
Вісник ХНАДУ, вип. 90, 2020 

 
144 

А  ЕХ Л Г  

 

 656.051               DOI: 10.30977/BUL.2219-5548.2020.90.0.144 

 

     

  Ь      

 

 . .
1
,  . .

1
,  . .

1
 

1
  -   

 

А і .      -  

 Vissim        

           

        , -

       .     

        . 

К і :  ,  ,  ,  

 ,  . 

 

 

   ’ -

   -

  ( )    

     

   є -

    

     

,     -

 ,    

    

 є   . 

   -

  ,     

,    ( ) 

,    є-
    -

  .   

    -

  ( )   -

    

 ,    -

. 

  є   

      

 ,     

      

       

 . 

    

,  є    -

  ( ), є  -

     . 

  є ,   

є     ,  

   є  -

 .    ,  є   

   -  

   -

  ( )  ,  -

   ( )  

 ( )    ( ). 

 ,    

    -

     є 
 . 

 

  

     -

     , 

    є  

  ,   

  .    

     

     

 .  є   -

     -

 ( )   ,  є 
      

. 

    -

     

   -

   ( )  -

   -

 ( ),     

    -

. 

  є    -

    -

 .    

,  « » ( ), « » ( -



Вісник ХНАДУ, вип. 90, 2020 145

), «  » ( ), « » 

( ), «TRAFFIC-SL» ( ), « -

» ( )  .  -

     

   є  

      -

,     

     . 

       

  13 : , , є , 

, , , , -

, , , є-
,    [1]. 

   ,  

    є 
   

 .   є ,  

  є  

    ,  

    є   

    -

 ,  є  

   , 

є   -

  є  . 

   -

     є -

       

,     -

.    ,  

є   ,   

 є    – -

,   .   

  ,   

   ,   

, ,    

   (    

) [2]. 

    

 є   -

     

,  є    -

 .   [3]   -

      

,     -

   ( )  -

 ( ). 

    -

,    -

 :  ,  -

  , -

    -

 ,   

     

  ,  -

  . 

    , 

      

 :  , -

  ( ),  -

       

      

 ,   

(   , ), -

    -

      , 

  (      

  , , -

 )    -

. 

 є   -

  ,   -

 ,   , -

,    .  

      

 , ,  

     . 

     

    -

   ,  є -

    -

  ’є    

    -

  . 

     

 є        

є       -

 ,  є  -

   .   

 є . ,  є  -

  ,  

  є  -

,   є   

    -

  ,   -

     ,  , 

     

 ,   -

     –  ,   

. 

     -

     

.  , 

  є   

    

, є    -

    

.   є    

  ,  є   -

    -

      -

  . 



Вісник ХНАДУ, вип. 90, 2020 

 
146 

    -

    -

 ,   -

      

    .  -

    -

  є    -

    . 

     

     ,  

  .  1958 . [4]. 

      

      -

    -

.     -

      

     є 
,    [4] 

є ,     -

 ,   -

   . 

      

   ,   

     

,   . 

    -

є     -

 є    

    ,  -

     -

 , ,  . 

    

     -

  [5],   

   « »,   

   . 

    є   -

 ,    -

     -

 : TRANSYT, Traffic Optimization 

Logic (TOL), Optimization Policies for Adap-

tive Control (OPAC), Controlled Optimization 

of Phases (COP), PASSER [6], MAXBAND 

[7], MULTIBAND [8].    

   [9],  є  

    є   

     [2].   

   ’є  

,     

 є      

 [10].   -

     -

      -

. 

  -

     -

   -

 ’є ,     

  є   -

 ,  є  

 ’є , є  TRANSYT [11].   

    

  .   

   є -

  є    -

 ,   є -

     

,  є «  »  

є      

 . TRANSYT є  

     є -

 ,  є є    

     . 

    -

     -

  є   -

     

  «  », 

 є     

     -

 [12].     -

 є  ,   -

    

  є  , -

  ,     

    ’   -

 ’є ,       

 . 

  ,  -

є      -

      

, є    -

     -

.      -

    

     

 [13]     -

 [14].     -

    -

    є 
     -

 . 

    -

  ’є  : 

TOL [15]; Microprocessor Optimized Vehicle 

Actuation (MOVA) [16]; OPAC [17]; COP [18] 

 .    -

    

  ,    -

 .    ,  

 ,  -

,      



Вісник ХНАДУ, вип. 90, 2020 147

 є    

    ,   -

    -

.      

   -

     

   .    

 ’   

     -

  . 

  є   

( )   -

,     -

 ,  є  -

     -

    

   [19].   є  -

        -

    -

     -

.   є   

     -

 .    є -

      

. 

    

   -

    ,   

.   -

      

     

     . 

   є: REALBAND 

[20];  Split, Cycle, and Offset Optimiza-

tion Technique (SCOOT) [9];  

MOTION [2],  є  

  є   

    -

  [21]; Sydney Coordinated Adap-

tive Traffic System (SCATS) [22],   

    -

  є    0,9;  Ur-

ban Traffic Optimization by Integrated Automa-

tion (UTOPIA),    

 є    

     

 [23]. 

     -

 ,     

   є     -

     

    

,    

 ’     

     .  

   є    

,   -

    . 

      

    ,  

     

 ’є    є 
    -

.   ,    

       

    

  –    -

  [24]     -

 [25],  [26]  -

    [27]. 

  є   -

 ,   Highway 

Capacity Manual (HCM) [27],  -

   є   

    

 ,    . 

   є  -

  ,  є  

є       -

.       

  є   

   , 

  є    -

       -

 ’   .    

    , 

 є    

     -

.  ,   -

       

   є   , 

  ,  є  

. 

  , є , 

,      -

   ,   -

   0,9 [4],  є 
     -

  ,    -

      

 .   ,  -

   є є      

   . 

   ,    

      

 ,    -

 ,    є  

   , -

   . 

    

    

      -



Вісник ХНАДУ, вип. 90, 2020 

 
148 

 ,   . 

 є   

   -

      

 0,9.    -

 .      

   [24]   

    . 

,    -

 ,    -

   -

   є   

є  .   

 є      

     

    ’     

     

       

   . 

 

   я 

    -

    

       

 ,  ґ  

    .  є 
     -

     -

  .  ,  -

    -

       -

       -

     -

   . 

’     

 є    , 

    . , 

    –  

 є     -

        

’є    . -

   є   

    . 

   є -

     –  

 ,   є 
 .    -

    -

,        -

 [27]. 

     

 є    ,  

       

 .     -

     -

   ,    

     -

    . -

     -

    -

    -

 .     

     

  є  , -

      

     -

   . 

,    ,  

     -

    : , 

     -

,  ,    -

  .   -

,   є     -

    , 

    -

 .    -

    ,  , 

     . 

      

 ,     -

      -

 . 

  є    -

      -

   ,   

     

 ,      

 .    

є       

 ,     

     .  

 є     

     

. 

      -

     –  

є .    -

   ,   

 – ,   ,   

    -

    ,  -

   ,    -

       

  . 

  ,    -

      , 

   ,  -

 , є  : 

– ,       

  ,  ,  -

  ’   ; 



Вісник ХНАДУ, вип. 90, 2020 149

–     ,   

,  ,   -

     

  ; 

– ,      

   ’ ,  ,  

    -

      ,  

 є     ; 

–     ’ ,  

 ,  ,  -

  ’   . 

     

     

 ,     

  є   є  

     -

.       -

     

     -

 ’   .  -

    

    -

     

  . 

 є    -

    ,   

      

’ .     -

      

    є  

    -

 ,  ,   

  ’   .   

    -

      

   .   

    

     ,  

є    -

  . 

 

 я  

    

  я я  

   -

    -

 .   . , 

   VISSIM,   -

   [28].   є  

    є , 

 є      

 ’є ,   є  

    -    

    -   

.      

      

 ’      . -

     -

  ’є .   -

 є     -

  . 

   [28]   

    -

     -

 : 

 

T

T
W

2

)1(2
3 




,  (1) 

 

 W  –     

     -

, ; T  –   

, 78T   [28]; T  –  -

     , 

60T   [28];   –    

    , -1; Δ – 

    , . 

     

,  ’      -

  є  ,  

  ’  [24].     

  , ’   -

     

.   є   -

    ,   

є      

.    (1) -

    -

    

 ,     -

 . 

  ,   -

 є    -

,      є 
 . є  

     -

,     -

,   . -

      

  W ,   -

 . 

    100  

      

 0,75  0,89,     -

   [28], 

    0,02. 

    10   

   .  -

,      

    0,745,  -



Вісник ХНАДУ, вип. 90, 2020 

 
150 

  ,   

   90  

( . 1). 

 
 1 –   

 

-

 

  

, 

. 

є, 
 

 

,  

0,748 2 25,4 0,113 

0,758 5 24,6 3,841 

0,769 8 26,8 4,641 

0,780 6 29,4 3,383 

0,791 16 29,2 10,942 

0,802 14 32,1 4,151 

0,813 8 35,2 4,231 

0,823 6 39,0 4,482 

0,834 12 36,0 7,792 

0,845 5 34,7 6,055 

0,856 7 36,3 6,016 

0,878 1 48,7 0,000 

 

    є 
      

 ,    -

   ,  

  : 

 
' 134,52 ρ 76,15W    ,              (2) 

 

 'W  –    -

     

   , ; ρ  – -

    ’   

. 

  (2)  є -

  ,  є   

  ( . 2). 

 
 2 –   

 (2) 

   

є   0,519 

є   0,270 

  6,623 

  

(  ) 
32,519 

   1,55 · 10-7 

t-  Y-  -4,002 

t-  є   

  5,703 

 

    -

   . 2,  -

 ’     

     

    -

      -

     -

.    є   

  (2),   є  

 ,    -

       

. 

    

 ’    -

      

  .  

    -

     

      -

  ,    

    -

   (1).  , -

    [24],   

   . 1. 

 

 
 

. 1.    

    (1) 

 

   -

     -

      

    

,      

,    . 

 є     0,813 

       

    -

      

,  є   

  «  ». 

 є   ,  -

     -

,   є   -

   .   



Вісник ХНАДУ, вип. 90, 2020 151

,         

    -

   ,    

  є   

  , -

    -

   є 
     -

   . 

 

 

   -

   -

   є -

  є     

   ,    -

    

  . 

     

      

є      

     -

     

  . 

    -

      

,  є   

 ,   -

 0,813,    -

     -

  ,     

. 

    

      

  є -

   є    -

    -

 .    -

  «  » є   

  . 

 

 
1.  . .   -

   -

  .  

  . 1998. № 2. 

. 17–22. 

2.  . .    

   : . 

: , 2012. 184 . 

3.  . .   

    -

 : . . . : 

05.22.01 /  . . . . -

, 2010. 

4. Webster F. V. Traffic Signal Settings. Road Re-

search Technical Paper No. 39. London: Depart-

ment of Scientific and Industrial Research, 1958. 

45 . 

5.  . .   -

  . : -

, 2005. 279 . 

6. Messer C. J., Whitson R. H., Dudek C. L., Roma-

no E. J. A Variable Sequence Multiphase Pro-

gression Optimization Program. Highway Re-

search Record 445: HRB, National Research 

Council. Washington, 1973, pp. 24–33. 

7. Little J., Kelson M. D., Gartner N. H. MAX-

BAND: A Program for Setting Signals on Arter-

ies and Triangular Networks. Transportation Re-

search Record 795: TRB, National Research 

Council. Washington, 1981, pp. 40–46. 

8. Gartner N. H., Assmann S. F., Lasaga F., 

Hou D. L. MULTIBAND – A Variable-

Bandwidth Arterial Progression Scheme. Trans-

portation Research Record 1287: TRB, National 

Research Council. Washington, 1990, pp. 212–

222. 

9. Hunt P. B., Robertson D. I., Bretherton R. D., 

Winton R. I. SCOOT – A Traffic Responsive 

Method of Coordinating Signals: Report TRRL 

1014. Crowthorne, Berkshire: Transport and 

Road Research Laboratory, 1981, 44 p. 

10.  .,  .   -

 / .  . .   . ; 

 . . . . . : 

 ( ), 2003. 540 . 

11. Robertson D. I. TRANSYT: A Traffic Network 

Study Tool: RRL Report LR 253. Crowthorne, 

Berkshire: Road Research Laboratory, 1969, 

37 p. 

12.  . .   

    . 

: , 2007. 104 . 

13. Darroch J. N., Newell G. F. Queues for a Vehi-

cle-Actuated Traffic Light. Operations Research. 

1964, vol. 12(6), pp. 882–895. 

14.  . .   -

-    -

 . -2014: XXII . 

   . 

( , 16–19  2014). :  

  . . .  

, 2014. C. 8864–8870. 

15. Bang K. L., Nilsson L. E. Optimal Control of 

Isolated Traffic Signals. IFAC Proceedings Vol-

umes. 1976, vol. 9(4), pp. 173–184. 

16. Vincent R. A., Peirce J.R. 'MOVA': Traffic Re-

sponsive, Self-Optimizing Signal Control for Iso-

lated Intersections: Research Report 170. 

Crowthorne, Berkshire: Transport and Road Re-

search Laboratory, 1988, 21 p. 

17. Gartner N. H., Pooran F. J., Andrews C. M. Im-

plementation and Field Testing of the OPAC 

Adaptive Control Strategy in RT-TRACS. Proc. 

of 81st Annual Meeting of the TRB. 2002, 

pp. 148–156. 



Вісник ХНАДУ, вип. 90, 2020 

 
152 

18. Sen S., Head K. L. Controlled Optimization of 

Phases at an Intersection. Transportation Science. 

1997, vol. 31(1), pp. 5–17. 

19.  . .,  . .  

   -

   -

  .   -

  . 2017, . 7(1). 

. 27–34. 

20. Dell'Olmo P., Mirchandani P. REALBAND: An 

Approach for Real-Time Coordination of Traffic 

Flows on Networks. Transportation Research 

Record, 1995, issue 1494, pp. 106–116. 

21.  . .,  . .,  . . 

    -

     -

. -  « » 

2014, № 2(21).  02TVN214 (11 c). 

22. Lowrie P. R. The Sydney Coordinated Adaptive 

Traffic System (SCATS) – Principles, Methodol-

ogy, Algorithms. Proc. of the IEE Int. Conf. on 

Road Traffic Signalling (London, 30 March – 

1 April, 1982). London, 1982. pp. 67–70. 

23. Martin P. T., Hockaday S. SCOOT – An Update. 

ITE Journal. 1995, vol. 65(1), pp. 44–48. 

24. Webster F. V., Cobbe B. M. Traffic Signals. 

London: HMSQ, 1966. 111 p. 

25. Canadian Capacity Guide for Signalized Intersec-

tions. Ottawa: Institute of Transportation Engi-

neers, 2008. 232 p. 

26. Akcelik R. An assessment of the Highway Ca-

pacity Manual 2010 roundabout capacity model. 

Proc. of TRB Int. Roundabout Conf. (Carmel, 

18–20 May, 2011). Carmel, 2011. 11 p. URL: 

http://www.sidrasolutions.com/documents/trbrouc

onf2011_akcelik_hcm2010_paper.pdf (Last ac-

cessed 06.05.2020). 

27. Highway Capacity Manual. Washington: TRB, 

2010. 1134 p. 

28.  . .,  . ., 

 . .     -

     

  . А -

 . 2019, № 44. . 30–39. 

 

References 
1. Rejcen E. A. (1998) Gradostroytel'nye osnovy 

postroenyja avtomatyzyrovannyh system uprav-

lenyja dorozhnym dvyzhenyem [Urban planning 

basics of building the automated traffic control 

systems]. Urban planning and spatial planning, 

2. [in Russian]. 

2. Vlasov A. A. (2012). Adaptyvn e systemy uprav-

lenyja dorozhnym dvyzhenyem v gorodah [Adap-

tive traffic management systems in cities]. Penza: 

PSUAB. [in Russian]. 

3. Pytaleva O. A. (2010). Obosnovanye parametrov 

marshrutnoj sety gorodskogo nazemnogo passa-

zhyrskogo transporta [Justification of the parame-

ters of the route network of urban land passenger 

transport] (Ph.D.). MSTU. [in Russian]. 

4. Webster F. V. (1958). Traffic Signal Settings. 

London: Department of Scientific and Industrial 

Research, 45 . 

5. Kremenec Ju. A. (2005). Tehnycheskye sredstva 

organyzacyy dorozhnogo dvyzhenyja [Technical 

means of traffic management]. Moscow: Akade-

mknyga. [in Russian]. 

6. Messer C. J., Whitson R. H., Dudek C. L., Roma-

no E. J. (1973). A Variable Sequence Multiphase 

Progression Optimization Program. Highway Re-

search Record, 445. 

7. Little J., Kelson M. D., Gartner N. H. (1981). 

MAXBAND: A Program for Setting Signals on 

Arteries and Triangular Networks. Transportation 

Research Record, 795. 

8. Gartner N. H., Assmann S. F., Lasaga F., 

Hou D. L. (1990). MULTIBAND – A Variable-

Bandwidth Arterial Progression Scheme. Trans-

portation Research Record, 1287. 

9. Hunt P. B., Robertson D. I., Bretherton R. D., 

Winton R. I. (1981). SCOOT – A Traffic Respon-

sive Method of Coordinating Signals. 

Crowthorne, Berkshire: Transport and Road Re-

search Laboratory. 

10. Przhybyl P., Svytek M. (2003). Telematyka na 

transporte [Transport telematics]. Moscow: MA-

HU (STU). [in Russian]. 

11. Robertson D. I. (1969). TRANSYT: A Traffic 

Network Study Tool. Crowthorne, Berkshire: 

Road Research Laboratory. 

12. Petrov V. V. (2007). Avtomatyzyrovannye sys-

temy upravlenyja dorozhnym dvyzhenyem v go-

rodah [Automated traffic control systems in cit-

ies]. Omsk: SibAHU. [in Russian]. 

13. Darroch J. N., Newell G. F. (1964). Queues for a 

Vehicle-Actuated Traffic Light. Operations Re-

search, 12(6). 

14. Tytov A. Ju. (2014). Sravnytel'nyj analyz appa-

ratno-programmnyh sredstv upravlenyja dorozh-

nym dvyzhenyem [Comparative analysis of hard-

ware and software for traffic control]. ARMMI-

2014. Proceedings of the All-Russian Meeting on 

Management Issues. 

15. Bang K. L., Nilsson L. E. (1976). Optimal Con-

trol of Isolated Traffic Signals. IFAC Proceedings 

Volumes, 9(4). 

16. Vincent R. A., Peirce J. R. (1988). 'MOVA': 

Traffic Responsive, Self-Optimizing Signal Con-

trol for Isolated Intersections. Crowthorne, Berk-

shire: Transport and Road Research Laboratory. 

17. Gartner N. H., Pooran F. J., Andrews C. M. 

(2002). Implementation and Field Testing of the 

OPAC Adaptive Control Strategy in RT-TRACS. 

Proc. of 81st Annual Meeting of the TRB. 

18. Sen S., Head K. L. (1997). Controlled Optimiza-

tion of Phases at an Intersection. Transportation 

Science, 31(1). 

19. Rakhmangulov A. N., Lamakina M. G. (2017). 

Vybor napravlenyja sovershenstvovanyja system 

svetofornogo regulyrovanyja transportnyh 

potokov v gorodah [Selecting the direction of im-

proving the traffic light system of urban traffic 



Вісник ХНАДУ, вип. 90, 2020 153

flows management]. Modern Problems of Russian 

Transport Complex, 7(1). [in Russian]. 

20. Dell'Olmo P., Mirchandani P. (1995). 

REALBAND: An Approach for Real-Time Coor-

dination of Traffic Flows on Networks. Transpor-

tation Research Record, 1494. 

21. Vlasov A. A., Orlov N. A., Chushkyna K. A. 

(2014). Metodyka rascheta rezhymov rabot  

svetofornyh obektov v uslovyjah nasyshhennogo 

dvyzhenyja [Design procedure of traffic light sig-

nals in the conditions of the saturated movement]. 

Naukovedenie, 2(21). [in Russian]. 

22. Lowrie P. R. (1982). The Sydney Coordinated 

Adaptive Traffic System (SCATS) – Principles, 

Methodology, Algorithms. Proc. of the IEE Int. 

Conf. on Road Traffic Signalling. 

23. Martin P. T., Hockaday S. (1995). SCOOT – An 

Update. ITE Journal, 65(1). 

24. Webster F. V., Cobbe B. M. (1966). Traffic Sig-

nals. London: HMSQ. 

25. Canadian Capacity Guide for Signalized Intersec-

tions. (2008). Ottawa: Institute of Transportation 

Engineers. 

26. Akcelik R. (2011). An assessment of the High-

way Capacity Manual 2010 roundabout capacity 

model. Proc. of TRB Int. Roundabout Conf. 

URL:http://www.sidrasolutions.com/documents/tr

brouconf2011_akcelik_hcm2010_paper.pdf (Last 

accessed 06.05.2020). 

27. Highway Capacity Manual. (2010). Washington: 

TRB. 

28. Horbachov P., Makarichev A., Shevchenko V. 

(2019). Otsinka zatrymok rukhu na rehulovanykh 

perekhrestiakh miskykh vulyts iz tryfaznym 

tsyklom rehuliuvannia [Estimation of delay at 

signalized intersections of urban streets with a 

three-phase signal]. Automobile transport, 44. [in 

Ukrainian]. 

 

  , . . ., , 

 .    , 

gorbachov.pf@gmail.com, . +38 050-303-26-22, 

  , . . ., 

,      

, stas_svichinsky@ukr.net,  

. +38 050-609-00-00, 

  , , 

.    , 

vvshevchenko.25@gmail.com,  

. +38 093-886-96-59. 

 

  я  

    

   

 

А . .    

-      -

     -

     

   

      

  ,    

  . 

     

    -

      

    

     

     

   . 

Ц .    -

      

 . М . 

     

     

    

    -

  ,  -

      

  . . 

   -

      

      

   -

 ,    -

  ,   . 

.    -

    -

     -

 ,    -

     

.  .  

      

     

  .   

   -

      

     

    -

    -

. 

К  :  , 

 ,  , 

  ,  

. 

 

ё  ё  ё , . . ., , 

 .    

, gorbachov.pf@gmail.com,  

. +38 050-303-26-22, 

  , . . ., 

,  .    

, stas_svichinsky@ukr.net,  

. +38 050-609-00-00, 

  , , 

.    , 

vvshevchenko.25@gmail.com,  

. +38 093-886-96-59. 

 

Determining the maximum threshold of satura-

tion level for minor approaches to the arterial 

street with coordinated control 

Abstract. Problem. The congestions at the city road 

network in the conditions of the rapid growth of the 
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car fleet and traffic require increasing efficiency of 

existing network use due to the introduction of mod-

ern traffic control technologies including signal 

coordination. To develop a coordination plan it is 

necessary to have a notion about the maximum 

threshold of saturation level for minor approaches to 

the urban street with coordinated control and to test 

possibilities of the Webster formula in the assessment 

of vehicle delays at coordinated intersections. Pur-

pose. The purpose is determining the maximum satu-

ration rate for minor approaches to a street with 

coordinated control. Methodology. In the absence of 

accurate analytical estimate of the delay at a signal-

ized intersection, a simulation experiment with the 

terms of service as those commonly existing at the 

approaches to major urban streets became the main 

tool of study. Results. A comparison of the simulation 

experiment results with the calculations using analyt-

ical model allowed to highlight the transition to the 

strong growth of the experimental values of the vehi-

cle delay when they cease to reach the area lower 

than the analytical estimate. Novelty. For the first 

time, a quantitative assessment of the maximal per-

missible saturation level for minor approaches to the 

urban arterial street was obtained. The assessment is 

necessary to create a signal coordination plan on an 

arterial street. Practical value. A reliable basis for 

creating a new method for the development of signal 

coordination plan on the urban arterial street is 

made. It includes a detailed consideration of the 

distribution of traffic flows among the traffic direc-

tions and takes into account the maximum threshold 

of saturation level for minor approaches to the urban 

arterial street with coordinated control. 

Keywords: vehicle, signalized intersection, signal 

coordination, intersection occupancy rate, simulation 

model. 
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