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Kérforgalmak célforgalmi
szamldalasa nehézkes

Emberi munkaerd

Draga technologia

Elavult szabdlyozds




MEGOLDAS

Automatikus keresztmetszeti szamldalds
(pl. hurokdetektor, |€zeres érzékelés)

Forduldsi rata becslése

Allapottér elméleti becslék
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Time step

Estimatian



Két helyszin

Délelbtti, délutdani mérések

Osszes irany
szamldldsa a hatékonysag
jellemezhetdsége vegett




Algebrai megolddsos eljards
Factored Survey eljards
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Biproporcionalis eljaras (BP)

BP korlatozdasok BP iterdcid k-adik Iépésben

np no

01=ZTU, D] =ZTl
j=1

i=1

BP kezdeti feltetelek

b]=1



KF becslés
£ (k) =A%k — 1)+ B(k — Du(k — 1)

Kalman-sziré (KF)

Kalman-sziré korldtozasokkal (cKF)

P~ (k) = AP(k — 1)AT +Q
oker KF konrekcis
Mozgd id&horizontU becslS Meres, ami y(k)-t szolgadltatja
G(k) =P (k)CT(CP~(k)CT +R)7?

x 1-3, 20-22 min

x 1-3, 18-20 min

%

o 5000 /N : 2(k) = 27 (k) + G(k) (y(k) — €2~ (K))
f f P(k) = (I = G(k)C)P~ (k)
) I |/ ki=k+1

o x 1-3, 22-24 min o X 1-3, 24-26 min
5 szigma =008 /1 ) | sgma=0.018 C K F korléto k kezelése
Z | ) %(k) = argmin,(x — 2(k)TW (x — 2(k))
0 / \ . / \ - ~ _ _ -1 ~
02 03 04 05 06 07 08 02 03 04 05 06 07 08 x(k) — x(k) — W 1A’£q (Aqu 1A£CI) (Aeqx(k) — Beq)




Kalman-szird korlatozasokkal (cKF) KF becslés
cKF-1 - W =1 (egységmatrix) X7 (k) = Ax(k =1 + B(k — Du(k — 1)
P~ (k) = AP(k — DAT
cKF-P — W = P(k)

x1-3, 18-20 min x 1-3, 20-22 min KF korrekcio Hangoldsi

i , : orome’rerek
% Mérés, ami y(k)-t szolgditatia "
a érték @

7 (k) = P~ (k)CT(CP~(k)CT
2~ (k) + G(k) (v (k) — Cx~ (k)
--4/;-.! ) 0.5‘ D: L L = (I ~ G(k)C)P (k)

k=k+1
X 1-3, 22-24 min x 1-3, 24-26 min

Szordsok
i 7 Csmama=00i> Sulymatrix

cKF koilatok kezeléese

A(k) — 2(k))

) (Ae qx(k) Beq)

0.3




Mean Absolute Error
(MAE)

Root Mean Square Error
(RMSE)

Mean Absolute
Percentege Error
(MAPE)

Symmetric Mean
Absolute Percentege
Error (SMAPE)




Hangoldasi
parameéterek
azonositasa
(Q és R matrix)

Q Mmatrix

R matrix rogzitése , .
valtoztatasa

Hibamutatok Hibamutatok
minimumhelyének rogzitése minden
beazonositdsa . futtatasndl

/

ldedlis Q/R ardny
meghatdrozdsa



Q/R=10" 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 -1 -2 -4 -5 -6 -7 -8 -9 -10
/1min MAE 0.1888 0.1888 0.1888 0.1888 0.1888 0.1838 0.1888 0.1888 0.1838 0.1888 0.1888 0.1888 0.1888 0.1888 0.1888 0.1888 0.1888 0.1888 0.1837 0.1836 0.1874 0.1784 = 0.1560 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% 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% 2438% 2438% 2438% 2438% 24.38% 24.38% 24.38% 24.38% 24.38% 24.37% 24.36% 24.19% 23.08% 19.73% 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 0.1224 0.1462 0.1538 0.1547 0.1548 0.1548 0.1548
MAPE  3851% 3851% 3851% 3851% 3851% 3851% 3851% 3851% 3851% 3851% 3851% 3851% 3851% 3851% 3851% 3851% 3851% 3851% 3851% 38.50% 38.42% 37.74% = 34.09% 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% 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 0.0930 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% 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% 14.64% 18.96% 20.32% 20.48% 20.50% 20.50% 20.50%

Q/R=10" 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 g 0.1431Q@ 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% M 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% 8 11.64% 14.46% 18.97% 20.32% 20.49% 20.50% 20.50% 20.50%

Q/R=10" 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% M 14.46% W 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%
C K F - P /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% J 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%




A vizsgalt modszerek MAE értékei a mintavételi
ido fuggvényében

/TMIN

mBP mKF BcKF-l ®cKF-P KE- /2MIN

Mintaveteli ido




EREDMENYEK

A vizsgalt modszerek performanciamutatoi

cKF-P(Kalman-sz0ré (5 perces mintavételi id6vel)
korladtozasokkal, W=P)

35% .
0.0742 32.51%

g
0.0670 0.0652

BP (biproporciondlis 0.0608

e eljards) - _—

30% 37,895

cKF-I (Kalman-szurd
korlatozasokkal, W=l)

° KF (Kalman-szUrd)

cKF-1  cKF-P - BP KF cKF-1  cKF-P




Korldtok kezelése — Pontosabb becslés

Nagyobb mintavételi idd — Pontosabb becslés

Allapottér elméleti becslék:

Hibrid megolddsi javaslat

e TObb napos automatikus mérés (lezeres érzekelés,
hurokdetektor)

e ROvid ideju kamerds felvétel (validalas, hangolds)



Mozgd iddhorizontu becslés alkalmazasa

Modszerek vizsgdlata mikroszimulacids kdrnyezetben
(PTV-Vissim)

* Modell validalasa
e KUIBNb 62O forgalmi helyzetek vizsgdlata

e Online becslés megvaldsitasa — gyakorlati alkalmazhatosag
bemutatdsa
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