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SISTEM MONITORING LIGHTPATH DWDM INTERCITY PADA 

BACKBONE MPLS-TE BERBASIS INTERVAL TYPE-2 FUZZY LOGIC 

SYSTEM DAN STABILISASI TEMPORAL 

 

ABSTRAK 
 

Perpindahan proteksi optik pada backbone dinamis berbasis IS-IS dan MPLS dapat 

memicu reset adjacency, menimbulkan false positive dan alarm flapping. Penelitian 

ini merancang sistem pemantauan performa lightpath DWDM dengan Interval 

Type-2 Fuzzy Logic System (IT2FLS) sebagai mesin klasifikasi status alarm, 

dipadukan stabilizer temporal debounce N=3 dan hold-down H=3 untuk menekan 

alarm palsu. Parameter yang dipantau adalah latency dan packet loss mengacu ITU-

T Y.1540, dengan profil Footprint of Uncertainty (FOU) yang dikalibrasi per 

segmen agar penilaian status adil terhadap perbedaan baseline antar-lightpath. Data 

dikumpulkan melalui active probing ICMP dari Customer Edge (CE) dengan 

penguncian jalur strict path, diambil secara purposive pada 34 lightpath intercity 

aktif dengan kadensi sekitar 24 detik per segmen, diperoleh 736.764 sampel selama 

144 jam. Evaluasi disusun sebagai desain faktorial 2×2 antara metode klasifikasi 

dan penggunaan stabilizer. Profil baseline per segmen berkorelasi r = 0,995 

terhadap median Round Trip Time terukur dengan mean absolute error 0,40 ms. 

Pada segmen ber-baseline tinggi, profil per segmen hanya menandai 7,9% sampel 

sebagai non-Normal, sedangkan profil global tunggal menandai seluruhnya sebagai 

non-Normal. Stabilizer menurunkan total kejadian alarm dari 6.333 menjadi 2.313 

(turun 63,5%), laju alarm dari 43,98 menjadi 16,06 kejadian per jam, Short Alarm 

Ratio di bawah 30 detik dari 0,565 menjadi 0,342, dan laju false positive dari 13,33 

menjadi 5,08 per jam (turun 61,9%), dengan recall tetap tinggi di 0,921 meski turun 

dari 0,986 pada kondisi mentah. Durasi total alarm hampir tidak berubah, yaitu 

643,4 jam berbanding 645,0 jam. Efek penstabil signifikan dan konsisten lintas 34 

segmen (uji Wilcoxon signed-rank, p < 10⁻⁶). Sistem terbukti menekan alarm palsu 

tanpa mengubah durasi total kondisi gangguan yang dilaporkan, serta bekerja 

secara eksternal tanpa akses ke perangkat inti operator. 

 

Kata Kunci : Interval Type-2 Fuzzy Logic, DWDM, MPLS Traffic Engineering, 

Monitoring Jaringan. 
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INTERCITY DWDM LIGHTPATH MONITORING SYSTEM ON MPLS-

TE BACKBONE BASED ON INTERVAL TYPE-2 FUZZY LOGIC 

SYSTEM AND TEMPORAL STABILIZATION 

 

ABSTRACT 
 

Optical protection switching on a dynamic IS-IS and MPLS backbone can trigger 

adjacency resets, causing false positives and alarm flapping. This research designs 

a DWDM lightpath performance monitoring system with an Interval Type-2 Fuzzy 

Logic System (IT2FLS) as the alarm status classification engine, combined with a 

temporal stabilizer of debounce N=3 and hold-down H=3 to suppress false alarms. 

The monitored parameters are latency and packet loss referring to ITU-T Y.1540, 

with a Footprint of Uncertainty (FOU) profile calibrated per segment so status 

assessment stays fair across different lightpath baselines. Data was collected 

through active ICMP probing from Customer Edge with strict path locking, taken 

purposively on 34 active intercity lightpaths at a cadence of about 24 seconds per 

segment, obtaining 736,764 samples over 144 hours. Evaluation used a 2×2 

factorial design between the classification method and the stabilizer. The per-

segment baseline profile correlates at r = 0.995 with the measured median Round 

Trip Time with a mean absolute error of 0.40 ms. On high-baseline segments, the 

per-segment profile marked only 7.9% of samples as non-Normal, while a single 

global profile marked all of them as non-Normal. The stabilizer reduced total alarm 

events from 6,333 to 2,313 (down 63.5%), the alarm rate from 43.98 to 16.06 events 

per hour, the Short Alarm Ratio below 30 seconds from 0.565 to 0.342, and the false 

positive rate from 13.33 to 5.08 per hour (down 61.9%), with recall remaining high 

at 0.921 although it fell from 0.986 in the raw condition. The total alarm duration 

barely changed, namely 643.4 hours against 645.0 hours. The stabilizer effect is 

significant and consistent across 34 segments (Wilcoxon signed-rank test, p < 10⁻⁶). 

The system suppresses false alarms without changing the total reported duration of 

degraded conditions, and works externally without access to the operator core 

devices. 

 

Keywords: Interval Type-2 Fuzzy Logic, DWDM, MPLS Traffic Engineering, 

Network Monitoring. 
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