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"AnimationGraphSchema.h"
"Animation/AnimationAsset.h"
"Animation/AnimBlueprint.h"
"Framework/MultiBox/MultiBoxBuilder.h"
"ToolMenus.h"

"ObjectEditorUtils.h"

"K2Node.h"
"EdGraphSchema K2 Actions.h"
"Kismet2/BlueprintEditorUtils.h"
"Animation/AnimSequence.h"
"AnimStateNode.h"
"Animation/BlendSpace.h"
"Animation/AimOffsetBlendSpace.h"
"Animation/AimOffsetBlendSpacelD.h"
"Animation/AnimNodeBase.h"
"AnimGraphNode Base.h"

"AnimGraphNode AssetPlayerBase.h"
"AnimGraphNode BlendSpacePlayer.h"
"AnimGraphNode ComponentToLocalSpace.h"
"AnimGraphNode LocalToComponentSpace.h"
"AnimGraphNode Root.h"

"AnimGraphNode RotationOffsetBlendSpace.h"
"AnimGraphNode SequencePlayer.h"
"Animation/PoseAsset.h"

"AnimGraphNode PoseBlendNode.h"
"AnimGraphNode PoseByName.h"
"AnimGraphCommands.h"

"K2Node Knot.h"

"ScopedTransaction.h"
"Animation/AnimMontage.h"
"AnimGraphNode LinkedInputPose.h"
"AnimGraphNode LinkedAnimLayer.h"
"AnimGraphNode LinkedAnimGraphBase.h"
"AnimGraphNode RigidBody.h"
"AnimationBlendSpaceSampleGraph.h"
"GraphEditorDragDropAction.h"
"AnimationEditorUtils.h"
"Settings/AnimBlueprintSettings.h"

#define LOCTEXT NAMESPACE "AnimationGraphSchema"

namespace UE::Anim::BP::Editor

{

bool IsSkeletonCompatible (const UAnimBlueprint* AnimBlueprint,

UAnimationAsset* Asset)

{

if (AnimBlueprint == nullptr)

const



61

return false; // No blueprint provided, cannot be
compatible
}
if (AnimBlueprint->bIsTemplate)
{
return true; // Templates are always compatible
}
if (AnimBlueprint->TargetSkeleton == nullptr)
{
return false; // No target skeleton provided, cannot be
compatible

}

return AnimBlueprint->TargetSkeleton-
>IsCompatibleForEditor (Asset->GetSkeleton());
}
}
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// FAnimationLayerDragDropAction
/** DragDropAction class for drag and dropping animation layers */
class ANIMGRAPH API FAnimationLayerDragDropAction : public
FGraphSchemaActionDragDropAction
{
public:

DRAG DROP OPERATOR TYPE (FAnimationLayerDragDropAction,
FGraphSchemaActionDragDropAction)

virtual FReply DroppedOnPanel (const TSharedRef< class SWidget >é&
Panel, FVector2D ScreenPosition, FVector2D GraphPosition, UEdGraphé& Graph)
override;

virtual FReply DroppedOnNode (FVector2D ScreenPosition, FVector2D
GraphPosition) override;

virtual FReply DroppedOnPin (FVector2D ScreenPosition, FVector2D
GraphPosition) override;

virtual FReply DroppedOnAction (TSharedRef<FEdGraphSchemaAction>
Action) override;

virtual FReply DroppedOnCategory (FText Category) override;

virtual void HoverTargetChanged() override;

protected:

/** Constructor */
FAnimationLayerDragDropAction () ;

static TSharedRef<FAnimationlLayerDragDropAction>
New (TSharedPtr<FEdGraphSchemaAction> InAction, FName InFuncName,
UAnimBlueprint* InRigBlueprint, UAnimationGraph* InRigGraph) ;

UAnimBlueprint* SourceAnimBlueprint;
UAnimationGraph* SourceAnimLayerGraph;

FName SourceFuncName;

friend class UAnimationGraphSchema;
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FAnimationLayerDragDropAction: :FAnimationLayerDragDropAction ()
FGraphSchemaActionDragDropAction ()
, SourceAnimBlueprint (nullptr)
, SourceAnimlLayerGraph (nullptr)
;, SourceFuncName (NAME None)
{
}

FReply FAnimationLayerDragDropAction: :DroppedOnPanel (const TSharedRef<
class SWidget >& Panel, FVector2D ScreenPosition, FVector2D GraphPosition,
UEdGraphé& Graph)
{
if (UAnimationGraph* TargetRigGraph = Cast<UAnimationGraph> (&Graph))
{
if (UAnimBlueprint* TargetAnimBlueprint =
Cast<UAnimBlueprint> (FBlueprintEditorUtils::FindBlueprintForGraph (TargetRig
Graph)))
{
FGraphNodeCreator<UAnimGraphNode LinkedAnimLayer>
LinkedInputLayerNodeCreator (*TargetRigGraph) ;
UAnimGraphNode LinkedAnimLayer* LinkedAnimLayerNode =
LinkedInputLayerNodeCreator.CreateNode () ;
const FName GraphName = TargetRigGraph->GetFName () ;
LinkedAnimLayerNode->SetupFromLayerId (SourceFuncName) ;
LinkedInputLayerNodeCreator.Finalize();
LinkedAnimLayerNode->NodePosX =
static cast<int32>(GraphPosition.X);
LinkedAnimLayerNode->NodePosY =
static cast<int32>(GraphPosition.Y);

UBlueprint* Blueprint =
FBlueprintEditorUtils: :FindBlueprintForGraphChecked (&Graph) ;

// See if we need to recompile skeleton after adding this
node, or just mark dirty

if (LinkedAnimLayerNode-
>NodeCausesStructuralBlueprintChange () )

{

FBlueprintEditorUtils: :MarkBlueprintAsStructurallyModified (Blueprint)

}

else

{

FBlueprintEditorUtils: :MarkBlueprintAsModified (Blueprint) ;
}
}
}
return FReply::Unhandled() ;
}

FReply FAnimationLayerDragDropAction: :DroppedOnNode (FVector2D
ScreenPosition, FVector2D GraphPosition)
{

if (UEdGraphNode* TargetNode = GetHoveredNode ())

{



63

if (UAnimGraphNode LinkedAnimLayer* LinkedAnimLayer =
Cast<UAnimGraphNode LinkedAnimLayer> (TargetNode))
{
LinkedAnimLayer->Node.Layer = SourceFuncName;
return FReply::Handled() ;
}
}
return FReply::Unhandled() ;
}

FReply FAnimationLayerDragDropAction: :DroppedOnPin (FVector2D
ScreenPosition, FVector2D GraphPosition)
{
return FReply::Unhandled() ;
1

FReply
FAnimationLayerDragDropAction: :DroppedOnAction (TSharedRef<FEdGraphSchemaAct
ion> Action)
{

return FReply::Unhandled() ;
}

FReply FAnimationLayerDragDropAction: :DroppedOnCategory (FText Category)
{

return FReply::Unhandled() ;
}

void FAnimationlLayerDragDropAction::HoverTargetChanged ()

{
FGraphSchemaActionDragDropAction: :HoverTargetChanged() ;
bDropTargetValid = true;

TSharedRef<FAnimationLayerDragDropAction>
FAnimationLayerDragDropAction: :New (TSharedPtr<FEdGraphSchemaAction>
InAction, FName InFuncName, UAnimBlueprint* InAnimBlueprint,
UAnimationGraph* InAnimationLayerGraph)
{

TSharedRef<FAnimationLayerDragDropAction> Action = MakeShareable (new
FAnimationLayerDragDropAction) ;

Action->SourceAction = InAction;

Action->SourceAnimBlueprint = InAnimBlueprint;

Action->SourceAnimlLayerGraph = InAnimationLayerGraph;

Action->SourceFuncName = InFuncName;

Action->Construct () ;

return Action;

}

L1777 7777777777777 7777777777777 77777 77777777777777
// UAnimationGraphSchema

UAnimationGraphSchema: :UAnimationGraphSchema (const FObjectInitializeré&
ObjectInitializer)

Super (ObjectInitializer)
{

PN SequenceName = TEXT ("Sequence");
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NAME NeverAsPin = TEXT ("NeverAsPin");

NAME PinHiddenByDefault = TEXT ("PinHiddenByDefault");

NAME PinShownByDefault = TEXT ("PinShownByDefault");

NAME AlwaysAsPin = TEXT ("AlwaysAsPin");

NAME OnEvaluate = TEXT ("OnEvaluate");

NAME CustomizeProperty = TEXT ("CustomizeProperty");
DefaultEvaluationHandlerName = TEXT ("EvaluateGraphExposedInputs");

}

FLinearColor UAnimationGraphSchema: :GetPinTypeColor (const FEdGraphPinTypeé&
PinType) const

{
const bool bAdditive = PinType.PinSubCategory == TEXT ("Additive");

if (UAnimationGraphSchema::IsLocalSpacePosePin (PinType))
{
if (bAdditive)

{
return FLinearColor (0.12, 0.60, 0.10);

return FLinearColor::White;

}

else if (UAnimationGraphSchema: :IsComponentSpacePosePin (PinType))

{
//@TODO: Pick better colors

if (bAdditive)
{
return FLinearColor (0.12, 0.60, 0.60);

return FLinearColor (0.20f, 0.50f, 1.00f);

}

return Super::GetPinTypeColor (PinType) ;
}

EGraphType UAnimationGraphSchema: :GetGraphType (const UEdGraph* TestEdGraph)
const
{

return GT Animation;

}

void UAnimationGraphSchema: :CreateDefaultNodesForGraph (UEdGraphé& Graph)
const
{
// Create the result node
FGraphNodeCreator<UAnimGraphNode Root> NodeCreator (Graph) ;
UAnimGraphNode Root* ResultSinkNode = NodeCreator.CreateNode();
NodeCreator.Finalize () ;
SetNodeMetaData (ResultSinkNode, FNodeMetadata::DefaultGraphNode) ;
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void UAnimationGraphSchema: :HandleGraphBeingDeleted (UEdGraphé&
GraphBeingRemoved) const
{
if (UBlueprint* Blueprint =
FBlueprintEditorUtils: :FindBlueprintForGraph (&GraphBeingRemoved))
{
// Look for state nodes that reference this graph
TArray<UAnimStateNodeBase*> StateNodes;

FBlueprintEditorUtils: :GetAl1lNodesOfClassEx<UAnimStateNode> (Blueprint
, StateNodes) ;

TSet<UAnimStateNodeBase*> NodesToDelete;
for (int32 i = 0; 1 < StateNodes.Num(),; ++1i)
{
UAnimStateNodeBase* StateNode = StateNodes[i];
if (StateNode->GetBoundGraph () == &GraphBeingRemoved)
{
NodesToDelete.Add (StateNode) ;

}

// Delete the node that owns us
ensure (NodesToDelete.Num() <= 1);

for (TSet<UAnimStateNodeBase*>::TIterator It (NodesToDelete); It;
++It)

UAnimStateNodeBase* NodeToDelete = *It;

FBlueprintEditorUtils: :RemoveNode (Blueprint, NodeToDelete,
true);

// Prevent re-entrancy here
NodeToDelete->ClearBoundGraph () ;
}

// Remove pose watches from nodes in this graph

if (UAnimBlueprint* AnimBlueprint =
Cast<UAnimBlueprint> (Blueprint))

{

AnimationEditorUtils: :RemovePoseWatchesFromGraph (AnimBlueprint,
&GraphBeingRemoved) ;
}
}

bool UAnimationGraphSchema: :IsPosePin (const FEdGraphPinType& PinType)
{

return IsLocalSpacePosePin (PinType) ||
IsComponentSpacePosePin (PinType) ;

}

bool UAnimationGraphSchema: :IsLocalSpacePosePin (const FEdGraphPinType&
PinType)
{

UScriptStruct* PoselLinkStruct = FPoselink::StaticStruct();
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return (PinType.PinCategory == UAnimationGraphSchema::PC Struct) &&
(PinType.PinSubCategoryObject == PoselLinkStruct);
}

bool UAnimationGraphSchema: :IsComponentSpacePosePin (const FEdGraphPinTypeé&
PinType)
{

UScriptStruct* ComponentSpacePoselLinkStruct =
FComponentSpacePoselLink::StaticStruct () ;

return (PinType.PinCategory == UAnimationGraphSchema::PC Struct) &&
(PinType.PinSubCategoryObject == ComponentSpacePoselLinkStruct);
}

FEdGraphPinType UAnimationGraphSchema: :MakeLocalSpacePosePin ()
{

FEdGraphPinType PinType;

PinType.ResetToDefaults () ;

PinType.PinCategory = UAnimationGraphSchema::PC Struct;
PinType.PinSubCategoryObject = FPoselLink::StaticStruct();

return PinType;

}

FEdGraphPinType UAnimationGraphSchema: :MakeComponentSpacePosePin ()
{

FEdGraphPinType PinType;

PinType.ResetToDefaults () ;

PinType.PinCategory = UAnimationGraphSchema::PC_Struct;
PinType.PinSubCategoryObject =
FComponentSpacePoselLink: :StaticStruct () ;

return PinType;

}

bool UAnimationGraphSchema: :TryCreateConnection (UEdGraphPin* A,
UEdGraphPin* B) const
{

UEdGraphPin* OutputPin = nullptr;

UEdGraphPin* InputPin = nullptr;

if (A->Direction == EEdGraphPinDirection::EGPD Output)
{

OutputPin = A;

InputPin = B;

OutputPin = B;
InputPin = A;
}
check (OutputPin && InputPin);

UK2Node Knot* OutputKnotNode = Cast<UK2Node Knot> (OutputPin-
>GetOwningNode () ) ;

UK2Node Knot* InputKnotNode = Cast<UKZNode Knot> (InputPin-
>GetOwningNode ()) ;
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bool bConnectionWithKnot = OutputKnotNode != nullptr || InputKnotNode
!'= nullptr;

if (bConnectionWithKnot)

{
// Double check this is our "exec"-like line
bool bOutputIsPose = IsPosePin (OutputPin->PinType) ;
bool bInputlIsPose = IsPosePin (InputPin->PinType):;

bool bHavePosePin = bOutputIsPose || bInputIsPose;

bool bHaveWildPin = InputPin->PinType.PinCategory == PC Wildcard
| | OutputPin->PinType.PinCategory == PC Wildcard;

if ((bOutputIsPose && bInputlIsPose) || (bHavePosePin &&
bHaveWildPin))

{

// Ok this is a valid exec-like line, we need to kill any
connections already on the output pin
OutputPin->BreakAllPinLinks () ;

}

if (Super::TryCreateConnection (A, B))
{
// Connection made - remove any bindings on the input pin
1f (UAnimGraphNode Base* AnimGraphNode =
Cast<UAnimGraphNode Base> (InputPin->GetOwningNode ()))

{

// Compare FName without number to make sure we catch
array properties that are split into multiple pins

FName ComparisonName = InputPin->GetFName () ;

ComparisonName.SetNumber (0) ;

AnimGraphNode->RemoveBindings (ComparisonName) ;

return true;
return false;

const FPinConnectionResponse

UAnimationGraphSchema: :DetermineConnectionResponseOfCompatibleTypedPins (con
st UEdGraphPin* PinA, const UEdGraphPin* PinB, const UEdGraphPin* InputPin,
const UEdGraphPin* OutputPin) const

{

// Enforce a tree hierarchy; where poses can only have one output

(parent) connection
if (IsPosePin (OutputPin->PinType) && IsPosePin (InputPin->PinType))
{
if ((OutputPin->LinkedTo.Num() > 0) || (InputPin->LinkedTo.Num /()

> 0))

const ECanCreateConnectionResponse ReplyBreakOutputs =
CONNECT RESPONSE BREAK OTHERS AB;
return FPinConnectionResponse (ReplyBreakOutputs,
TEXT ("Replace existing connections"));
}
}
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// Fall back to standard K2 rules

return Super::DetermineConnectionResponseOfCompatibleTypedPins (PinA,
PinB, InputPin, OutputPin);
}

bool UAnimationGraphSchema: :ArePinsCompatible (const UEdGraphPin* PinA,
const UEdGraphPin* PinB, const UClass* CallingContext, bool bIgnoreArray)
const
{

// both are pose pin, but doesn't match type, then return false;

if (IsPosePin (PinA->PinType) && IsPosePin (PinB->PinType) &&
IsLocalSpacePosePin (PinA->PinType) != IsLocalSpacePosePin (PinB->PinType))

{

return false;

}

// Disallow pose pins connecting to wildcards (apart from reroute
nodes)
if (IsPosePin (PinA->PinType) && PinB->PinType.PinCategory ==
PC Wildcard)
{
return Cast<UK2Node Knot>(PinB->GetOwningNode()) != nullptr;
}
else 1f (IsPosePin (PinB->PinType) && PinA->PinType.PinCategory ==
PC Wildcard)
{
return Cast<UK2Node Knot>(PinA->GetOwningNode()) != nullptr;
}

return Super::ArePinsCompatible (PinA, PinB, CallingContext,
bIgnoreArray) ;
}

bool UAnimationGraphSchema: :DoesSupportAnimNotifyActions () const
{

// Don't offer notify items in anim graph

return false;

}

void UAnimationGraphSchema: :CreateFunctionGraphTerminators (UEdGraphé& Graph,
UClass* Class) const
{

if (const UAnimationGraphSchema* Schema =
ExactCast<UAnimationGraphSchema> (Graph.GetSchema ()))

{
const FName GraphName = Graph.GetFName () ;

// Get the function GUID from the most up-to-date class
FGuid GraphGuid;

FBlueprintEditorUtils: :GetFunctionGuidFromClassByFieldName (FBlueprint
EditorUtils: :GetMostUpToDateClass (Class), GraphName, GraphGuid) ;

// Create a root node

FGraphNodeCreator<UAnimGraphNode Root> RootNodeCreator (Graph);
UAnimGraphNode Root* RootNode = RootNodeCreator.CreateNode () ;
RootNodeCreator.Finalize () ;
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SetNodeMetaData (RootNode, FNodeMetadata::DefaultGraphNode) ;

UFunction* InterfaceToImplement = FindUField<UFunction>(Class,
GraphName) ;
if (InterfaceToImplement)
{
// Propagate group from metadata
TArray<UAnimGraphNode Root*> RootNodes;
Graph.GetNodesOfClass<UAnimGraphNode Root> (RootNodes) ;

check (RootNodes.Num() == 1);

RootNodes[0] -
>Node.SetGroup (*FObjectEditorUtils: :GetCategoryText (InterfaceToImplement) .T
oString());

int32 CurrentPoselIndex = 0;

for (TFieldIterator<FProperty>
PropIt (InterfaceToImplement); ProplIt && (Proplt->PropertyFlags & CPF _Parm);
++Proplt)

{
FProperty* Param = *Proplt;

const bool bIsFunctionInput = !Param-
>HasAnyPropertyFlags (CPF OutParm) || Param-
>HasAnyPropertyFlags (CPF ReferenceParm) ;

if (bIsFunctionInput)
{
FEdGraphPinType PinType;
if (Schema->ConvertPropertyToPinType (Param,
PinType))
{

// Create linked input pose for each pose
pin type

if (UAnimationGraphSchema: :IsPosePin (PinType))
{

FGraphNodeCreator<UAnimGraphNode LinkedInputPose>
LinkedInputNodeCreator (Graph) ;
UAnimGraphNode LinkedInputPose*
LinkedInputNode = LinkedInputNodeCreator.CreateNode () ;
LinkedInputNode-
>FunctionReference.SetExternalMember (GraphName, Class, GraphGuid);
LinkedInputNode->Node.Name = Param-—
>GetFName () ;
LinkedInputNode->InputPoseIndex =

CurrentPoseIndex;

LinkedInputNode->ReconstructNode () ;

SetNodeMetaData (LinkedInputNode,
FNodeMetadata: :DefaultGraphNode) ;

LinkedInputNodeCreator.Finalize ()

CurrentPoseIndex++;
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}

AutoArrangelInterfaceGraph (Graph) ;

Super: :CreateFunctionGraphTerminators (Graph, Class);

bool UAnimationGraphSchema::CanShowDataTooltipForPin (const UEdGraphPiné&
Pin) const
{
return !IsPosePin(Pin.PinType) &&
UEdGraphSchema K2::CanShowDataTooltipForPin (Pin);
}

bool
UAnimationGraphSchema: :CanGraphBeDropped (TSharedPtr<FEdGraphSchemaAction>
InAction) const
{
if (!InAction.IsValid())
{
return false;

}

if (InAction->GetTypeld() ==
FEdGraphSchemaAction K2Graph::StaticGetTypeId())
{
FEdGraphSchemaAction K2Graph* FuncAction =
(FEdGraphSchemaAction K2Graph*)InAction.Get ()
if (UAnimationGraph* AnimGraph =
Cast<UAnimationGraph> ( (UEdGraph*) FuncAction->EdGraph))
{
return true;
}
}

return false;

}

FReply
UAnimationGraphSchema: :BeginGraphDragAction (TSharedPtr<FEdGraphSchemaAction
> InAction, const FPointerEvent& MouseEvent) const
{

if (!InAction.IsValid())

{

return FReply::Unhandled() ;
}

if (InAction->GetTypeld() ==
FEdGraphSchemaAction K2Graph::StaticGetTypeId())
{
FEdGraphSchemaAction K2Graph* FuncAction =
(FEdGraphSchemaAction K2Graph*) InAction.Get ();
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if (UAnimationGraph* AnimationLayerGraph =
Cast<UAnimationGraph> ( (UEdGraph*) FuncAction->EdGraph))
{
if (UAnimBlueprint* TargetAnimBlueprint =
Cast<UAnimBlueprint> (FBlueprintEditorUtils::FindBlueprintForGraph (Animation
LayerGraph)))
{

return
FReply::Handled () .BeginDragDrop (FAnimationLayerDragDropAction: :New (InAction
, FuncAction->FuncName, TargetAnimBlueprint, AnimationLayerGraph));

}

return FReply::Unhandled() ;

bool UAnimationGraphSchema: :SearchForAutocastFunction (const
FEdGraphPinType& OutputPinType, const FEdGraphPinType& InputPinType, FNameé&
TargetFunction, /*out*/ UClass*& FunctionOwner) const
{
TOptional<UEdGraphSchema K2::FSearchForAutocastFunctionResults>
Result = SearchForAutocastFunction (OutputPinType, InputPinType);
if (Result)
{
TargetFunction = Result->TargetFunction;
FunctionOwner = Result->FunctionOwner;
return true;

return false;

TOptional<UEdGraphSchema K2::FSearchForAutocastFunctionResults>
UAnimationGraphSchema: :SearchForAutocastFunction (const FEdGraphPinType&
OutputPinType, const FEdGraphPinType& InputPinType) const

{
TOptional<UEdGraphSchema K2::FSearchForAutocastFunctionResults>

Result;

if (IsComponentSpacePosePin (OutputPinType) &&
IsLocalSpacePosePin (InputPinType))
{

// Insert a Component To LocalSpace conversion
Result = UEdGraphSchema K2::FSearchForAutocastFunctionResults{};

}
else if (IsLocalSpacePosePin (OutputPinType) &&

IsComponentSpacePosePin (InputPinType))
{

// Insert a Local To ComponentSpace conversion
Result = UEdGraphSchema K2::FSearchForAutocastFunctionResults{};

else

Result = Super::SearchForAutocastFunction (OutputPinType,
InputPinType) ;
}
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return Result;

bool
UAnimationGraphSchema: :CreateAutomaticConversionNodeAndConnections (UEdGraph
Pin* PinA, UEdGraphPin* PinB) const
{
// Determine which pin is an input and which pin is an output
UEdGraphPin* InputPin = NULL;
UEdGraphPin* OutputPin = NULL;
if (!CategorizePinsByDirection (PinA, PinB, /*out*/ InputPin, /*out*/
OutputPin))
{

return false;

}

// Look for animation specific conversion operations
UK2Node* TemplateNode = NULL;
if (IsComponentSpacePosePin (OutputPin->PinType) &&
IsLocalSpacePosePin (InputPin->PinType))
{
TemplateNode =
NewObject<UAnimGraphNode ComponentToLocalSpace> () ;
}
else 1f (IsLocalSpacePosePin (OutputPin->PinType) &&
IsComponentSpacePosePin (InputPin->PinType))
{
TemplateNode =
NewObject<UAnimGraphNode LocalToComponentSpace>();
}

// Spawn the conversion node if it's specific to animation
if (TemplateNode != NULL)
{
UEdGraph* Graph = InputPin->GetOwningNode () ->GetGraph () ;
FVector2D Averagelocation =
CalculateAveragePositionBetweenNodes (InputPin, OutputPin);

UK2Node* ConversionNode =
FEdGraphSchemaAction K2NewNode::SpawnNodeFromTemplate<UK2Node> (Graph,
TemplateNode, Averagelocation);

AutowireConversionNode (InputPin, OutputPin, ConversionNode) ;

return true;
else

// Give the regular conversions a shot
return Super::CreateAutomaticConversionNodeAndConnections (PinA,
PinB) ;

bool IsAimOffsetBlendSpace (UBlendSpace* BlendSpace)
{
return BlendSpace->IsA (UAimOffsetBlendSpace::StaticClass()) ||
BlendSpace->IsA (UAimOffsetBlendSpacelD::StaticClass());
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void UAnimationGraphSchema: :SpawnNodeFromAsset (UAnimationAsset* Asset,
const FVector2D& GraphPosition, UEdGraph* Graph, UEdGraphPin%*
PinIfAvailable)
{
check (Graph) ;
check (Graph->GetSchema () ->IsA (UAnimationGraphSchema: :StaticClass()));
check (Asset) ;

UAnimBlueprint* AnimBlueprint =
Cast<UAnimBlueprint> (FBlueprintEditorUtils: :FindBlueprintForGraph (Graph)) ;

const bool bSkelMatch =
UE::Anim: :BP::Editor::IsSkeletonCompatible (AnimBlueprint, Asset);
const bool bTypeMatch = (PinIfAvailable == nullptr) ||
UAnimationGraphSchema: :IsLocalSpacePosePin (PinIfAvailable->PinType) ;
const bool bDirectionMatch = (PinIfAvailable == nullptr) ||
(PinIfAvailable->Direction == EGPD Input);

if (bSkelMatch && bTypeMatch && bDirectionMatch)

{
FEdGraphSchemaAction K2NewNode Action;

UClass* NewNodeClass = GetNodeClassForAsset (Asset->GetClass());

if (NewNodeClass)
{
check (NewNodeClass—
>IsChildOf (UAnimGraphNode AssetPlayerBase::StaticClass()));

UAnimGraphNode AssetPlayerBase* NewNode =
NewObject<UAnimGraphNode AssetPlayerBase> (GetTransientPackage(),
NewNodeClass) ;

NewNode->SetAnimationAsset (Asset) ;

NewNode->CopySettingsFromAnimationAsset (Asset) ;

Action.NodeTemplate = NewNode;

Action.PerformAction (Graph, PinIfAvailable,
GraphPosition) ;
}
}
}

void UAnimationGraphSchema: :SpawnRigidBodyNodeFromAsset (UPhysicsAsset*
Asset, const FVector2D& GraphPosition, UEdGraph* Graph)
{
check (Graph) ;
check (Graph->GetSchema () ->IsA (UAnimationGraphSchema: :StaticClass()));
check (Asset) ;

FEdGraphSchemaAction K2NewNode Action;

UAnimGraphNode RigidBody* NewNode =
NewObject<UAnimGraphNode RigidBody> (GetTransientPackage());

NewNode->Node.OverridePhysicsAsset = Asset;

Action.NodeTemplate = NewNode;

Action.PerformAction (Graph, nullptr, GraphPosition);
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void UAnimationGraphSchema: :UpdateNodeWithAsset (UK2Node* K2Node,
UAnimationAsset* Asset)
{
if (Asset != NULL)
{
if (UAnimGraphNode AssetPlayerBase* AssetPlayerNode =
Cast<UAnimGraphNode AssetPlayerBase>(K2Node))

{
if (AssetPlayerNode->SupportsAssetClass (Asset->GetClass())

!= EAnimAssetHandlerType: :NotSupported)
{

const FScopedTransaction
Transaction (LOCTEXT ("UpdateNodeWithAsset", "Updating Node with Asset"));
AssetPlayerNode->Modify () ;

AssetPlayerNode->SetAnimationAsset (Asset) ;

K2Node->GetSchema () —>ForceVisualizationCacheClear () ;
K2Node->ReconstructNode () ;

}

void UAnimationGraphSchema: :DroppedAssetsOnGraph ( const TArray<FAssetData>&
Assets, const FVector2D& GraphPosition, UEdGraph* Graph ) const
{
if (Graph != NULL)
{
if (UAnimationAsset* AnimationAsset =
FAssetData: :GetFirstAsset<UAnimationAsset> (Assets))
{
SpawnNodeFromAsset (AnimationAsset, GraphPosition, Graph,
NULL) ;

}
else if (UPhysicsAsset* PhysicsAsset =

FAssetData: :GetFirstAsset<UPhysicsAsset> (Assets))
{
SpawnRigidBodyNodeFromAsset (PhysicsAsset, GraphPosition,

Graph) ;

}

void UAnimationGraphSchema: :DroppedAssetsOnNode (const TArray<FAssetData>é&
Assets, const FVector2D& GraphPosition, UEdGraphNode* Node) const
{
UAnimationAsset* Asset =
FAssetData: :GetFirstAsset<UAnimationAsset> (Assets);
UK2Node* K2Node = Cast<UK2Node> (Node) ;
if ((Asset != NULL) && (K2Node!= NULL))

{
UpdateNodeWithAsset (K2Node, Asset);
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void UAnimationGraphSchema: :DroppedAssetsOnPin (const TArray<FAssetData>é&
Assets, const FVector2D& GraphPosition, UEdGraphPin* Pin) const
{
UAnimationAsset* Asset =
FAssetData: :GetFirstAsset<UAnimationAsset> (Assets);
if ((Asset != NULL) && (Pin != NULL))
{
// Don't have access to bounding information for node, using
fixed offset that should work for most cases.
const FVector2D FixedOffset (-250.0f, 50.0f);
SpawnNodeFromAsset (Asset, GraphPosition + FixedOffset, Pin-
>GetOwningNode () -=>GetGraph (), Pin);
}
}

void UAnimationGraphSchema: :GetAssetsNodeHoverMessage (const
TArray<FAssetData>& Assets, const UEdGraphNode* HoverNode, FStringé&
OutTooltipText, bool& OutOkIcon) const
{

UAnimationAsset* Asset =
FAssetData: :GetFirstAsset<UAnimationAsset> (Assets);

if ((Asset == NULL) || (HoverNode == NULL) || !HoverNode-
>IsA (UAnimGraphNode Base::StaticClass()))

{

OutTooltipText = TEXT("");
OutOkIcon = false;
return;

bool bCanPlayAsset = SupportNodeClassForAsset (Asset->GetClass(),
HoverNode->GetClass () ) ;

// this one only should happen when there is an Anim Blueprint
UAnimBlueprint* AnimBlueprint =
Cast<UAnimBlueprint> (FBlueprintEditorUtils::FindBlueprintForNode (HoverNode)
)
const bool bSkelMatch =
UE::Anim: :BP::Editor::IsSkeletonCompatible (AnimBlueprint, Asset);

if (!bSkelMatch)
{
OutOkIcon = false;
OutTooltipText = LOCTEXT ("SkeletonsNotCompatible", "Skeletons
are not compatible").ToString();
}
else if (bCanPlayAsset)

{
OutOkIcon = true;

OutTooltipText =
FText::Format (LOCTEXT ("AssetNodeHoverMessage Success", "Change node to play
'{0}'"), FText::FromString (Asset->GetName ())) .ToString():;

}
else
{
OutOkIcon = false;
OutTooltipText =
FText::Format (LOCTEXT ("AssetNodeHoverMessage Fail", "Cannot play '{0}' on
this node type"), FText::FromString (Asset->GetName ())) .ToString() ;
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void UAnimationGraphSchema: :GetAssetsPinHoverMessage (const
TArray<FAssetData>& Assets, const UEdGraphPin* HoverPin, FStringé&
OutTooltipText, bool& OutOkIcon) const
{

UAnimationAsset* Asset =
FAssetData: :GetFirstAsset<UAnimationAsset> (Assets);

if ((Asset == NULL) || (HoverPin == NULL))
{

OutTooltipText = TEXT("");

OutOkIcon = false;

return;

}

// this one only should happen when there is an Anim Blueprint
UAnimBlueprint* AnimBlueprint =
Cast<UAnimBlueprint> (FBlueprintEditorUtils: :FindBlueprintForNode (HoverPin-
>GetOwningNode ())) ;

const bool bSkelMatch =

UE: :Anim: :BP::Editor::IsSkeletonCompatible (AnimBlueprint, Asset);
const bool bTypeMatch =

UAnimationGraphSchema: :IsLocalSpacePosePin (HoverPin->PinType) ;
const bool bDirectionMatch = HoverPin->Direction == EGPD Input;

if (bSkelMatch && bTypeMatch && bDirectionMatch)

{
OutOkIcon = true;

OutTooltipText =
FText::Format (LOCTEXT ("AssetPinHoverMessage Success", "Play {0} and feed to
{1}"), FText::FromString (Asset->GetName()), FText::FromName (HoverPin-

>PinName) ) .ToString() ;
}
else
{
OutOkIcon = false;
OutTooltipText = LOCTEXT ("AssetPinHoverMessage Fail", "Type or
direction mismatch; must be wired to a pose input").ToString():;
}
}

void UAnimationGraphSchema: :GetAssetsGraphHoverMessage (const
TArray<FAssetData>& Assets, const UEdGraph* HoverGraph, FStringé&
OutTooltipText, bool& OutOkIcon) const
{
if (UAnimationAsset* AnimationAsset =
FAssetData: :GetFirstAsset<UAnimationAsset> (Assets))
{
UAnimBlueprint* AnimBlueprint =
Cast<UAnimBlueprint> (FBlueprintEditorUtils::FindBlueprintForGraph (HoverGrap
h));
const bool bSkelMatch =
UE::Anim: :BP::Editor::IsSkeletonCompatible (AnimBlueprint, AnimationAsset);
if (!bSkelMatch)
{
OutOkIcon = false;
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if (AnimBlueprint && AnimBlueprint->bIsTemplate)
{
OutTooltipText = LOCTEXT ("TemplateNotAllowed",
"Template animation blueprints cannot reference assets").ToString();
}
else
{
OutTooltipText = LOCTEXT ("SkeletonsNotCompatible",
"Skeletons are not compatible™).ToString();
}
}
else if (UAnimMontage* Montage =
FAssetData: :GetFirstAsset<UAnimMontage> (Assets))
{
OutOkIcon = false;
OutTooltipText = LOCTEXT ("NoMontagesInAnimGraphs",
"Montages cannot be used in animation graphs").ToString();
}
else
{
OutOkIcon = true;
OutTooltipText = TEXT("");

}
else 1f (UPhysicsAsset* PhysicsAsset =
FAssetData: :GetFirstAsset<UPhysicsAsset> (Assets))
{
OutOkIcon = true;
OutTooltipText = TEXT("");

void UAnimationGraphSchema: :GetContextMenuActions (UToolMenu* Menu,
UGraphNodeContextMenuContext* Context) const
{

Super: :GetContextMenuActions (Menu, Context);

if (const UAnimGraphNode Base* AnimGraphNode =
Cast<UAnimGraphNode Base> (Context->Node))
{
{

// Node contextual actions
FToolMenuSection& Section = Menu-
>AddSection ("AnimGraphSchemaNodeActions",
LOCTEXT ("AnimNodeActionsMenuHeader", "Anim Node Actions"));
if (GetDefault<UAnimBlueprintSettings> () -
>bAllowPoseWatches)
{

Section.AddMenuEntry (FAnimGraphCommands: :Get () . TogglePoseWatch) ;
}

Section.AddMenuEntry (FAnimGraphCommands: :Get () .HideUnboundPropertyPin
s)

}

if (Context->Pin && !IsPosePin (Context->Pin->PinType))
{
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TSharedPtr<SWidget> BindingWidget =
MakeBindingWidgetForPin ({ const cast<UAnimGraphNode Base*> (AnimGraphNode)
}, Context->Pin->GetFName (), false, true);

if (BindingWidget.IsValid())

{

FToolMenuSection& Section = Menu-
>AddSection ("EdGraphSchemaPinActions") ;

Section.AddEntry (FToolMenuEntry: :InitWidget ("BindingWidget",
BindingWidget.ToSharedRef (), LOCTEXT ("BindingWidgetLabel", "Binding"),
true)) ;

}

}

void
UAnimationGraphSchema: :HideUnboundPropertyPins (UAnimGraphNode LinkedAnimGra
phBase* Node)
{

TArrayView<FOptionalPinFromProperty> OptionalPins = Node-
>CustomPinProperties;

for (FOptionalPinFromProperty& OptionalPin : OptionalPins)
{
FName PropertyName;
FProperty* Property = nullptr;
int32 PinIndex = 0;
Node->GetPinBindingInfo (OptionalPin.PropertyName, PropertyName,
Property, PinIndex);
if (Node-
>IsPinUnlinkedUnboundAndUnset (OptionalPin.PropertyName.ToString(),
EGPD Input))
{
Node->SetCustomPinVisibility(false, PinIndex);
}

}

TSharedPtr<SWidget> UAnimationGraphSchema: :MakeBindingWidgetForPin (const
TArray<UAnimGraphNode Base*>& InAnimGraphNodes, FName InPinName, bool
bInOnGraphNode, TAttribute<bool> bInIsEnabled)

{
const UAnimGraphNode Base* FirstNode = InAnimGraphNodes[0];

FProperty* PinProperty nullptr;
int32 OptionalPinIndex = INDEX NONE;
FName BindingName = NAME None;
if(FirstNode && FirstNode->GetPinBindingInfo (InPinName, BindingName,
PinProperty, OptionalPinIndex))
{
check (PinProperty) ;
check (OptionalPinIndex != INDEX NONE) ;
check (BindingName != NAME None);

const bool bPropertyIsOnFNode = FirstNode->GetFNodeProperty () !=
nullptr && (FirstNode->GetFNodeProperty()->Struct->IsChildOf (PinProperty-
>GetOwner<UScriptStruct>()));



UAnimGraphNode Base::FAnimPropertyBindingWidgetArgs
BindingArgs (InAnimGraphNodes, PinProperty, InPinName, BindingName,
OptionalPinIndex) ;

BindingArgs.OnGetOptionalPins =

UAnimGraphNode Base::FAnimPropertyBindingWidgetArgs::FOnGetOptionalPins:

eatelLambda ( [bPropertyIsOnFNode] (UAnimGraphNode Base* InNode,
TArrayView<FOptionalPinFromProperty>& OutOptionalPins)
{
if (UAnimGraphNode CustomProperty* CustomProperty =
Cast<UAnimGraphNode CustomProperty> (InNode))
{
if (bPropertyIsOnFNode)
{
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OutOptionalPins = InNode->ShowPinForProperties;



JIOJIATOK B

Crnaiinu npe3eHTarii

MIHICTEPCTBO OCBITU I HAVKU YKPATHU
XAPKIBCbKUH HAIIIOHAJIBHUU VHIBEPCUTET
PATIOEJIEKTPOHIKU

JTOCIIIKEHHS METO/IIB CITPOIIEHHA TA ONTAMI3AIII
YACTOK JJI1 HIOPTATUBHUX ITPOBUX ITPUCTPOIB

Buxonas: cT. 1p. [I13Mm-22-4 [[Iynpra M.B.
KepiBHUK: nor. kad. I1I Hazapos O.C.

INOCTAHOBKA 3AJTAUI

MeTa MOCTiDKEHHS — aHali3 Ta TOPIBHSHHS METOMIB BUKOPHUCTAHHS CHUCTEM CHMYISIIIT
YacTOK y cydyacHHX irpoBux maBmkkax (Unity, Unreal Engine, CryEngine Ta MOXIUBICTh iX

BUKOPHUCTAHHA B TIOPTAaTUBHUX IIPUCTPOAX.

OO6'eKT MOCHIKEHHS — IPOIIECH CTBOPeHHA, omTuMmizamii Ta inTerpamii VFX y irpoBux

IIPOEKTaX, a TAKOK X BILUIUB Ha rpadiyHy SKiCTh, IPOAYKTUBHICT Ta IMMEPCUBHICTE I'PU.

Pucynox B.2 — Cnaiin 2 «IloctanoBka 3agadi»
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N

3anaui JJis1 BUpileHHsA

1) aHami3 Ta MOPIBHAHHSA aKTYadbHUX THCTPYMEHTIB TS PO3POOKH CHCTEM CHMYSIIT YACTOK /TS
IrpoBOT IHAYCTPII;

2) MOpPIBHSIHHS ITPOBOT IHAYCTPIi Ta KIHOTHAYCTPIi 3 TOUKH 30py CTBOPEHHS T4 BUKOPHUCTAHHS
VFX:

3) OIAN TEOPETUIHNX OCHOB UACTOK Ta 1X KIacH(iKaIlisg 3a pi3HUMH KPUTEPIAMHU;

4) aHaNi3 ICHYIOUMX MeTOJIB CIHPOINISHHSA Ta ONTHMi3alii YacTOK /I IOPTAaTUBHUX ITPOBHX
HPHUCTPOIB, TAKUX SIK 3MEHITEHHS KUTHKOCTI YaCTOK, 3MiHa X (pOPMH Ta PO3MIpPY, BAKOPHUCTAHHS
TeKcTyp abo mieliepiB, afanTalis 10 pyXy KaMepH,

5) Bubip mporpaMHOTo 3abe3TeucHHS U MOCTIOBAHHSA Ta Bi3yamti3allii YacTOK 3 BUKOPUCTAHHAM
00paHHX METOMIB CIPOIISHHS Ta ONTHMI3aIlil;

6) BICHOBKH IIPO [IepeBard Ta HeJOMiKH PO3TSIHY THX METO/IB CIIPOITIEHHS Ta ONTHMI3aIlil YacTOK
TSI TOPTATUBHUX ITPOBUX TPHCTPOIB;

7) NPOBEACHHS €KCIIEPUMEHTIB Ta aHalli3 OTPUMAaHUX PE3YIbTaTiR;

8) HamaHHA PEKOMEHIAIIIH ONTHMI3anifHOTO XapaKTepy Ha OCHOBI MPOBEICHNX CKCIIEPUMEHTIB;

9) mepeBipka ONTHMI3alliHHKUX PIlIEHb;

10)BHCHOBKHY IOI0 YCIIIITHOCTI MPOBEISHAX ONTHMI3alIHHUX TiH. 3

Pucynok B.3 — Cnaiin 3 «3agayi st BUpIIICHHS»

Orasa Ta nopiBHAHHS \

Ccy4YacHHX irpoBHX JBHIKKIB

Jlemo-cuiena Ha UES

[Iporiec 3ftomMkn «MaHIATOPIIT»

Pucynox B.4 — Cnaiin 4 «Orsig Ta OpiBHSHHS CYYacHHUX ITPOBUX JBUKKIBY»



AHAJII3 CUHCTEM CUMYJIAIII YACTOK

Hopisasans Cascade Ta Niagara:

1. Cascade mpocTumil y BHKODPHICTaHHI Ta Mae 0araTo HalalITyBaHb 3a 3aMOBUYBAHHSM IS LIBIJIKOTO
CTBOpPEHHS e()eKTIB.

2. Cascade Ma€ 0OMeKeHH IONO KITHKOCTI YACTIHOK Ta IXHBOTO THITY.

3. Cascade He 103BOIsIE MOAII(IKYBATII JIOTIKY TeHepalli YaCTHHOK a0 CTBOPIOBATII BIACHI MOIYIL.

4. Niagara cKkIagHHil y BIKOPICTaHHI Ta BIMAarae OLIbINe 3HaHb PO IPOrPAMyBaHHSA Ta MATeMATHKY A
CTBOpPEHHS e()eKTIB.

5. Niagara 103B0JIsI€ CTBOPIOBATH O€371Y YaCTHHOK PI3HIX THIIB Ta (hOpM.
6. Niagara 103BoJIsIe MOAN(IKYBATH JOTIKY TeHepallii YacTIHOK a00 CTBOPIOBATII BAACHI (DYHKINT Ta MOIY/IL.

7. Niagara HOKpamlye NpOAYKTHBHICTH Ta fAKICTh edeKTiB 3a paxyHok omrnmizamii GPU Tta crymamii
PLANHIL

- ” ’ - : - s i : S
Niagara TakoX IOK] anrye IMPOAYKTIIBHICTE Ta AKICTH €(PEKTIB 3a PaXyHOK ONITHIMI3aIlll GPU CHIMYIISAII

pianHn, B3aeMoii 3 gpyHkiisami asuryHa (Niagara Volumetric Fog ta Niagara Skeletal Mesh Sampling). 5

Pucynok B.5 — Cnaiin 5 « AHaI3 CHCTEM CUMYJISIT YaCTOK»

Kareropil MoxyiB cncTeM BHIPOMiHIOBAHHS YACTOK N\

ECRICTAHOM 1 (0:Ty i, M0 PETYTIOROTE Te, K HA TPHCKOPEHHT TACTIHHOK MOKe BILTHBATH, HANPHKTIAT, CHUTH OTIOPY.

RGO 0y i, STKi KepyHOTh PyXOM TACTHEOK. MPHTATYIOMH ¥acTHHKH 10 Pi3HIX TOUOK TIPOCTOPY.

-Mo,uyﬂi. O KepyRTh NepeMilleHHAM YacTHHOK y MPOCTOpi KAMepH., JO3BO/AIYH KOPHCTYBAaueBi 3MYIIYBAaTH iX 37aBaTHCA

GIIZKIHMH a00 BiTATTEHHMH BiJ KaMepH.

[CONSER o7y, 110 KepYEOTh THM, SIK 0GPOGISIOTECS 3ITKHEHHS MK UACTHHKAMII T4 TEOMETPI€Io.

Moymi, SIKi PINTHBAIOTE Ha KOiP YaCTHHOK.

-Mo:jyni SKl KepyloTh aKTHBAIl€}0 IIOTiif UACTHHOK, fKi, ¥ CBOK Uepry, MOKYTh BHKTHKATH DI3HOMAHITHI BHYTPIITHBOIrPOB1
peariii.

[ESI ™ fo1ymi, 1110 PeTYITIOKTE BHIATEHHS YaCTHHOK.

EETREI 1 (01y'i, sTKi KOHTPOTEOIOTS, STK TOBTO MOBHEHI JKHTH SACTHHKL.

MOy, IO PEeryIITE CBITIO YaCTHHOK.
Moy, 10 KOHTPOIOTE Miclle HapO[UKeHHS JACTHHOK IIOI0 PO3TAILYBaHHI BHIPOMiHIOBaIa AC(OL.

NESEEERI 1 fo1yTi. ki KepyIoTh MaTepianoM, HaHeCEHIM HA caMi JaCTHHKH,
_Mo;[ym. AKi 2a0e3M1edyIoTh OPOITATEHY IOBEJIHKY eKPaHHOIO MPOCTOPY. MO0 JOATH JOIATKOBHI PyX edeKTaM.
| OEERERGORIN M [o1y1i. 0 102BOIIOTE (IKCYBATH BiCh 0GEDTAHHS YaCTHHOK.
PRI [0 1y1i, 51K MOKYTH GYTH IapaMeTpH30BaH] aG0 KepOBaHi 3a JOMOMOTOK 30BHIIIHIX IKepe/L. TAKHX 5K KPECIeHHA Ta PAHKHL.
Moy, sIKi KepyroTh 00epTaHHAM YaCTHHOK.
[RBEEORREEN ™ fo.1y1i, 110 PeryITIOKTE 3MiHY MIBHIKOCT] OGEPTAHHS, HATPHKTIAL, BUDKIMAHHSA.
Ommuc
SIS  [o;1yi. 0 KOHTPOMIOKOTE MACIITAG JACTHHOK.
-MO,Zllei JUIL IOJABaHHS CIIEMiadi30BaHHX IIBHIKOCTEH MOSBH YaCTHHOK, TAKHX fK MOPOUKYBAHHS YAaCTHHOK Ha OCHOBI BincTaHi,
IO MePeMIITyeTECA.
_Mo;[ym. SKI JO3BOILIIOTE BiTOGPaKaTH aHIMOBAHI CIPaHTORI apKyIli Ha YaCTHHIIL.
Moymi, SIKi KOHTPOTIOIOTE MBHAKICTE KOKHOL JaCTHHKH.

6

Pucynox B.6 — Cnaiin 6 «Kateropii Mo1yiB CUCTEM BUIIPOMIHIOBAHHS YaCTOK»
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OnTumizamiss cHcTeM CHMYJISIITT YaCTOK

Distance or Number of Instances
Max Global Budget Usage by Global Budget Usage
Culled
X1 i Systems
Niagara Culled Distance \\
Systems Systems or N
Number of e
Instances
Budget Usage Budget Usage
MakcrManpHe I100aTbHe BIKOPHCTAHHS OI0IKeTY JeMoHCTpanis poGOTII CHCTEMIT KY/ITIHTY 7

Pucynok B.7 — Cnatin 7 «OnTumizaliis CHCTEM CUMYJIALIT 9aCTOK»

KCIHIEPUMEHTAJIBHI JOCIILIKEHHSA

JleMoHCTpAlliifHA CIleHa 8

Pucynok B.8 — Cnaiin 8 « EkciepuMeHTaIbH1 AOCIIIKEHHSI»
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Bydepu Bizyamizartii:

1) G-Buffer:

2) Depth Buffer (Z-Buffer):
3) Stencil Bufter:

4) Color Bufter:

5) Normal Buffer:

6) Specular Buffer:

Pucynoxk B.9 — Cnaiin 9 «bydepne ysBieHHs JeMOHCTPALIIMHOI CIIEHU»

IncTpyMeHTH TecTyBaHHS N\

THCTPYMEHT OIIIHKH KITBKOCTI UaCTOK B peaJbHOMY Uaci :
THCTpYMEHT OIIHKH

a0COIIOTHOTO Ta BITHOCHOTO
Jacy BUKOHaHHA 10

Pucynok B.10 — Cnaitg 10 «IHCTpyMEHTH TECTyBaHHS»
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AHAJIT3 PE3VJIBTATIB N

1

Oynkiaisg «OPT Point Attraction Force»

Pucynok B.11 — Cnaiig 11 «Anam3 pe3yJibTaTiB»

OnTuMmizamis pyxy 4acTok

Pucynoxk B.12 — Cnaiin 12 «OnTumizariisi pyxy 4acTOK»



Pucynoxk B.13 — Crnaiin 13 «OnTumizaiiisi XaOTHYHOTO PyXy 4acTOK»

—

OnTHMi3a1isi BODOHKOBOIO PYXY YacTOK

Pucynoxk B.14 — Cnaiin 14 «OnTumizaiiisi BOPOHKOBOT'O PYXY YaCTOK»
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Pucynok B.15 — Cnaiin 15 «OnTumizatiist Komi3ii 4acTOK»

OnTuMizanist TPHBEMIPHOTO IIYMY N\

©.00Oms

16

Pucynoxk B.16 — Cnaiig 16 «OnTtumizaliisi TPUBUMIPHOTO ITyMY»
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BUCHOBKH J

Kpame 3a Bee min Hami 3agadl maxoxnts Unreal Engine. Toil camini Unity Mae OLTBIIY HONYLIPHICT cepell PO3POOHIIKIB
NI MOPTATHBHI MPHCTPOL, ade MEHII PO3BHHYTY clcTeMy cTBopeHHS VFX. CncTeMma, peamizoBaHa B Unity, ImofaTbHO He
OHOBIIFOBATA CBOK KOHIICIIIIFDO 3 MOMEHTY CTBOpPeHHS NBIDKKA, a pealli3oBaHi B Hiil MOKIBOCTI HeNOCTAaTHBO THYUKI ML
NPOBEJSHHA YICTOrO eKCIEepIMEeHTYy Ta aHali3y MOAIIBIX CTpaTerili omTmmizamil. B Toiff camimii wac Unreal Engine Mae
HalfcydacHIIy cicTeMy ama ctBopeHHS VFX — Niagara, fka Hagae Halfkpamry MOKTHBICTh BHBUEHHS 1 ONTHMI3AIil cHCTEM
CHMYTIAIIT 9aCTOK, TaK SK T03BOMAE He TiTBKII BIKOPIICTOBYBATII Bike TOTOBI PillleHH, ajle i MIcaTIl Ko caMoCTiifHo.

ITopiBagEEA Niagara Ta Cascade mpomeMOHCTpyBaml (pyHIAMEHTAIBHY BIIMIHHICTH Y HPHHIIIIAX OIITHMI3ALll CICTEM
cuMymmii yacTok. Tak caMe aKTyaTmbHIII 3apa3s, SK i paHillle TiTbKI OTHUH TIPIHITIN — 3MEHIISHHS KiTbKOCTi UACTOK, ale, K
MoKa3ye MPaKTHKa, [IbOTO FYACTile 3a Bee GyBae HeAOCTATHBO. 3MIHA NPIHIIIIIB ONTIMI3AMII X CIICTeM IeMOHCTPYE, IO MOMYK
BCe IIe BeleTbed 1 MPIITHATI paHime po3poOHHKAMI JBIDKKA PINIEHH: Bike HeakTyaldbHl. Lle mikasye. IO 1 HOBI PLNEHHA TeXK
MOXYTh GYTII HEJOCKOHATIIMIL, 50 HAMATAIOTHCSA BHPINTYBATI MPoOIeMy ONTHMI3allii yHiBepcaTbHO, a He HAffKpammmM caMe I7s
MOOLTLHIIX IPHCTPOIB MIIIXOM.

Hallkparmim HanmpsAMKoM 7L ONTIMI3amii CIICTeM CHMY/LIII JacTOK € HepepoOka BiKe ICHYIOUIIX YHIBEPCaIbHIX (yHKIIIT M
KOHKpeTHi 3amadi. J[yke CKIamHO PO3POOHTH albTepHATHBHI Gi6miOTeKM i MiITPHMyBaTH iX, ale MOXHA MPHKIATATH OMNMCAHI
TPUHIITI ONTHMI3AIT 71 KOHKPeTHIIX 3a/1at, KO MaeMO PoGIeMIl 31 MBIUIKOTIEI0 JaCTOK Ha MOOUIBHIIX IITATdopMax.

[TogampImmii aHAMI3 Be ICHYIOWIIX METOIIB ONTHMI3AMIL Ta IX IOKPAIIeHHd, a00 CTBOPEHHA CBOIX € 3aJaUel0 aKTyaTbHO 1
MePCTIeKTIBHOK. [I0JaTMbIIIM HATIPIMKOM PO3BHTKY Ii€i poSoTH GawrMo aHami3 HaffGimbIm BaroMmx (yHKIf, BHSIBICHHST
MOMEHTIB, K1 MNATa0Th M ONTHMI3AL0, X KIacH(ikalid, COpTyBaHHA Ta OMICAHHA aIrOPITMIB ONTHMI3AIlI] KOKHOTO Keficy.

17

Pucynoxk B.17 — Cnaiin 17 «BucHOBKU»

TAKYIO

3A YBAI'Y!

Pucynoxk B.18 — Cnaiin 18 «/Isikyto 3a yBary!»
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The object of the research is particle simulation systems and their modules. The amm of the work is to condact a study of the
performance of partcle simulation systems and the optimization process to mprove it. The methods of development and design
are the analysis of the problem area of research, the choice of a particle simulation system based on their comparison for further
study and optimization As a result of work, a game simulation project was developed to demonsirate the effectiveness of the

propesed optimization methods.
VERTICES, OPTIMIZATION, SIMULATION, PARTICLES 5YSTEMS, SHADERS, INSTREUCTIONS COUNT, UNREAL ENGINE.

Of'eETOM JOCTIIEEHHE € CHCTEMH CFEMYIEND 9acToE Ta ix sogymi. Metorm poSome € OpoBeIeHHR JOCTITHEHHT
NpGIyETEEHOCT] CHCTEM CHMYTIEN T3CTOK T3 MpODec oOTEMIzamii ame i noEpamesss. MeTogams poepofEnR T3 OpOEETYBAHEE £
aHamil mpofmemEe]l o0macTi JoCTilEeHHS, BHGIp CHCTEMH CHMYISON TA(TOE H3 OCHOBI IX DOpPIBESHEY 18 DOITAIROIOND
BEETEHEHS Td OOTEMizami ¥ pesvimrar pofote Svao pospodresns MpOBER NpOesT-CEMY ISR 195 JEMOECTPAND efexTHEE0CTI
FAMPOIOHOEAHEY MeTOJIE ONTHEMIZAIL. .

BEPTEKCH, OIITHMISALTLA, CHMYLAILE, CHCTEMH TACTOE, ITEHTEPH, INSTRUCTIONS COUNT, UNREAL ENGINE.

1. Imtreduction 1 Description of subject area

Visual effects (VFX) is a technology that allows you to
create realistic effects such as fire, smoke, water, sparks, and
maore using a large oomber of small objects called particles.

These particles can have different properties, such as color,
size shaps, speed, direction, etc., and interact with each other
and the environment according to certain rules.

Particle simulation systems are widely uwsed in modemn
Eame engines to create immersive visnal effects that enhance
the immerzion and stmosphere of the zame.

The purpose of the smdy is to analyze and compare the
metheds of using particle simulation systems in modern zame
engines such as Unity, Unreal Enpine, CryEngine and the
possibility of using them in portable devices.

The smudy focuses on the processes of creating, optimizing
and imteprating VFX in game projects, a5 well as their impact
on the graphical quality, performance and immersiveness of
the game.

The smdy aims to identify the advantages and
dizadvantages of different appreaches to VFX implementaton
and provide recommendations for their effective use.

In this article, we will review the basic principles and
metheds of particle simulation systems, a5 well as examples of
their application in vanous zame gentes. We will also analyze
the advantages and disadvantages of this technology, as well
as the possibiliies for its further development and
improvement.

The proliferation of twols and technologies for MPE
development iz reflected in the computer game mdustry [1],
mteractive cinema, and sugmented and virteal reality
applications.

As development tools evolve, the need for dynamic model
optimization comes to the fore. This is due to the fact that the
smplification of the process of developing rather complex
models has led o 2 decrease in developers' imterest m
mmltifactor optimization of existng models - it is easier to
tuild 3 new model than to optimize an existing one.

The optimization process can be applied to almost all
elements of modern engines. This is due to the fact that the
engines provide zs much functionality as possible to ensure
compliance in the applications they are designed for. For
applications such as the film industory or simmlations, where
models do not mn in real time, optmization is not critical
becsuse it only affects the comfort of working with the
project, not the fimal result, which can zo through the
rendering process &0 aoy tme The main ares where
optimization is crifical is m real-time sofrware applications.
For this class of applications, the main requirement for the
optimization process is to mimimize optimizaton-related
delays and maximize synchronization of all used engine
elements, since they can mn on different hardware and, in the
fomre, be scaled to new portable devices. This fact attracts
special attention becanse mobility is developing quite actively,
and therefore optimizing existing applications for new types of
mobile devices becomes more important than ever.
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The optimization process remains complex and situational
in its parameters, and inclodes many criteria that require an
individual approach. Modemn engines consist of modules that
work together and can influence each other. Due to this fact, 1t
iz often impossible to disable them: for example, zames
adapted for wvirmaal reality rarely uwse a standard interface
module, which requires a lot of resources for initialization and
computation. Also, the development team ofien dees not
include experienced specialists whe can understand the
stmiciure of the engine code and disable a particular module in
a way that does not affect other modules. In some engines,
such as Unity, the engine code is mot editable, requiring
opimization at a hizgher level.

1. Statement of research problem

The article highlizhis the following tasks to be considered:

1) analysis and comparison of current tools for developing
particle simulation systems for the zame mdustry;

1) to compare the gaming industry with the Slm industry
in terms of the creation and use of VF;

3) review the theoretical foundations of particles and their
classification according to variouns criteria;

4) analysis of existing methods for simplifying and
opimizing particles for handheld gaming devices, such as
reducing the number of particles, changing their shape and
size wsing textures or shaders, adapting fo camera movement;

5) select software for modeling and visualizing particles
using the selacted simplification and optimization methods;

) conclosions sbout the advantages and disadvantages of
the considered methods of partcle simplification and
optmization for portable gaming devices.

This set of guestions should be sufficient for a frst
overview of the industry, the VFX development tools [2] and
the problems to be solved. The results will also help to adjust
the process of analyzing the results and the methods that will
be used to solve problems with the optimization of partcle
simulation systems.

4. Research Facilities

The game engines listed in the miroduction will be used
for the research. In the course of this research, we will analyze
the existing modemn engines, review their pros and cons, and
then choose the one that suits us best.

Since we are focusing on portable devices, the most
important parameter of these engines will be the ability to
build projects for mobile devices using moderm librarias.

Analyzing optimization for consoles is quite complicated,
becsuse it requires the presence of so-called "devkirs" -
conseles semt by their owners for development This is
impossible for the leaming process. There are also persomal
computers, but the varisbility of their hardware is very largze,
which makes it impossible to adequately evaluate the results
of optimization, as video cards of different penerations have
fundamental differences.

That's why a personal computer will be used to fest
mtermediate resulis to speed up the analysis process to obtain
relative results and formulate optimization methods. Fuarther
testing will be done on 2 modem smartphone, as this platform
iz available and meets the hardware limitations that can reflect
the effecdvensss of the optimization methods found.

5. Review and compare modern game engines

Choosing the right game engine is by far the most
important decizion 3 game developer has to make to get the
best results from their product. The first pozzle a3 game
developer has to solve when creating a zame is which game
engine o use to get the best nser experience. A Zame engine
helps to create mot only classic arcade games [3] like Ping
Tetris, Snake, but also inmovative and advanced leveling
games like (GTA and Assassin's Creed.

Every game developer has heard of some incredible game
engines like Unreal Engine, CryEngine and Unity3d. These
are some of the moest popular and leading zame engines for
cresting advanced games teday. Each of these 3 game engines
has its own guoalities and potential. We need to be clear about
the namre of our project, for example, license budget, game
platform, dimensions (2D} or 3D)), and so on So your zoal
shonld be clear before choosing the best game engine 2023 for
Our project.

Unity has a large number of confributors in its commumity
who can help us with the project right away. Another feamre
that makes it stand out as one of the best 30 zame engines in
2023 is its sbility to support a nomber of file formats nsed in
leading 3D programs, including 3D Max, Blender, CTMERMA,
Maya, Softimage, and many others. In addidon, game
developers have access to more than 15 000 free and paid 3D
models, sudio, animatons, editor extensions, materials,
scripis, and shaders for use in game development.

Unity 3D uses C# or JavaScnpt, which is more desirable
than C++ becanse you don't have the hassle of switching from
Java to C# compared to C++. Nevertheless, Unity 3D has a
simple and fast inferface and is light enough to mm even on
Windows XP with Service Pack 2 (SP2).

Second on the list is Unreal Engine 4, which is the latest
engine released by one of the largest American video game
and software development companies, Epic Games. Unreal
Engine 4 is the successor of the Unreal Development Eit
commonly known as UDE in the gaming world.

Unreal Engine 4 offers incredible graphics that add a
realistic touch to the paming experience with features such as
advanced dynamic lighting. What makes this zame engine
BVen MOore aMAazing is its new particle system, which has the
ability to handle up to 2 million particles in a single scene.

In addition, UE4 is completely free to use, bat you must
pay a royalty of 5% of the money you make fom your Unreal
Engine 4 games. In short, Epic Games gets 5% of everything
von make whether it's in-app purchazes_ in-game adverfising,
or money you charge users to buy your game. However, the
creators of Unreal Engine 4 allow developers to use the full
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version of Unreal Engine 4 for free if the revemne you make
from your game is up to §3,000 per quarter.

In additton, Unrezl Engine 4 wuses Blueprimt Visual
Scripting technology, which allows you to create games using
Bloeprint. However, such games have some limitations.
Among other things, the bad thing about this engine is that it is
not capable of developing games for last generation consoles.

Last but not least on our list of the best game engines in
2023 is CryEngine. First inttoduced by major development
company Crytek in the first Far Cry game, CryEngine is
undoubtedly ome of the most powerful and dominant game
engines we have today. What makes CryEngine worthy of the
list is its graphical capabiliies, which eclipse those of Unity
and are equivalent to what Unreal has. Although CryEngine is
a heavy and powerful zame engine. it takes a little time for the
user to be able to use this platform effectively and is a lintle
harder to understand for beginners whe have mot nsed other
game eagines before.

The CryEngine supports virmal reality and has amazing
wisual effects, incloding a three-dimensional fog and clouwd
visnalization system that mives clouds a foll 3D spatial
visualization and realistic rendering for fogp and weather
effects. Furthermore, the best part of choosing the CryEngine
platform for game development is that it does not require its
users to pay royalties duning gpame development. However, to
get access to CryEngine, you need to pay a fixed amount,
namely 38.90/- per month. In addition, CryEngine has a
dedicated Q&A forom called CryEngine Answers that clears
all your doubts and queries and helps you to have the best
eXperience.

While comparing Unreal, Unity and CryEngine, we came
across the best feamres that these game engines offer us.
Comparing the performance of Unity and Unreal, we realized
that Unity is a better platform for developing mobile and
2D/3D pames, while Unreal is best suited for developing
highly zraphical and photorealistic games. This is the main
difference batween Unreal and Uniry.

CryEngine, on the other hand, alse has the ability o create
games with high praphics. Furthermore, when comparing
CryvEngine to Unreal 2023 on the scale of providing next-
generation platform featores with & more atractive pricing
model, CryEngine undoubtedly owperforms Unreal with its
cost-effective smuchare However, for & beginner, when it
comes to CryEngine 5 vs. Unreal Engine 4 based on lishmess
and minimalism despite the amazing feamres that CryEngine
has, Unreal Engine 4 and Unity are definitely worth a iry.

At the end of this analysic we came to the conclusion that
the most versatile and high-quality particle simulation system
iz implemented in Unreal Engine. Moreover, both systems of
this engine have developed tools for optimization, not enly for
the creation of these partcles. Therefore, further amalysis
should be done on this engina.

6. Induwstry analysis and Unreal Engine 4-5's place in it

The late 80%s saw 3 monumental development in personal
computers and the pames that could be played on them.

Graphics improved rapidly, and although ridiculous by today's
standards, the development of 3D first-person graphics made
wideo games much more immersive. The Internet was rapidly
spreading to consumers, making it easier to participate in
online games, join discussions on gaming forums, and even
leamn how to program games yourself And the games released
during this dme are ttles we still talk abont with reverence:
Doom, 5imm City, Duke Nukem Half-Life StarCraft, Myst,
and many others (see Figure 1.

Fig.1. Doam

But Unreal Toumament was in a league of its own: fast
paced, large maps, and Al computer opponents that for the
first e, acmally seemed intellizent A commumity of players
began to grow around the game modifying it, making it their
own, and sharing their creations with the comrmnity. All of
this happened thanks to 3 game development company with an
extremely brizht fomre and the software they created called
Unreal Engine.

Founded in 1991, Epic Games is one of the few software
company swccess stories that has earned a mightful place m
gaming history. Their first few games were commercially
successfinl, but what really put them on the map came at the
end of the millennium when they released Unreszl[4] in 1998,
followed by its sequel, Unreal Townament, the following
VEAL.

The zame's gameplay, sraphics, and feamres set it apart
from many other frst-person shooters on the marker Bur
beyond the game itself, Epic Games made a decision that
made the game legendary. They decided to ship the zame with
the same tool - the Unreal Editor - that is nsed o create levels
and gameplay, allowing players to customuze the game and
make it their own If's one of many game engines developed
over the years, but it's far from the most successful or widely
nused.

"If you think of a technology that has stood the test of
tdme, Unreal Engine iz ome of the bizgest" says Jacob
Feldman, a soffware and rendering solutions engmesr at
CoreWesve who moonlights as an anthorized Unreal Engine
imstractor. "It has over 20 years of coede, so it's a significant,
complex produact.”
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Peealizing that they had a winner with the Unreal Engine,
the Epic team began licensing the sofrware so that other
developers could build their own zZames on top of it Fast
forward to 2017, when the smdio released Formite, a cultural
sensation that wonld further cement the legacy of Epic and the
Unreal Engine.

More recently, the Unreal Enzine has played a major role
in another culiural moment that has propelled the tool inte an
entirely new industry: movie production [3] (see Figure 2).

Fig 1. Using UE4 in cimema

In 2019, Disney released the award-winning series The
Mandalorian as part of the linenp for its new seaming
service, Disney+. The show became an instant hit, continuing
the long history of Star Wars productions that have pushed the
technolopical boundaries of the flm industty. “The
Mandalonian” demonstrated & giant leap forward in set desizn
by using real-dms set rendering with the Unreal Engine,
effectively making gzreen screen obsolete.

"Unreal made & leap into breader industries like film after
Formite came out,” says Feldman. "It became clear that a
gama engine like TUnoresl, desigmed for flexibilicy,
performance, and wvisual guality, had more applications than
just gaming. This became especially clear as more powerful
hardware began to enable things like real-time ray tracing and
other visual effects that were simply not possible 5-10 years
ago. The visual effects industry has some of the most siringent
requirements of amy visnal medium, so Epic has made a
sErious commiment o supporting the kinds of tools that VFX
studios need

Filmmakers have always found ways to mick the
andience’s eyes info thinking they are sesing something largsr
than what is acmally there - what the industry calls "set
extension. In the early days of Hollywood, this invelved
literally drawing scenes that were then seamlessly integrated
into the sat to creste the effect of infinite space.

Later, gresn-scresn technology became the prefemed
methed for creating large worlds. However, there are some
significant problems with this method. It can be difficult for
actors and crew om set to perform convincingly azainst an
empty, bright green background. The actors canmot see the
world around them (see Figure 3) and therefore cannot react to
it im a way that is convincing to the viewer.

But what if there was a way o create larpe worlds on
command that actors could see nght in front of them? It would
be almost like throwing those actors into a video game and
having them perform in that world, with all the views
available to their own eyes.

Pucynok I'.4 — YerBepTta cTopiHka cTaTTl B )KypHall «bioHiKa iHTEIEKTY»

.3. Shooting a movie

Mandalorian crestor Jon Faviesn approached the team at
Epic Games to see if they counld belp him do this, essentially
immersing his actors in a video game Using massive high-
definition LED screens surmounding their set, the Mandalorian
team fook the old Hollywood concept of pammted sets and
brought it into the twenty-first century. Now these painted sets
were living, breathing environments with dynamic lighting
and movement The actors could see them and react fo them.
The physical elements in the foreground blend seamlessly nto
the virtual backzround.

But it gets even befier-using zame engine technolozy, you
can tie camera movement o the background (see Figure 4),
allowing it to change with the camera to perfectly maich the
movements and provide smooth parallax movement that is
indistingmishable from the real shot.

Fiz.4. The process of filming «Aandalorians

In essence, they created the real-ime graphics that
underpin movie production. There is no need o clean up in
post-production; these effects are done in the camera in real
time.

“It's 3 bmze help for the actors and the crew to be able to
see their swroundings as they happen, ™ says Feldman. "Today,
an actor has to imagine what is happening around them on a
green sreen. This advancement allows them to ses it."

In addition to making life easier for the actors, the real-
ime environment also makes the work of the post-production
team infinitely less siressful. Om the preen screen, reflection is
1 constant battle. Any shiny material will reflect the green
eavironment and min the VFX effect. These reflections must
be removed, and then virmal lizht mmst be added to the tiny
reflections mm glasses, helmets, or pieces of metsl m the
environmen: Feal-ime environments eliminate all of this
because the reflections capnuwed by the camers reflect the
world as it should be in the story.
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Epic Games took the wraps off its latest game engine,
Unreal Engine 5, and pretty much broke the gaming-interested
part of the Internet. Funning on the PlayStation 5 developer
hardware version, the results uploaded to Vimeo locked pretty
shumning at first, but when you realized they were real-time
gameplay footage, they were tmly impressive.

The visual quality is virmally unmatched by amything other
than today's high-end pre-processed wisual effects, with an
incredible level of detail and tuly photorealistic lighting [§].
What's even better, of course, is that the news about UES has
lit up the breadcast graphics, movie effects, virmal smdio, and
pretty much anywhere else that high quality visnal effects are
used.

While other engines like Unity are awvailshle, Epic has
done a nice job of combining a leading featare set with ease of
use and 2 business model that encourages the use of UE in
other software. For example, any zame developer using
Unreal commercially pays no licensing fees umtil gross
sofiware revenues reach §1 million (recemtly raised from
$50,000), and this has helped to dowve its widespread
integration across a range of techmologies. For nom-game
dewvelopers, it is 100% royalty free.

Itz mse in the graphics stack is similar to how connecdvity
to the IT mdustry as a whele has accelerated development in
the broadcast sector; it allows a relarively small indusory to
leverage the development efforts of 2 much larger one, and the
spesd of change we're seeing as a Tesult is impressive.

"When the new Unreal Engine 5 comes out, you won't be
able to tell what's real and what's not," said Phil Ventre, vice
president of spons and broadcast at Meam Technologies. "The
integration of game engines i1s democratizing the way
companies use AR and VE, and it won't just be a tier-one
technology for broadcasters in the furture. ™

While the new demo was created in part to showcase some
of the very smart new technologies in the upcoming PS5, such
as the literally game-changing M.2 55D, UES showcases
some new techmologies that are dramatically moving the
goalposts for real-time CG work. Two in partcular are worth
mentioning: Nanite and Lumen.

Nanite is a new virtualized gecmetry[7] of micropolyzons
that essentially allows arfists to create as much zeomefmic
detail as they want It's translatable and scalable in real time,
which is important to consider when you're planning an engine
that will mm on everything down to a smariphone (see Figure
g
5)

Then there is Lumen This is a fully dynamic global
lizhing system that responds instantly to changes in scene and
lizhting, and is part of the secret to why the game's graphics
look so good om & comsole. It's capable of reproducing diffuse
bounce reflecions with infinite bounce and indirect specular
reflections in what Epic calls "vast, detailed environments on
scales from kilometers to millimeters. It's also adaptable:
Punch a hele in a wall and the sceme will change to
accommodate the light coming in through the hole.

Fig 5. Demo scene on UES

"The ability to light and render bundreds of millions of
polyzons in real time is a quantum shift that will change the
way flmmakers imteract with the images they create” said
Miles Perkins, business development manager at Epic Games.
"These new technologies will allow crestives fo see the
follness of their vision without having to separate different
parts of their shots, viewing animation separately from
lighting, separately from environments and effects. Everything
will be right in front of them fully controllable. Filmmakers
will be able to compose and lizht shots in real time, whether
they are physical, virtual or a combination of the two "

Perhaps one of the key points here is that the Unreal
Engine, camently mumning at version 4.25, is already wvery
good.

"We are currently nsing Unreal Engine 4 extensively
both pre-production and wvirmal production,” sazid Huogh
MacDonald, director of technolegy innovation at Nviz. "For
pra-production, the real-time namre of UE4 means we can get
mcredibly high quality images with minimal rendering time.
We're also using it for virmal production, which allows for
better integration than we could have done in the past.

Nviz uses Unreal in two main tools that illustrate how it is
being used for pre-production work in the industry and where
it can go. The virmal camera system allows for virmoal
scouting of pre-producton environments and allows directors
and cinematographers to get hands-on experience with the
camera, while the simmlcast toolkit i= tdghtly imfegrated with
Unreal and allows the crew on set to preview what the shot
will look like after visnal effects are added in post

"Unreal allows us to ensure that it's both flexdble and high
quality,” says MacDonald. "From what we know of UES so
far, the main leaps will be in geomemy detail, as much higher
resolution assets can be used and rendered This is a much
better fit for the movie VFX workflow, as it is hoped that
assets will require less editing to make them engine ready.
Fully dynamic lighting, which is lumen, will mean that there
will be less need for lishting baking to get the same result
This will allow us to keep scenes fully dynamic, allowing us
to adjust lighting in real time during production if necessary,
which is often requested on set as physical lighting changes
from shot to shot "

New Creativity Along with the increaze in guality, which
Venire of HCam compares to the leap from UE3 to UE4, UES
opens up the tantalizing prospect of infroducing both new
ways of working and new ways of creatively exploring virmal
SpACes.
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"The Unreal Engine is going to be a big part of the firure
of cinema " says CWP's Sam Mir. "It brings back the ability to
get pracical in-camera effects, whether it's interactive lizhting
on an actor of dynamic background changes in real ime, even
if they were created in a3 virmal space. The ability to zet
instant feedback on how something iz gommgz to look is
imvalusble.”

This will find its way info many more living spaces than
before. McDonald mentions theater and events, where video
screens have become part of the interaction with lighting to
create entirely new live spectacles, while virmal sets will take
another leap in quality to become so indistinpuishable from
the real thing that omly a live sudience will influence the
decision to nse a physical set. Even these viewers will be able
to see completely different shows, with mixzed elements of
angmented reality seamlessly integrated into the final TX. In
the post-covid era, you can easily get three guests on the
couch for a chat show fom the comfort of your own home,
and ne one will be the wiser.

And, of course, there's the possibility that this could
accalerate the development of live shots on LED screens, as
pioneered by shows like The Mandalorian.

"While Unreal has been used a few times on LED screens
during shoots, the new updates will hopefully take it much
further and get & higher percentage of finished shots straight
from the camera,” MacDonald enthuses.

7. Particle simulation systems available in TES

Cascade and WNiagara[l] are two particle systems used in
Unreal Engine to create effects such as fire, smoke, ram,
smow, and sparks. Cascade is an older system inmoduced in
Unreal Engine 3, while Niagara is 3 newer system added in
Unreal Engine 4.25. Both systems have their advantages and
dizadvantages, which will be discussed below.

Cascade is based on the concept of emitters and modules.
An emitter is an object that generates particles according to
cerain rules, and 3 module is a component that changes the
propertes of the particles, such as color, size, speed, rotation,
etc. Cascade allows yon to create complex effects from
mulfiple emitters and modules and customize them using a
graphical imterface. Cascade also supports features such as
GPU acceleration, paricle collisions, lightng and shadow
interaction, sprite animation, and more.

IMiagara is based on the concept of systems and emitters. A
system is am object that manages one or more emitters and
their logic. An emitter is an object that generates particles
according to certain rules, but in Miagara these rules cam be
specified using graph editors or scripting lanpuages. Niagara
allows you to create more flexible and dynamic effects with a
vanety of partcle types, inchiding mesh particles, line
particles, ribbon particles, and more. Mizgara also improves
the performance and quality of effects through GPFU
optimization, fluid simulaton, and interaction with engine
functions.
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A comparson of Cascade and Miagara can be seen as
follows:

1) Cascade is easy to use and has many default settings for
creating effects quickly.

2) Cascade has hmitations on the number and type of
paracles.

3) Cascade does pot allow you to change the logic of
paricle peneration or cIeate your own maodules.

4) Miagara is difficult to use and requires more
programming and math skills fo create effects.

5) Miagara allows you to create many different types and
shapes of particles.

&) Miagara allows you to modify the logic of particle
EENETAtioNn of Create your own functions and modules.

T) Miagara improves performamce and effect quality
through GPUT optimization and fluid simulation

8. Cascade

The basic and overarching concept of the cascade is that of
modular particle systems. In some 3D effects packages, such
a5 Maya, a paracle system is created with most of the
necessary properties for the behavior. The user then modifies
these properties to achieve the desired result.

In Cascade, on the other hand the particle system staris
with just a few basic properties and a few behavior modules.

Each module represents a specific aspect of paracle
behavior and contains only the properties that control that
behavior, smch as color, birth position, motion, scaling, and
many others. The user can then add or remove modules as
needed to further define the behavior of the particles. Since
only the modules for the desired behavior are added there is
N0 UNNECes5aTY Computation of unnecessary properties.

Best of all. modules can be easily added, removed, copied,
and even tried oo emitters in the particle system, making
complex seips very easy te achieve once the nser is familiar
with the available modules.

Some modules come standard with a particle emitter.
When a new sprite emitter [9] - a key component of any
paricle system - is added to a particle system, it is always
created with the following defanlt moduales:

1) Fequired - contsins a wvarety of propemies that are
absolutely pecessary for the particle system, such as the
material applied to the particles, how long the emitter should
emit pardcles, and many others.

2) Spawm - this module controls how fast the particles will
appear from the emitter, whether they will appear in bursts,
and any properties related to the particle birth time.

3) Liferime - this parameter determines bow long each
particle will live after its birth. Without this module, particles
will live indefinitely.

4) Imital Size - commols the size of the particle at the
moment of its birth.
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5) Initial Velocity - controls the movement of the particle
at the moment of its birth.

&) Color Ower Life - this module contrels how the color of
each particle will change during its life.

The Fequired and Spawn modules are permanent and

cannot be removed from the emitter. All other moeduales can be
removed at will.

Particle systems are also very closely related to the
different materials and textures applied to each particle. The
main task of the particle system itself is to contrel the behavior
of the particles, while the specific look and feel of the particle
system as 3 whole is often controlled by the materials.

There are mamy modules that can be added to particle
emitters. To avoid confosion, these modules are divided mto
different categories. These categories inchide those listed in
Table 1.

Table 1. Categories of particle emission system moduales

Category Description

Acceleration | Modules that conmel how the acceleration of
particles can be affected by, for exampls, draz
farces.

Attracton Modules that conol particle meovement by
attracting particles to different points in space.
Camera Modules that control the movement of particles in
camera space, allowmg the user fo make them
appear closer or farther away from the camera.

Collision Modules that coptrol how collisions between
particles and peometry are bandled.

Color Modules that control the color of paricles.

Event Modules that comrol the actvation of paricle
events, which in tom can migger a vanety of -
EAme reactions.

Kill Modules that control the remaoval of particles.

Lifetime Modules that control how long particles live.

| Light Muodules that control the lizht emitted by particles.

Location Modules that centrol the birthplace of particles
relative to the location of the Achor emitter

Material Modules that control the material of the particles
themzalves.

Oirbiit Modules that provide orbital behavior of the scresn
space to add movement to the effects.

Orientation | Modules that allow you to set the rotation axis of
the particles.

Parameter Modules that can be parameterized or controlled by
extemal sources such as blueprints and wounds.

Eotation Muodules that conirol the rofation of panicles.

RotationRate | Modules that control the change of rofation speed,
such as spin.

Size Modules that control the size of parficles.

Spawn Modules that add special parficle appearance rates,
such as spawning particles based on distance
maved.

SmbTV Modules to display animated sprite shests on a
particle

Velocity Modules confrolling sach parficle's spead.

Two important concepts to keep in mind when working
with particle modules are initial and lifetime. Initial moduoles
are used to control some aspect of the particle at the moment
of its birth. The Ower Life or Per Life modules are used to
allow some aspect of the particle to change dunng its lifetime.

For example, the Initial Color module allows you to set the
color of the module at the time of birth, while the Owver Life
property allows the color of the particle to zradually change
between the time of birth and the time of death.

If you change the property to a type of distribution that
changes over fme. some modules use "relative tme" and
some nse “absolute Gme”.

Absolute time [10] is essentially the time that the emitber
contains. If you have an emitter set up for 3 cycles of 2
seconds, the sbsolite time for the modules in that emitter will
go from {0 to 2 seconds three times.

The relative tme is between O and 1 and indicates the
lifetime of each particle.

As you work with Cascade to create your own particle
effects, it's important to keep in mind how each object is
related to the others. We've already discussed the concept of
modules in this document, but they are only one component of
1 complete particle effect. In general the components of 3
partcle system are modules, emitters, particle systems, and
Bmitter actors.

Just as there are many types of effects you'll want to create
with your particles, there are also many types of emitters to
help you create exactly what you need. Below is a list of the
available emitter fypes:

Note that all emitters, regardless of type, are sprite emitters
by default. Various Emitter Type Diata modules are then added
to the emitter to change its fype to something else.

Kot all aspects of a particle system can be defined in
advance. Sometimes certasin parts of the parficle system's
behavior need to be congolled or changed at montime. For
example, you may want to create a magic effect that changes
color bazed on the amount of magic energy consumed during
the spell. In such cases, youll need to add parameters to the
particle system

A parameter is a type of property that can send or receive
data to/from other systems, such as Blueprints, Matines,
Material, or many other sources. In Cascade, a parameter can
be assipned almost any property, meaning that the property
can be conirelled from outside the particle system.

For example, setting a paramefer o conmol the rate of
crestion of a fire effect can allow the player to increase or
decrease the amount of flame emitted during operation.

Conversely, there are parameter modules that can be added
to a particle system that in mm can control other things in the
level, such as the color used in a particular material.
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Particle systems can easily become very expensive to
compute. Even when wusing GPU particles, which offlead
much of the particle calculation to the GPU, it is important to
consider the value of calcnlating particles that the player is too
far away to see or properly evaluate.

For example, consider the fire particle system. If you look
at it up close, you can see the embers and sparks rising into
smoke. But if you look at it from a distance of several lmndred
meters, those embers are so small that & moniter or screen
cannot even reproduce them. 50 why calculate them?

This is where Levels of Detail (LOD) come into play. The
LOD systemn [11] allows you to set your own distance ranges
at which your particle system will amtomatcally simplify.
Each range represents a different LOD. Simplification comes
in the form of reduced propesty values, disabled modules, or
even dizabled emitters. For example, in the bonfite example
above, it would be ideal to completely disable the emirter that
was adding sparks fo the overall effect when the player was
too far away to see them

Your particle system can have as many LODs as you need,
and you can mannally control the ranges for each one.

Distmibutions are a set of data types for processing data in
special ways, such as using a range for a value or interpolating
a value along a curve. Whenever your particle system requires
randomization or the ability o change some aspect of the
particle over time, you will use a disoibution to control that
propesty.

Many properties found in Cascade modules cam have
different distributions applied to them. The acmal value of the
property is then set in the distribution.

8. Miagara

Why re-invent wisual effects for Unreal Engine? Unreal
Engins contimues to expand its nser base and is now used in
many indusoies outside of game development.

Unreal Engine users are more diverse than ever, ranzing
from desizm smdents, to small ndie developers, to large
professional smdio teams, to individuals and compamnies
ouiside the gaming induswy. As they move forward, Epic's
developers will not know everything about every industry that
uses the Unreal Engine. They wanted to create a visual effects
(VFX) system that would work for all uwsers across all
industries.

They wanted to create a new system that would give all
users the flexibility to create the effects they wanted Their
goals for the new VFX system were:

1. Put complete contmol in the hands of the artsts.

2. The ability to program and castomize on every axis.

3. Better tools for debupgeing, visualization, and
productvity.

4.  Support for data from other parts of the Unreal
Engine or external sources.
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Total user control begins with access to data. Epic Games
wants the user to be able to use any data from any part of the
Unreal Enzine, as well as data from other applications. 5o
they decided to give the user everything.

In order to make all this data available to a user, you need
to determine bow someone can use the data MNamespaces
provide containers for hierarchical data. For example,
Emitter. Age [12] contzins data about an  emifer;
Particle Position confains data about 3 particle. A paramster
map is a particle payload that contains all the atmibates of a
partcle. This makes everything optional

Any kind of data can be added as a particle parameter. We
can add complex structares, transform matrices, or boolean
flaps. We can add these or any other data types and use them
to sinmlate effects.

There are advantages to both the stack paradizm (as used
in Cascade) and the graph paradizm {as used in Blueprmis).
Stacks give users modular behavior and readability. Graphs
give users more control over behavior. This new effect system
combines the best of both paradizms.

Modules work in a graphical paradigm - we can creats
modules from HLSL in the script editor using a visual node
graph. Modules inferact with common data, encapsulate
behavier, and ate compiled together.

Emitters work in a stacked paradizm - they serve as
containers for modules and can be stacked to create different
effects. An emitter 15 single-purpose, buat it is alse rensable.
Parameters are passed fom modules to the emitter level, but
you can change modules and parameters in the emitter.

Like emitters, systems work in a stacked paradizm amnd
also use 3 seguencer timeline to conwol the behavier of
emitters in the system. A System is 3 container for Emitters.
The system combines these emitters into a single effect. When
editing a sysitem in the Nisgara editor, we can chanpe and
override any parameter, module or emitter in the system.

The partdcle simulation in Wiagara works concepmually like
a stack - the simmlation flows from the top of the stack to the
bottom, executing the modules in order. Importantly, each
module is assigned to a group that describes when the module
iz executed. For example, modules that mitialize particles or
act when a particle appears belong to the Pamticle Spawn
EToup.

Within each group, there may be several stages that are
invoked at certain points in the system's life cycle. Emitters,
systems and particles have Spawn and Update stages by
defasult. Spawn stages are inveked in the first frame in which
the sroup exists. For example, systems invoke their spawn
stage the first time the system is created and activated om a
level. Particles invoke their spawn stage whenever the amitter
emits a particle, and spawn mstructions are executed for each
new particle created Update stages are invoked in every frame
where a sysiem, emitter or pamicle is active.
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There are also advanced steps such as events and
simulation steps that can be added to the spawn and update
flow. Events are called whenever a parficle generates a new
event and the emitter is confizured to handle that event. Where
possible, event handler steps occur in the same frame, bur after
the original event. Simmlation steps are an advanced GPU
feamre. Thiz feature allows you to nn multiple slesp and
update stages in sequence and is nseful for building complex
structures such as fluid simulations.

By adding each module o a stage (update, spawn, event,
or simmlation) in 3 group (system emitter. or particle), we can
control when the module mms and what data it processes.
Stack groups are associzted with namespaces that define what
data the modules in that group can read or write.

For example, modules executing in the System group can
read and write parameters in the System namespace, but can
only read from parametars that belong to the Engine or User
namespaces. As execution moves down the stack from the
System group to the Emitter group, modales executing in the
Emitter group can read and write parameters in the Emitter
namespace, but can only read fom parameters in the System,
Engine, and User pamespaces. Modules in a particle group can
only read from parameters in the System and Emitter
DAmespaces.

Since modules in emitter groups can read parameters in the
system namespace, 8 simulation relevant to all emitters can be
performed once by modules in the system group, and the
results of this simulation (stored in the system namsspace) can
be read by modules in the emitter group i each mdividual
emifter. This confinnes with modules in the Particle group,
which can read parameters im the S5ystem and Emitter
DAMEespaces.

In other respects, Miagara is very similar to Cascade This
system is more advanced, more flexible, and has endless
possibilities for extending fanctionality, although this makes
the process of creating particles more complicated In this
subsection, the main differences and architectural featumes
betwesn Cascade and Niagara have been presented, since the
process of auntomated optimizaton in these systems Is
concepmally different.

10. Optimizing particle simulation systems

When creating a game, we can have a lot of variaton n
the FX wotkload depending on the composition of the scens.
Sometimes it may be Decessary to fake steps to manage
performance, such as dropping instances ouwiside a certzin
range or instances that exceed a certain budgzet.

Effect Type resouwrces allow you to confizure a set of
seftings once and then apply them to a collection of MNiagara
sy5tEms.

The Effect Type object allows you to confzure several
different methods for selecting systems that exceed your
budgze: All of these options are available under the Budget
Scaling heading

Maximum global budget nsage (see Figure §): This option
allows you to set 8 budget above which any system will be
discarded. Typically, this sefting is set to 4 valoe between O
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and 1, commesponding to a percentage between 0 and 100%.
You can set it o 1.5 if you want the system to be more
permissive. This means that omce a system reaches this
percentage of your budgzet, it will be discarded This is the best
option if you value performance over appearance.

Max Global Budget Uisaga

Mo uns
Sysiams e

Budgat Usaga

— e ————
Fig.6. Maximum global budzet ntilization

Maximum Distance Scale by Global Budget Udlization:
This opton allows you to customize the ourve fo determine
how the distance at which you select systems decreases as
vour budget nsage increases. For example, if your budget =
very high MNiagara will only render those that are nearby, not
those that are far away.

Maximum Instance 5cale by Global Budget Usage: This
option allows you to configure a3 curve that determines how
the number of instances i your tier will decrease as budzet
usage increases. This will scale down all instances of all
systems that are subject to this type of effect.

Maximum scaling of system instances by zlobal budger
usage: This option allows you to customize the curve (see
Figure T) that determines how the number of instances at your
der decreases as budget usaze mcreases. However, with this
option, instead of dropping all instances on all systems, you
drop a certain number of mstances for each system.

Distance or Number of Instancas
oy Global Budget Usage

C st
. Serwry
Digsance
- B
Moz af J
nmancm
0
Promi Lenge

Fig.‘.‘.f)m.unslmtiun of the tlﬁng sysiem operation

For each of these three parameters, which tzke the values
Start X, Start Y, End X, and End Y, these values define a
linearly interpolated curve. Anything above this carve is
discarded. For an example of what the curve will lock like, see
the dizgram below.
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In the grand scheme of things, paricle count plays a very
small role in performance. Fegardless of whether the screen is
split or not, material complexity and screem coverage
{overdraw) are your clear enemies when it comes to the
overall cost of a given system. A simple emissive spark, with
nothing more than a texture mmltiplied by vertex colors and
connected to an emissive imput in an unlit material, follows
only a handful of instructions. You can create them in droves
all day long, and the overall impact on your productvity is
likely to be very small. Sprites are small which means screen
coverage is low, and the complexity of the material makes
them cheap and fast to render. The oumber of vertices ism't
really something you need to worry about in the long man
unless you're reaching really extreme mumbers (hundreds,
thousands, or more).

A much bigger impact on overall performance is the
mumber of instructions for your materials. For materials like
fire and smoke, thers are basically two ways to go. The first is
to create a more complex material for your effect. In the fire
example, you would create fewer sprites and let the
randomness and complexity of the advanced matenial do the
work of bringing the emitter to life. Another option is to use a
cheaper material and spawn more sprites, keeping the overall
cost the same bur allowing more particles to do your job in
achieving randomness, as opposed to & more complex
material. Eeep in mind that material costs decrease
exponentdally with distance (8 quadrilateral drswn on the
screen twice as far away from the camera costs 4 tmes less
due to the fact that the total pixel area decreases exponentially
with distance, reducing the oumber of pixels that are dragged).

In our case, we need to anmalyze how expensive our
materials are, how manmy sprites we create, and how close to
the screen we will approach these effects. These three
properties are the main decision makers in terms of the
complexity of the emitter, and they all need to be balanced.

In generzl, focus on reducing the complexity of your
materials as 3 way to improve performance, and always be
aware of potential drag when youn are working with emitters as
a whole. Don't get bung up on particle counts unless you are
generating exireme numbers of particles, or you are generating
meshes nsing mesh emitters that have extreme pumbers of
VETTICES.

Conclusions

After analyzing the indusitry, we came to the conclusion
that Unreal Engine is the most snitable for our tasks. Unity is
more popular among developers for portable devices, but at
the same tdme it has a less developed VFX creation system.
The system implemented in Unity bas not been globally
updated since the creation of the engine, and the capabilities
implemented in it are not flexible enouzh to conduct a pure
experiment and analyze possible optimization soategies. At
the same time, Unreal Engine has the most advanced VFX
creation system - Miagara, which provides the best opporumity
to smudy and optimize particle simulation systems, as it allows
not ooly to use ready-made solutions, bat also to write code
independently.
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The comparison of WNiagara and Cascade showed a
fundamental difference in the principles of optimizing particle
simulation systems. Omly one principle is relevant now, as it
was before - reducing the number of particles, but as practice
shows, this is often not enough The change in the principles
of optimization of these systems shows that the search is still
ongoing and the decisions made earlier by the engine
developers are no longer relevant. This suggests that new
solutions may also be imperfect, as they Ty o solve the
optimization problem universally, rather than in the best way
for mobile devices.

For thiz reason further snalysis of existing optimiration
metheds and their improvement or creation of new omes is a
relevant and promising task To this end, we plan to study the
principles of VFX, existing optimization methods, and
conduct tests on portable devices.
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