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We've come a long way in terms of simulating sense and sensibility in our NPCs.  By expanding the awareness factor of our agents and allowing them to communicate with their comrades, Rambo like games like Contra have evolved into tactics-based combat simulations like Metal Gear Solid, where the emphasis lies in outsmarting the AI using strategies that are found in the real world.  These AIs have enriched the gaming experience as a whole, and now games such as F.E.A.R. are being praised not only by the merit of their physics and graphics engines, but because their enemies appear intelligent.  But most of these games share common problems that have yet to be addressed in terms of NPC awareness.  Communication between groups is one such issue.

In this article we will provide a method that will allow groups of AI's to work together over large environments, by having them communicate with each other in a hierarchical manner when any of them have pertinent information to report to the others.  Each AI will have an awareness level that indicates their attentiveness and diligence with regard to the searching and guarding of the area that they are in.  This method of communication will allow the AI to search for a threat over a very wide area and not do anything that would be considered cheating by a human observer.

By implementing this form of communication and awareness for computer-controlled units we will advance squad based artificial intelligence to more realistic levels.  Now using this method, when a player assaults a squad the entire platoon can react.  Adding these reactions on top of the already diverse assortment of squad-based tactics will broaden the behavior of NPCs.  This form of AI will both impress and tax current video game players who want new challenges from the next era of games.

Overview

Squads of enemies are a common occurrence in games today.  As such a fair amount of time and code has gone into making them more challenging to the player.  The basic structure of the command hierarchy is similar throughout all command hierarchies in games, where information and orders get more specific the further down the hierarchy you go.1  This similarity occurs because the structure is the same as in command hierarchies in the military.  As the old saying goes, “There are two ways to do things.  The wrong way and the Army way.”  The Army way is right because its worked for centuries, and AI programmers have chosen to forgo all the testing.

There are three top level aspects to having a robust AI structure.  These are goals, plans, and roles, With the goal being an objective to carry out, the plan being a method of  ensuring the goal is reached, and the role being where each agent fits into the plan.2  The agents should each have at least one of each of the above to ensure that the AI can be used in many different situations.  In the code created for this article there are no plans for any of the agents, however if you were looking to create a well rounded AI hierarchy you would most certainly want to include them in your work.

Awareness is a keystone of the intelligence of the agents.  This awareness level of each agent plays a large part in their actions and is based upon both the direct input the unit receives and the information it receives from other AI's.  The information will be weighted based upon how far removed the source is from the receiver, with direct input having the highest weight, and information from a low level unit on the other side of the game world the lowest.  In most games after a player has finished an event or dispatched an enemy group, we see that the action comes to a halt, and the player finds themselves no longer being pursued; a potentially infinite respite is created before their next encounter with the enemy.  While this can be a good thing, it can also be a bad thing, in that the player can sit indefinitely, and the result is nothing happens.  Breaking the veil of immersion, in situations like this, is where we see room for improvement.  The game shouldn't stop just because we're sitting in a room before having triggered a scripted event!  Quite the contrary, the player should feel the need to move on because the enemy might be on their tail.

In this article, our method of squad communication will be simulating awareness using squads made up of individually aware agents, as well as communication inside of and between squads.  They will be tasked with locating and eliminating a singular threat.  The observations of a particular agent, and the location of the enemy if seen, can be transferred to its squad and squad leaders can transfer this information to other squad leaders.  The agent's actions change based upon both the direct input the unit receives and the information it receives from other agents.  The information will be weighted based upon how far removed the source is from the receiver, with direct input having the highest weight, and information from a low level unit on the other side of the game world the lowest.

Setting Up the Command Hierarchy

In order to communicate, it would be best to establish a chain of command.  The information clutter would be slow and unmanageable if individual agents decided to communicate with each other on a one to one basis.  So we will create a basic command hierarchy with three levels of rank: Commander, Squad Leader, and Private.  To create a hierarchy with four or more levels, the intermediate ranks would act the same as a Squad Leader, except each lower rank reports to its direct superior.  In our demo, we only use three ranks.

Agent Behaviors

The basic actions of the three ranks are listed below.

A Private patrols alongside his squad, and when they spot something worth investigating, they will examine the point of interest on their own.  If the enemy is spotted, the private will notify the squad leader of an enemy sighting, and engage the enemy.

A Squad Leader patrols while giving status reports to the commander on a fixed interval.  When a leader spots the enemy, they report the sighting to the commander and tell the rest of their squad to engage the enemy.  When the commander issues an order, the squad leader will trickle the command down to the squad members.

A Commander will request the status of each squad they are in charge of, and listen to what is going on to decide which tactics will be employed to handle any given situation.  If an enemy sighting is reported, the commander will tell the squad nearest to the sender of the sighting to assist.  If no squads are available, the commander will go assist.  The commander will also select a new leader for a squad, should a squad leader perish.  Defeating the commander will cut all squads off from each other.

Pseudocode

Capturing the basic behaviors outlined above is simple, but creating these behaviors so that there are no holes between communications is a little trickier.  For example, what if the squad commander sends a message saying an enemy has been sighted to a group already fighting another enemy?  Should the group keep attacking the current enemy, or run and help the other group?  To help account for all the little cases, we give some pseudocode on how each ranking agent should work.

Private

{

    When sent “Message: Status Request”


 Send “Message: OK”

    When sent “Message: Enemy Sighted”

      Record the last known location of the enemy

      Change to “State: Engage”

    When sent “Message: Possible Sighting”

      Record the location of the possible sighting

      Change to “State: Investigate”

    When sent “Message: Enemy Dead” or 

              “Message: Resume Patrol”

      Change to “State: Patrol”

    When sent “Message: Dead”

      Change to “State: Dead”

    State: Patrol

      Travel along Patrol Route

      If Enemy is Visible

        Record enemy’s location

        If Squad Leader is Alive

          Radio “Message: Enemy Sighted” to Squad Leader

        Else If the Commander is Alive

          Radio “Message: Enemy Sighted” to Commander

        Change to “State: Attacking”

      If Enemy is Partially Visible

        Record enemy’s location

        If Squad Leader is Alive

          Radio “Message: Possible Sighting” to Squad Leader

        Else If the Commander is Alive

          Radio “Message: Possible Sighting” to Commander

        Change to “State: Investigate”

    State: Investigate

      Travel to location of Possible Sighting

      If Enemy is Visible

        Record enemy’s location

        If Squad Leader is Alive

          Radio “Message: Enemy Sighted” to Squad Leader

        Else If Squad Commander is Alive

          Radio “Message: Enemy Sighted” to Commander

        Change to “State: Attacking”

      If we reach the location

        Radio “Message: OK”

        Change to “State: Patrol”

    State: Attacking

      Travel towards the Enemy location

      If Enemy is Visible

        Record enemy’s updated location

        If we reach the Enemy

          Send “Message: Die” to enemy

        If Squad Leader is Alive

          Radio “Message: Enemy Dead” to Squad Leader

        Else If Squad Commander is Alive

          Radio “Message: Enemy Dead” to Commander

        Change to “State: Patrol”


    State: Dead

      When sent “Message: Status Request”

        Send “Message: No Response” to sender

}

Squad Leader

{

    When sent “Message: Status Request”


 Send “Message: OK”

    When sent “Message: No Response”


 Record the location of the sender

      If the sender is a squad member

        Send “Message: Investigate” to the commander

      Radio “Message: Possible Sighting” to the squad

      Change to “State: Investigate”

    When sent “Message: Enemy Sighted”

      Record the last known location of the enemy

      If the sender is a squad member

        Send “Message: Enemy Sighted” to the commander

      Radio “Message: Enemy Sighted” to the squad

      Change to “State: Engage”

    When sent “Message: Possible Sighting”

      Record the location of the possible sighting

      If the sender is a squad member

        Send “Message: Possible Sighting” to the commander

      Radio “Message: Possible Sighting” to the squad

      Change to “State: Investigate”

    When sent “Message: Enemy Dead”

      If sender is a squad member

        Send “Message: Enemy Dead” to the commander

      Else if sender is the commander

        Radio “Message: Enemy Dead” to the squad

        Change to “State: Patrol”

    When sent “Message: Resume Patrol”

        Radio “Message: Resume Patrol” to the squad

        Change to “State: Patrol”

    When sent “Message: Dead”

      Change to “State: Dead”

    State: Patrol

      Travel along Patrol Route

      If Enemy is Visible

        Record enemy’s location

        Radio “Message: Enemy Sighted” to the squad

        If the Commander is Alive

          Radio “Message: Enemy Sighted” to Commander

        Change to “State: Attacking”

      If Enemy is Partially Visible

        Record enemy’s location

        Radio “Message: Possible Sighting” to the squad

        If the Commander is Alive

          Radio “Message: Possible Sighting” to Commander

        Change to “State: Investigate”

    State: Investigate

      Travel to location of Possible Sighting

      If Enemy is Visible

        Record enemy’s location

        Radio “Message: Enemy Sighted” to the squad

        If the Commander is Alive

          Radio “Message: Enemy Sighted” to Commander

        Change to “State: Attacking”

      If we reach the location

        Radio “Message: Resume Patrol”

        Change to “State: Patrol”

    State: Attacking

      Travel towards the Enemy location

      If Enemy is Visible

        Record enemy’s updated location

        If we reach the Enemy

          Send “Message: Die” to enemy

        If Squad Commander is Alive

          Radio “Message: Enemy Dead” to Commander

        Else

          Radio “Message: Enemy Dead” to the squad

        Change to “State: Patrol”


    State: Dead

      Send “Message: Leader Dead” to the commander

      When sent “Message: Status Request”

        Send “Message: No Response” to sender

}

Commander

{

    When sent “Message: Status Request”


 Send “Message: Status Request” to this indexed squad

    When sent “Message: OK”

      Increment index to the next squad

    When sent “Message: No Response”


 Record the location of the sender

      Find the closest squad to the sender

      If such a squad exists

        Send “Message: Possible Sighting” to that squad

      Else

        Change to “State: Investigate”

      Increment index to the next squad

    When sent “Message: Enemy Sighted”

      Record the last known location of the enemy

      Find the closest squad to the sender

      If such a squad exists

        Send “Message: Enemy Sighted” to that squad

      Else

        Change to “State: Engage”

    When sent “Message: Possible Sighting”

      Record the location of the possible sighting

      Find the closest squad to the sender

      If such a squad exists

        Send “Message: Possible Sighted” to that squad

      Else

        Change to “State: Investigate”

    When sent “Message: Enemy Dead”

        Radio “Message: Resume Patrol” to all squads

        Change to “State: Patrol”

    When sent “Message: Leader Dead”

      Select a new leader for the squad

    When sent “Message: Dead”

      Change to “State: Dead”

    State: Initialize

      Send “Message: Status Request” to me every X seconds

      Change to “State: Patrol”

    State: Patrol

      Travel along Patrol Route

      If Enemy is Visible

        Record enemy’s location

        Radio “Message: Enemy Sighted” to all squads

        Change to “State: Attacking”

      If Enemy is Partially Visible

        Record enemy’s location

        Change to “State: Investigate”

    State: Investigate

      Travel to location of Possible Sighting

      If Enemy is Visible

        Record enemy’s location

        Radio “Message: Enemy Sighted” to all squads

        Change to “State: Attacking”

      If we reach the location

        Radio “Message: Resume Patrol”

        Change to “State: Patrol”

    State: Attacking

      Travel towards the Enemy location

      If Enemy is Visible

        Record enemy’s updated location

        If we reach the Enemy

          Send “Message: Die” to enemy

          Radio “Message: Enemy Dead” all squads

        Change to “State: Patrol”


    State: Dead

      When sent any Message

        Send “Message: No Response” to sender

}

Note: “State: Engage” is not listed in the pseudocode, but it is identical to “State: Investigate” with the exception that the agent will run to the location, as opposed to walk.

Example

An example of the behavior of the command structure is well displayed when a private spots the enemy.(diagram 1)  The private will tell their squad leader that the enemy has been sighted.(diagram 2)  The squad leader then relays this information to the commander.  The commander will now send a message to the squad nearest to the reporting squad to engage the enemy at the location of the sighting.(diagram 3)  The commander knows what their squads are doing, and will ask for periodic updates.  He does not receive one and sends another squad as backup to the non-responsive squad as they may be compromised.  There are three possible scenarios:

1) If the investigating squad reports nothing found, the commander will order the squad to resume their patrol route.

2) If a private partially sees the enemy, they will investigate on their own.  When they get close enough, they spot the enemy and report to the squad leader an enemy sighting.  The squad leader reports back to the commander, and the commander sends an extra squad as backup.

3) If a private in the investigating squad encountered the enemy he will report it to his squad leader, and the outcome will be the same as in  case 2.
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Diagram 1
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Diagram 2
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Diagram 3

---end---

Notes:

Agents kill the player by touching the player.  Therefore they attack the player by running at them.

The player attacks agents by clicking on their location.

---end---

