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Motivation

Image source: Vehicle as a Mobile Computing Platform
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Bermuda Image source: wikipedia

Motivation
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2.      AVBlackBox:
Short-term historical data
e.g., Insurance company
        AV developers 

1.      Computation Platform:
Long-term historical data
e.g., AV Developers
        3rd-party applications 

1. What and how much data will be 
generated by autonomous vehicles?

2. How to build storage system for 
autonomous vehicles? 
a. Write 
b. Read

3. How to store them?

Motivation
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Our Contribution

● Mathematical models for sensor data rates

● Comprehensive evaluation in multiple driving scenarios, e.g., city, rural area, and 
highway

● A storage solution – AVStore

○ The detailed storage requirement based on using platform and sensor sets

○ Storage system architecture in autonomous vehicle

HOTSTORAGE’24



5

● Problem Statement 

● Our Approach

● Evaluation Results 

● Discussion

Outline
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HydraU – An AV Platform
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Data Type

Vehicle Status:
CAN bus data

Environment:
Sensor data
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Sensor Data Model
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● CAN BUS Data
Maximum bit rate broadcast by each ECU is up to 1 million bits per second

● RGB Camera

● 3D LiDAR

● Radar

● GNSS

All parameters could be found in the product user-manual or datasheet

Parameters Explanation

H: horizontal number of pixels

V: vertical number of pixels

BPP: pixel bit depth

FPS: frame rate per second

N: number of returned points

B: bit depth per point

𝑓: scanning rate

N𝓹: the number of points that can be resolved 

within the radar’s field of view (FOV)

r
update

: the number of messages it generates 

per second

D: constant data size for each message
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Data Rate(byte/s) = 1 byte / 8 bit × H × V × BPP × FPS

H: horizontal number of pixels

V: vertical number of pixels

BPP: pixel bit depth

FPS: frame rate per second

• Example1: FL2-14S3M-C used in KITTI (4 cameras)
Data Rate = 1384 x 1032 x 12 x 15 / 8
                             = ~ 32MB/s = ~2.7TB/day

• Example2: Basler ace used in our platform (7 cameras)
Data Rate = 1920 x 1200 x 8 x 5 / 8
                             = 11.52MB/s = ~0.995TB/day

Frame 
Rate

Storage Space and 
Bandwidth needed

Resolution
Data Rate

Camera Model
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• CAN BUS Data
A controller area network (CAN) is a vehicle bus standard designed to enable 
efficient communication primarily between electronic control units (ECUs)
Classical CAN baud rate: up to 1 million bits per second between each ECU

Steering

CAN Hi

CAN Lo

Wheel Door

Send Accept Reject

Fig.1 CAN bus Fig.2 Experiment result

CAN Bus Data
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Data Rate (bytes/s) = N × B
   N: number of returned points     B: bit depth per point

• Data Format 
The LAS (LIDAR Aerial Survey) file format is a widely used binary file format designed 
to store 3D point cloud data collected by LiDAR.

• Example(Hesai Pandar 64, dual return mode
Data Rate = 2304000 × 26  = 59.904 𝑀𝐵/𝑠

LiDAR Model

HOTSTORAGE’24
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• Data Format: GPS NMEA 0183 Sentences, maximum length of each 
sentences is 82 characters/bytes (data bits=8)

• Example (OEM7 GNSS kit)
Topic: novatel/oem7/gps
Frequency: 50Hz
D: 394 bytes
Data Rate = 50 * 394 = 19.7 KB/s

Data Rate(bytes/s) = r
update

 × D (bytes) 

r
update

: the number of messages it generates per second

D: constant data size for each message

GPS Model

HOTSTORAGE’24

https://en.wikipedia.org/wiki/NMEA_0183
https://github.com/novatel/novatel_oem7_driver
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Radar Model
         Data Rate(byte/s) = 𝑓 × N𝓹 × B (bytes)

  𝑓 = 1 / CycleTime

  N𝓹 
= FOV Azimuth / Azimuth Resolution  ×  FOV Elevation / Elevation Resolution

𝑓: scanning rate

N𝓹: the number of points that can be resolved within the radar’s field of view (FOV)

B: bit depth per point

• Example: ARS430 record XYZ and density, point_step=16 bytes

HOTSTORAGE’24
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● Problem Statement 

● Our Approach

● Evaluation Results 

● Discussion

Outline
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Experiment Design
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• AV Platform: 
○ 2018 Lincoln MKZ
○ CAN bus: drive-by-wire system
○ LiDAR: 1 Hesai Pandar64 on top, 2 VLP-16 on side
○ Camera: 7 Basler ace facing with different directions
○ GNSS/GPS: 2 Novatel OEM7

• Evaluation scenarios:
○ rural area with 15 miles per hour (MPH)
○ rural area with 25 miles per hour (MPH)
○ urban with varying speeds
○ highway with varying speeds

Sensor data

CAN bus data
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Experiment Result - Sensors
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Sensor Error Mean Error Max

RGB Camera 0.962% 2.454%

GNSS 0.699% 1.319%

VLP 16 2.230% 3.734%

Pandar 64 0.203% 0.569%

Table 1 : Error for each sensor model.

Fig. 1 : Data rate for each sensor.
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Storage Requirement
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Vehicle Usage:
Average Driving Time in the US(AAA 2023 report): 60.2mins/day 

How do we store 
this huge streaming 
data onboard in 
real-time?
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https://aaafoundation.org/wp-content/uploads/2023/09/202309_2022-AAAFTS-American-Driving-Survey-Brief_v3.pdf


AVStore Architecture
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Authenticity
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An Example for Computational Storage
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Image source: autoware

Filter

Fix 
distortion

Downsampling

Clean Data
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● Problem Statement 

● Our Approach

● Evaluation Results 

● Discussion

Outline
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Discussion
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What is the data 
using characteristics 
and retrieval 
frequency?What data need to 

be collected?

Data duplication? Storing format?

Data compression? New structure?

Authenticity

HOTSTORAGE’24
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Recap and Future Work

● High Data Rate: sensor data rate could reach tens to hundreds of MB/s 
(for one)

● Context-agnostic: CAN bus data rate and sensor data rate are not 
influenced by driving speed or the environment

● Diversity: different sensor has a very different data format

● Opportunities: the upper-level applications do not use all raw data 
directly 🡪 context-aware sensing and storage

HOTSTORAGE’24



Thank you!
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yuxw@udel.edu

http://thecarlab.org 
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sensor pipe data.

Cybersecurity and Capacity Requirement for Data Storage 
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