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Anomauia. Ouikygane macoge GUKOPUCIAHHS ABMOHOMHUX MPAHCNOPIMHUX 3AC00I8 MOdiCe KAPOUHATHHO
SMiHumu cmpameeii i 6izHec-mooeni 015 BUPOOHUKIE a8MOoMOOInie. Ane asmomobini be3 600iie MOICYMD
we 00620 3aIUUWAMUCL NPOCMO i2PAUKAMU, MOMY WO 20I08HOI0 MA HAO38UYAIHO CKAAOHOIO0 NPOOAEMOIO
cmae eghexmueHe asmomamuyne YNpaeiiHHi 00pO2aMU 3 HYUCIEHHUMU ABMOHOMHUMU ABMOMOOIIAMU.
Cnpobyemo nponumu cimno Ha @akmuyne YNPAGNIHHA CKIAOHUMU OOPOICHUMU Mepetcamu 3
Oe3ninomHuMy  A8MOMOOINAMY, BUKOPUCMOBYIOUU Ol Yb02O PO3POONEHY GUCOKODIGHES)Y MEpPelcesy
MexHoN02i10, nepesipeHy Ha 6azamvox BUKOPUCIAHHAX K Y YUBLIbHIL, MaK i 8ilicbkosil cgepi. [lopyu 3
ONMUMI3AYier0 HA PIGHI MPAHCNOpmMHOL TH@pacmpykmypu 0y0ymv NOKA3aHi PIUEHHs 051 GUHUKAIOYUX
PIBHOMAHIMHUX Micyegux npobiem 3a 00NOMO2010 PO3NOOLNEHUX CUMYAMUBHUX CYEHAPIi8, AKi MOXNCYMb
OUHAMINHO OXOonosamu OyOb-aKi mepumopii 3 008IIbHOW KINbKICIIO 83AEMOOTIOUUX MPAHCHOPIMHUX
3acobie y nHux. Koowcne piutenns 6yde npedcmaesiene ma nosicHeHe Ha CReyianbHill MOGI 8UCOKO20 DIGHS,
AKA MOdCe eQeKMUBHO THMepPnpemy8amucy y HNOGHICIO PO3N0OLNeHOMY pedcumi, Oe3 OyOb-saKux
YEHMPAanbHUX 3ac00ié i 3 abCcomMoOmHOI MOOIMbHICMIO HAO36UYANIHO KOMNAKMHO20 KOOV ONepayiiHux
cyenapiie. Yacmuna yvoeo mamepiany npuiiHama 00 npesenmayii Ha Bceceimuii Koughepenyii no
maubymuvomy mparcnopmy 6 Kenoni (Himewuuna) 5-6 nunns 2017 p.

Kntouoei cnosa: asmomobini 6e3 600iig, YNpaeiiHHA MPAHCHOPMHOK Mepexceio, MexHON02is
PO3N00INEHO20 Kepy8aHHs, OUHAMIYHI CYEeHAapii, Wo CaMOpO38UBAIOMbCS, UlepeH2a a8moMoOIinie, NOULYK
HAUKOPOMULO20 UWLIAXY.

Annomayusa. [llupoxo odxcudaemoe UCNONb30BAHUE ABMOHOMHBIX MPAHCHOPMHBIX CPEOCHE MONCEN
KApOUHANbHO UBMEHUMb cmpamecuro U OuzHec-mooenu Ouas  npouzsooumeneti asmomoouneu. Ho
asmomobunu 6e3 ooumeneil Moeym ewuje 00120 0OCMABAMbCS NPOCHO USPYUWKAMU, NOMOMY YMO 2NAGHOU U
Upe3BbIUALIHO CIIONHCHOU NPOOIEMOLU CMAHOBUMCA dhekmusHoe asmomamuyeckoe ynpagieHue 0opoeamu
C MHO2OYUCTIEHHbIMU ABMOHOMHbLIMU asmomobunamu. Ilonvimaemcss npoaums ceéem HA peanbHoe
Ynpasnenue CLOHCHbIMU OOPOICHLIMU CEMAMU C OECNUTOMHBIMU ABMOMOOUNAMU, UCNONL3YA Ol IMO20
BbICOKOVPOBHEBYIO CeMe8ylo MeXHOIO2UI0, NPOBEPEHHYIO HA MHOSUX NPUNONCEHUAX KAK 8 SPANCOAHCKOI,
mak u eoenHou cepe. Hapsoy ¢ onmumuszayueil Ha yposHe mpaHcnopmuou uH@pacmpykmypsi 6yoym
NOKA3anbl peuteHuss 015l BO3SHUKAIOWUX JIOKATbHBIX NPOOIeM ¢ NOMOWbIO PACHPEeOeNeHHbIX CUMYAMUBHBIX
cyenapues, OUHAMUYECKU OX8AMBIBAIOWUX NPOU3BONbHLIE — PESUOHbl € JI0ObIM — KOAUYECmEoM
83aUMO0EUCMBYIOUUX MPAHCNOpmHbIX cpedcms. Kaswooe pewenue Oyoem npedcmagieHo u 00bACHEHO
HA CNeyuanbHOM S3blKe BbICOKO20 YPOBHSA, KOMOPUIL MOXdcem 3PheKmusHo uHmepnpemuposamscs 6
NONHOCMbIO  PACHPEOeNeHHOM —pedcume, 0e3 KaKux-1ubo YeHmpaibHblX pecypcos U ¢  BblCOKOU
MOOUTLHOCMBIO YPE3BLIYALIHO KOMNAKMHO20 KOOAd ONEPAYUOHHBIX cyeHapues. dacmov 3moeo mamepuana
npuHAma K npesenmayuu Ha Bcemupnoui kongepenyuu no 6yoywemy mpancnopma 6 Kénvrne (I'epmanus)
5—6 uiona 2017 e.

Knwouesvie cnosa: asmomobunu 6e3 6o0umeins, YnpasieHue MpaHCNOPMHOU Cemvio, MexHOI02Us
pacnpeoenenHozo YnpagneHus, OUHAMUYecKUe Camopassuearowuecs CyeHapuu, uepenea agmomoounel,
NOUCK Kpamuauiuie2o nymu.

Abstract. The widely expected use of autonomous cars can change the landscape for car manufacturers
who can rethink business models. But driverless cars may remain just toys for a long time, because the
main, and extremely complex, problem may be the effective automatic management of roads with
numerous driverless cars. We will try to shed some light on the real management of complex road
networks with autonomous cars using high-level networking technology already tested on many
applications, both civil and military. Along with optimisation on the infrastructure level, solutions will be
shown for local problems by distributed emergency scenarios dynamically covering arbitrary regions with
any number of communicating vehicles. Each solution will be presented and explained in a special high-
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level language which can be effectively interpreted in a fully distributed mode, without any central
resources, and with high mobility of extremely compact scenario code. Part of this material has been
accepted for presentation at The Future of Transportation World Conference in Cologne (Germany) July
5-6, 2017.

Keywords: driverless cars, autonomous cars, road network management, distributed control technology,
dynamic self-evolving scenarios, car platooning, shortest path finding.

1. Introduction: Driverless Cars and advanced Road Management

Autonomous vehicles represent one of the most prominent technologies since the creation of
automobile itself. World most influential companies are making billion-dollar investments in the
driverless transport. Autonomous vehicles can fundamentally change transportation by reducing
crashes, energy/fuel consumption, pollution and the costs of congestion. Human error is
estimated to cause more than 90% of traffic accidents, a percentage that might be drastically
reduced by the implementation of self-driving cars featuring smart systems that control most
aspects of driving.

An autonomous (driverless, self-driving, or robotic) car is a vehicle that is capable of
sensing its environment and navigating without human input, and many such vehicles are being
developed. Autonomous cars use a variety of techniques to detect their surroundings, such as
radar, laser, GPS, odometry, and computer vision. Advanced control systems interpret sensory
information to identify appropriate navigation paths and obstacles. The levels of vehicle’s
autonomy are often classified as follows.

Level O: The human driver controls everything like steering, brakes, throttle, power, etc.

Level 1: Most functions are still controlled by the driver, but steering or accelerating can
be automated.

Level 2: Additionally to Level 1, cruise control and lane-centering can be automated. The
driver can be disengaged from physically operating the vehicle, but still must always be ready to
take control of the vehicle if needed.

Level 3: Drivers are still necessary, but can completely shift safety-critical functions to the
vehicle under certain traffic or environmental conditions. The driver is still present but is not
required to monitor the situation in the same way as for the previous levels.

Level 4: This means an essentially autonomous level where vehicles can perform all
safety-critical driving functions and monitor roadway conditions for the entire trip. This, however,
may not cover every driving scenario.

Level 5: This expects vehicle's performance being equal to that of a human driver,
including extreme environments like, say, dirt roads.

Another challenging problem, even more complex that the development of autonomous
cars itself, is the effective management of road networks with many driverless cars and
considerable reduction of human involvement in the management process, on both local and
global levels (Fig. 1). This is an extremely difficult and so far unexplored task, whose success or
failure will be determining the fate of this promising driverless field for the decades to come.

The rest of this paper briefs the developed Spatial Grasp model and Technology (SGT)
allowing us to solve arbitrary complex problems in large distributed networked systems, which
has been tested on a variety of civil and military applications and which can be useful for solving
numerous regular and emergency tasks of road management with many driverless cars.

Using Spatial Grasp Language (SGL), the core of SGT, some basic emergent situations on
roads with their solutions will be described and explained in detail, where vehicles can directly
communicate with each other for finding suitable collective solutions using either short distance,
direct V2V communication channels, or for longer distances access the infrastructure levels by
V21 types of communications. Among the tasks considered in SGL will be finding optimum route
in an arbitrary road network, to be used to guide the car which requested this route. The solution
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is shown on the infrastructure level in a fully distributed mode by navigating the latest, dynamic,
and scattered data on roads rather than acquiring this from the static maps. Conclusions and
references conclude the paper.

Vehicle to networked Vehigle to
management centres vehicle

Fig. 1. Road networks with driverless cars

2. Spatial Grasp Technology, SGT
2.1. SGT General Issues

Starting from any point of space, SGT [5-12] allows us to create distributed operational
infrastructure in a highly dynamic virus-like mode with unlimited code mobility in computer
networks. These infrastructures, covering any regions needed, can solve complex spatial
problems in them without any central resources and in parallel. Such emergent infrastructures can
effectively withstand different unpredictable, crisis, and asymmetric situations in distributed
systems of both civil and defence orientation. The created infrastructures can self-recover and
self-repair after indiscriminate damages while always securing mission objectives. After the task
completion, the infrastructures can also self-clean and self-remove if not needed any more. The
key element of SGT is its Spatial Grasp Language, SGL, in which all mission scenarios are
formulated.

2.2. Spatial Grasp Language and its Distributed Interpretation

Pattern-based SGL can provide highly integral, holistic, gestalt-based solutions directly in
physical, virtual, and executive worlds. SGL has universal recursive structure capable of
representing any parallel and distributed algorithms in distributed environments (Fig. 2 a).
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Fig. 2. Spatial Grasp Language (a) and its distributed interpretation (b)
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SGL is collectively interpreted by a network of universal control modules U, as SGL
interpreters, embedded into key system points (humans, robots, sensors) with absolute scenario
code and data mobility in space (Fig. 2 b). SGL scenarios can start from any node, covering at
runtime the whole system or its parts needed with operations and control.

Spreading SGL scenarios can create knowledge infrastructures arbitrarily distributed
between system components (robots, sensors, humans). Navigated by same or other scenarios,
these can effectively support distributed databases, C2, situation awareness, and autonomous
decisions. Also simulate any other existing or hypothetic computational and/or control models.

SGL interpreter consists of a number of specialized modules handling & sharing specific
data structures. The whole network of the interpreters can be mobile and open, changing the
number of nodes and communication structure in between at runtime. A backbone of the
distributed interpreter is its spatial track system providing overall integrity, global awareness &
automatic C2 over distributed processes.

The dynamically networked SGL interpreters extended by and integrated with other
facilities and gadgets, like mobile robots, can form universal spatial machines operating with both
information and physical matter. These networked machines, working without any central
resources under intelligent scenarios injected at any time and from any nodes, can perform
complex computational, knowledge processing and control operations.

2.3. Embedding SGL Interpreters in Distributed Systems

By embedding SGL interpreters into robotic vehicles and traditional electronic devices associated
with humans (as in Fig. 3) we can easily organize any needed collective behavior of them.

&

Fig. 3. Embedding SGL interpreter into different devices

SGT allows us to integrate into holistic teams any similar or dissimilar components
operating under unified distributed command and control. The collective mission scenario can
start from any unit and cover, activate, and control at runtime the whole group (Fig. 4).

Spatial Scenario AT Fe Scenario 1 <—>
Injection e Scenario 2

Fig. 4. Distributed teaming under SGT: a) Heterogeneous human-robotic collectives;
b) Heterogeneous manned-unmanned defense solutions
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Collective road management under SGT with the involvement of multiple driverless cars
(Fig. 5) can mark a breakthrough in the creation of advanced transportation infrastructures with
considerable reduction of human involvement, where holistic spatial intelligence provided by the
technology can challenge if not overcome the collective capabilities of human drivers when
solving both regular and critical situations on roads and highways.

Vehicle to networked management Vehicle to
centres vehicle

Fig. 5. Cooperative road management capabilities under SGT

3. Examples of Collective Road Management Solutions

Exemplary SGL scenarios of solving some very basic management problems on roads with
autonomous cars, where cars can directly communicate and cooperate with each other, will be
presented and explained. These solutions can start from any car and dynamically involve as many
cars as needed in its neighbourhood, also covering any regions needed within collective
intelligent behaviours. The dynamically created operational infrastructures automatically cease to
exist if not needed any more or can remain any period if time if continue to support lasting or
regular situations.

3.1. Narrowing the Gap before an Individual Vehicle

Any vehicle seeing enough empty space before it (with certain given gap threshold) and also
getting information on the speed of the nearest vehicle ahead can update, say increase, its speed if
its current speed and potential maximum speed can allow this. The vehicle can constantly make
such checking in certain time intervals, with the corresponding solution shown in Fig. 6 (di as
current distances between neighbouring vehicles, improvised spatial sensing-communication-
processing diagram is used), and the SGL scenario code below.

In any vehicle

d1 dz2 d3 d4 d5 d6
1 1 1 1 1 1 - P I ——
! H H H H H H
] g g i g i g
= A ] B | Gap1 < e | D | E| <F | cGapz {6 ] ==
Sensors Start
e — — — — —> g
—~i
0 vawv o FProcessing
B C

Fig. 6. Narrowing the road gap before a vehicle

28 ISSN 1028-9763. Marematn4Hi MamuHu i cuctemu, 2017, Ne 2



nodal (Gap = .., Far, Speed ahead);
sling(
sleep (Delay) ;
Far = distance (ahead) > Gap;
Speed ahead = (hop(first_ahead); SPEED) ;
update (SPEED, (MAXSPEED, Speed ahead, Far)))

Natural language comments on this compact and formal SGL scenario may be as follows.

« Define types and initial values of spatial variables used.

* Repeat the following regularly with certain time intervals.

+ Use sensors to measure nearest distance to the vehicles ahead.

* Do the following if the gap ahead exceeds the threshold given.

 Try to enter the first vehicle ahead via V2V, copy and bring back its current speed,
which may be nil if this action fails.

» Update the current vehicle’s speed taking into account its current speed, possible
maximum speed, current speed of the vehicle ahead, and distance to the first vehicle ahead.

3.2. Collective Simultaneous Narrowing the Gap before a Sequence of Vehicles

If a vehicle, like in the previous case, has a gap before it, and the directly following vehicle, as
well as possibly all other following ones in the chain, have distances in between below threshold
given, the speed changing operation can be done in all of them almost simultaneously, with the
first one as the leader and all others trying to negotiate new speed in a direct contact with the
previous vehicle. In a normal situation all vehicles behind the first one may refrain from changing
their speed at this moment of time, but the first vehicle behind the gap can convince them this is
the proper time, and for common benefit. This situation is shown in Fig. 7 and by SGL scenario
that follows.

Ahead Start
|
¥

« (A] <B] Gap1 <€] <b] <E|F] capz {&]

Start
P —=p g Pt PTg ===

o~ 0"’ 0700
B
Fig. 7. Collectlve gap narrowing

frontal (Gap = .., Speed ahead, Far)

sling( -

sleep (Delay) ;

Far = distance (ahead) > Gap;

Speed ahead = (hop(first ahead); SPEED)

repeat ( -
update (SPEED, (MAXSPEED, Speed ahead, Far)):;
Far = distance (behind) < Gap; Speed ahead = SPEED;
hop (next behind))) -

Informal natural language description of this scenario will be as follows.

* Define types and initial values of spatial variables used.
* Repeat the following regularly with certain time intervals.
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« Use sensors to measure nearest distance to vehicles ahead.

* Do the following if the gap ahead exceeds threshold given, this vehicle declared to be
the first and leading one.

» Try to enter the first vehicle ahead via V2V, copy and bring back its current speed,
which may be nil if this action fails.

* Do the following repeatedly until possible.

» Update the current vehicle’s speed taking into account its current speed, possible
maximum speed, current speed of the vehicle ahead, and distance to the first vehicle ahead.

« Use sensors to measure nearest distance to vehicles behind.

« If it is less than the given gap threshold, declare the current speed as the speed of the
vehicle ahead, enter the first vehicle behind via V2V, which becomes the current one now.

3.3. Lane Manoeuvring for the Fastest Vehicle between Two Gaps

A situation may occur that in a chain of vehicles with distances in between below threshold, like
in the previous case, there may be vehicles with quite different maximum possible speed, and it
could be reasonable to let the fastest one to make a solo lane manoeuvre and appear before the
first vehicle behind the gap on the road. This situation is shown in Fig. 8 and by SGL scenario
that follows, where, starting from the first vehicle, the whole chain of them is analyzed and the
fastest vehicle found, the latter then making this manoeuvre individually, directly cooperating

with the first vehicle it wants to be ahead of.
Fastest vehicle

o (A Gap1 c p| <{E| {F] Gapz (G| =
A I
1Y
ST § e
5 4
Start <l <f—
B = = === 0 0> 0 > 0 «=r 0 = - »

TG

Fig. 8. Lane manoeuvring for the fastest vehicle

frontal (Gap = .., Max, Before, First, Chosen):
sling(
sleep (Delay) ;
distance (ahead) > Gap; First = ADDRESS;
repeat (

if (MAXSPEED > Max, (Max = MAXSPEED; Chosen = ADDRESS)) ;
distance (behind) < Gap; hop (next behind)) ;
hop (Chesen) ; lane manoeuvre (ahead, First))

A natural language explanation of this solution may be as follows.

* Define types and initial values of spatial variables used.

* Repeat the following regularly with certain time intervals.

« Use sensors to measure nearest distance to vehicles ahead and allow the following if the
gap ahead exceeds threshold given.

» Remember network address of the current vehicle, declaring it as the “first” one.
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* Do the following repeatedly until possible.

* If the current vehicle’s maximum possible speed exceeds the already accumulated
maximum speed among the considered vehicles, the latter changes to the former, and the current
vehicle’s network address is named as “chosen”.

» Use sensors to measure nearest distance to vehicles behind, and if it is less than the
given gap threshold, enter the first vehicle behind via V2V, which becomes current now.

* Directly enter the vehicle finally resulted as “chosen” and activate its lane manoeuvring,
to appear ahead of the vehicle declared as “first” and registered by its network address.

3.4. Collective Avoiding of a Broken Car, with Activity Starting from the Broken Vehicle

A vehicle may accidentally stop, say, being damaged or somehow malfunctioning. Assume also
that this vehicle can still electronically communicate with other vehicles on its initiative to inform
them to avoid itself, and its distance to the nearest vehicle ahead is big enough for a collective
lane manoeuvring for the whole chain of vehicles behind it. Such collective scenario launched by
the initiative of the damaged vehicle is depicted in Fig. 9 with the corresponding SGL code
following.

Broken, with initiative

{CA] (B Gapt L C | | <{E] {F] cap2 <G| ==
\ 1 1
J J
D L e e e
2 3 4
Start <4l
——— = .4—-*.4——".4—-».4———-»

Fig. 9. Collective av0|d|ng of the broken car by its |n|t|ative

frontal(Gap = .., Status);
sling(
sleep(Delay) ;
STATE == down; distance(ahead) > Gap;
Status = head;
repeat(
distance (behind) < Gap; hop(first behind) ;
free (lane_manouvre (Status, BEFORE))
Status = follower))

Natural language comments on this scenario may be as follows.

* Define types and initial values of spatial variables used.

* Repeat the following regularly and with certain time intervals.

« If the vehicle’s state is “down”, and measured by sensors nearest distance to vehicles
ahead exceeds the given threshold, allow the following.

* Declare a possible next vehicle’s status as “head” of a possible platoon-like chain of
vehicles.

* Do the following repeatedly until possible.

» Use sensors to measure distance to vehicles behind, and if less than the given gap
threshold, enter the first vehicle behind via V2V.
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« Activate (in parallel with the rest of the scenario) lane manoeuvre procedure to avoid the
damaged vehicle (with the “head” communicating with and orienting on the damaged one while
others just interacting with and following the previous vehicles wherever they go and by which
lane.

« Setting the state of a possible next vehicle as “follower”.

3.5. Collective Avoidance Activity Starting from the First Car after the Broken One Still
Responding

This scenario differs from the previous one by the fact that the damaged vehicle can still respond
electronically but is unable to keep the whole initiative of activation and supervision of the
following vehicles for a collective manoeuvre to become ahead of it. This initiative is instead
delegated to the first vehicle behind the damaged one, which is becoming the leading vehicle for
the whole operation, capable, however, of communication with the damaged vehicle to make the
avoidance procedure as smooth as possible. This scenario is depicted in Fig. 10 with SGL code

just following.
Broken but responding

= (A B Gap1 Q] <o ] E F | Gapz <G| *-
] I 1 |
J .
~ = =B T e
2 3 4
) Start ) —C—)
—_—— ey QT O =P o g -

0"’0"’0"’0

Fig. 10. Collective avoiding of the broken car by the |n|t|at|ve of the next vehicle

frontal (Gap = .., Staus);

sling(
sleep(D=lay) ; distance (ahead) < Gap;
hop(first_ahead) ; STATE == down;

distance (ahead) > Gap; hop (BACK) ;

Staus = head;

repeat (
free (lane_manouvre (Staus, BEFORE)) ;
distance (behind) < Gap; hop(first_behind) ;
Staus = follower))

Natural language comments for this scenario are as follows.

» Define types and initial values of spatial variables used.

* Repeat the following and with certain time intervals.

« If measured by sensors nearest distance to vehicles ahead is less than the given gap
threshold, allow the following.

* Using V2V, hop to the nearest vehicle ahead, check its state, and if it is responding with
«down» and measured distance to vehicles ahead of it is greater than the gap threshold given,
allow the following.

» Hop back to the starting vehicle using V2V and name its position as “head”.

* Do the following repeatedly until possible.

« Activate (in parallel with the rest of the scenario) the lane manoeuvre procedure to avoid
the damaged vehicle (with the “head” vehicle communicating with and orienting on the damaged
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one while others interacting with and following the previous vehicles wherever they go and by
which lane.

» Use sensors to measure distance to vehicles behind, and if less than the given gap
threshold, enter the first vehicle behind via V2V and set its state as “follower”.

3.6. Collective Avoidance Activity Starting from the First Car after the Completely Broken
One

This case concludes that the damaged vehicle is completely “dead”, actually becoming an
obstacle to be fully ignored and avoided by all subsequent vehicles (i.e. not responding to the
following vehicle trying to communicate with it electronically). The next to the damaged vehicle,
instead of active dialogue with it, tries to determine its physical coordinates using sensors, which
should be avoided when leading the chain of vehicles via another lane to appear ahead of the
damaged one. This situation is shown in Fig. 11 and by SGL code below.

Dead, just an obstacle

- {A] {B] Gapf‘é<n' E| <F | Gap2 <G| ==
1 I

2 3

Start sl
Q= > 0O +->.4—" — =

0"’0"’0
Fig. 11. Collective avoidance ofa completely damaged vehicle

frontal (Gap = ..) ; nodal (Place) ;
sling(
sleep(Delay); distance(ahead) < Gap;
or((hop(first_ahead); done),
Place = measure(first ahead)):
free (go_around(Place)) ;
repeat (
distance (behind) < Gap; hop(first_behind) ;
free (lane manouvre (BEFCRE))))

Natural language comments for this scenario variation will be as follows.

« Define types and initial values of spatial variables used.

* Repeat the following and with certain time intervals.

« If measured by sensors nearest distance to vehicles ahead is less than the given gap
threshold, allow the following.

« If using V2V to enter the nearest vehicle or obstacle ahead fails, use sensors to
determine physical coordinates of the vehicle or obstacle ahead.

* Organize parallel with the rest of the scenario lane manoeuvre for the current vehicle to
go around the obstacle.

* Do the following repeatedly until possible.

» Use sensors to measure distance to vehicles behind, and if less than the given gap
threshold, enter the first vehicle behind via V2V.

« Activate in it (in parallel with the rest of the scenario) the manoeuvre procedure to
follow the previous vehicle wherever it goes and by which lane.
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3.7. Collective Platoon Management Starting from Its Head

Platooning, a closely spaced multiple-vehicle chain on a highway, has multiple benefits such as
fuel saving, accident prevention, and so on. But it requires close cooperation among participating
vehicles to maintain the platoon structure in case of different road situations. The solution
depicted in Fig. 12 and followed by the related SGL scenario, starting in the head vehicle,
regularly and accesses all vehicles in their chain while updating their speed to keep the
established standard distance between vehicles and orient the whole platoon on the speed of the
head vehicle.

Platoon head

¢
- GEREI<EIE e S

Start @ =P @ =P @as=r- 0 <> 0 «—p 0 «—p O
0"0 00000
1 2 3 4 5 6 7

Fig. 12. Collective platoon management

frontal (Distance = .., Number = .., Order = 1, Speed);
hop (Order) ; Speed = SPEED;
sling(

sleep(D=lay) ;

repeat (

Order += 1 <= Number;
hop(first _behind, Ozrder);
update (SPEED, (Speed, Distance, BEFORE))))

Explanation for this scenario will be as follows.

« Define types and initial values of spatial variables used.

« Start in the platoon’s head vehicle and copy its current speed to be used for all other
vehicles.

* Repeat the following regularly and with certain time intervals.

* Repeat the following until possible.

* Increment vehicle’s order to point to the next vehicle, not exceeding the total number of
platoon vehicles.

« Enter the next vehicle by V2V with its ID to correspond to the current order.

» Update its speed taking into account the speed of the first vehicle and the needed and
initially established distance between all vehicles in the platoon.

3.8. Collective Management of a Fragmented Platoon

Due to dynamic road conditions, traffic signals, road speed limits, and other factors like, for
example, providing highest priority to emergency or police vehicles, a car platoon may suffer
from fragmentation. Such a situation is depicted in Fig. 13 where between platoon vehicles 4 and
5 an emergency vehicle happened to appear on the same lane, which divided the platoon in two
parts. For inclusion of such cases into platoon management, the previous scenario can be
extended where in case of impossibility to contact next in line vehicle by V2V direct links, the
current vehicle uses more powerful V2I links with the road infrastructure. This is to find and
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contact the next vehicle which may happen to be at some distance or even far away, and transfer
to it the current physical coordinates for the subsequent possibility of coming into the needed
vicinity again, which will also be influencing all remaining platoon vehicles (i.e. vehicles 6 and
7). The corresponding SGL scenario code following.

Platoon Coordinates ,Df.’ Local
head of4to5 . infra ', head
il’ ‘0. ‘-'o‘*l'
- Rzl am €<Ei<a] e
[
== —-——

Emergency vehicle

(Rl d E il B g ] ‘I.lill....’.‘_’."_’.
Start - - - Vol - :- j
1 2 3 4 5 6 7

Fig. 13. Collective management of a fragmented platoon

frontal (Distance = .., Number = .., Order = 1, Position):;
sling(
sleep(Delay); Speed = SPEED;
repeat (
Order += 1 <= Number;
or (

(hop(first behind, Order):

free (update (SPEED, (Speed, Distance, BEFORE)))),
(Position = WHERE;

hop (or (behind, infra), Order);

free (update (Position))))))

Natural language detailed explanation of this extended scenario is as follows.

* Define types and initial values of spatial variables used.

« Start in the platoon’s head vehicle and copy its current speed to be used in all other
vehicles.

* Repeat the following regularly and with certain time intervals.

* Repeat the following until possible.

Increment vehicle’s order to point to the next vehicle, not to exceed the total number of
platoon vehicles.

* May be two options:

* Option 1. Enter next vehicle by V2V with its ID to correspond to the current order, and
update its speed taking into account the speed of the first platoon vehicle and the needed and
initially established distance between all vehicles in the platoon.

» Option 2. In case next vehicle is not accessible by V2V (and this may be when the
platoon is broken into pieces being at some distance from each other), the physical coordinates of
the current vehicle are copied and the next vehicle is tried to be contacted via more powerful V2I
communications, and if successful, it is set to move to the coordinates of the previous vehicle.

3.9. Returning to Normal Platoon Management after Reducing the Gap between Parts

After vehicle 5 comes again into the vicinity of vehicle 4 by appearing as the next nearest vehicle
to it, and the distance between them is covered by V2V communications, the whole platoon will
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be operating in one piece again, as shown in Fig. 14. This, however, will not guarantee the
platoon of not being fragmented by certain forces once more, so the previous scenario will be
operating again for the platoon integration.
reduce
!<}:!
BT E)-GEl----Gle<a < -

Start
o+ rogrgitrg +— >g —p =P

'000~000

Fig. 14. Recovery of the platoon’s structure

1

4. Distributed Routing in Road Networks

A solution will be shown in SGL for finding shortest path between starting and final locations in
distributed road networks of arbitrary
complexity. The parallel spatial solution is
based on directly navigating road
infrastructure holding the latest data on roads
availability and their throughput and actual
length, rather than using static predetermined
maps. The parallel and fully distributed
shortest path solution is based on the one
described in [11]. A road network example
with some start and end points between
which an optimum route should be found is
shown in Fig. 15.

Example of a shortest path for this
network within the allowed or restricted

Fig. 15. Road network example

search area is shown in Fig. 16.

Road lengths
\ recorded

Read infrastructure units with
R current road parameters,
Optimum route Allowed search area constantly updated

Fig. 16. Finding optimum path in the network within a restricted search area
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Possible parameters for defining the allowed or recommended search area are shown in
Fig. 17, namely: Start and End nodes physical coordinates; theoretical, or direct, distance
between Start and End nodes; already accumulated summary length of the considered path via the
existing roads in the current node coordinates; theoretical, direct, distance to the End node from
the current node coordinates; and also physical deviation from the current node coordinates from
the direct line connecting Start and End nodes. Using these parameters within the shortest path
distributed algorithm of [11] will allow us, applying some heuristics, to narrow the absolute
shortest path procedure and speedup the solution within a reasonable quality and speed.

Current

Currently available coordinates

distance from Start

Theoretical remaining
~~_ shortest distance to End

-
-~

Start Deviation ~.s End
coordinates = ~~ """~ TTTTTTTTTTTmmmmTTT -'o coordinates
Theoretical full shortest distance

Fig. 17. Setting possible constraints on the shortest path solution

The following is SGL shortest path fully distributed implementation taking into account
the above mentioned restrictions narrowing and speeding the distributed solution.

frontal(Far, Path, Start = ..; End = ..);
nodal (Distance, Before) ;
hop (Start) ; Distance = 0;
sequence (
repeat (
hop (road infra, all); Far += LENGTH;
acceptable(Far, WHERE, Start, End);
or (Distance == nil, Far < Distance);
Distance = Far; Before = PREVIOUS),
Path = repeat(
Path &= NAME;
if (WHERE == End, stop(Path)):
hop (road infra, all); PREVIOUS == Before),
repeat (move (withdraw(Path, 1)))):

Natural language comments to this scenario will be as follows.

« Define types and initial values of spatial variables used.

« Start in the current road infrastructure (RI) node using V2R connection.

* Proceed in a sequence the following three stages, each from the current RI node.

« Stage 1. Repeat the following until possible by creating shortest path tree (SPT).

» Hop to all RI neighbouring nodes associated with neighbouring junctions.

* Bring into them the growing physical distance from the starting node incremented by the
passed road length.

« If the evolving solution is within the permitted boundaries, and the brought distance is
smaller than the one recorded in the node before, change the latter by the former and redefine the
predecessor node.

» Stage 2. Navigate the obtained distributed SPT in parallel top-down fashion,
accumulating paths with visited nodes until reach the destination node, the current path will be
the needed solution, which is brought back to the starting node.
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« Stage 3. Organize physical car driving guided by the sequence of road junctions
recorded in the path found.

5. Conclusions

We have shown how the developed Spatial Grasp Technology, SGT, with its core element Spatial
Grasp Language, SGL, can be effectively used for advanced road management with driverless
cars — from emergent collective multiple car solutions to global management of large distributed
road infrastructures. Only some very elementary and exemplary solutions for advanced road
management using the technology invented have been exhibited. Any other cases can be
effectively described and implemented too, say, for roads with multiple lanes or optimized
management at road crossings, with more complex scenarios being currently successfully
programmed, which will be revealed in the following publications, new planned book including.
The technology had a number of trial implementations in different countries with its latest version
being patented again. It can be implemented on an agreement on any platform needed and within
limited period of time.
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