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Auto++:Detecting Cars Using Embedded
Microphones in Real-Time

Sugang Li, Xiaoran Fan, Yanyong Zhang, Wade Trappe, Janne Lindqguvist,
Richard E. Howard
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Motivation
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Smartphone’
Zombie

J“Smombie” was chosen as the official
“Youth Word” in Germany in 2015
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STATUS UPDATE

JdiIn the U.S., A pedestrian was killed : e B ¥ i L
every two hours, and injured every 8 5 M R4 = b
minutes[1].
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Existing Solutions

) Infrastructure Support

DSRC, LIDAR & Camera Smartphone CV (Walksafe 12’)
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Potential Applications

JPedestrian Safety

JResidential Area Traffic monitoring

JEnriching Augmented Reality Game
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Challenges
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INo instantaneous cue for car’s presence

INo outstanding acoustic feature




RUTGERS WINLABES

Challenges
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Approaching Car Speech Steps
JThe nature of car sound JExisting acoustic techniques are not feasible
* Tire-pavement friction noise * Doppler Shift
* No obvious acoustic formant * MFCC
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Auto++ Design

Processing Window
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Direction Detection

Higher Pass Filter <

Cross-correlation
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Presence Detection : Top-right Frequency (TRF)

Power (dB)

(IFree space path-loss:

4nd

U Top-Right Frequency (TRF): Maximum Frequency Whose Power Reaches a Certain Threshold
TRF(n) = max{argmax;(S(n, f))}
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Presence Detection: Feature Extraction

_JEdge Detection

_1Edge Detection for TRF
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Auto++ Design
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Direction Estimation

WINLAB =

LITDoA estimation
* Cross-correlation function of 2 channel input

(F«@lel = ) flelglt +7]

t=—o0

* Find the lag with the maximum value

ISPL is sensitive to noise
* Trigger only if we detect a presence event
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Evaluation: Overview

JObjectives
* Presence detection’s timeliness & accuracy
* Direction detection’s accuracy

JWide range of test cars
* 7 models —sedan, SUV, electric car, sport car

JIVarious environments

* Parking lot, residential area, campus road, shopping
center
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Evaluation: Presence Detection
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ITimeliness
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v'Edge detection based algorithm outperforms the SPL baseline algorithm and the naive TRF algorithm

v'Electric car can be detected
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Evaluation: Presence Detection

1 Accuracy
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v'Auto++ is highly accurate in less crowded area MFCC-based
Results

v'Auto++ can still detect cars in challenged environment

v'Auto++ outperforms MFCC based solution
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Evaluation: Direction Detection

1 Accuracy
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v'The accuracy of direction detection is increasing as the car is getting closed

VIt is robust in various noisy environment
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Evaluation: Car Count

JError count

Standing Still
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v'Auto++ has low count error in suburban residential area

VIt is robust to user’s activity
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Prototype
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* Android + OpenCV ) | Edgepetector | et |
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) Memory and CPU usage profiling — e —
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Detected?

*  Memory does not exceed the OS pre-

|
[
allocated size — [ [ [

Audio Buffer

* Peak CPU usage is only 1.8%

Nexus 6/6P Nexus 6/6P Nexus 6/6P

(Idling) (Presence (Direction
Detection) Estimation)
Memory (MB) 36.4/32.8 36.4/32.8 36.4/32.8
CPU (%) 0/0 2/1.1 3.2/1.8
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Conclusion

JWe proposed Auto++, a vehicle sensing system that used off-the-self
smartphone microphones

JWe introduced a new feature (TRF) that catched the presence of a vehicle
timely and accurately

JWe proposed a edge detection based algorithm to extract traces robustly

JWe conducted comprehensive experiments to evaluate the performance of
Auto++’s presence detection, direction detection, and car counting.

JWe implemented Auto++ on Android platform and showed its feasibility as a
background service.
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Thank youl!

JQ&A




