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PROBLÉMA

Körforgalmak célforgalmi 
számlálása nehézkes

Emberi munkaerő

Drága technológia

Elavult szabályozás



MEGOLDÁS

Automatikus keresztmetszeti számlálás 
(pl. hurokdetektor, lézeres érzékelés)

Fordulási ráta becslése

Állapottér elméleti becslők



KÖRFORGALMI SZÁMLÁLÁS

Egységjármű

1,2,5 perces bontás

Két helyszín

Délelőtti, délutáni mérések

Összes irány            
számlálása a hatékonyság 
jellemezhetősége végett



HAGYOMÁNYOS BECSLŐ MÓDSZEREK

Algebrai megoldásos eljárás

Factored Survey eljárás

Biproporcionális eljárás (BP)

BP korlátozások
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ÁLLAPOTTÉR ELMÉLETI BECSLŐ MÓDSZEREK
Kalman-szűrő (KF)

Kalman-szűrő korlátozásokkal (cKF)

cKF-I

cKF-P

Mozgó időhorizontú becslő

KF becslés

ො𝑥− 𝑘 = 𝐴ො𝑥 𝑘 − 1 + 𝐵 𝑘 − 1 𝑢(𝑘 − 1)

𝑃− 𝑘 = 𝐴𝑃 𝑘 − 1 𝐴𝑇 + 𝑄

KF korrekció

Mérés, ami y(k)-t szolgáltatja

𝐺 𝑘 = 𝑃−(𝑘)𝐶𝑇 𝐶𝑃− 𝑘 𝐶𝑇 + 𝑅 −1

ො𝑥 𝑘 = ො𝑥− 𝑘 + 𝐺(𝑘) 𝑦 𝑘 − 𝐶 ො𝑥− 𝑘

𝑃 𝑘 = 𝐼 − 𝐺 𝑘 𝐶 𝑃− 𝑘

𝑘 ≔ 𝑘 + 1

cKF korlátok kezelése

𝑥 𝑘 = 𝑎𝑟𝑔𝑚𝑖𝑛𝑥(𝑥 − ො𝑥 𝑘 )𝑇𝑊(𝑥 − ො𝑥 𝑘 )

𝑥 𝑘 = ො𝑥 𝑘 −𝑊−1𝐴𝑒𝑞
𝑇 𝐴𝑒𝑞𝑊

−1𝐴𝑒𝑞
𝑇 −1

(𝐴𝑒𝑞 ො𝑥 𝑘 − 𝐵𝑒𝑞)



ÁLLAPOTTÉR ELMÉLETI BECSLŐ MÓDSZEREK
Kalman-szűrő korlátozásokkal (cKF)

cKF-I

cKF-P

KF becslés

ො𝑥− 𝑘 = 𝐴ො𝑥 𝑘 − 1 + 𝐵 𝑘 − 1 𝑢(𝑘 − 1)

𝑃− 𝑘 = 𝐴𝑃 𝑘 − 1 𝐴𝑇 + 𝑄

KF korrekció

Mérés, ami y(k)-t szolgáltatja

𝐺 𝑘 = 𝑃−(𝑘)𝐶𝑇 𝐶𝑃− 𝑘 𝐶𝑇 + 𝑅 −1

ො𝑥 𝑘 = ො𝑥− 𝑘 + 𝐺(𝑘) 𝑦 𝑘 − 𝐶 ො𝑥− 𝑘

𝑃 𝑘 = 𝐼 − 𝐺 𝑘 𝐶 𝑃− 𝑘

𝑘 ≔ 𝑘 + 1

cKF korlátok kezelése

𝑥 𝑘 = 𝑎𝑟𝑔𝑚𝑖𝑛𝑥(𝑥 − ො𝑥 𝑘 )𝑇𝑊(𝑥 − ො𝑥 𝑘 )

𝑥 𝑘 = ො𝑥 𝑘 −𝑊−1𝐴𝑒𝑞
𝑇 𝐴𝑒𝑞𝑊

−1𝐴𝑒𝑞
𝑇 −1

(𝐴𝑒𝑞 ො𝑥 𝑘 − 𝐵𝑒𝑞)

cKF-I → W = I (egységmátrix)

cKF-P → W = P(k)

Várható 

érték

Szórások

Hangolási 

paraméterek

Súlymátrix



PERFORMANCIAMUTATÓK

• 𝑀𝐴𝐸 =
σ𝑖=1
𝑛 ො𝑥𝑖−𝑥𝑖

𝑛
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Mean Absolute Error 
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Root Mean Square Error 
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Symmetric Mean 
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Error (SMAPE)



HANGOLÁS

Hangolási 

paraméterek 

azonosítása 

(Q és R mátrix)

R mátrix rögzítése
Q mátrix 

változtatása

Hibamutatók 

rögzítése minden 

futtatásnál

Hibamutatók 

minimumhelyének 

beazonosítása

Ideális Q/R arány 

meghatározása



HANGOLÁS

KF

cKF-I

cKF-P

Q/R=10x 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 -1 -2 -3 -4 -5 -6 -7 -8 -9 -10

/1min MAE 0.1479 0.1479 0.1479 0.1479 0.1479 0.1479 0.1479 0.1479 0.1479 0.1479 0.1479 0.1479 0.1479 0.1479 0.1479 0.1479 0.1479 0.1479 0.1479 0.1478 0.1476 0.1461 0.1431 0.1459 0.1614 0.1795 0.1850 0.1857 0.1857 0.1858 0.1858

MAPE 31.90% 31.90% 31.90% 31.96% 31.90% 31.90% 31.90% 31.90% 31.90% 31.90% 31.96% 31.90% 31.90% 31.90% 31.90% 31.90% 31.90% 31.90% 31.90% 31.89% 31.95% 31.29% 29.52% 28.48% 32.17% 37.00% 38.49% 38.67% 38.68% 38.69% 38.69%

SMAPE 20.23% 20.23% 20.23% 20.29% 20.23% 20.23% 20.23% 20.23% 20.23% 20.23% 20.29% 20.23% 20.23% 20.23% 20.23% 20.23% 20.23% 20.23% 20.23% 20.23% 20.31% 19.79% 18.39% 16.95% 18.16% 20.16% 20.81% 20.89% 20.90% 20.90% 20.90%

/2min MAE 0.1069 0.1069 0.1069 0.1069 0.1069 0.1069 0.1069 0.1069 0.1069 0.1069 0.1069 0.1069 0.1069 0.1069 0.1069 0.1069 0.1069 0.1069 0.1069 0.1069 0.1068 0.1061 0.1026 0.1012 0.1211 0.1461 0.1538 0.1547 0.1548 0.1548 0.1548

MAPE 32.97% 32.97% 32.97% 32.97% 32.97% 32.97% 32.97% 32.97% 32.97% 32.97% 32.97% 32.97% 32.97% 32.97% 32.97% 32.97% 32.97% 32.97% 32.97% 32.97% 32.94% 32.68% 31.20% 30.53% 39.80% 51.33% 54.72% 55.13% 55.17% 55.17% 55.17%

SMAPE 17.78% 17.78% 17.78% 17.78% 17.78% 17.78% 17.78% 17.78% 17.78% 17.78% 17.78% 17.78% 17.78% 17.78% 17.78% 17.78% 17.78% 17.78% 17.78% 17.77% 17.75% 17.55% 16.39% 14.46% 16.48% 19.72% 20.70% 20.82% 20.83% 20.83% 20.83%

/5min MAE 0.0699 0.0699 0.0699 0.0699 0.0699 0.0699 0.0699 0.0699 0.0699 0.0699 0.0699 0.0699 0.0699 0.0699 0.0699 0.0699 0.0699 0.0699 0.0699 0.0699 0.0699 0.0698 0.0692 0.0704 0.0909 0.1231 0.1333 0.1346 0.1347 0.1347 0.1348

MAPE 27.86% 27.86% 27.86% 27.86% 27.86% 27.86% 27.86% 27.86% 27.86% 27.86% 27.86% 27.86% 27.86% 27.86% 27.86% 27.86% 27.86% 27.86% 27.86% 27.86% 27.86% 27.86% 27.84% 29.63% 41.02% 56.72% 61.54% 62.13% 62.19% 62.20% 62.20%

SMAPE 11.82% 11.82% 11.82% 11.82% 11.82% 11.82% 11.82% 11.82% 11.82% 11.82% 11.82% 11.82% 11.82% 11.82% 11.82% 11.82% 11.82% 11.82% 11.82% 11.82% 11.82% 11.80% 11.66% 11.64% 14.46% 18.97% 20.32% 20.49% 20.50% 20.50% 20.50%

Q/R=10x 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 -1 -2 -3 -4 -5 -6 -7 -8 -9 -10

/1min MAE 0.1888 0.1888 0.1888 0.1888 0.1888 0.1888 0.1888 0.1888 0.1888 0.1888 0.1888 0.1888 0.1888 0.1888 0.1888 0.1888 0.1888 0.1888 0.1887 0.1886 0.1874 0.1784 0.1560 0.1484 0.1621 0.1796 0.1850 0.1857 0.1857 0.1858 0.1858

MAPE 42.55% 42.55% 42.55% 42.55% 42.55% 42.55% 42.55% 42.55% 42.55% 42.55% 42.55% 42.55% 42.55% 42.55% 42.55% 42.55% 42.55% 42.55% 42.55% 42.51% 42.19% 39.81% 32.90% 28.55% 31.63% 36.80% 38.46% 38.66% 38.68% 38.69% 38.69%

SMAPE 24.38% 24.38% 24.38% 24.38% 24.38% 24.38% 24.38% 24.38% 24.38% 24.38% 24.38% 24.38% 24.38% 24.38% 24.38% 24.38% 24.38% 24.38% 24.37% 24.36% 24.19% 23.08% 19.73% 17.12% 18.13% 20.17% 20.81% 20.89% 20.90% 20.90% 20.90%

/2min MAE 0.1250 0.1250 0.1250 0.1250 0.1250 0.1250 0.1250 0.1250 0.1250 0.1250 0.1250 0.1250 0.1250 0.1250 0.1250 0.1250 0.1250 0.1250 0.1250 0.1250 0.1248 0.1227 0.1122 0.1036 0.1224 0.1462 0.1538 0.1547 0.1548 0.1548 0.1548

MAPE 38.51% 38.51% 38.51% 38.51% 38.51% 38.51% 38.51% 38.51% 38.51% 38.51% 38.51% 38.51% 38.51% 38.51% 38.51% 38.51% 38.51% 38.51% 38.51% 38.50% 38.42% 37.74% 34.09% 30.89% 39.54% 51.00% 54.67% 55.12% 55.17% 55.17% 55.17%

SMAPE 19.39% 19.39% 19.39% 19.39% 19.39% 19.39% 19.39% 19.39% 19.39% 19.39% 19.39% 19.39% 19.39% 19.39% 19.39% 19.39% 19.39% 19.39% 19.39% 19.39% 19.36% 19.10% 17.44% 14.52% 16.62% 19.73% 20.70% 20.82% 20.83% 20.83% 20.83%

/5min MAE 0.0762 0.0762 0.0762 0.0762 0.0762 0.0762 0.0762 0.0762 0.0762 0.0762 0.0762 0.0762 0.0762 0.0762 0.0762 0.0762 0.0762 0.0762 0.0762 0.0762 0.0762 0.0760 0.0749 0.0742 0.0930 0.1232 0.1333 0.1346 0.1347 0.1347 0.1348

MAPE 31.96% 31.96% 31.96% 31.96% 31.96% 31.96% 31.96% 31.96% 31.96% 31.96% 31.96% 31.96% 31.96% 31.96% 31.96% 31.96% 31.96% 31.96% 31.96% 31.96% 31.95% 31.91% 31.70% 32.51% 41.92% 56.45% 61.48% 62.12% 62.19% 62.20% 62.20%

SMAPE 12.66% 12.66% 12.66% 12.66% 12.66% 12.66% 12.66% 12.66% 12.66% 12.66% 12.66% 12.66% 12.66% 12.66% 12.66% 12.66% 12.66% 12.66% 12.66% 12.66% 12.66% 12.62% 12.38% 11.95% 14.64% 18.96% 20.32% 20.48% 20.50% 20.50% 20.50%

Q/R=10x 10 9 8 7 6 5 4 3 2 1 0 -1 -2 -3 -4 -5 -6 -7 -8 -9 -10 -11 -12 -13 -14 -15 -16 -17 -18 -19 -20

/1min MAE 0.1190 0.1191 0.1191 0.1190 0.1183 0.1207 0.1240 0.1275 0.1335 0.1378 0.1389 0.1395 0.1388 0.1445 0.1611 0.1795 0.1850 0.1857 0.1857 0.1858 0.1858 0.1858 0.1858 0.1858 0.1858 0.1858 0.1858 0.1858 0.1858 0.1858 0.1858

MAPE 23.20% 23.20% 23.20% 23.20% 23.05% 23.83% 25.22% 27.11% 29.14% 30.58% 30.91% 30.47% 29.09% 28.57% 32.42% 37.29% 38.79% 38.97% 38.99% 38.93% 38.69% 38.69% 38.69% 38.69% 38.69% 38.69% 38.69% 38.69% 38.69% 38.69% 38.69%

SMAPE 14.55% 14.55% 14.56% 14.55% 14.46% 14.85% 15.71% 17.00% 18.18% 19.39% 19.65% 19.39% 18.28% 17.14% 18.43% 20.45% 21.11% 21.19% 21.20% 21.14% 20.90% 20.90% 20.90% 20.90% 20.90% 20.90% 20.90% 20.90% 20.90% 20.90% 20.90%

/2min MAE 0.0847 0.0848 0.0848 0.0848 0.0843 0.0864 0.0922 0.0990 0.1031 0.1059 0.1065 0.1056 0.1018 0.1002 0.1206 0.1460 0.1538 0.1547 0.1548 0.1548 0.1548 0.1548 0.1548 0.1548 0.1548 0.1548 0.1548 0.1548 0.1548 0.1548 0.1548

MAPE 23.30% 23.30% 23.30% 23.30% 23.19% 23.78% 26.36% 29.26% 31.38% 32.38% 32.72% 32.27% 30.62% 30.19% 39.59% 51.30% 54.72% 55.13% 55.17% 55.17% 55.17% 55.18% 55.18% 55.18% 55.18% 55.18% 55.18% 55.18% 55.18% 55.18% 55.18%

SMAPE 12.05% 12.05% 12.05% 12.05% 12.00% 12.26% 13.65% 15.30% 16.94% 17.57% 17.84% 17.55% 16.26% 14.34% 16.41% 19.71% 20.70% 20.82% 20.83% 20.83% 20.83% 20.83% 20.83% 20.83% 20.83% 20.83% 20.83% 20.83% 20.83% 20.83% 20.83%

/5min MAE 0.0611 0.0611 0.0611 0.0611 0.0608 0.0616 0.0634 0.0634 0.0687 0.0697 0.0702 0.0701 0.0688 0.0685 0.0900 0.1230 0.1333 0.1346 0.1347 0.1347 0.1348 0.1348 0.1348 0.1348 0.1348 0.1348 0.1348 0.1348 0.1348 0.1348 0.1348

MAPE 24.76% 24.73% 24.76% 24.74% 24.72% 24.75% 25.30% 25.14% 26.60% 27.06% 27.35% 27.30% 27.15% 28.66% 40.58% 56.68% 61.54% 62.13% 62.19% 62.20% 62.20% 62.20% 62.20% 62.20% 62.20% 62.20% 62.20% 62.20% 62.20% 62.20% 62.20%

SMAPE 10.32% 10.32% 10.32% 10.32% 10.29% 10.37% 10.56% 10.65% 11.69% 11.91% 12.06% 12.02% 11.77% 11.41% 14.34% 18.95% 20.32% 20.49% 20.50% 20.50% 20.50% 20.50% 20.50% 20.50% 20.50% 20.50% 20.50% 20.50% 20.50% 20.50% 20.50%
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Mintavételi idő

A vizsgált módszerek MAE értékei a mintavételi 

idő függvényében

BP KF cKF-I cKF-P

EREDMÉNYEK



cKF-P(Kalman-szűrő 
korlátozásokkal, W=P)

BP (biproporcionális 
eljárás)

cKF-I (Kalman-szűrő 
korlátozásokkal, W=I)

KF (Kalman-szűrő)

1

2

3

4

EREDMÉNYEK



KONKLÚZIÓ

Nagyobb mintavételi idő → Pontosabb becslés

Korlátok kezelése → Pontosabb becslés

Állapottér elméleti becslők:

• Pontosabbak a hagyományos módszereknél

• Várható értéket és szórást adnak eredményül

Hibrid megoldási javaslat

•Több napos automatikus mérés (lézeres érzékelés, 
hurokdetektor)

•Rövid idejű kamerás felvétel (validálás, hangolás)



TOVÁBBI KUTATÁSI CÉLOK

Mozgó időhorizontú becslés alkalmazása

Módszerek vizsgálata mikroszimulációs környezetben 
(PTV-Vissim)

• Modell validálása

• Különböző forgalmi helyzetek vizsgálata

• Online becslés megvalósítása → gyakorlati alkalmazhatóság 
bemutatása
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