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Driving Safety Performance Metrics for ADS

• Institute of Automated Mobility (Arizona):

• In 2020, proposed a taxonomy and an initial list of Metrics 
for Safety Assessment of ADS  

• Focused on the assessment of ADS-equipped vehicles safety, 
but useful in human-driven vehicles also

Black Box Metrics
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Minimum Safe 

Distance-Related
Universal

Traffic Engineering-
Related

Minimum Safe 
Distance Violation 

(MSDV)
Collision Incident (CI)

Time-to-Collision 
Violation (TTCV)

Human Traffic Control 
Detection Error Rate 

(HTCDER)

Proper Response 
Action (PRA)

Traffic Law Violation 
(TLV)

Modified Time-to-
Collision Violation 

(MTTCV)
ADS Active (ADSA)

Minimum Safe 
Distance Factor 

(MSDF)

Human Traffic Control 
Violation Rate 

(HTCVR)

Post-Encroachment 
Time Violation (PETV)

Achieved Behavioral 
Competency (ABC)

Aggressive Driving 
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https://www.sae.org/publications/technical-papers/content/2020-01-1206/

https://www.sae.org/publications/technical-papers/content/2020-01-1206/
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Purpose of this work

• Develop a methodology for calibration of MSD metric from Naturalistic driving 
data

• This methodology can help government and regulators set the desired level of 
risk defined by safety metrics like MSDV derived by real world data
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Formulation of Minimum Safe Distance Violation

𝑀𝑆𝐷𝑉′ = ൝1 𝑖𝑓 𝑑𝑙𝑎𝑡 < 𝑑𝑚𝑖𝑛
𝑙𝑎𝑡 ∧ 𝑑𝑙𝑜𝑛𝑔 < 𝑑𝑚𝑖𝑛

𝑙𝑜𝑛𝑔

0 𝑒𝑙𝑠𝑒

𝑀𝑆𝐷𝑉 = ቊ
1 𝑖𝑓 𝑀𝑆𝐷𝑉′ = 1 ∧ 𝑂𝑟𝑖𝑔𝑖𝑛𝑎𝑡𝑒𝑑 𝑏𝑦 𝐴𝑉
0 𝑒𝑙𝑠𝑒

Where:
𝑑𝑙𝑜𝑛𝑔: longitudinal distance between two vehicles and 𝑑𝑙𝑎𝑡: lateral distance between two vehicles

𝑑𝑚𝑖𝑛
𝑙𝑜𝑛𝑔

: minimum safe longitudinal distance between two vehicles and 𝑑𝑚𝑖𝑛
𝑙𝑎𝑡 : minimum safe lateral distance between two vehicles as defined by RSS model [1]:

[1] Shai Shalev-Shwartz, Shaked Shammah, Amnon Shashua, “On a Formal Model of Safe and Scalable Self-driving Cars”, 2017, https://arxiv.org/abs/1708.06374

𝑑𝑚𝑖𝑛
𝑙𝑜𝑛𝑔
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2𝑎𝑚𝑖𝑛,𝑑𝑒𝑐𝑒𝑙
−

𝑣𝑓
2

2𝑎𝑚𝑎𝑥,𝑑𝑒𝑐𝑒𝑙
+

𝑣𝑟 = velocity of the rear car

𝑣𝑓 = velocity of the front car

 = response time

𝐚𝐦𝐚𝐱,𝐚𝐜𝐜𝐞𝐥 = maximum acceleration of the rear car

𝐚𝐦𝐢𝐧,𝐛𝐫𝐚𝐤𝐞 = minimum braking of the rear car

𝐚𝐦𝐚𝐱,𝐛𝐫𝐚𝐤𝐞 = maximum braking of the front car

https://arxiv.org/abs/1708.06374
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Dataset

• LevelXData LA Freeways Dataset (US-based Data): https://www.levelxdata.com/drone-datasets/5-highd-usa.html

• 3 hours long, 2 different locations in Los Angeles freeways, +30,000 vehicles (car, truck, van, etc)

• Extracted car-following situations:
• Divided Safe Events (SE) and Safety-Critical Events (SCE)

• SCE where longitudinal acceleration ≤ −4 𝑚/𝑠2

• SCE accounted for 0.15% of cases 

https://www.levelxdata.com/drone-datasets/5-highd-usa.html
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Calibration Framework

argmin
𝜌,𝑎𝑚𝑎𝑥,𝑎𝑐𝑐𝑒𝑙,𝑎𝑚𝑖𝑛,𝑑𝑒𝑐𝑒𝑙,𝑎𝑚𝑎𝑥,𝑑𝑒𝑐𝑒𝑙

෍
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𝑛

෍

𝑡𝑖0

𝑡𝑖𝑓

|𝑑𝑖 𝑡 − 𝑑𝑖−𝑅𝑆𝑆 𝑡 |

𝑑𝑅𝑆𝑆,𝑆𝐸 𝑡 ≥ 𝑑𝑆𝐶𝐸 𝑡
𝑑𝑅𝑆𝑆,𝑆𝐶𝐸 𝑡 ≤ 𝑑𝑆𝐸(𝑡)

NDS

Safe Events
1,…,n 

Method 1 
Parameters

Safety Critical 
Events
n+1,…,m 

Method 2 
Parameters

𝑑𝑅𝑆𝑆,𝑆𝐸

𝑑𝑅𝑆𝑆,𝑆𝐶𝐸

𝑡𝑖0: start frame of vehicle 𝑖; 𝑡𝑖𝑓: end time/frame of vehicle 𝑖; 𝑑𝑖 𝑡 : headway distance to the preceding vehicle at time 𝑡; 𝑑𝑖−𝑅𝑆𝑆 𝑡 : RSS distance at time 𝑡. 

Solved with GA with 
non-linear constraints  
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Experimental Results

• Parameters’ boundaries:

• Optimization Results
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Validation of Results

• Validating Method 1 results in complete dataset

Changing 𝜌= 1.92s to  𝜌= 0.5s*

*Assumed AV response time
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Key Takeaways & Future Work

• Takeaways:
• Developed a novel methodology to calibrate a safety metric based on Naturalistic driving data without 

having to focus on safety critical events (rare)

• Initially validated in US-based data

• Well calibrated metrics like MSDV can be then used to identify dangerous situations and shape theway
we define scenarios for validating AVs

• Future Work:
• Expand validation with other datasets

• Expand the validation to other types of driving situations (not only car-following)
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