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- MHD -


Method of Minimum Horizontal Distance


for Calculating Height of Flights of SpaceModels











Positions of MeasuringStations in Space





The MHD is based on the definition of the position in space of every MeasuringStation relative to the LaunchingPoint. The computer program S1X uses for calculation of this positions a co-ordinate system where  the Launching Point represents the center of this system and the Z-co-ordinate is directed on the MeasuringStation defined as the MeasuringStation 1.











�


�





��


�


�














��





�











�
The other MeasuringStations gets their numbers in a counter-clockwise order without a gap as shown in this examples.
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�Calibrating MeasuringDevices





The horizontal measuring devices of the MeasuringStations must be directed to the LaunchingPoint.  The launching point is a point, defined by the contest director. It is not necessary that models are launching exact from this point, but it is important, that the horizontal measuring devices of every MeasuringStation are directed to the same point when their horizontal angles are Zero.
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The vertical measuring devices of the MeasuringStations must be calibrated horizontal (like a water-level).





�
Calculation of Space Co-ordinates of the MeasuringStations





To calculate positions in space of the MeasuringStations relative to the LaunchingPoint using the computer program S1X for every MeasuringStation must be known the distances to the launching point, the vertical angles to the launching point and the horizontel angles to their left and right neighbour stations.





The distances D to the LaunchingPoint is measured like airline. 


The vertical angle ( to the launching point is negative, when the launching point is lower then the MeasuringStation.





The elevation Y of a MeasuringStation relative to the launching point will be calculated using the distance D together with the vertical angle ( to the launching point. The size of  the MeasuringStations will be ignored.
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The elevation Y of a MeasuringStation is


	Y = D (  sin -(


and the lenght DXZ  of the projection of the distance D in the horizontal area XZ


	DXZ = D (  cos -(





The lenght DXZ will be needed in the next steps as the horizontal distance from a MeasuringStation to the launching point.


�
For calculation of the values of the X- and Z-Space-Co-ordinates of the MeasuringStations the horizontal angles to the left neighbour stations  (N  and to the right neighbour stations  ( N  will be used.
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�
Starting with the MeasuringStation 1 begins the calculation of the X- and Z-Co-ordinates for every MeasuringStation.
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The angles ( represents the horizontal angles between the distance-lines of MeasuringStation and launching point and the Z-Co-ordinate. Consequently the angle ( for the MeasuringStation 1 is Zero. 





Everry angle  ( N+1  is defind as





	( N+1 =  ( N  + (( - ( N - ( N+1)








The Co-ordinates of a MeasuringStation  N+1 are





	X N+1 = Dxz N+1 (  sin ( N+1


	Z N+1 = Dxz N+1 (  cos ( N+1
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 Tracking
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The horizontal tracking angle ( for a MeasuringStation is negative when the ejected cloud is visible on the right side of the launching point. Consequently the horizontal tracking angle ( is positive  when the ejected cloud is from the point of view of the MeasuringStation on the left side of the launching point as shown in this drawing.





The vertical tracking angle  ( must be > 0  what means, the GeoPoint must be higher than the position of the MeasuringStation.





 �
Calculation of Results





The calculation of the result for a flight includes all pairs of MeasuringStations having tracking data.
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The result of a StationPair is the height (the Y-co-ordinate in the defined Co-ordinate-System) where the horizontal distance W of the tracking lines of the stations in a given StationPair reaches the minimum.
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To find the horizontal distance W of the tracking lines we have to calculate the X- and Z-co-ordinates of  the points  P1   and  P2   on both tracking lines in a given height YP (the cross-points between a horizontal area in a hight of  YP with the tracking lines). Knowing the X- and Z-co-ordinates of  this points P1   and  P2 their horizontal distance can be calculated as








�		W  =  ( (X1 - X2)2 + (Z1 - Z2)2











The X- and Z-co-ordinates XP and ZP  of a point  P  on a tracking line are calculated as





	XP =  XM + (YP - YM )  (  sin ((M + ( + (M) / tan (M


	ZP =  ZM + (YP - YM )  (  cos ((M + ( + (M) / tan (M











where 





XM,  ZM , YM  	are the co-ordinates of the current MeasuringStation;





YP  	is the current height for which is calculating the distance W;





(M  	is the horizontal angle between the distance-lines of MeasuringStation to the launching point and the Z-Co-ordinate for the current MeasureStation;





(M  and (M	are the horizontal and the vertical tracking angles of the current MeasuringStation;


�
This drawings shows the geometrical dependences of the values descibed above.
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MHD - Method of Minimum Horizontal Distance 
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