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are approximated by the first differential quotients using central three-point first
differences in the directions of spatial coordinates. In general, the numerical
results are in good agreement with the measured data from [2].

2. GENERAL TRAFFIC MANAGEMENT INFERENCES

On the basis of the performed simulations, we deduce the traffic management
inferences. In general, some vehicular traffic and hydrodynamical parameters
influence the solutions of optimization problems 01-06, but not all of them.

R1. The direction of velocity of air mixture is important. The optimal
pollutant concentrations for both the single canyon and the canyon with its two
substitute nearest neighbour canyons, 03, 06, are the lowest ones if the velocity
components of the boundary and the initial value problems are equal to zero;
further, they are grater if the velocity has only nonzero vertical component v;
then, they are greater if velocity has only nonzero z-component vg; further, they
are again greater if the velocity has two nonzero components (0,vy,v,); next,
they are again greater if the velocity has three nonzero components (vz, vy, 2);
finally, they are the greatest if the velocity has only nonzero y-component vy
(compare Tables 1, 2). From Tables 1, 2, we infer that in case R1.6, the optimal

Table 1. Optimal solutions of problems 03, 06, for different velocities of mixture at
temperature TH = 293.16 [K].

[ CASE R1.1 | R1.2 | R1.3 | R1.4 |

UNIFORM 0 0 0 0
yL [m] 0 0 0 0

yR [m] 0 0 0 0
VX [B] 1 0 0 0
VY [&] 0 1 0 1
vz [ 0 0 1 1
LON 1 1 1 1
RON 1 1 1 1

Cic sl | 4500000e+01 | 4.500000e+01 | 4.500000e+01 | 4.500000e+01
Cjcls] | 6.000000e+01 | 6.000000e-+01 | 6.000000e+01 | 6.000000e+01
gic[s] | 1.000000e+01 | 1.000000e+01 | 1.000000e+01 | 1.000000e-+01
gic[s] | 4.000000e+01 | 4.000000e+01 | 4.000000e+01 | 4.000000e-01
Fg ls) 0.000000e--00 | 0.000000e--00 | 0.000000e+00 | 0.000000e-+00
J& [kgs] | 8.017253¢+05 | 1.342831e+06 | 7.515981e+05 | 1.301977¢+06

Cr Cext [s| | 3.000000e+01 | 3.000000e+01 3.000000e+01 | 3.000000e+01
C3 cext [S] | 4.500000e+01 | 4.500000e+01 3.000000e+01 | 4.500000e+01
95 Cext [s] | 1.000000e-+01 | 1.000000e+01 1.000000e+01 | 1.000000e+01
95 Coext [S] | 2.500000e+-01 | 2.500000e+01 | 2.500000e+01 2.500000e+01
F& ext [8] 0.000000e+00 | 0.000000e+00 | 0.000000e4-00 | 0.000000e+00
JG oxt, [kgs] | 8.027054e+05 | 1.343811e+06 7.525782e+05 | 1.302958e+06
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green time g ¢ is different from other cases. It means that velocity of the mixture
influences optimal vectors of control. The values of traffic parameters for Tables 1,
2, are given in Table 3, and the parameters of simulation are presented in Table 4.

Table 2. Optimal solutions of problems 03, 06, for different velocities of mixture at
temperature TH = 293.16 [K] (continuation of Table 1).

[ CASE I R1.5 l R1.6 ]
UNIFORM 0 0
yL [m] 0 0
yR [m] 0 0
Wikl | o i
vz [ 0 1
LON 1 1
RON 1 1
Cl',c [S] 4.500000e+01 | 4.500000e+01
Cicls] | 6.000000e+01 | 6.000000e-+01
gic[sl | 1.000000e+01 | 1.000000e+01
gio s | 4.000000e+01 | 3.250000e+01
F5[s] | 0.000000e+00 | 0.000000e-+-00
J5 [hgs] | 7.515922e-+05 | 1.332875¢-+06
C: coe 5] | 3.000000e+01 | 3.000000e-+01
Cj.con [s] | 4.500000e+01 | 4.500000e+01
9} Goexs 5] | 1.000000e+01 | 1.000000e-01
03 crext 5] | 2.500000e+01 | 2.500000e-+01
F&oe [s] | 0.000000+00 | 0.000000e-+00
T kg 5] | 7.525723¢+05 | 1.333855¢+06

Table 3. Values of maximum free flow speed, jam, saturation, threshold, green, and red
vehicular densities for VT = 4 types of vehicles for UNIFORM = 0 for Tables 1, 2, 5, 6.

| vt

o

vt sat [

kut threshold [

kvt,RED

o

kvt,GREEN [%]

[¥eh)

3

4.891500e—02
2.717500e—02
1.500000e—02
3.000000e—-03

5.869800e—02
3.261000e—02
1.800000e—02
3.600000e—03

6.848100e—02
3.804500e—02
2.100000e—02
4.200000e—03

2 3 4
Wot,s (2] 6.705500e+00 | 8.046600e+00 | 9.387700e-+00 | 1.072880e+01
Rl [",';h] 5.435000e—02 | 6.522000e—02 | 7.609000e—02 | 8.696000e—02

7.826400e—02
4.348000e—02
2.400000e—-02
4.800000e—03

R2. The optimal values for cases 01, 04, for cases 02, 05, and for cases 03,
06, decrease with “uniformization” of the vehicles, when we pass from nonuniform
vehicles UNIFORM = 0 to uniform ones UNIFORM = 1. It is a result of
reduction of the number of vehicles moving in the canyon. For UNIFORM = 1
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the values of maximum free flow speed, jam, saturation, threshold, green, and
red densities reach the minimal values [3].

Table 4. Values of simulation parameters for Tables 1, 2, 5, 6, and for CASE = R9.1 of

Table 7.

VT 4

nL 2

TR 2

CT =Ng -1 3
a [m] 4.680000e-+02
b [m] 4.400000e+01
¢ [m] 2.000000e+01
Ts [s] 6.000000e+01
0z [m] 4.680000e-+01
8, [m] 8.800000e+-00
8. [m] 4.000000e+00
8¢ [s] 4.800000e-+00
éc, [s] 1.500000e+-01
de, [s] 1.500000e+01
8y, [s] 7.500000e+-00
g ] 7.500000e+-00
Or [s] 7.500000e+00
C1,min [s] 3.000000e-+01
C2,min 3] 3.000000e+01
C1,min [s] 1.000000e+01
C2,min [8] 1.000000e+-01
Fain-[s] 0.000000e+00
C1,max [s] 6.000000e-+01
C2,max [8] 6.000000e-+01
g1,0rth [8] 1.500000e+01
g2,0rth [8] 1.500000e+01

R3. The long vehicular queues decrease the total travel times 01, 04, and
they increase both the optimal emissions 02, 05, and optimal concentrations of
pollutants 03, 06 [3]. The decrement of total travel times 01, 04, with long
vehicular queues is a result of clustering of the vehicles.

R4. The constant of temperature scale TH does not differentiate the values
of optimal concentrations of pollutants 03, 06 in the temperature range near
standard temperature and pressure STP conditions. However, it diminishes them
even hundredfold for very high temperatures (compare Table 5). The values
of traffic parameters for Table [5] are given in Table 3, and the parameters of
simulation are presented in Table 4.
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Table 5. Optimal solutions of problems 01, 02, 03, 04, 05, 06, with different temperature

scales TH.
[ CASE | R4.1 | R4.2 ] R4.3 | R4.4 |
| TH [K] [ 293.16 | 273.16 ] 1.000000e+10 | 1.000000e+08 ]
UNIFORM 0 0 0 0
yL [m] 0 0 0 0
yR [m] 0 0 0 0
VX [3] 1 1 1 1
LON 1 1 1 1
RON 1 1 1 1
Clrrr [s] 6.000000e+01 | 6.000000e+01 | 6.000000e+01 | 6.000000e+01
C3 rrr [s] 6.000000e+01 | 6.000000e+01 | 6.000000e+01 | 6.000000e+01
91,17 [8] 4.000000e+01 | 4.000000e+01 | 4.000000e+01 | 4.000000e+01
g5, [s] 4.000000e+01 | 4.000000e+01 | 4.000000e+01 | 4.000000e+01
Firr [s] 0.000000e+-00 | 0.000000e+00 | 0.000000e+00 | 0.000000e+00
Jior [veh- s] 1.039254e+05 | 1.039254e+05 | 1.039254e+05 | 1.039254e+-05
Cie ls] 4.500000e+-01 | 4.500000e+01 | 4.500000e+01 | 4.500000e+01
Csr [s] 6.000000e+-01 | 6.000000e+01 | 6.000000e+01 | 6.000000e+01
9 ls] 1.000000e+01 | 1.000000e+01 | 1.000000e+01 | 1.000000e+01
95,5 [s] 3.250000e+01 | 3.250000e+01 | 3.250000e+01 | 3.250000e+01
Fg [s] 0.000000e+00 | 0.000000e+00 | 0.000000e+00 | 0.000000e+00
Jg [kg] 7.434836e—01 | 7.434836e—01 | 7.434836e—01 | 7.434836e—01
Ciclsl 4.500000e+-01 | 4.500000e+01 | 4.500000e+01 | 4.500000e+01
Csc [s] 6.000000e+01 | 6.000000e+01 | 6.000000e+01 | 6.000000e+01
91,c ls] 1.000000e+-01 | 1.000000e+01 | 1.000000e+-01 | 1.000000e+01
95.c [s] 4.000000e+01 | 4.000000e+01 | 4.000000e+01 | 4.000000e+01
F¢ [s] 0.000000e+00 | 0.000000e+00 | 0.000000e+00 | 0.000000e+00
J& [kg: s] 8.017253e+05 | 8.017253e+05 | 1.375833e+03 | 7.068254e+05
Cl 117 ext 8] 6.000000e+-01 | 6.000000e+01 | 6.000000e+01 | 6.000000e+01
C3. T, ext [S] 6.000000e+01 | 6.000000e+01 | 6.000000e+01 | 6.000000e+01
91,7TT,ext [S] 4.000000e+01 | 4.000000e+01 | 4.000000e+01 | 4.000000e+01
93, TTT,ext [S] 4.000000e+01 | 4.000000e+01 | 4.000000e+01 | 4.000000e+01
Fipp ext [8] 0.000000e+-00 | 0.000000e+00 | 0.000000e+00 | 0.000000e-+00
JTrT,ext [veh: s8] | 1.510210e+05 | 1.510210e+05 | 1.510210e+05 | 1.510210e+05
Cl g ext [5] 3.000000e+01 | 3.000000e+01 | 3.000000e+01 | 3.000000e+01
C3 B ext [5] 4.500000e+01 | 4.500000e+01 | 4.500000e+01 | 4.500000e+01
91,E,ext [] 1.000000e+-01 | 1.000000e+01 | 1.000000e+01 | 1.000000e+01
93,E,ext [S] 2.500000e+-01 | 2.500000e+01 | 2.500000e+01 | 2.500000e-+01
Fg exs [5] 0.000000e+00 | 0.000000e+01 | 0.000000e+00 | 0.000000e+01 |,
JE ext [kg] 2.956799¢+00 | 2.956799e+00 | 2.956799e+00 | 2.956799e-+00
Cl.cext [8] 3.000000e+-01 | 3.000000e+01 | 3.000000e+01 | 3.000000e+01
C3 .0 ext 18] 4.500000e+01 | 4.500000e+01 | 4.500000e+01 | 4.500000e+01
91,C,ext [] 1.000000e+01 | 1.000000e+01 | 1.000000e+01 | 1.000000e+01
95,C,ext [5] 2.500000e+01 | 2.500000e+01 | 2.500000e+01 | 2.500000e+01
FG ext [8] 0.000000e+-00 | 0.000000e+00 | 0.000000e+00 | 0.000000e+00
J3,ext [10°kg- s] | 8.027054e+05 | 8.027054e+05 | 2.355926e+03 | 7.078055e+05
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R5. The functional form of initial and boundary conditions affects the op-
tima. If they are constant, then optimal concentrations 03, 06, are two times
higher than in the case when they are changing exponentially in space in three di-
mensions (compare Table 6). The index FORM = CONSTANT corresponds to
constant initial and boundary conditions, whereas FORM = EXPONENTIAL
corresponds to the spatially exponentially changing initial and boundary con-
ditions. For the latter case, we chose the following functional form of initial

conditions: the temperature is equal to Tp(z,y, 2,t) = exp (-—EC— - % - E) TH,
a c

the only non-zero coordinates of velocities of mixture are the z-coordinates

and they are equal to vy o(z,y,2,t) = exp (—-Z— - = - —Z—) VX, the density is

po(z,y,2,t) = exp (—S - % - E) psTp- The boundary conditions B0-B8 are

similar. The values of traffic parameters for Table 6 are given in Table 3, and
the parameters of simulation are presented in Table 4.

R6. The presence of vehicles on both the left and right lanes is important.
The optimal total travel times and emissions are halved in absence of vehicles on
the left or right lanes when compared to situation when they circulate on both
the left and right lanes [3].

R7. The values of saturation, arrival, or jam vehicular density, and of vehic-
ular free flow velocities also affect the optima 01-06 [3].

R8. The assumption of energy conservation equation, of the thermodiffusion
effect, of the chemical potential and of the Grand Canonical ensemble, as well as of
influence of gravity on intrinsic energy and on the chemical potential, drastically
changes the optimal concentrations 03, 06, towards the measured ones |3, 4, 5].

R9. The value of time of simulation and of discretization in time considerably
affects the optima (compare Table 7 and [3]). The values of optimal solutions
01-06, increase from tenfold to hundredfold. Also the optimal vectors (5-tuples)
of control for 01-06, change their values. It is a result of cumulative effect of
length of the period of simulation T's on integral functionals F1-F6. The values of
traffic parameters for CASE = R9.1,R9.2, are given in Table 8. The parameters
of simulation for CASE = R9.1 are presented in Table 4, for CASE = R9.2 in
Table 9.

We use the following notation: yL = 0/yR = 0 means that the lengths of
all queues on the left/right lanes at the beginning were equal to zero, VX = 0 is
meant for zero initial and boundary velocity of mixture, while VX =1 is put for
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Table 6. Optimal solutions of problems 01, 02, 03, 04, 05, 06, with different initial and
boundary conditions for TH = 293.16 [K].

| CASE | R5.1 | R5.2 |
[ FORM | CONSTANT | EXPONENTIAL |
UNIFORM 0 0
yL [m] 0 0
yR [m] 0 0
VX 1 1
LON 1 1
RON 1 1
Crort | 6.000000e+01 | 6.000000e+01
Cs rrr [8] 6.000000e+-01 6.000000e+01
9t ) 4.000000e+01 | 4.000000e-+01
P 4.000000e+01 | 4.000000e+01
Fpor 8] 0.000000e+00 |  0.000000e-+-00
Jipr [veh- s| 1.039254e+05 1.039254e+-05
Cig s 4.500000e+-01 4.500000e+01
Csk [s] 6.000000e+01 6.000000e+01
ot e 8] 1.000000e+01 |  1.000000e-+01
g5k [s] 3.250000e+-01 3.250000e+01
Fy |s] 0.000000e+00 |  0.000000e-+00
Jg kgl 7.434836e—01 7.434836e—01
Cic s 4.500000e+-01 4.500000e-+01
C3c sl 6.000000e+-01 6.000000e+01
gic lsl 1.000000e+-01 | 1.000000e+01
g5.c [s] 4.000000e+-01 4.000000e+01
F¢& [s] 0.000000e+00 0.000000e+00
J5 [10°kg- 3] 8.017253 4.934016
Clrrrex [5] | 6.000000e+01 | 6.000000e+01
C3rrrext 5| | 6.000000e+01 | 6.000000e+01
91 TTT ext [5] 4.000000e+01 4.000000e-+01
G517 ext [] | 4.000000e+01 |  4.000000e-+01
Fiprox [s] | 0.000000e+00 |  0.000000e-+00
J3r.ex [veh- s] | 1.510210e+05 |  1.510210e+05
Clpex [8] | 3.000000e+01 | 3.000000e+01
Cipex [s] | 4.500000e+01 | 4.500000e+01
9} Bext 5] 1.000000e+01 | 1.000000e+01
95 .Bext [S] 2.500000e+-01 2.500000e+-01
Fg ext [8] 0.000000e+00 | 0.000000e+01
T3 exs [Kg] 2.956799e+00 |  2.956799e-+00
Ct cext [5] 3.000000e+01 3.000000e-+01
Cicoext [s] | 4.500000e+01 |  4.500000e+01
95 G.ext 18] 1.000000e-+01 | 1.000000e+01
95.C.ext 18] 2.500000e+-01 2.500000e+-01
F o [5] 0.000000e+00 | 0.000000e-+00
To.ons [10°kg- 5] | 8.027054 4.943817




440 M. DURAS

Table 7. Optimal solutions of problems 01, 02, 03, 04, 05, 06, with different times
of simulation T’s.

CASE R9.1 R9.2
Ts [s] 6.000000e+01 | 1.800000e-+03
UNIFORM 0 0
yL [m] 0 0
yR [m] 0 0
VX [2] 1 1
LON 1 1
RON 1 1
Cror |9 6.000000e+01 | 3.000000e-+01
Ot 8] 6.000000e+-01 | 3.000000e+01
9% orr sl 4.000000e+01 | 1.000000e+01
iy 2.500000e-+01 | 1.000000e-+01
Fior [8] 0.000000e--00 | 0.000000e+00
Jirr [veh: s] 4.352085e+04 | 6.250812e+-05
Ciz 9 4.500000e+01 | 1.425000e+02
Csk 8] 6.000000e+01 | 1.425000e-+02
g1 ls] 1.000000e+01 | 1.000000e+01
g Is] 4.000000e+01 | 4.750000e-+01
Fg [s] 7.5000000e+-00 | 9.375000e+01
Jg [kg] 5.617436e—02 | 1.947124e+01
Cic 9l 4.500000e+01 | 1.050000e-+02
Cic sl 6.000000e+01 | 1.425000e-+02
gl sl 1.000000e+01 | 1.000000e-+01
g sl 4.000000e+-01 | 1.000000e-+01
F4 [s] 0.000000e+00 | 0.000000e+00
J5 kg s] 8.017248¢+05 | 9.103424e+07
Ci rrro 18] | 6.000000e+01 | 3.000000e+01
Cjrrrex [s| | 4.500000e4+01 | 3.000000e+01
9T Toexs [] | 4.000000e+01 | 1.000000e-+01
g5 rrrex S| | 2:500000e+01 | 1.000000e-+01
Frorigeptsl 0.000000e+-00 | 0.000000e-+00
Jir7.e [veh: 5] | 5.080032e4+04 | 6.405641e+05
G ) 3.000000e+01 | 1.425000e+02
Chuua: bl 6.000000e+01 | 1.425000e-+02
o 1.000000e+01 | 1.000000e-+01
955 ext 5] 4.000000e+01 | 1.225000e+02
F e 8] 7.500000e+00 | 9.375000e-+01
T o [Ke] 2.197456e—01 | 2.120986e-+01
Cicont Bl 3.000000e+01 | 1.050000e+02
Cicent I8 | 6.000000e+01 | 6.750000e-+01
9% G.ext 8] 1.000000e+01 | 1.000000e-+01
9 cext 18] 4.000000e-+-01 | 1.000000e+01
Fé ot |8] 0.000000e-+00 | 1.875000e-+01
Jo .o [kg 5] | 8.027048e+05 | 9.103798e+07




























