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= Every automobile OEM is developing some features to make driving a
safe experience for their customers. To beat the competition, OEM’s
are trying to come up with new technologies at the earliest.

= Adaptive Cruise Control and Traffic Sign Recognition are such features
that help a car maintain its speed as per current road regulations.
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®As ADAS (Advanced Driving Assistance System) features are safety
critical, its validation becomes very important and time consuming.

®*To achieve this, quick, smart and robust validation methods are
required. One of such methods could be achieved by using MATLAB
database toolbox.

GPS (global positioning system)

ritral COmputer
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* To ensure the safety of the passengers, features like Traffic Sign
Recognition have to be error free, which needs rigorous testing.

* The distance travelled during these drives may range around a few
hundreds of thousands of kilometers. The maintenance and processing
of such a huge data becomes a difficult task.

* To analyze model behavior for a particular driving scenario like a turn
event inside city, a robust database searching tool is required.

= This is where we make use of MATLAB Database Toolbox.
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= To validate the feature performance, the first step is to observe test

drive videos offline, label their different attributes and store them on a
database server.

= This would leverage the benefits of relational database like easy
retrieval & updating of data, speed, and security.

= Later, the stored data can be compared with actual feature behavior.
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1. Data labelling of vehicle drive videos:

* Test drive videos are observed offline to record relevant information
in reference with the vehicle logged data.

* Here we make use of MATLAB Database Toolbox to establish a
connection to the server and write the ground truth data into the
database.
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2. Fetching the stored data from database:

* For validation of Simulink model of the feature, comparison of model
outputs and ground truth data is required.

* To achieve this, the required data from particular test drive is fetched
from database with the help of MATLAB Database Toolbox.

* Once the ground truth data is in MATLAB workspace, it can be easily
compared with Simulink model outputs.
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Ground truth data from Database Comparison Simulink Model logged output
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3. Exploring various driving scenarios:

 With the Database Explorer app, we can explore relational data
without writing any code. In future, MATLAB code can be generated
with simple SQL queries for automating the workflow which is a big

time saver.

*  For example, to search certain test drive files where vehicle has taken
an exit from motorway.
The results would then be exported to MATLAB workspace for further
analysis.
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= A MATLAB based GUI was developed to label the ground truth data of
test drives with respect to different attributes and the labelled data
was stored on a database server using Database toolbox.

* Another MATLAB based GUI was developed to search certain driving
scenarios from database. The search result was then exported to
MATLAB workspace where it was compared with model’s simulated
outputs.
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= When searching the scenarios using SQL queries was difficult, the
Database Explorer app helped us to search desired scenarios from
database with in-built selection options in the app.

DATABASE EXPLORER R0
@P d‘} (W) INNER JOIN ~ | admVideao.VidealD v| - - | admVideaGroundTruth.VidealD =i = i i Qy @ C")
(§ WHERE = | admVideoGroundTruth. Current SLML = | = = |50 + = (I | Mumeric I
Mew  Connect £l Structure Import  Preferences  Help
- - EE vk | -
_DA"A SOURCES 501 CRITERLA IMPORTED DATA IWM&FERENCM&P
Database Browser Data Preview
- 1000 of 41386 rows
-8 admConfigHeaders - VideolD  CreatedDate CountryCode  Current SL_M1  Current_NP_R1 CurrentTimieStamip
i85 sdmConfighalues 20[2017-06-30 11:5321.53 203 50 0 38.937] -
+1-H8 admVehicalCategory 20|2017-06-30 11:53:21.53 203 50 0 52.876
=N | 21[2017-06-30 1200:13.277 250 50| 0 3051
1 At 21(2017-06-30 12:00:13.217 250 50 0 2,234
¥ VideolD 21|2017-06-30 12:00:13.277 250 30| 0 33.056
7] VideoMame 21/2017-06-30 12:00:13.277 250 50 [ 36131
| Extension 21(2017-06-30 12:00:13.217 250 50 0 50.032]
| AreaCode E 21(2017-06-30 12:00:13.277 250 50 0 50.508]
I Location 21/2017-06-30 12:00:13.277 2% 50| 0 3499
| VideoDate 22(2017-06-30 12:06:37.1 250 50| 0 F)
] VideoTime 22(2017-06-30 12:06:37.1 250 50 0 18.234
] SequenceNo 22|2017-06-30 12:06:37.1 250 50 0 55.262|
| VideoDuration 23(2017-06-30 12:06:01.53 203 50 0 15.607]
| TotalErames 21/2017-06-30 12: 03 50| 0 19.427]
[] VehicallD 31/2017-06-30 12 203 50| 0 19.303
¥ CountryCode 31|2017-06-30 12:45:42.643 203 30/ 0 32,774
7] Day_of_the_Week 3112017-06-30 12:45:42.643 203 50| 0 37131
[¥] CrestedDate 31(2017-06-30 12:45:42.643 203 50 0 43,805
#-H admVideaCountry 31|2017-06-30 12:45:42.643 203 30/ 0 47.466)
I8 adm\VideoDataSign 31/2017-06-20 12:45:42.643 203 50 0 58,043
768 adeVideoEnvCondition 32(2017-06-30 12:56:20.293 203 50 0 15,281
=N: -} 32(2017-06-30 12:56:20.293 203 50 0 0120
I At 32/2017-06-30 12:56:20.293 203 50 0 46332
] GroundTruthiD 32(2017-06-30 12:56:20.293 203 50 0 549
[7] VideolD 32(2017-06-30 12:56:20.293 203 50 0 61.904|
V] CurrentTimeStamp 3312017-06-30 14:04:35 88 50 50| 0 0474
| "Current_SL_M1" 332017-06-30 14:04.35.83 250 50/ 0 5.135)
1 " Alternative SL M1* ~ 33/2017-06-30 14:04:35.88 250 50 ol 5.688] -
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(per video)

Activity Time taken without Time taken with
Database Toolbox Database Toolbox

Scenarios Search 30 min 2 min

Model comparison 4 min 2 min

(per mat file)

Data Labelling 2 min 1 min
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= While labelling the test drive videos, we need actual vehicle logged
data which is in .mat format. With the help of Database Toolbox, it
became possible to read .mat files, label ground truth data and write
the same into database server simultaneously in the same tool.

Test drive
Video (.mp4)

4 N

Vehicle logged | MATLAB based R Database
Data (.mat) data labelling tool Tables

/

Ground truth
Data entries
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= Additionally, the feature model under test is Simulink based. The
database toolbox helped us to import the ground truth data from
database server into the MATLAB workspace, which made validation of

the feature more convenient.

Scenario search Simulated model
/\‘ ) request ~ Outputs v
= i MATLAB based :mLAB
e Scenario search tool | 5,5und truth Workspace
> Y, data

Query result
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= Moreover, the searching of driving scenarios without writing complex
SQL queries became possible with the help of Database explorer app.
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admCenfigHeaders
admCenfigWalues
admVehicalCategory

[ AW

- W] VideolD

- W] VideoMame

« [7] Extension

- [7] AreaCode

- [ Location

- [[] VideoDate

- [7] VideoTime

- [] SequenceNo
- [7] VideoDuration
- [] TotalFrames
- [[] VehicallD

- [] CountryCode
- [ Day_of_the Week
- CreatedDate

admVideoCountry
admVidecDataSign
admVideoEnvCondition
admVideoGroundTruth
RoadTransition

() INMNER JOIN ~

admW¥ideo.VideoID

'|=

- | admV¥ideoGroundTruth.VideoID

(§ WHERE -

admVideoGroundTruth,"Current_SL_M1"

'|=

~ |50

gilll orDER BY *

admVideo VidealD

v | asc
' S0l CRITERIA

i |

Ease of intersecting different tables and ordering as per convenience

a

Maintenance of data in various tables

Option to import data in many formats

Viewing huge data in readable format

Cell Array
EE‘ Mumeric

- Structure Import
A 1L v -
IMPORTED DATA IMPORT
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VidecoID

CreatedCjpte

Current_SL_M1

Current_NP_M1

CurrentTimeStamp

VideoDuration

20{2017-06-30 11:53:21.53 50 0 38937 62.944
20{2017-06-30 11:53:21.53 50 0 52.876 62.944
21{2017-06-30 12:00:13.277 50 0 23.051 62883
21{2017-06-30 12:00:13.277 50 0 29.238 52.889”
21{2017-06-30 12:00:13.277 50 0 33.056 52.889”
21{2017-06-30 12:00:13.277 50 0 36131 52.889”
21{2017-06-30 12:00:13.277 50 0 50.032 62.889”
21{2017-06-30 12:00:13.277 50 0 60.598 62.889”
21{2017-06-30 12:00:13.277 50 0 3.599 62.889”
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