The Eastasouth Journal of Information System and Computer Science

Vol. 1, No. 01, August, pp. 279 - 287

Interface-Centric Leadership Framework for ADAS—Restraint
Applications Engineering and Vehicle Integration

Chethan Kanakuppe Siddegowda

ADAS Camera Engineering Development, Magna Electronics, Auburn Hills, Michigan, United States of

America

Article Info

ABSTRACT

Article history:

Received Aug, 2023
Revised Aug, 2023
Accepted Aug, 2023

Keywords:

ADAS;

Engineering Leadership;
Interface Management;
Occupant Restraint;
Pre-cash Safety;

System Engineering;
Vehicle Integration

The decisions that a vehicle makes regarding braking in case of a crash
are now determined by advanced driver assistance functions, which
are being fed by restraint systems. This connection fosters interfaces
which are not owned by any single functionality team. Preexisting
literature characterises sensors, functional safety, scenario testing, but
these are discussed separately, task structure and team coordination.
The paper suggests an interface centric leadership framework to ADAS
restraint applications engineering and vehicle integration. There are
four layers within the framework and they are interface identification,
interface ownership, interface verification and interface governance.
Two scoring functions rank interfaces by criticality and the ability of
the leaders to cover the critical set. A timing margin equation is used to
connect the decision of the leaders with the pre-crash window that is
provided to the restraint controller. The experiment conducted by the
study evaluated the framework using a program test with 42 interfaces
in three releases of the vehicle program. The experiment was between
a baseline team which was functional headed and a team which was
interface headed. The interface led team discovered 71 percent of its
integration defects prior to vehicle level test, as compared to 38 percent
of the baseline. The number of late interface changes decreased from 19
to 6. The average time interval closes an interface defect dropped to 8.1
days as compared to 14.2 days. Pre-crash timing margin increased to
63 ms as compared to 41 ms. Findings indicate that leadership
associated with interfaces enhances the quality of integrations as well
as restraint preparedness. The model provides engineering managers
with a direct approach to allocating responsibility and safeguarding
schedule differences.
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1. INTRODUCTION

The use of driver assistance systems
has become the norm in passenger cars.
According to sensor technologies reports,
sensor technologies have been prevalent in

market vehicles over 20 years following
extensive research and design and selection of
sensors is a primary consideration in system
design [1]. Survey of both hardware and
software technology also notes that the
primary roles of these systems are vision-
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based recognition and sensor fusion [2]. An
expanded analysis of autonomous driving
locates emergency braking within a level two
partial automation on a scale that processes
level 0 to level five [3].

The work of restraint engineers also
varies due to active safety functions. An
occupant safety study using active safety
systems considers the functions of braking
and warning as occupant protection functions
and not crash avoidance functions [4]. A
restraint controller now has to respond to a
demand of an ADAS function and the seat belt
hardware must be prepared with the crash
event.

This transition poses a leadership
issue. The majority of the vehicle programs
have teams of a functional type. The sensor
belongs to a perception team, deceleration to
a brake team, the belt and airbag is owned by
a restraint team and the seat by an interior
team. The signal which passes through an
emergency break decision to a belt
pretensioner traverses all the four teams. The
individual units are able to satisfy their needs
as the chain consisting of the whole chain
collapses. No one has the gap between the
teams.

This paper has three aims. The former
is to establish a leadership framework that
provides leadership ownership to interfaces.
The second objective is to conduct a program
experiment on the framework. The third
objective is to provide managers with specific
actions based on the results.

2. LITERATURE REVIEW
2.1 ADAS Technology and Architecture

A  summary of embedded
systems in ADAS gives comparison
levels of automation and indicates how
the electronics constituents of these
systems have to remain consistent and
safe [5]. Pedestrian emergency braking
design study increases a multi sensor
data fusion approach and compares it to
Euro NCAP situations demonstrating the
reliance of a single braking capability on
multiple data inputs [6]. Adaptive cruise
control, emergency braking,
departure warning and lane keeping are
listed as the primary ADAS control
functions of smart electric vehicles and it
is noted that the sensor fusion mitigates

lane

weaknesses of individual sensors [7].
The studies of architecture
demonstrate the locations of interfaces.
An example model study of a service-
automated
driving at level four puts the software
services on a central electrical and
electronic base and derives a system
specification based on the outcome [8].
Research on self-adaptive driver help
remarks that functional blocks can be
provided by various suppliers and only
give their interface, not their internal

oriented architecture to

code [9]. Figure 1 illustrates the signal
chain which is being analyzed in this
paper, through sensing to belt actuation.

Occupant
Sensing
Interior | 14 ‘Occupant sensing to
systems restraint controller’
11 ‘AEB decision Y 12 ‘Restraint
to restraint controller to belt
Camera and .| ADAS Function | controller’ | Restraint pretensioner’ | Belt
Radar Sensors (AEB Decision) | apasfunction | Control Unit |gestraint hardware| Pretensioner
A A
13 ‘Brake controller IS ‘Network gateway
to ADAS function’ between domains’
Chassis control Electrical architecture
Brake Network
Controller Gateway

Figure 1. ADAS sensing and braking decision signal chain, running to the restraint control
unit to the belt pretensioner, and are the owning team indicated at each interface
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2.2

2.3

Safety Assurance and Validation

The analysis of the work on the
automotive functional safety design
techniques, the work is divided into
analysis,  safety = guarantee,  cost
optimization and scheduling, and
indicates the next challenge as the new
standard on safety of the intended
functionality [10]. A survey of scenario-
based safety testing suggests a taxonomy
of the automated vehicle testing on
virtual traffic scenarios [11]. An analysis
of the X in the loop approach presents a
scheme of linking actual hardware,
simulation and a fifth-generation
connection link to validate [12].
Task Structure, Organization and
Leadership

Eppinger and colleagues apply a
matrix to indicate the sequence of design
tasks and the information flowing in and
out of tasks, and apply it to refactor tasks
and simplify the situation [13]. An
affiliation matrix is later used to map
product architecture into organizational

structure and this allows managers to get
an idea of how much communication is
required in some critical interfaces [14].
An interview study of an AUTOSAR
supplier chain (7 interviews with a Tier 2
supplier, 6 interviews with Tier 1 and
OEM employees) conducted in the
automotive industry discovered that
most communications issues were
caused by the specific requirements set
by one manufacturer [15]. One of the

studies in the area of automotive
requirements engineering indicates
organizational and communication

issues in multiple companies [16]. The
coordination resistance between the
coordination cost and project complexity
is found in a survey of 196 automotive
project managers where relationship-
based leadership undermines the impact
of organizational complexity [17].

Table 1 compares these studies and
provides a statement of the gap that this
paper will cover.

Table 1. Qualitative comparison of the existing published literature on ADAS technology,
safety assurance, task structure and leadership, and the gap each contributes toward restraint

integration
Study focus Main contribution Gap for ADAS restraint integration | Source
ADAS and automated driving Does not cover actuator side
Sensor technology . . [1]
reviews sensors readiness
Functional safety Teams develop approaches No leadersbip model for shared [10]
and trends of the future interfaces
Architecture Projects map éervices to a core | Dismisses ownership of interfaces by (8]
architecture team
Matri thod to order desi
Task structure atreme c;askos oraer destgn Not applicable to safety actuators [13]
Requirements Provides reports on supplier Checks requirements, not [15]
communication and OEM issues verification
Leadership Connecti?n cost. and None of the accountability of the [17]
complexity of links interface level

3. INTERFACE

CENTRIC

LEADERSHIP FRAMEWORK

The structure shifts the role of
leadership out of the role to the interface. The

four layers are presented in figure 2. The

identification of interfaces enumerates all
signals and physical connections in between

ADAS and restraint features. Each critical
interface has a single accountable leader with
interface ownership. Each interface has an
interface verification attached, which has a
test and timing budget. The results are
checked by the interface governance and sent
back to the owners.
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Interface Identification
List all ADAS to restraint signals and score criticality IC

v

Interface Ownership

One named owner per critical interface, coverage C

. 2

Test method and timing budget M

< Interface Verification

and defect data

Interface Governance

Vehicle integration results

Release gate, escalation and change review

Figure 2. Interfaces centric leadership model with identification, ownership, verification and
governance arrows with feedback that are directed to the owners

3.1 Interface Identification and Criticality
The team develops an interface
list based on the architecture and a task
list of the type employed by Eppinger
and colleagues. Table 2 demonstrates

interface classes that are employed in this
study. Every class has a signal set, a
possessing function and a common
failure.

Table 2. List of the five ADAS to restraint interface classes, including the signals they
transport, the owning function and the common failure each class causes

Interface class Signals carried Owning function Typical failure
AEB decision to Threat level, Time to collision, .
. Ve ADAS function Late or lost message
restraint controller braking request
Restraint
Activation level, force, . .
controller/belt . Restraint hardware Actuation delay
. release, time
pretensioner
Delay in requested
ADAS function to
Achieved deceleration profile Chassis control braking and achieved
brake controller .
braking
Occupant sensors Position of the seat, Buckle .
. L Interior systems Wrong occupant state

to restraint control position, occupant status

Domain-to-domain Time and priority of the Electrical .

. Bus load jitter

network gateway message architecture

Team then rates each interface
using critical rating. The interface
criticality index is defined as in equation

(D.

ICi = W1Fi + WZTL' + W3Si,
withw; +w, +wy =1 (D

In Equation (1), Fi is the
functional coupling of interface i and Tiis
the timing sensitivity of interface and Si

3.2

is the safety integrity weight of interface.
The three terms are in the range of 0-1.
The w1, w2 and ws used in the experiment
are 0.3, 0.3 and 0.4 respectively, as safety
integrity is riskiest.
Interface Ownership and Coverage

All interfaces that have high
criticality index have a single named
owner. The interface specification, the
right to stop a change and the verification
plan are held by the owner. Equation (2)
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is used to calculate the extent to which
the critical set is covered by the owners.

2o 1G

=% @

The value of oi in Equation (2) is
1 when interface i contains an owner

named by name and a verification plan
and 0 otherwise. Any value of C near 1
implies that leaders span practically all
key interfaces. The four layers are found
in the leadership positions that are listed
in Table 3.

Table 3. Roles of leadership within the model where each position lies, decision each position

makes and how it has to govern through evidence

Layer Leadership role Main decision Evidence produced
e . Which interfaces are considered Score of interface list and
Identification | Systems architect . o1
to be links criticality
Ownership Interface owner Receives or denies a change Signed specification
o Test procedure and timeline
Verification Test lead P Latency data test report
budget
Program . Coverage value and open
Governance . . Release gate and escalation .
integration lead defect list

4. TIMING AND VERIFICATION OF
THE RESTRAINT INTERFACE

The restraint controller has time to
prepare the belt prior to the crash. The timing
margin that an owner has to guard is defined
in equation (3).

M= Tavail - (Tcom + Tproc + Tact) (3)

In Equation (3), Tavai is the interval
between ADAS decision and the time the belt
needs to be ready Teom is the time spent
translating the message Tproc is the time spent
executing the restraint controller program
and Tax is the time needed to actuate the

pretensioner. M value that is positive,
indicates that the chain is able to maintain its
budget. Design work of emergency braking
already makes a braking decision dependent
on collision avoidance time, by a braking
model. The same argument is continued in
this paper in the restraint side.

Every interface class must have an
appropriate verification method. Table 4 is the
mapping of classes to methods and stages.
The mapping is based on the scenario-based
taxonomy of automated vehicle assessment
and X in the loop framework of validation.
The analysis and run-time checks are cross-
interface analyses available to support the use
of functional safety methods in the review.

Table 4. Verification methods that are associated with interface classes, and with stage of the
program, with the primary timing or amount of signal that a method checks

Interface class Verification method Program stage Quantity checked
AEB decision to restraint Software-in-the-loop . Order and content of a
o Early design
controller situations message
Restraint controller/belt Hardware in the loop Component L
. Actuation time
pretensioner bench release
ADAS function to brake Loop operations of Vehicle
popP . . . Achieved deceleration
controller vehicles integration
Occupant sensors to restraint Fault injection on the Component Fault management by
control bench release state
Domain-to-domain network . . . ..
A Network load simulation Early design Latency and jitter
gateway
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The verification flow of what the test
lead does on each interface is depicted in

Figure 3.
Interface Software in Hardware in Vehicle in
Specification | | theloop | | theloop | ,| theloop Helcase
(signed by (message 4 (actuation (achieved
owner) corgs(;\;r?n time) deceleration)

i Check timing margin
M greater than 0

Figure 3. Verification flow between interface specification and software in the loop, hardware in
the loop and vehicle in the loop verification to the governance gate

5. EXPERIMENTAL SETUP

contingent on how leaders dealt with

This case was an experiment that
involved the use of six teams and a virtual
vehicle program. These were the ADAS
perception, brake control, restraint control,
seat and belt hardware, electrical architecture
and vehicle integration. The program
consisted of 42 interfaces and three releases
that had a cycle of 12 weeks. The release
responsible took 48 scenario tests, on a
hardware in the loop bench, and vehicle level
integration tests.

There were two conditions in the
experiment. The state of the baseline was that
a lead to each function had its requirements,
and integration concerns were discussed in a
weekly meeting. Each interface possessing an
index of greater than 0.5, in the interface
centric condition was given a named owner in
Table 3 and the owner-controlled
specification,  verification and change
approval. The same team size, requirements
and the same test bench were utilized in both
conditions. The study held the test bench and
the staffing fixed so that only leadership
model varied across conditions. Both
conditions provided the list of interfaces in the
task matrix method. The work was based on
the discovery that the cost of coordination was

complexity within teams.

There were five measures captured in
the experiment. These were Equation (2)
leadership coverage, number of defects
identified during pre-vehicle level testing,
number of interface changes realized after
design freeze, interval to close an interface
defect on average and timing margin as in
Equation (3).

6. RESULTS

The rate of early detection which can
be used to compare the two conditions is
described in equation (4).

Dear
E = (—ly) x 100 (4)

total

Where Dealy and Dt refer to,
respectively, the number of interface defects
observed before level testing of vehicles and
the total number of interface defects in
Equation (4). The baseline team recorded 124
defects and discovered 47 of the defects early,
thus E = 38 percent. The interface led team
registered 79 defects and discovered 56 early
providing E = 71 percent. All measures are
reported in Table 5.

Table 5. The quantitative outcome of the baseline condition and interface centric condition in three

releases including the change in each measure

Measure Baseline Interface centric Change
Leadership coverage C 0.58 0.93 +0.35
Total interface defects 124 79 -36 percent
Early detection rate E 38 percent 71 percent +33 points

Vol. 1, No. 01, August, pp. 279 - 287



The Eastasouth Journal of Information System and Computer Science (ESISCS) a 285
Measure Baseline Interface centric Change
Defects at vehicle level 77 23 -70 percent
Late interface changes 19 6 —-68 percent
Mean closure time 14.2 days 8.1 days —43 percent
Total chain time T_com + T_proc + T_act 109 ms 87 ms —20 percent
Timing margin M with T_avail = 150 ms 41 ms 63 ms +22ms

When the time of closure when using
42 interfaces was compared with that of a
control by a paired t test, p was found to be
less than 0.01. The success increased with
every appearance. As demonstrated in Figure
4, the baseline team was able to identify 23

30
27
25

20

15 14

Number of Defects

10

Release 1

defects at the vehicle level in the third release
with the interface led team discovering 2
defects. The outcome in every release indicate
that the effect was not brought about by a
single remarkable cycle.

27
Baseline (function led)
B interface Centric
7
2
Release 2 Release 3

Vehicle Release

Figure 4. The interface defects reported in release 1, 2 and 3 with basis values of 27, 27 and 23 and
centric values of the interface 14, 7 and 2

Timing outcome is the most
important in restraint readiness. The base line
chain took 38 ms to communicate, 27 ms to
process and 44 ms to actuate. The user
interface led chain had 24 ms, 21 ms, and 42
ms. The majority of gains of transferring and
processing the messages were provided by
the owners, and the interfaces between teams
are located. The actuation time did not vary
much, due to the fact that it relies on hardware

that both states had in common.
7. DISCUSSION

The outcomes are in line with

previous studies in three aspects. First, the

matrix-based perspective on task structure
describes the reason why defects are
concentrated at the boundaries of the teams,
as information is flowing between the tasks,
which are owned by different teams. Second,
organization-architecture that it
requires critical interfaces to be planned to
communicate, which is provided by the
owner role. Third, automotive requirement
studies indicate that there are communication
issues throughout organizations, and the
signed specification provided in Table 3

reveals

provides owners with a focal point of
communication.
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The findings also contribute one
aspect that has not been discussed before.
Leadership research is done on teams and
project managers, and this experiment
demonstrates an impact once the leadership is

attached to the interface. The relationship-
oriented leadership result implies that the
owners should have trust among the teams
and not authority. Table 6 makes the results
into management action.

Table 6. Management activities that are based on the experiment with the discovery that justifies
each activity, and also the anticipated impact on a restraint program

Finding

Management action

Expected effect

Coverage rose from 0.58 to 0.93

Assign an owner to each interface
whose criticality exceeds that

Fewer unowned gaps

Early detection was increased to 71

Complete fund software and bench
percent testing prior to vehicle testing

Lower late rework

The number of changes and their late
variations dropped from 19 to 6

Provide owners the ability to
discontinue a change

Stable design freeze

Margin increased to 63 ms from 41 ms

Assign a time budget to each interface

Belted up in advance
of the crash

There are limitations in the study. The
experiment involved one program model
comprising of six teams and a real program
has additional suppliers. Numbers in
Equation (1) were based on judgment and
should be calibrated with field data.
Experiment did not test crash injury results,
therefore, the correlations with occupant
injury is only an assumption on the basis of
the timing margin.

8. CONCLUSION

This paper suggested an interface
centric leadership model of ADAS restraint
applications  engineering and  vehicle
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