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How to Derive the Autonomous Driving Function Level of
Unmanned Ground Vehicles
- Focusing on Defense Robots -
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ABSTRACT

This paper is a study on the method to derive the functional level required for autonomous unmanned ground
vehicle, one of the defense robots. Conventional weapon systems are not significantly affected by the operating
environment, while defense robots exhibit different performance depending on the operating environment, even if
they are on the same platform. If the performance of defense robot is different depending on operational
environment, results of mission performance will be vary significantly. Therefore, it is necessary to clarify the
level of function required by the military in order to research and develop most optimal defense robots. In this
thesis, we propose a method to derive the required function level of unmanned ground vehicles, focusing on
autonomous driving, one of the most vital functions of defense robots. Our results showed that the autonomous
driving function depending intervention levels and evaluated functional sensitivity for autonomous driving of the

unmanned vehicle using climate and topography as variables.
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Table 1. Autonomous vehicle standard J3016
Executio
SAE n of | Monitori pl;?fl-(l)l:;f:n System
level Narrative Definition St‘:‘er'l'('l"g dl:'%v:r)lt;g ce of capz;]blht
() accelerat | environ | 9 3331"0 (Driving
ion/decel | ment task 2 | ‘modes)
eration
Human driver monitors the driving environment
0 the full-time performance by the human driver of all aspects of the Human | Human Human
(No dynamic driving task, even when enhanced by warning or U u W N/A
Automa | . . driver driver driver
tion) | intervention systems
1 the driving mode-specific execution by a driver assistance system of Human Some
(Driver |either steering or acceleration/deceleration using information about the driver & Human Human drivin
Assistan | driving environment and with the expectation that the human driver svstem driver driver mo deg
ce) |perform all remaining aspects of the dynamic driving task Y
2 the driving mode-specific execution by one or more driver assistance Some
(Partial |systems of both steering and acceleration/ deceleration using information System Human Human drivin
Automa | about the driving environment and with the expectation that the human| >Y driver driver o deg
tion) | driver perform all remaining aspects of the dynamic driving task
Automated driving system (“system”) monitors the driving environment
3 |the driving mode-specific performance by an automated driving system Human Some
(?glndlA?lo of all aspects of the dynamic driving task with the expectation that the | System | System driver driving
tomation) human driver will respond appropriately to a request to intervene mode
H“‘ b the driving mode-specific performance by an automated driving Some
A(mggm o | system of all aspects of the dynamic driving task, even if a human| System | System System | driving
tion) driver does not respond appropriately to a request to intervene mode
511 the full-time performance by an automated driving system of all All
Afﬁgma aspects of the dynamic driving task under all roadway and| System | System System driving
tion) |environmental conditions that can be managed by a human drive mode
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Table 2. US Army Unmanned Ground Vehicle Autonomy Level
Observation
Level Description Perception / Situation| Decision Making Capability Example
Awareness
Remote operation in
Remote camera images relatively simple . .
1 Remote Control viewed by operator None stationary Basic teleoperation
environments
Remote Control Local pose, dash-board Remote operation in Teleoperate with
5 wjvehicle State sensors, and depth Basic health and relatively complex | operator knowledge of
Knowled image display for vehicle state reporting stationary geometry of
nowledge operator environments environment
Pre-planned path,
3 Pre-Planned mission or | INS/GPS waypoints, Qgincomggdgg Basic path following retro- traverse, or
retro-traverse collision avoidance lanfle d vath with operator help operator waypoint
P P selection
On-board processing of | Perception of simple | Negotiation of simple | Robust leader follower Follow foot soldiers on
4 . . . road march or easy
sensory images surfaces and shapes environment with operator help
cross-country
Simple obstacle Local perception and Real-time path Basic cross country Cross country with
5 detection and avoidance map database planning based on semi- autonomous frequent operator
P hazard estimation navigation intervention
Complex obstacle Perception and world Planning and Cross country with Cross country in
6 | detection and avoidance, | model representation of | negotiation of complex | obstacle negotiation complex terrain with
terrain analysis local environment terrain and objects | with some operator help | limited intervention
Movi . Local Sensor fusion Robust planning and . Cross country in
oving object - L P Cross country with A
. . with a priori maps of |negotiation of Complex e complex terrain with
detection and tracking, . . obstacle negotiation s
7 on-road and off-road road network, Terrain, Environmental with some operator full mobility speed
‘ drivi representation of Conditions, hazards hel with limited
autonomous driving moving objects and objects cp intervention
Cooperative operations, Rfeal—tlme fus1lon of data Advanced based on Rapid efgectlve 4 On(iroad operlauons
8 convoy, intersections Tom external SOUTCES, | . oq data from other | SXecution of on-roa uncer norma. roa
> traffi ’ broad knowledge of il hicl driving tasks with conditions with little
on- coming trattic rules of the road stmiiar vehicles minimal operator input supervision
Collaborative operation, Perception in bad Collaborative reasonin Accomplish complex Effective combat
traffic signs and weather and difficult : N2 | collaborative missions mission
9 . : for cooperative tactical - : .
signals, near human environmental . with some operator | accomplishment with
.. . L. behaviors . ; e
levels of driving skill conditions oversight little supervision
. . Total independence to | Accomplish complex Fully autonomous combat
Full autonomy with Data fusion from all ; : Py missions accomplished
S . plan and implement to | collaborative missions -
10 human levels of participating battlefield - - with results equal to or
meet defined with no operator .
performance or better assets s - . better than with human
objectives intervention -
soldiers
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Mission Complexity

*static: terrain, soil,
*dynamic: object
frequency/density/type:
*EMI
*urban, rural, weather
*operational: threats,
decoy, mapping
Environmental
Difficulty

/ Hu

*subtasks, decisions,
*commanding sfructure
“interfaces

*planning

*allowed latencies
*situation awareness

IMS Team Alpha

an Interfaceqnversen

*frequency, duration, robot
initiation %

*workload, skills

*operator to UMS ratio
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Fig. 1. ALFUS Detailed Model
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Table 3. Required function criteria of unmanned ground
vehicles: Autonomous driving

* For convenience, converted to a perfect score of 100

Required function criteria
Sco

Required

. Evaluation Form re
function VELTENDn 1

Factor

Go to maximum speed without

Motion | Mobility operator intervention can do it?

Inexperienced operator to control

Human | proficiency casily operate?

mission |Within 3 seconds to a stop under

Interface control | the command of the operator?
Does the vehicle recognize
Control control | obstacles Im in height before

algorithm | the collision without operator
intervention ?

The speed limit, without
operator intervention during
movement of the braking?

(within 50m braking distance)
Brightness: 5, Saturation: 5.7-6.3
Can the vehicle be recognized as

green?
Is it possible to at least 10 hours
of operation during a single
charge?

Total 100

Mechanism| brake

vision

Sensing system

Energy charge
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Table 4. Level of required function criteria to operator
intervention

Level Operator intervention Required function
ratio criteria Score

1 100~90% 0-10 points

2 90-80% 10-20 points
3 80-70% 20-30 points
4 70-60% 30-40 points
5 60-50% 40-50 points
6 50-40% 50-60 points
7 40-30% 60-70 points
8 30-20% 70-80 points
9 20-10% 80-90 points
10 10-0% 90-100 points
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Table 5. Environmental standard(Ground)
Le S Climate /| Weather Geography/Terrain
vel conditions (example) | conditions (example)
Ordinary temperature, .
1| 0-10 |clear weather, wind ;[h}éieg:e unr?olf)bfs}:‘;cﬁg d
speed of 10my/s or less. )
High/low temperature, |The ground is flat and
2 | 10-20 |clear weather, wind speed |there are small obstacl
less than 10 my/s. es. (e. g trees, rocks.)
Ordinary temperature, |The ground is flat and
3 | 2030 weak rain rate level, there are obstacles that
wind speed less than can not be blocked. (e.
10mys. g river, structures)
Low temperature, weak ;[h};egge unriails ﬂj{ﬁgg
4 | 3040 |snow, wind speed less Y
es to be blocked from
than 10nys. view.
High/low temperature, |The ground is bumpy
5 | 40-50 |clear weather, winds and there are no obsta
below 20mys. cles to obscure vision.
Ordinary temperature, .
cqld a shower of r.ajn gnhg t%r;gngrésn?;;py
6| 50-60 rvlwﬁ ﬂlﬁggr;;;gdh%glto obstacles tp.obscun'ng
2 human’s vision.
w 20mys. ’
There is a slope on the
Low temperature, snowy
7 | 6070 |hail or hail, wind ground and there are
many obstacles that
speeds of 20my/s or less. obscure vision.
High/low temperature, |The human eye can not
s | 7080 clear weather, wind grasp the visual field.
speeds of 20my/s or (e. g cave, under
more. ground)
Ordinary temperature, |py. oo of the ground
rain at the level of is higher. Difficult to
9 | 80-90 [showers with thunder h ac.:tivities © g
torms, wind f | uInan ac N
;(;)HH]?SS Ornrlrllor:peeds © polar regions, volcano)
Low temperature, large |Special geographic and
10| 90-100 snowflakes or hail, geographical situation.

strong wind above

20m/s

(e. g contaminated area,
quake zone)
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