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Development and Evaluation of Smart Roundabout Using
Connected Vehicle

ABSTRACT

Modern roundabouts referred to as relatively safer and more efficient traffic facility than the signalized intersections have been recently
deployed and operated and accordingly more research efforts to improve its safety and efficiency have been made so far. This paper
introduces a new traffic information system named as Smart Roundabout coupled with Connected Vehicle technique like
Vehicle-to-Roadside communication, which has not been attempted before and evaluates its performance with a microscopic
simulation model, VISSIM. The proposed system functions to collect driving information of circulating vehicles in the roundabout such
as location, speed, critical headway, etc. and help approaching vehicles decide whether to enter the roundabout with an on-board
equipment instrumented in the individual vehicle on the basis of calculated gap acceptance of interest. This new system is expected to
secure more safety and increase the capacity of the modern roundabout.
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Table 1. Traffic Safety Systems with V2V

System Concept
Emergency Stop Lamp Propagating urgent braking event to
Warning neighboring vehicles

Forward Collision . ..
Issuing message to warn forward collision

Warning
Intersection Movement | Issuing message to warn possible collision
Assist when entering intersection
Blind Spot and Lane | Issuing message when vehicles exist in the
Change Warning blind spot
Do Not Pass Warning Issuing message to warn that vehicles are on

the opposite direction when trying to pass

Propagating warning message to neighboring
Control Loss Warning |vehicles when losing control under emergent
situation
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Fig. 1. Distribution of Gap Acceptance Measured in the Field (PDF
and CDF)
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Fig. 3. VISSIM Network for Simulation Test
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Table 2. Parameters and its Values Used for Simulation Test

Parameter Value Note
Roundabout Geometry
Type Single-lane
Central Island Diameter 40m Roundabout Design Guide
Circulatory Roadway Width 4.5m Roundabout Design Guide
Speed of Entering Vehicle 25kph
Speed of Circulating Vehicle 25kph Roundabout Design Guide
Approach Roadway Length 300m Identical to all Approach Roadway
Roundabout Operation
Traffic Flow(vph) 300, 360, 450, 600, 900, 1800 Identical to all Approach Roadway
Vehicle Generation Headway(sec.) 12,10,8,6,4,2 Constant Headway for Entering Links
Critical Gap(sec.) 1,3,5,7,9,11, 13,15 Eastbound Approach Roadway
Turning Ratio 15% Left Turn, 15% Right Turn, 70% Through Identical to all Approach Roadway
Simulation Parameters
Simulation Time (sec.) 1000
No. of Scenarios 48 Traffic Flow * Critical Gap
No. of Simulation Runs 30 Runs for each Scenario Total 1540 Runs

200 1

150 -+

100 +

50
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1800 900 600 450 360 300 |9 !

Traffic Flow (vph) Critical Gap (sec.)

Fig. 4. Eastbound Number of Vehicles Entering Roundabout
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Table 3. Eastbound Number of Vehicles Entering Roundabout for each Case

Traffic Critical Gap(sec.)
Case #
Flow 1 3 5 7 9 11~15
1 52 50 0 0
2 13 14 23 3 0
300 vph
3 40 41 81 101 104
Sum 105 105 104 104 104
1 21 19 0 0 0
2 34 34 27 3 0
360 vph
3 66 68 93 117 120
Sum 121 121 121 120 120
1 49 36 0 0 0
2 53 55 43 6 0
450 vph
3 49 53 99 128 130
Same as
Sum 144 144 143 133 130 9
1 49 43 0 0 0 Second’s
2 68 70 53 3 0 Results
600 vph
3 66 69 106 118 117
Sum 182 182 159 121 117
1 63 51 0 0 0
2 38 40 28 3 0
900 vph
3 78 81 101 106 106
Sum 178 172 129 109 106
1 59 50 0 0 0
2 36 37 25 3 0
1800 vph
3 79 81 103 107 110
Sum 174 167 127 109 110
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