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The Challenge for ACN
(Automatic Crash Notification)

Need to Instantly & Automatically:

• Identify vehicles in serious crashes (1/100)

• Locate the vehicle with serious injuries

• Dispatch necessary EMS resources



What is the
URGENCY Algorithm?

• Uses crash scene or 
crash recorder data

• Estimates the risk of 
serious injury

URGENCY –
A Thermometer

for Trauma

http://dgl.microsoft.com/mgnsrv.dll?1,en,j0254474
http://dgl.microsoft.com/mgnsrv.dll?1,en,j0254474


Undiscovered Crashes Can Occur on 
Urban Roads

83 Year Old 
Grandmother

Wreck Hidden by 
Trees 

Undiscovered for 
Three DAYS!
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Application of Automatic Crash Notification



Need to Identify Crashes with
Serious Injuries

Need to Identify

Occult Injuries!

Occult Liver Injury!

Occupant Looks 

OK at Scene!



Identifying Crashes with Serious 
Injuries is Difficult



Annual Crashes and Casualties in US

All Crashes 27,000,000   100.0%

Police Crashes 6,300,000     23.0%

MAIS 2+ Crashes 250,000         0.9%

Urgent Crashes 80,000           0.3%

Fatal Crashes 42,000           0.2%
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Benefits of Identifying of Serious 
Injury Crashes (1/100)

• Optimize Application of Rescue Resources

• Prioritize Urgency of Response

• Identify Time Critical Injuries

• Reduce Time to Appropriate Treatment

• Save Lives



Medical Benefits of the
Urgency Algorithm

• To save lives & reduce 
disabilities

• To save time in -
– 911 decisions

– Field Triage decisions

– E R Diagnosis

– Critical Care Treatment

• To aid in detection of
– Time Critical Injuries

– Occult Injuries

The Golden Hour



Which Populations will Benefit?

Examine Fatally Injured

Time to Death



Distribution of Fatalities by
Time of Death
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Expected Changes in Time to Death

• Time 0-9 sec. (35%) – Expected to 
decrease with improved vehicle safety

• Time 10-90 sec. (33%) – Expected to 
increase, and with more occult injuries.

• Time 90+ sec. (32%) -Expected to increase, 
and with more occult injuries.

Increased Opportunities for ACN + URGENCY



Effect of EMS Arrival Time on the
Ability to Provide Hospital Treatment
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How does URGENCY Work?

• Predicts Probability of 
Serious Injury

• Based on Logistic 
Regression Analysis 
with Weighting Factors

• Applied to NASS Data

http://dgl.microsoft.com/mgnsrv.dll?1,en,j0254504
http://dgl.microsoft.com/mgnsrv.dll?1,en,j0254504


Injury Predictor Algorithm

Probability of  Injury (P) Using Logistic Regression 

Analysis with Weighting Factors

P = 1/[1+exp(-w)]

w = Ao + A1*Pred 1 + A2*Pred 2 + ......

Ao = Intercept

An= Coefficient

Pred n= Value of Predictor

Principle of Maximum Likelihood
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URGENCY  Predictors of Injury

• Delta V & Damage Location

• Rollover 

• Belt Use

• Single Vs. Multi-vehicle Crash

• Extent of Damage

• Ejection & Partial Ejection

• Entrapment

• Age & Gender

• Vehicle Weight



Illustrated Application to
Field Cases

• Frontal Crash

• Restrained Occupant with Air Bag

• 21 mph vehicle-to-vehicle crash 

• 2500 lb. Car

• 30 Year Old

• Male

• 6 Predictors

What is the probability of an MAIS 3 
Injury?



Urgency Variables (Partial)
Frontal Crash + 5 Predictors

Delta V, Mph 21

Air Bag + Belt Yes

Vehicle Weight, lb. 2500

Occupant Age 30

Occupant Gender Male



Urgency Presentation

10%-

90%-

50%-

Risk - 10%

Delta V, Mph 21

Air Bag + Belt Yes

Vehicle Weight, lb. 2500

Occupant Age 25

Occupant Gender Male

Prediction

Examine Higher Speed – 35 mph



Urgency Presentation

10%-

90%-

50%-

Risk - 53%

Delta V, Mph 35

Air Bag + Belt Yes

Vehicle Weight, lb. 2500

Occupant Age 25

Occupant Gender Male

Higher Delta-V
Prediction

Examine Older Occupant – 70 YO



Urgency Presentation

10%-

90%-

50%-

Risk - 85%

Delta V, Mph 35

Air Bag + Belt Yes

Vehicle Weight, lb. 2500

Occupant Age 70

Occupant Gender Male

Older Occupant Prediction

Examine Unrestrained Occupant



Urgency Presentation

10%-

90%-

50%-

Risk - 99%

Delta V, Mph 35

Air Bag + Belt No

Vehicle Weight, lb. 2500

Occupant Age 70

Occupant Gender Male

No Restraint Prediction



Validation of Urgency Algorithm

• Validation for Frontal Crashes with Air Bags 

• Reported at 19th ESV Conference

• Paper by Augenstein, and Digges 

• Accuracy using 4, 5, 6 and 7 Predictors



Baseline Predictors –
o Frontal Crashes

o Air Bag + Safety Belt 

+ 4 Predictors

• Delta-V

• Vehicle Weight

• Occupant Age

• Occupant Gender



Urgency Algorithm Accuracy
4 Predictors

Predictors No Injury AIS 3+ Injury

Baseline 52%                61%

(4 Predictors)
Percent Correct Predictions



Urgency Algorithm Accuracy
5 Predictors

Predictors No Injury AIS 3+ Injury

Baseline 52%                61%

Pole Crashes 59%                71%

Added Factor for Pole Crashes

Percent Correct Predictions



Urgency Algorithm Accuracy
6 Predictors

Predictors No Injury AIS 3+ Injury

Baseline 52%                61%

Pole Crashes 59%                71%

Multiple Impacts     73%                83%

Added Factor for Multiple Impact Crashes

Percent Correct Predictions



Urgency Algorithm Accuracy
7 Predictors

Predictors No Injury AIS 3+ Injury

Baseline 52%                61%

Pole Crashes 59%                71%

Multiple Impacts     73%                83%

Close-in Occupants 94%                95%

Added Factor for Close-in Occupants

Percent Correct Predictions



Sunmmary

Test Condition % of MAIS 3+
Injuries Predicted

• 4 Predictor URGENCY           61%
• 5 Predictor URGENCY 71%
• 6 Predictor URGENCY           83%
• 7 Predictor URGENCY           95%



Applications of ACN + URGENCY

NHTSA Field Operational Test

850 Vehicles

Erie County, New York State



Crash Locator Map from 
NHTSA ACN Field Operational Test



URGENCY Display from
NHTSA ACN Field Operational Test



Results of NHTSA ACN + URGENCY 
Field Operational Test

• The URGENCY Algorithm detected all but 
one minor AIS 1 (minor) Injury.

• The Crash Detection time averaged less 
than 1 minute, with none more than 2 min.

• Numerous deficiencies in the infrastructure 
were reported.



Conclusions

• URGENCY algorithm 
can be used to 
augment conventional 
Triage methods.

• Reduced time, and 
more accurate triage = 
lives saved.

• Extensions to alert 
EMS of specific occult 
injuries are possible.
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Many thanks to BMW 
for sponsoring this 

paper!!



The End

Questions?


