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The San Diego Testbed facility comprises of a 22-mile stretch of interstate I-15 
freeway and the associated parallel arterials and extends from the interchange 
with SR 78 in the north to the interchange with SR-163 in the south.
The I-15 corridor operates with four or five general-purpose (GP) lanes per 
direction and a total of four express lanes from the Beethoven Drive Direct 
Access Ramp (DAR) to the southern extent of the model. The express lanes 
currently run with two northbound lanes and two southbound lanes and are free 
to vehicles travelling with two or more passengers in the car (High-Occupancy 
Vehicles, or HOVs); they also allow Single Occupancy Vehicles (SOV) to use 
the lanes for a fee, using a variable toll price scheme making them High 
Occupancy Tolled (HOT) lanes. In addition, it is possible to change the lane 
configuration of the express lanes with the use of barrier transfer (zipper) 
vehicles and the Reversible Lane Changing System (RLCS).
The entry to the GP lanes is managed during the morning and evening peak 
hours throughout the corridor by the Ramp Metering Information System (RMIS) 
that has localized ramp meters running the San Diego Ramp Metering System 
(SDRMS) algorithm.

INTRODUCTION METHODOLOGY
The United States Department of Transportation (USDOT) initiated the Active 
Transportation and Demand Management (ATDM) and the Dynamic Mobility 
Applications (DMA) programs to achieve transformative mobility, safety, and 
environmental benefits through enhanced, performance-driven operational 
practices in surface transportation systems management.
To explore a potential transformation in the transportation system’s 
performance, both programs require an Analysis, Modeling, and Simulation 
(AMS) capability to refine and integrate research concepts in virtual computer-
based simulation environments prior to field deployments.
San Diego was chosen as part of six simulation-based testbeds. Six ATDM 
strategies (Dynamic Lane Use, Dynamic Speed Limits, Dynamic Merge Control, 
Predictive Traveler Information, Dynamic High-Occupancy Vehicle 
(HOV)/Managed Lanes, and Dynamic Routing) and one DMA bundle (Intelligent 
Network Flow Optimization (INFLO), which includes Dynamic Speed 
Harmonization (SPD-HARM) and Cooperative Adaptive Cruise Control (CACC)) 
were tested using the microscopic simulation level in Aimsun, a multi-resolution 
traffic modeling platform.
This poster focuses on the results of the CACC evaluation. See the forthcoming 
San Diego Testbed Evaluation Report (FHWA-JPO-16-387) for the full results 
with all ATDM strategies and DMA applications.

TESTBED DESCRIPTION

AM1 experiences several localized bottlenecks along the corridor. Under this 
OC, CACC alone dilutes the speed drops, because of the propagation of the 
speed through the platoons. Additionally, it produces an increase of throughput 
and reduction of travel time, thanks to the shorter headway between the 
vehicles in the platoon.

AM2 experiences several localized bottlenecks along the corridor, more severe 
than AM1. Under this OC, CACC alone produces a more evident dilution of the 
speed drops, because of the propagation of the speed reduction through the 
platoons. However, being the bottlenecks more severe, the increase of 
throughput produced by shorter headways is not sufficient to dissipate them. 
This produces less acute speed drops, but over a longer segment.

At 50% penetration rate, there is friction between non-CVs, which may want to 
change lane to take an exit ramp or to overtake a platoon, and CVs, form 
platoons with short headways. For example, in the simulation snapshot below, 
the circled vehicle wants to get into the rightmost lane in order to take the 
following exit, but the CACC platoons don’t offer gaps that are long enough for 
lane-changing.

AM RESULTS CONCLUSIONS
• Most CACC algorithms available today only deal with car-following in a single 

lane and with an already formed platoon:
• Care should be taken in selecting the parameters of the CACC algorithm 

(for example, the gain coefficients of the controller logic, the target 
headway, the update frequency), as only some combinations produce a 
stable car-following regime.

• To produce tangible benefits in real-world conditions, CACC algorithms 
should deal also with other aspects of vehicle movement:
• Managing the transition (vehicle joining or leaving the platoon) is key to 

avoid instabilities.
• Managing the vehicle distribution across multiple lanes is key with 

multiple reserved lanes (higher penetration rates).
• Managing the length of the platoon is key with mixed traffic, to prevent 

blocking non-connected vehicles.
• Managing the lane changing is key to allow connected vehicles take the 

exit they need to take and to prevent blocking non-connected vehicles.
• CACC appears to be more effective in congested situations; when 

congestion is low, at some penetration rates even a slight reduction of traffic 
performance can be observed, because CACC platoons may cause an 
obstacle for non-connected vehicle that want to change lane, which may 
have to reduce their speed and look for a gap between platoons.

• Policy decisions, like the number of lanes that CACC platoons can utilize, 
and whether they are shared with non-connected vehicles, have a significant 
impact on the effectiveness of the technology.

• The results should not be taken as an evaluation of the impact of CACC 
technology in general, but only of one specific implementation, based on the 
algorithm described above.
• The developers of this technology should make it capable to deal with 

real and complex situations.
• Studies presenting results of evaluations should be clear about the 

assumptions made.
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The San Diego Testbed is one of the demonstration sites of the USDOT 
Integrated Corridor Management (ICM) initiative. The ICM microscopic traffic 
simulation model was used as the base for this evaluation.
The effect of CACC was evaluated under four real-world Operational Conditions 
(OC), which were selected among the results of a cluster analysis that was 
performed as part of the ICM Demonstration Evaluation project by taking into 
account days in which an incident occurred on I-15 and the ICM system 
deployed a response plan. Two OC cover the AM peak period (from 5 AM to 10 
AM), and two the PM peak period (from 2 PM to 7 PM), with incidents of 
different severity and different demand levels. As the I-15 corridor is a 
North/South corridor serving daily commuters to and from downtown San 
Diego, the analysis focused on the southbound direction for AM and on the the 
northbound for PM.
The table below shows a network-wide summary of the main traffic performance 
indicators in the base scenario under the four OCs.

The CACC algorithm described in the report “Design and evaluation of an 
Integrated Full-Range Speed Assistant”, prepared by TNO in 2007, was 
implemented as a custom car-following model in Aimsun via microSDK. This is 
the same base algorithm used in recent CACC studies performed by Leidos
and Turner-Fairbank Highway Research Center (TFHRC).
The algorithm is a feedback controller that computes the acceleration of a 
vehicle based on the speed and space difference with respect to the immediate 
preceding vehicle and the speed difference with respect to the preceding n
vehicles

Where:
• ev,i is the target speed difference with vehicle i
• ex,i is the target headway with vehicle i
• k1 and k2 are gain coefficients
The gain coefficients were set to 0.1 and 0.58, respectively, the number of 
preceding vehicles taken into account was set to 5 within a maximum distance 
of 100 m, and the target headway was set to 5 m. Preliminary tests showed that 
this combination of values produced stable platoons.
The algorithm doesn’t sets a limit to the platoon size: a platoon ends when the 
following vehicle is non-connected, or disengages CACC in preparation to 
leaving the reserved lanes to take an off-ramp.
The CACC was activated (instead of the default car-following algorithm) when a 
vehicle met the following conditions:
• It’s a Connected Vehicle 
• It’s driving on a lane where CACC is allowed
• It’s distant enough from the exit ramp it has to take
When CACC is activated, the vehicle is forced to comply strictly with the speed 
limit, and its reaction time is reduced.
The lanes in which CACC was allowed are a subset of the main lanes on I-15 
and were determined with sensitivity testing aimed at maximizing throughput:
• With 25% penetration rate, CVs must use the three leftmost lanes
• With 50% penetration rate, CVs must use the three leftmost lanes
• With 90% penetration rate, CVs have access to all five lanes
Note that non-CVs have also access to those lanes.
No specific lane selection logic was coded, but CVs driving on I-15 were forced 
to use one of the lanes on which CACC is allowed, which provided a 
mechanism that promoted the formation of platoons.

PM3 experiences severe congestion throughout the corridor. Under this OC, 
CACC alone shows a positive impact in terms of increase of throughput and 
reduction of travel time, even at the lower penetration rates.

PM4 experiences no significant congestion throughout the corridor. Under this 
OC, CACC adoption doesn’t improve significantly the traffic conditions. In fact, 
at 50% penetration rate the application seems to have a counterproductive 
effect at the left-side merge of SR-163 onto I-15; this is because CACC lanes 
were coded in the model to start after the merge, so at that location connected 
vehicles move to the leftmost lanes, which is where traffic from SR-163 enters, 
thus producing significant conflicts.

A comparison of the performance measures under different operational 
conditions and different penetration rates shows that CACC is more effective in 
congested situations: PM3, which has congestion distributed throughout the 
corridor, shows the highest increase of throughput and reduction of travel time, 
even at lower penetration rates.
When congestion is low, at some penetration rates even a slight reduction of 
traffic performance can be observed; this is because CACC platoons may 
cause an obstacle for non-connected vehicle that want to change lane, which 
may have to reduce their speed and look for a gap between platoons.
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OC 1 (AM1) OC 2 (AM2) OC 3 (PM3) OC 4 (PM4)
Vehicle Miles Travelled (mi) 2,320,947 2,304,353 2,518,604 2,302,897
Total Vehicle Travel Time (h) 61,946 61,509 76,531 57,547
Total Passenger Travel Time (h) 78,635 78,853 99,052 75,856
VMT/VHT (mi/h) 37.47 37.46 32.91 40.02
Total demand (veh) 335,913 337,476 417,671 350,066

SUMMARY


