
T R A F F I C  F L O W  T H E O R Y  

 

 

L E C T U R E  - 2 0  

CIVL - 7904/8904 



Measurements with 
Presence of Detectors 
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Single Detector System-Time Headway 

 A number of microscopic flow characteristics can be 
obtained. 

ℎ𝑛+1 = 𝑡𝑜𝑛 𝑛+1 − 𝑡𝑜𝑛 𝑛 
 
Where, 
h-> time headway in seconds 
ton-> Time instant that vehicle is detected 



Single Detector System-Vehicle Occupancy 

 Vehicle occupancy can be determined as  

𝑡𝑜𝑐𝑐 𝑛 = 𝑡𝑜𝑓𝑓 𝑛
− 𝑡𝑜𝑛 𝑛 

𝑡𝑜𝑐𝑐 𝑛+1 = 𝑡𝑜𝑓𝑓 𝑛+1
− 𝑡𝑜𝑛 𝑛+1 

 
 
Where, 
tocc is the individual occupancy time (sec) 



Single Detector System-Vehicle Speed 

 Vehicle occupancy time is a function of  

 Vehicle speed,  

 Vehicle length 

 Detection zone length 

𝑥 𝑛=
𝐿𝑛+𝐿𝐷

𝑡𝑜𝑐𝑐 𝑛
  𝑎𝑛𝑑  𝑥 𝑛 + 1=

𝐿𝑛+1+𝐿𝐷

𝑡𝑜𝑐𝑐 𝑛+1
 

 
Where,  
𝑥 𝑛-> Speed of the vehicle (feet/sec) 
𝐿𝑛-> vehicle length (feet) 
𝐿𝐷->detection zone length (feet) 

 
 
 



Single Detector System-Calibration 

 With specific sensitivity adjustment setting, the 
detection zone length is constant and can 
numerically be determined through calibration 

 If all vehicles passing over the detector have 
approximately the same length, then vehicle speed 
can be defined as  

𝑥 𝑛=
𝐾

𝑡𝑜𝑐𝑐 𝑛
  𝑎𝑛𝑑  𝑥 𝑛 + 1=

𝐾

𝑡𝑜𝑐𝑐 𝑛+1
 

 
Where,  
𝐾-> constant representing average vehicle length 
detection zone (ft) 

 
 



Single Detector System-Distance Headway 

 Distance headway can be determined with vehicle 
speed and time headway as follows 

 

 

 

 The accuracy of this estimation is dependent on the  

 Assumed constant vehicle length 

 The constant speed of vehicle n during the time period of  

𝑡𝑜𝑛 𝑛 and 𝑡𝑜𝑛 𝑛+1 

𝑥 𝑛=
𝑥 𝑛− 𝑥 𝑛+1

ℎ 𝑛+1
 

Or 
𝑥 𝑛 − 𝑥 𝑛+1 = 𝑥 𝑛 ℎ 𝑛+1 



Nomograph Estimation 

 See Figure 6.13 



Macroscopic Flow Characteristics-Flow rate 

 Flow rate can be estimated as following 

𝑞 =
3600

1
𝑁 − 1  ℎ𝑛

𝑁
𝑛=𝑛+1

 

 

𝑞 =
 𝛿𝑇
𝑡=0

𝑇
 

 
Where, 
𝛿->change is detector signal from state 0 to 1 
T-> time period during detector signal change count  (hours) 
 



Macroscopic Flow Characteristics-Speed 

 Average traffic speed (time mean speed) at a point 
can be obtained by averaging the individual vehicle 
speeds:  
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Macroscopic Flow Characteristics-% Occupancy 

 % occupancy time is a surrogate for density and is 
obtained as follows: 

 

 

% occ = 
 𝑡𝑜𝑐𝑐 𝑛
𝑁
𝑛=1

𝑇
× 100 

 
% occ = percent occupancy time 
N= Number of vehicles detected in time period T 
T = selected time period 



Measurements with Two Detectors 



Two Detectors: Speed 

 The assumption of a known constant vehicle length 
can be ignored.  

 If two closely-spaced detectors are employed 

 
𝑥 𝑛=

𝐷

𝑡𝑜𝑛 𝑛 𝐵− 𝑡𝑜𝑛 𝑛 𝐴
 

 

𝑥 𝑛 + 1=
𝐷

𝑡𝑜𝑛 𝑛+1 𝐵 − 𝑡𝑜𝑛 𝑛+1 𝐴
 

 
Where,  
𝐷-> distance from the upstream edge of the detection zone A to the 
upstream edge of the detection zone B 

 
 



Two Detectors: Length of Vehicle 

𝐿𝑛 𝐴=𝑥 𝑛 𝑡𝑜𝑐𝑐 𝑛 𝐴 − 𝐿𝐷 𝐴 
 

or 
𝐿𝑛 𝐵=𝑥 𝑛 𝑡𝑜𝑐𝑐 𝑛 𝐵 − 𝐿𝐷 𝐵 

 
 

𝐿𝑛+1 𝐴=𝑥 𝑛 + 1 𝑡𝑜𝑐𝑐 𝑛+1 𝐴 − 𝐿𝐷 𝐴 
or 

𝐿𝑛+1 𝐵=𝑥 𝑛 + 1 𝑡𝑜𝑐𝑐 𝑛+1 𝐵 − 𝐿𝐷 𝐵 
 

 



Two Detectors: Distance Headway 

𝑥 𝑛 − 𝑥 𝑛+1 = ℎ𝑛+1 𝐴 𝑥 𝑛 
 
or 
 
𝑥 𝑛 − 𝑥 𝑛+1 = ℎ𝑛+1 𝐵 𝑥 𝑛 

 



Shock Wave Analysis 



What is Shock Wave? 

 Flow-speed-density changes over space and time. 

 When these changes of state occur a boundary is 
established that demarks the time-space domain of 
one flow from another -> 

 This boundary is referred as a shock wave 

 Alternatively, shock waves are defined as boundary 
conditions in the time-space domain that demark a 
discontinuity in flow-density conditions. 



Shock Wave – Examples (1) 

 In some situation shock wave can be very mild  

 Ex- a platoon of high speed vehicles catching up to a  slightly 
slowing moving vehicles 

 In other situations shock waves can be very 
significant 

 Ex-High speed vehicles approach a queue of stopped vehicles 

 



Shock Wave – Examples (2) 

 Shock waves can be formed because of  
 Traffic crashes 

 Reduction in number of lanes 

 Restricted bridge size 

 Work zones 

 Signal turning red 

 These situations are related to cases where capacity 
on the highway suddenly changes, with changes in 
 Density 

 Flow  

 Speed 



Analogy to Fluid Flow 

Weir 
Backwater 

When the capacity of the weir opening is smaller than the upstream 
flow, what would happen? 

Backwater is created. This is like a queue created upstream of a 
bottleneck.  The tail of the queue moves upstream until the upstream 
in flow and the outflow from the opening become equal. This 
phenomenon is called “shock wave.”  So, the formation of queue 
upstream of a bottleneck is like the formation of backwater caused by 
a weir. 



Fundamental Diagram of Shock Wave 
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Shock Wave from Flow Conservation 
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Stopping waves (like “stopped at the red light”) 
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Starting Waves (like “leaving the stop line given green light) 
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Examples and Relationship with Real Life 

 





 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 


