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Appendix C:  Rendezvous Planning

This is an introduction to the composite algebra enabling multiple machines or ‘actors’ to achieve
possible objectives of interaction while maintaining final goals.  This rendezvous planning [54,53]
is a task level planning method that allows a variety of cost measures to be satisfied for multiple
actors.  The set of possible rendezvous states that satisfy all actor’s criteria is computed, and a
preferred option may be selected based on yet another criteria or randomly.

1. Introduction

Diverse types of planning problems share a number of attributes. They often have a goal or set of
goal states, a current state, some measure of success, and limits on how the system can progress
from the starting state to any other state. The objective is to provide an optimal path to the nearest
goal while avoiding the limits, which can be hard obstacles, movement based on rules of the game
or even kinematic constraints. This appendix describes a framework that can be used to represent
such problems, and then gives examples where it has been applied.

2. Planning the Coordination of Multiple Actors - Synergistic Planning

In the previous examples, only single machines are under the control of the planning system with-
out regard to the requirements of other machines or to the collective synergy that can be obtained.
The same general planning framework that has been outlined previously may be used to find loca-
tions for rendezvous or simultaneous requirements of multiple machines or actors. Each actor
may have different cost measures for efficiency, different neighborhood constraints, and different
starting and ending requirements. These may all be factored into a single problem so that predic-
tive, optimal motions can be computed.

There are several steps required to perform this task which are listed in Figure 81. The first step is
to specify the problem in terms of scenarios for each of the actors. A scenario can be as simple as
the information in Figure 82. Next, the obstacle layout is sensed.



Appendix C: Rendezvous Planning 183

Specify Problem in terms of actor scenarios

Propagate Waves based on scenario specs

Evaluate global criterion for each state

Select a rendezvous state based on a selection criterion.

START

Read Obstacle Layout

Report path and cost details pertaining to scenarios

Figure 81: Rendezvous Planning.

Output Rendezvous States that satisfy global criterion

Scenario a1 /* actor a: scenario 1 */
Start /* tells whether to propagate away or towards the ‘source’ */

3,2 /*equivalent locations that the actor could start from */
1,3 /* coordinates are listed <row>,<column> */

Cost measure
Min_distance /* for Neighborhood, each move is cost=1 */

/* horiz and vert. moves only */

Figure 82: A Scenario.

At least one of two fuel trucks and an airplane must rendezvous but:
• The plane (fuel cost cost measured in scenario A) must still have at least 100

gallons of fuel in its tank,
• The first fuel truck (distance cost measured in scenario F1) must travel less

than 50 miles, and
• The second fuel truck (time cost measured in scenario F2) can only meet

between 2pm and 4pm.

The global criterion defines locations that select only one fuel truck for rendez-
vous with the plane. Specifically, the global criterion above might look like:

G=(A>100) and ((F1<50) xor ((F2 > 1400) and (F2 < 1600)))

Figure 83: Global Criterion.
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This information is used to set up the configuration spaces of the respective scenarios. Cost waves
are then propagated based on the setup information for each independent scenario. The setup
defines a start or goal ‘source’ based on the measurement needed between the reachable states and
source. Naturally, these configuration spaces could be computed in parallel. At each state there is
a cost_to_source and direction arrows leading to the next state toward the source. The global cri-
terion is then evaluated for each task state. An example of a global criterion is in Figure 83, where
it is first written in terse english, and then translated into the boolean expression required for the
global criterion.

The task states are the regions where any possible meeting might take place between the actors.
They may naturally map or transform into more than one configuration state in each of the config-
uration spaces. By evaluating the global criterion at each of these transformed task states, a set of
satisfying (rendezvous) configuration states results. Since many states can be workable for the
rendezvous, a ‘best choice’ can be selected from the set, based on a selection criterion. For exam-
ple, of the rendezvous points possible, choose the one that will cost the least in terms of total dol-
lars spent by all of the actors. 

The specific movement/action details for each actor can then be read out from the respective sce-
nario-based configuration spaces. This gives coordinated motion for all the actors to achieve a
shared mission.

3. Example Coordination Problem

The following is a problem involving the coordination of two actors, A and B. Candidate
rendezvous points are to satisfy the following global criteria:

1) the distance A travels from the start to the rendezvous state must be between (2,8],
AND

2) the distance A travels in total must be precisely 7,
AND

3) the time B travels from the start to the rendezvous state must be less than 4,
AND

4) The fuel spent by B from the rendezvous state to the goal must be at least 4,
AND

5) the sum of the (distance traveled by A + the fuel spent by B) must be less than 9,
AND

6) the sum of the (distance traveled by A + the fuel spent by B) must be greater than 6.

Scenarios representing the needed measurements for each actor can be enumerated as follows:

A: distance traveled away from the potential starting states
A: distance traveled from the rendezvous to the potential goal states
B: time traveled from the potential starting states
B: Fuel spent from the rendezvous to the potential goal states
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For each of these four requirements, scenarios can be written for the specific start and goals. They
are as follows:

The boolean expression corresponding to these constraints is:

(A1 > 2) and (A1 <= 8) and (A1+A2 = 7) and (B1 < 4) and (B2 > 4) and 
(A2+B2 < 9) and (A2 + B2 > 6)

Each of the above scenarios correspond to an A* calculation in configuration space. For this
example, the obstacle layouts are assumed to be the same for each actor-scenario. The four result-
ing spaces might be as in Figure 84.

Once these spaces are completed, the global criterion is evaluated for each state these actor-sce-
narios have in common (all in this case). The candidate rendezvous states that meet all the con-
straints will have a ‘true’ boolean result. For this example, the states are highlighted in Figure 85.

Scenario A1 
/* actor A: scenario 1 */
Start 

3,2
1,3

Cost Measure
Min_distance 

/* H&V moves. Each move 
is cost=1 */

Scenario B1
/* actor B: scenario 1 */
Start

4,8
4,9

Cost Measure
Min_time 

/* H&V moves. Each move 
is cost=1 */

Scenario A2
/* actor A: scenario 2 */
Goal 

4,8 /
1,7

Cost Measure
Min_distance 

/* H&V moves. Each move 
is cost=1 */

Scenario B2
/* actor B: scenario 2 */
Goal 

3,2
1,3

Cost Measure
Min_fuel 

/* H&V moves. Each move 
is cost=1 */
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Scenario A1: Paths gen-
erated to optimize dis-
tance from start.

Scenario A2: Paths gen-
erated to optimize dis-
tance to goal.

Scenario B1: Paths gen-
erated to optimize time 
from start.

Scenario B2: Paths gen-
erated to optimize fuel 
use to goal.

Figure 84: Paths for Two Actors - Two Scenarios Each.
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If it is assumed that any candidate rendezvous state is acceptable, then a state may be selected at
random for implementation. It is often the case however that one of the candidates is preferable to
the others. In this case a selection criterion can be used to find the best candidate, for example one
with the least implementation cost.

Candidate rendezvous 
states are shown in 
cross-hatch. The selected 
rendezvous state is 
marked with an asterisk. *

Figure 85: Candidate Rendezvous States.

S

7G

Note: This is one of the 
two equivalent paths to 
different goals. Both 
would go through the 
rendezvous state. *

Figure 86: Path for Actor A from Start, through Rendezvous, to Goal.

G

7S

*

Figure 87: Path for Actor B from Start, through Rendezvous, to Goal.
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Once a state is selected, then the moves for each of the actors can be read from the respective sce-
nario-based configuration spaces. For example if the state marked with the asterisk (*) is selected,
then Actor A would proceed as in Figure 86 and Actor B would proceed as in Figure 87.

4. Coordination of Fleet Trucks

The above synergistic planning method is general in that it is equally applicable to many domains.
To show the breadth of the types of problems that can be handled, I will enumerate a few using a
sample scenario.

Suppose we own a national fleet of delivery trucks which have irregular delivery sites. Some
trucks haul double-trailers and some haul single trailers. Some of the truckers are independent and
have licenses to haul only specific cargo in specific states. Some trucks have limits on the weight
they can haul. We can then compute answers for the following types of questions:

• What locations are feasible for exchanges between specific trucks?
• How shall they be coordinated so that all of the deliveries arrive on time?
• How can certain truck overhead be minimized by selecting the most time-direct routes for each?
• If a central depot for a regular trucking schedule is to be established, where should it be so as to 

be central to all trucks given their limitations?
• If a road is closed due to weather, traffic, construction, etc., how can coordination take place to 

manage the exchange between two trucks elsewhere?

5. Brief Analysis
While most methods would require a computation for a product of the state spaces, this method
uses the sum of the state spaces by simply overlapping them with a global and selection criterion.

6. Other Applications
The military is another area where coordination of forces is critical. In a defensive or offensive
strategy, one may place opposing actors into the equation, assuming that they will use the most
opportune strategy available. This computational tool identifies the weak areas of each strategic
side, and the timing of a strategic arrangement with the most favorable outcome (e.g. fewest casu-
alties). This is also described in a previous paper [54].

Multiple machines or actors can be coordinated to satisfy their individual and collective con-
straints. Given this general framework, more efficient trucking distribution can be planned, as
well as problems in other domains such as strategic defense. It is possible to evaluate the scope of
threats and determine the appropriate temporal response.




