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double Dot(const model::ArmStateDiff& diff1, const model::ArmStateDiff& diff2) { 
double res = 0.0; 
for (size_t joint = 0; joint < model::ArmState::DOF; joint++) { 
res += diff1[joint] * diff2[joint]; 
}
return res; 
}

std::optional<model::ArmState> ClosestArmStateOnSegment( 
const model::ArmState& segmentStart, 
const model::ArmState& segmentFinish, 
const model::ArmState& state, 
double maxDistToSegment) { 
model::ArmStateDiff segmentDiff = segmentFinish – segmentStart; 
model::ArmStateDiff stateFromStartDiff = state – segmentStart; 
double segmentDiff2 = std::pow(segmentDiff.Norm(model::NormType::Euclidian), 2.0); 
double stateFromStartDiff2 = Dot(stateFromStartDiff, segmentDiff); 
double t = stateFromStartDiff2 / segmentDiff2; 
t = std::clamp(t, 0.0, 1.0); 
// if closest state is edge state then skip it, because we know it has no collisions 
if (t == 0.0 or t == 1.0) { 
return std::nullopt; 
}
// Closest point of the segment 
model::ArmState closestPoint = segmentStart + segmentDiff * t; 
double distance = (state – closestPoint).Norm(model::NormType::Euclidian); 
if (distance > maxDistToSegment) { 
return std::nullopt; 
}
return closestPoint; 
}



bool TrajectoryBetweenStatesColliding( 
const model::RobotState& from, 
const model::RobotState& to, 
collision::CollisionEngine& collisionEngine, 
const PathFinderOptions& options) noexcept { 
// we retrieve all states that was checked during planning and optimizing and has collisions 
auto knownCollidingStates = collisionEngine.KnownCollidingStates (from.RobotBaseInWorld()); 
for (auto& state: knownCollidingStates) { 
// options.CollisionCheckStep – path discretisation step for collision checking 
auto threshold = 10.0 * options.CollisionCheckStep; // try different threshold values 
auto closestPoint = ClosestArmStateOnSegment( 
from.ArmState(), to.ArmState(), state.ArmState(), threshold); 
if (not closestPoint.has_value()) { 
continue;
}
// check if closest point collides 
auto closestState = state; 
closestState.ArmState(closestPoint.value());
bool collides = collisionEngine.IsColliding(closestState); 
if (collides) { 
return true; 
}
}
auto robotStates = arm::TraceBetweenStates(from, to, {options.TracingType, options.Colli-

sionCheckStep});
for (int i = 1; i <= (int) robotStates.size() – 2; i++) { 
if (collisionEngine.IsColliding(robotStates[i])) { 
return true; 
}
}
return false; 
}
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