil diimplementasikan pada sistem prediksi dan mitigasi gangguan
jaringan Starlink. Model digunakan untuk menganalisis kondisi jaringan,
sedangkan .sensor hujan berfungsi sebagai early warning. Hasil. analisis
ditampilkan melalui Telegram sebagai media monitoring, dan sistem mampu
menjalankan mekanisme failover ke jaringan Orbit serta failback ke Starlink

secara otomatis sesuai kondisi jaringan.

Saran

Berdasarkan hasil penelitian yang telah dilakukan, beberapa saran untuk

pengembangan penelitian selanjutnya adalah sebagai berikut.

Menambahkan parameter yang memengaruhi kualitas.jaringan, seperti suhu
udara, kecepatan angin, intensitas sinyal (RSSI/SNR jika tersedia), atau
parameter "jaringan lainnya sehingga model" Machine Learning dapat
mempelajari kondisi jaringan secara lebih komprehensif:

Melakukan pengambilan data dalam periode yang lebih panjang dan pada
berbagai kondisi cuaca sehingga dataset menjadi lebih beragam dan kemampuan
generalisasi model dapat-ditingkatkan.

Membandingkan algoritma Machine Learning lainnya, seperti XGBoost,
LightGBM, atau metode Deep Learning, untuk mengetahui apakah terdapat
peningkatan performa dibandingkan algoritma Random Forest.
Mengembangkan sistem monitoring berbasis dashboard web atau aplikasi
mobile, sehingga proses pemantauan kondisi jaringan, hasil prediksi, riwayat
gangguan, dan proses switching dapat dilakukan secara real-time dengan

antarmuka yang lebih mudah digunakan.
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om tensorflow.keras.layers import Dense

port joblib

Upload Data Set
from google.colab import files

uploaded = files.upload()
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pd.read excel ("Dataset Label

data.info

data.de

(
(

elif row]|

Membaca data set
Informasi data set

int
int

ta

1. Dilarang mengutip sebagian atau seluruh karya tulis ini tanpa mencantumkan dan menyebutkan sumber :

else:

"Normal"

delay

# Throughput

25:

<=

if row['Throughput %']

= "Gangguan"

throughput

a. Pengutipan hanya untuk kepentingan pendidikan, penelitian , penulisan karya ilmiah, penulisan laporan, penulisan kritik atau tinjauan suatu masalah.

b. Pengutipan tidak merugikan kepentingan yang wajar Politeknik Negeri Jakarta

2. Dilarang mengumumkan dan memperbanyak sebagian atau seluruh karya tulis ini dalam bentuk apapun
tanpa izin Politeknik Negeri Jakarta
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Hak Cipta:

1. Dilarang mengutip sebagian atau seluruh karya tulis ini tanpa mencantumkan dan menyebutkan sumber :

a. Pengutipan hanya untuk kepentingan pendidikan, penelitian , penulisan karya ilmiah, penulisan laporan, penulisan kritik atau tinjauan suatu masalah.

b. Pengutipan tidak merugikan kepentingan yang wajar Politeknik Negeri Jakarta

2. Dilarang mengumumkan dan memperbanyak sebagian atau seluruh karya tulis ini dalam bentuk apapun
tanpa izin Politeknik Negeri Jakarta
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elif "Warning" in kategori:
return "Warning"

else:
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8. Visualisai data distribusi parameter QoS

return "Normal"

Membuat label
ata['Label'] = datasapply (label tiphon,

Menampilkan hasil

acket Loss", 'Label']].head())

plt.figure(figsize=(14,10))

# Delay (Ping)

plt.subplot(2,2,1)
plt.hist(data["Ping ms"], bins=30)
plt.title("Distribusi Delay (Ping)")
plt.xlabel ("Delay (ms)")

plt.ylabel ("Frekuensi")

# Throughput

plt.subplot(2,2,2)

plt.hist (data["Throughput Mbps"], bins=30)
plt.title("Distribusi Throughput")
plt.xlabel ("Throughput (Mbps)")

plt.ylabel ("Frekuensi™)

# Jitter

plt.subplot (2,2, 3)
plt.hist(data["Jitter ms"], bins=30)
plt.title("Distribusi Jitter")
plt.xlabel ("Jitter (ms)")

plt.ylabel ("Frekuensi™)

# Packet Loss

plt.subplot(2,2,4)

plt.hist (data["Packet Loss"], bins=30)
plt.title("Distribusi Packet Loss")
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Iplt.xlabel ("Packet Loss

(plt.ylabel ("Frekuensi")
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Hak Cipta:

1. Dilarang mengutip sebagian atau seluruh karya tulis ini tanpa mencantumkan dan menyebutkan sumber :
a. Pengutipan hanya untuk kepentingan pendidikan, penelitian , penulisan karya ilmiah, penulisan laporan, penulisan kritik atau tinjauan suatu masalah.

b. Pengutipan tidak merugikan kepentingan yang wajar Politeknik Negeri Jakarta

2. Dilarang mengumumkan dan memperbanyak sebagian atau seluruh karya tulis ini dalam bentuk apapun
tanpa izin Politeknik Negeri Jakarta
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int ("Jumlah Data :", len(data))
int ("Data Training :", len(X train))

int ("Data Testing :", len(X test))

Machine Learning Random Forest
= RandomForestClassifier (

n _estimators=100,

', acculy scor

random state=4

r ore )

POLITEKNIK
NEGERI
JAEARTA

y test,svm pred

int (confusion vm pred

Machine Learning ANN

n = Sequential ()

n.add (Dense (32, input dim=X train.shape[l],activation=
elu'))

n.add (Dense (16, activation="'relu'))
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nn.add (Dense (3, activation="'softmax"'))
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Hak Cipta:
1. Dilarang mengutip sebagian atau seluruh karya tulis ini tanpa mencantumkan dan menyebutkan sumber :
a. Pengutipan hanya untuk kepentingan pendidikan, penelitian , penulisan karya ilmiah, penulisan laporan, penulisan kritik atau tinjauan suatu masalah.
b. Pengutipan tidak merugikan kepentingan yang wajar Politeknik Negeri Jakarta

2. Dilarang mengumumkan dan memperbanyak sebagian atau seluruh karya tulis ini dalam bentuk apapun
tanpa izin Politeknik Negeri Jakarta
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532 (I
i =
.\ o "ANN'],
x
Q;Z—\ccuracy' o [
o
~ 9
o 3
.g. =ccuracy score(y test,rf pred),
- _ _ _

?ccuracy_score (y test,svm pred),

ﬁccuracy_score (y _test,ann_pred)

ban iy

_mk)rint (hasil)
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35. Grafik Perbandingan Model
o

import matplotlib.pyplot as plt
import numpy as np

model ['Random Forest', 'SVvM', 'ANN']

train = [1.0000, 0.9919, 0.9920]
test [0.9988, 0.9904, 0.9908]

X = np.arange (len(model))
width = 0.35

eyjejer 3B yiuyyalijod 1efem Buek uebunuadayy ueyibniaw yepn uedinbuad 'q

*yejesew njens uenefuy} neje )iy uesjjnuad ‘ueiode] uesinuad ‘Yyejw|l eA1e)y uesjinuad ‘ uepipuad ‘ue)ipipuad uebunuaday] ynjun efuey uediynbuad ‘e

plt.figure (figsize=(8,5))

plt.bar (x-width/2, train, width, label='Training Accuracy')
plt.bar (x+width/2, test, width, label='Testing Accuracy')

plt.xticks (x, model)

plt.ylabel ('Accuracy')

plt.ylim(0.95,1.01)

plt.title('Perbandingan Training Accuracy dan Testing

: Jaquins ueyngakuaw uep uexwnjuesuaw edue;y jui sijn} eAiey yninjas neje ueibeqas diynbuaw buese|iq °|

Accuracy')
plt.legend()

plt.show ()
16. Konfigurasi Raspberry Pi

import json

import time
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mport csv
import os

i
i

import re
import subprocess
i

import threading

= 5
m
=
0D
T
-+
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rom datetime import datetime

£
from zoneinfo import ZoneInfo

import joblib

i
import requests
import paho.mgtt.client as mgtt

from config import (
MQTT BROKER,
MQTT PORT,
MQTT TOPIC,
MQTT CLIENT ID,
TELEGRAM BOT TOKEN,
TELEGRAM CHAT 1D,
MIKROTIK IP,
MIKROTIK USER,
MIKROTIK PASS,
MIKROTIK SCRIPT TO ORBIT,
MIKROTIK SCRIPT TO STARLINK,
MODEL PATH,
LOG_PATH,
SWITCH DELAY SECONDS,
DRY RAIN THRESHOLD,
ENABLE MIKROTIK SWITCH,
FEATURE COLUMNS,
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# === mmm—— e
# BASIC SETTING
# e

N—l
) )
o Ty
o o
5 =]
Q Q

3
35%s
5 5
Q Q
=lﬂ
158
y
5 a
a Q
98585
>

o
3 s
o c
3 n
o o
o c
T c
= 5
< =
5528
» S
o
o e
o =4
Q w
5S¢ 53
Q0 = O~
5338
< °
w
3235
S ®
£
c s
T 5
S 253
-, e =X
c Xy
= =
h o
= 8
3. 5
8- 3
=L )
o =1
3 o<

)
g’ o
2 %%
c Xy
= =
o "
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I 2F
£ o
= -

TIMEZONE = Zonelnfo ("Asia/Jakarta™)
NETWORK_CHECK_INTERVAL = 60

PACKET LOSS WARNING = 20

PACKET LOSS CRITICAL = 50
ACTIVE CHECK IP = "8.8.8.8"
STARLINK CHECK IP = "1.1.1.1
STARLINK OK LOSS MAX = 15

FATILBACK STARLINK REQUIRED = 2
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QUOTA SCRIPT PATH =

{
H
]

1
1
{

LAST SENSOR PATH = "data/last sensor.json"

"/home/bibaku/rain ml failover v2/quota orbit.py"

{STARLINK GATEWAY = "192.168.1.1"
{ORBIT GATEWAY — "192.168.8.1"
!STARLINK_CONNECTED_NET = "192.168.1.0/24"
|
L === === ==
;# ICON
u
!ICON_NORMAL = "\U00002705"
{ TCON_WARNING = "\U000026A0"
iICON_CRITICAL = "\UOOO1F6A8"
‘
{ICON HUMIDITY = "\UOOO1F4A7"
ICON_RAIN = "\UOOO1F327"
ICON_SENSOR = "\UOOO1F4DE"
ICON_RSSI = "\UOOO1F4E1"
ICON_PING = "\UOOO1F4F6"
ICON_PACKET = "\UOOO1F4CO"
ICON_TIME = "\UOOOO23F1"
# e m—
# GLOBAL STATUS
# B
current network state = "STARLINK"

last notified target = ""
last notified status = ""
last notified weather = ""
last notified network state = ""

starlink normal counter = 0
last sensor data = {
"rain value": None,

"humidity": None,
"level esp": None,

"rssi": None

process_lock = threading.Lock ()
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HELPER

+H H= HF
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Hh

safe int(value, default=0):
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try:

if value is None or value == "":
return default
return int (float (value))
except Exception:
return default

Q.
@
Hh

now_text():
return datetime.now (TIMEZONE) .strftime ("$Y-%m-%d
WIB")

def now log():
return datetime.now (TIMEZONE) .strftime ("$Y-%m-%d

def mikrotik ssh(command text, timeout=15):
command = [
"sshpass",
n_p",
MIKROTIK PASS,
"ssh",

" n

-0
"StrictHostKeyChecking=no",

n_on,

"ConnectTimeout=10",

f"{MIKROTIK USER}Q@{MIKROTIK IP}",

command text

e
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result = subprocess.run (
command,
stdout=subprocess.PIPE,
stderr=subprocess.PIPE,
text=True,
timeout=timeout

output = result.stdout + "\n" + result.stderr
return result.returncode, output

94

o°

o°

o°

o°

o°



eyeyer uabap Niuyaijod uizi edue)

VANV
LCEREL

HINYILNOd

3
o
o
=
o
3
Q
3
o
3
Q
=
3
£
3
=
o
E]
o
)
E]
3
[
3
T
o
-
o
o
3
<
o
-3
w
o
o
o
=
o
3
o
-
o
c
w
o
£
-
c
>
=
o
-
<
o
-~
e
=
3
o
o
o
3
-
o
3
-
c
=
o
T
o
T
£
5

S
v
(1]
=}
Q
o
=
T
o
=
—
Q.
o
=
=
[}
-
[
9
=
)
=
D
T
[}
=
—
=}
Q
o
=
<
-}
=}
Q
g
o
N—
[
-
v
S
=
(1)
=
2,
==
-
[
Q
[}
-
e
o
=
o
-
-
o

o
o
[}
3
@
=
=
T
o
S
=
o
E]
<
o
c
=
=
c
=
=
[}
T
o
=
=3
=
Q
)
=
o
]
3
o
=
=
o
5
T
o
3
s
5
o
]
T
o
-]
=
o
o
E]
=
o
-
<
o
3
o
Eg
°
o
3
=
=
o
=)
o
T
o
-
o
=
T
o
=
£
n
o
=]
=
=
=
=
o
-
&
<
=
=
o
c
o
S
w
c
o
=
<
=
o
w
=
o
-

HO

\(©

def is active route line(line):
flags = get route flags(line)

{

;def get route flags(line):
E 1 parts = line.strip() .split ()

[]
=
n .
T
[~3 Ll
ol ]
o if not parts:

! return ""

‘

]

E if parts[0].isdigit() and len(parts) > 1:

: return parts[1]

:

u return parts[0]

{

\

{

’

i

(]

H

return "A" in flags

# —— ——
# SENSOR LAST DATA
# === S —,———

def load last sensor data():
global last sensor data

try:
if not os.path.exists (LAST SENSOR PATH) :
print ("Last sensor data belum ada")
return

with open (LAST SENSOR PATH, "r") as file:
data = json.load(file)
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last sensor data = {

"rain value": data.get ("rain value", None),
"humidity": data.get ("humidity", None),
"level esp": data.get("level esp", None),
"rssi": data.get ("rssi", None)

print ("Last sensor data loaded:", last sensor data)

except Exception as e:
print ("Load last sensor error:", e)
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;def save last sensor data():
g: i try:
1
=~ | folder = os.path.dirname (LAST SENSOR PATH)
n o -
T
g if folder and not os.path.exists (folder):
.l'
. os.makedirs (folder)
(
{ with open (LAST SENSOR PATH, "w") as file:
: json.dump (last sensor data, file)
:
i print ("Last sensor data saved:", last sensor data)
4
1 except Exception as e:
: print ("Save last sensor error:", e)
’
|
[}
4 — e —
# LOAD MODEL
# S S S —
try:

model = joblib.load (MODEL PATH)
print ("Model loaded:", MODEL PATH)
print ("Feature columns:", FEATURE COLUMNS)

except Exception as e:
print ("Gagal load model:", e)
model = None

# S e
# TELEGRAM
# B

def send telegram(message) :
if not TELEGRAM BOT TOKEN or not TELEGRAM CHAT ID:
print ("Telegram belum dikonfigurasi di .env")
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return

url =
f"https://api.telegram.org/bot {TELEGRAM BOT TOKEN}/sendMessage"

try:
response = requests.post (
url,
data={
"chat id": TELEGRAM CHAT ID,
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"text": message

by

timeout=10

print ("Telegram status:", response.status code)

except Exception as e:
print ("Telegram Error:", e)

PING INTERNET AKTIF

+H H=

def check ping(target=ACTIVE CHECK IP, count=5):
try:
result = subprocess.check output (
["ping", "-c", str(count), target],
stderr=subprocess.DEVNULL
) .decode ()

latency = 0.0
packet loss = 100.0

loss match = re.search(r" (\d+(?:\.\d+)?)% packet loss",

result)
if loss match:
packet loss = float(loss match.group(1l))
for line in result.splitlines() :
if "min/avg/max" in line or "rtt min/avg/max" in
line:

values = line.split("=")[1l].strip().split("/")
if len(values) >= 2:
latency = float(values[1l])

return latency, packet loss

except Exception as e:
print ("Ping Error:", e)
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return 0.0, 100.0

timeout=15)
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v g ~ === === ==
oo .
s 2] +# DETEKSI ROUTE MIKROTIK
a3 S B
ge g it === === ==
.§~§ oy |
=i
ga {def detect current network from mikrotik():
23 i try
Q X °
§§_ . returncode, output = mikrotik ssh("/ip route print",
- L) —
& stimeout=15)
] 1
g N ' 5 " 11
gg t: print ("Route detect output:")
§ ﬁ | print (output)
5L
T =
Sc ' active default lines = []
QT { _ _
55
=
'S ! for line in output.splitlines():
gg clean = line.strip()
S
25
§'E if "0.0.0.0/0" not in clean:
= continue
o9
eis
g3
= n
5% if is active route line(clean):
—. =1 - . - - .
S 5 active default lines.append(clean)
55
—¢= . . . .
o for line in active default lines:
5 _ _
'85 if STARLINK GATEWAY in line:
] _
E% return "STARLINK"
53
2 . .
35 if ORBIT GATEWAY in line:
S$? return "ORBIT"
53
5 ¢
$3
2o return None
z%
g . .
= except Exception as e:
'T;" print ("Detect current network error:", e)
% return None
=
=
Q
c
Q
=
w
S
e
; def is starlink connected route active():
ﬁ try:
g returncode, output = mikrotik ssh("/ip route print",
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print ("Starlink connected route output:")

J.-‘-‘}l(:)

print (output)

for line in output.splitlines() :

eydid yeH

clean = line.strip/()

if STARLINK CONNECTED NET not in clean:
continue

if "etherl" in clean and

is _active route line(clean):

eyeyer uabap Niuyaijod uizi edue)

return True
return False
except Exception as e:
print ("Starlink connected route check error:", e)
return False
# —— - ____
# CEK KHUSUS STARLINK
# === S —

def check starlink via mikrotik (count=5):
try:
if not is_starlink connected route active():
print ("Etherl / Starlink connected route tidak
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aktif")
return "etherl-down", 100.0
returncode, output = mikrotik ssh(
f"/ping {STARLINK CHECK IP} count={count}",
timeout=20
)
print ("Starlink ping check output:")
print (output)
packet loss = 100.0
latency text = "-"
loss match = re.search(r"packet-loss=(\d+(?2:\.\d+)?)%",
output)

if loss match:
packet loss = float(loss match.group(1l))
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if avg match:
latency text = avg match.group (1)

return latency text, packet loss
except Exception as e:

print ("Starlink Check Error:", e)
return "-", 100.0

RAIN DETECTION

+H H= G

def detect is raining(level esp, rain value):
level esp = str(level esp) .upper().strip()

if level esp == "KERING":
return 0

if level esp in ["GERIMIS", "HUJAN", "HUJAN DERAS",

DERAS"] :
return 1

if rain value <= DRY RAIN THRESHOLD:
return 1

return O

# ===
# ML UNTUK STATUS RISIKO
# ===

def predict with ml (features):
if model is None:
if features["is raining"] == 1:
return "WARNING", 1.0

if features["humidity"] >= 80:
return "WARNING", 1.0

100

avg match = re.search (r"avg-rtt=(["\s]+)", output)

"HUJAN
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return "NORMAL", 1.0

try:
row = []

=
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for col in FEATURE COLUMNS:
row.append (features[col])

prediction model.predict ([row]) [0]

confidence = 1.0

if hasattr(model, "predict proba"):
probabilities = model.predict proba ([row]) [0]
confidence = float (max (probabilities))

eyeyer uabap Niuyaijod uizi edue)

return str (prediction), confidence

except Exception as e:
print ("ML Prediction Error:", e)
return "WARNING", 0.0

def decide status (features):
packet loss = features["packet loss"]

is raining = features["is raining"]

if packet_loss >= PACKET LOSS CRITICAL:
return "CRITICAL", 1.0
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if packet loss >= PACKET LOSS WARNING:
return "WARNING", 1.0

if packet loss < PACKET LOSS WARNING and is raining == 0:
return "NORMAL", 1.0
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status, confidence = predict with ml (features)

if status == "CRITICAL":
status = "WARNING"

return status, confidence

& .
# TARGET INTERNET
& =

def get target network(status, starlink packet loss=None) :
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global starlink normal counter
global current network state

if status == "CRITICAL":
starlink normal counter = 0
return "ORBIT"

if status == "WARNING":
print ("WARNING hanya laporan, tetap jaringan

0
)
~
QO
Rl
Q
o}
Q

:", current network state)
return current network state

if status == "NORMAL":
if current network state == "STARLINK":
starlink normal counter = 0

return "STARLINK"
if current network state == "ORBIT":

if starlink packet loss is None:
print ("Starlink belum dicek, tetap ORBIT")
return "ORBIT"

if starlink packet loss <= STARLINK OK LOSS MAX:
starlink normal counter += 1

print(
"Starlink normal counter:",
starlink normal counter,
"/",
FATLBACK STARLINK REQUIRED

if starlink normal counter >
FATLBACK STARLINK REQUIRED:
starlink normal counter = 0
return "STARLINK"

return "ORBIT"

print ("Starlink belum stabil / etherl down, tetap
ORBIT")
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starlink normal counter
return "ORBIT"

return current network state

def get status icon(status):

eyeyer uabap Niuyaijod uizi edue)

if status == "NORMAL":
return ICON NORMAL

if status == "WARNING":
return ICON WARNING

if status == "CRITICAL":
return ICON CRITICAL

return ICON WARNING

# MIKROTIK SWITCH CLEAN

eyjejer 3B yiuyyalijod 1efem Buek uebunuadayy ueyibniaw yepn uedinbuad 'q

undede ynjuaq wejep 1ui sijn} eA1ey yninjas neje ueibeqas yelueqiadwaw uep ueywnwnbuaw buese|iq ‘'z
Jaquins ueyingakuaw uep ueywnjuesuaw edue; jui sijn} efiey yninjas neje ueibeqas diynbuaw buese|iq °L

def run mikrotik script(script name) :

if not ENABLE MIKROTIK SWITCH:

print ("MikroTik switch OFF / simulasi:",

return True

try:

script name)

returncode, output = mikrotik ssh(

f"/system script run {script name}",

timeout=20

print ("MikroTik script output:")

print (output)
return returncode == 0
except Exception as e:

print ("MikroTik Error:", e)
return False

def switch network (target network) :

*yejesew njens uenefuy} neje )iy uesjjnuad ‘ueiode] uesinuad ‘Yyejw|l eA1e)y uesjinuad ‘ uepipuad ‘ue)ipipuad uebunuaday] ynjun efuey uediynbuad ‘e

global current network state
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if target network == current network state:
print ("Target sama dengan Jjaringan aktif,

switch ulang")

return current network state

if target network == "ORBIT":
print ("Target switch: ORBIT")
script success =

run mikrotik script (MIKROTIK SCRIPT TO ORBIT)

time.sleep (3)

tidak perlu

detected = detect current network from mikrotik()

if detected == "ORBIT":
current network state = "ORBIT"
return "ORBIT"

if script success:
current network state = "ORBIT"
return "ORBIT"

return current network state

print ("Target switch: STARLINK")
script success =

run_mikrotik script (MIKROTIK SCRIPT TO STARLINK)

time.sleep (3)

detected = detect current network from mikrotik()

if detected == "STARLINK":
current network state = "STARLINK"
return "STARLINK"

if script success:

current network state "STARLINK"

return "STARLINK"

return current network state
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# S
# KUOTA ORBIT
# ——e
def send orbit quota report():
try:
print ("Mengirim laporan estimasi kuota Orbit...")
result = subprocess.run (
["/usr/bin/python3", QUOTA SCRIPT PATH],
stdout=subprocess.PIPE,
stderr=subprocess.PIPE,
text=True,

timeout=40

print ("Quota stdout:")

print (result.stdout)

print ("Quota stderr:")
print (result.stderr)

except Exception as e:

print ("Gagal kirim laporan kuota Orbit:",

# o ___ _

# LOGGING

# o ____ . _

def save log(
source,
features,
rssi,
status,
confidence,
target network,
active network,
starlink packet loss,
starlink latency,
network changed

try:

folder = os.path.dirname (LOG_PATH)
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if folder and not os.path.exists (folder):
os.makedirs (folder)

file exists = os.path.exists(LOG_ PATH)
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with open(LOG_PATH, "a", newline="") as file:
writer = csv.writer (file)

if not file exists:
writer.writerow ([
"timestamp",
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"source",
"humidity",

"rain value",

"is raining",
"rssi",

"snr",

"latency",

"packet loss",
"starlink latency",
"starlink packet loss",
"status",
"confidence",
"target network",
"active network",
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"current network state",
"network changed"

1

writer.writerow ([
now log(),
source,
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features["humidity"],

features["rain value"],
features["is raining"],
rssi if rssi is not None else "",
features["snr"],
features["latency"],
features["packet loss"],
starlink latency,
starlink packet loss if starlink packet loss is
not None else "",
status,
round (confidence, 4),
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target network,
active network,

network changed

1)

except Exception as e:

print ("Log Error:", e)

current network

state,

NOTIFICATION FILTER

+H H=

def should send notification(status,

active network,
global last notified status
global last notified target

target network,

level esp, network changed):

global last notified weather

if network changed:
return True

if target network != last notified target:

return True

if status == "CRITICAL" and
"CRITICAL":
return True

if last notified status
"NORMAL" :
return True

if level esp and level esp
return True

return False

#

last notified status

"CRITICAL" and status

!= last notified weather:

# MAIN PROCESS
#

def process monitoring(source="AUTO NETWORK CHECK"):
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global last notified status

global last notified target

global last notified weather
global last notified network state
global current network state

with process lock:
try:
previous network state = current network state
detected network =
detect current network from mikrotik()

network changed = False
if detected network in ["STARLINK", "ORBIT"]:
if detected network != current network state:
network changed = True
print(
"Network changed by MikroTik:",
current network state,
"_>u,
detected network
)
current network state = detected network
raw_rain value = last sensor data.get("rain value",
None)
raw _humidity = last sensor data.get ("humidity",
None)
raw_level esp = last sensor data.get ("level esp",
None)

rssi = last sensor data.get ("rssi", None)

sensor_ available = (
raw_rain value is not None
and raw_humidity is not None
and raw_level esp is not None

if sensor available:
rain value = safe int(raw_rain value, 17000)
humidity = safe int(raw humidity, 29)
level esp = str(raw_level esp) .upper () .strip()
else:
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rain value)

rain value = 17000
humidity = 29
level esp = "KERING"

if rssi is not None:

= 5
m
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rssi = safe int(rssi, None)

is raining = detect is raining(level esp,

latency, packet loss = check ping(ACTIVE CHECK IP)

eyeyer uabap Niuyaijod uizi edue)

features = {
"humidity": humidity,
"rain value": rain value,
"is raining": is_raining,
"snr": O,

"latency": latency,
"packet loss": packet loss,
status, confidence = decide status (features)

starlink latency = "-"
starlink packet loss = None

if current network state == "ORBIT":

starlink latency, starlink packet loss
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check starlink via mikrotik()

target network = get target network(status,
starlink packet loss)

print ("== === ===")

n

print ("Source:", source)
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print ("Detected Network:", detected network)

print ("Previous Network:", previous network state)
print ("Current Network:", current network state)
print ("Network Changed:", network changed)

print ("Sensor Available:", sensor available)

print ("Rain Value:", rain value)

n

print ("Humidity:", humidity)
print ("Is Raining:", is raining)
print ("RSSI:", rssi, "dBm")

print ("Active Ping:", latency,

"

(
(
(
(
(
(
(
print ("Level ESP:", level esp)
(
(
(
(
( ms")
(

print ("Active Packet Loss:", packet loss, "3%")
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print ("Starlink Latency:", starlink latency)
print ("Starlink Packet Loss:",

starlink packet loss)
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print ("Status:", status)
print ("Confidence:", confidence)

(
print ("Target Network:", target network)
print ("== === —==n)

before switch state = previous network state
active network = switch network(target network)
# Kirim estimasi kuota Orbit saat baru pindah ke

# baik karena script Raspberry maupun karena

MikroTik otomatis failover.

e ssevsse s s sm B ans wasssus et 5 wsassnes see alim wnaa

if before switch state != "ORBIT" and

current network state == "ORBIT":

send orbit quota report ()

time.sleep (SWITCH DELAY SECONDS)

post latency, post packet loss

check ping (ACTIVE CHECK IP)
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save log(
source,
features,
rssi,
status,
confidence,
target network,
active network,
starlink packet loss,
starlink latency,
network changed

if not should send notification/(
status,
target network,
active network,
level esp,
network changed
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print ("Tidak kirim Telegram, karena tidak ada

perubahan penting")

return

icon = get status icon(status)
rain text = "YA" if is raining == 1 else "TIDAK"

if rssi is None or rssi ==

rssi text = "Belum tersedia"
else:

rssi text = f"{rssi} dBm"
sensor_source text = "Data terakhir ESP32" if

sensor available else "Default sistem"

if current network state == "STARLINK" and

starlink packet loss is None:

starlink text = "Aktif sebagai jalur utama"
elif starlink packet loss is None:

starlink text = "Tidak dicek"
else:

starlink text = f"{starlink packet loss}% loss,

RTT {starlink latency}"

message = (

f"{icon} ML Rain Failover Report\n\n"
f"Status ML : {status}\n"

f"Confidence : {confidence:.2%}\n"

f"Target Internet : {target network}\n"
f"Active Internet : {active network}\n"
f"Data Sensor : {sensor source text}\n\n"
f"{ICON HUMIDITY} Kelembapan : {humidity}%\n"
f"{ICON RAIN} Hujan : {rain text}\n"

f"{ICON_ SENSOR} Rain Sensor : {rain value}\n"
f"{ICON_SENSOR} Level ESP : {level esp if

level esp else '-'}\n"

f"{ICON_RSSI} RSSI WiFi ESP32 : {rssi_text}\n"
f"{ICON PING} Ping Aktif : {latency} ms\n"
f"{ICON_PACKET} Packet Loss Aktif

{packet loss}%\n"

f"{ICON_PING} Cek Khusus Starlink

{starlink text}\n"

f"{ICON_PING} Ping Setelah Check

{post latency} ms\n"
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f"{ICON_PACKET} Packet Loss Setelah Check

{post packet loss}%\n"

f"{ICON TIME} Time {now_text ()}"

)

send telegram (message)

last notified status = status

last notified target = target network

last notified weather = level esp

last notified network state = current network state

except Exception as e:

print ("Process Monitoring Error:", e)
# === mmmm— e
# AUTO NETWORK LOOP
# e - ____

def network monitor loop():

time.sleep(10)

while True:

process monitoring ("AUTO NETWORK CHECK")

time.sleep (NETWORK CHECK INTERVAL)

# MQTT

def on connect(client, userdata, flags, rc):

print ("Connected MQTT:", rc)

if rc == 0:

client.subscribe (MQTT TOPIC)
print ("Subscribed:", MQTT TOPIC)

else:

print ("MQTT gagal connect")

def on message(client, userdata, msqg):

global last sensor data

try:
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raw = msg.payload.decode ()

-

print ("MQTT raw:", raw)
‘ .
1 data = json.loads (raw)
E rain value = safe int(data.get("rain value", None),
' _ _ _
None)
! humidity = safe int(data.get ("humidity", None), None)
{ level esp = str(data.get("level”, "")) .upper () .strip()
{
: if "rssi" in data:
i rssi = safe int(data.get("rssi"), None)
(] else:
! rssi = last sensor data.get ("rssi", None)
\
{
‘
!
(]
{

if rain value is None or humidity is None or not
level esp:
print ("MQTT data sensor tidak lengkap, skip update

sensor")
return
last sensor data = {
"rain value": rain value,

"humidity": humidity,
"level esp": level esp,
"rssi": rssi

save last sensor data()

process monitoring ("MQTT SENSOR")

except Exception as e:
print ("MQTT Error:", e)

# === T T e
# START
# Emmmm e

load last sensor data()
detected network = detect current network from mikrotik()

if detected network in ["STARLINK", "ORBIT"]:
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) .upper () .strip ()

! current network state = detected network
’
]
E Mlast notified target = current network state
] — _ — —
&~ 1{last notified network state = current network state
é; Elast_notified_weather = str(
S E last sensor data.get("level esp", "")
: — — —
|
‘

(print ("MQTT broker:", MQTT BROKER, MQTT PORT)

fprint ("MQTT topic:", MQTT TOPIC)

Eprint "ENABLE MIKROTIK SWITCH:", ENABLE MIKROTIK SWITCH)
iprint "Current Network State:", current network state)
"NETWORK CHECK INTERVAL:", NETWORK CHECK INTERVAL)
!print "PACKET LOSS WARNING:", PACKET LOSS WARNING)
jprint ("PACKET LOSS_CRITICAL:", PACKET LOSS_CRITICAL)
sprint ("ACTIVE_CHECK_IP:", ACTIVE_CHECK_IP)

‘print ("STARLINK CHECK IP:", STARLINK CHECK IP)

forint ("STARLINK OK_LOSS MAX:", STARLINK OK LOSS MAX)
print ("FAILBACK STARLINK REQUIRED:",

FATILBACK STARLINK REQUIRED)

print ("QUOTA SCRIPT PATH:", QUOTA SCRIPT PATH)

Wprint

eyeyer uabap Niuyaijod uizi edue)

(
(
(
(
(
(
(
(
(
(

client = mgtt.Client (
client id=MQTT CLIENT ID,
clean_ session=True

client.on connect on_connect
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client.on message on_message
client.connect (

MQTT_BROKER,

MQTT_PORT,
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monitor thread = threading.Thread(
target=network monitor loop,
daemon=True

monitor thread.start()

client.loop forever()
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