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[bookmark: _Toc68689085]Introduction
The Australian Communications and Media Authority (the ACMA) has adopted the use of both the GEODATA 9 Second Digital Elevation Model Version 3 (DEM-9S), and the 3 Second SRTM Derived Digital Elevation Model (DEM) Version 1.0. Record 1.0 (DEM-3S) released by Geoscience Australia.[footnoteRef:2]  DEM-9S and DEM-3S are used under spectrum licensing arrangements to provide the necessary height information for calculating the device boundary of a transmitter for the purposes of device registration (as found in the relevant section 145 determination of unacceptable interference).[footnoteRef:3] Depending on the particular section 145 Determination, this may include calculating the height above mean sea level of the transmitter based on its latitude and longitude coordinates, the path profile along a radial as well as the effective antenna height. [2:  Copies of the DEM-9S and DEM-3S can be obtained from Geoscience Australia, www.ga.gov.au. Please note that Geoscience Australia has also published a smoothed variation of DEM-3S. This smoothed variation contains different elevation data than DEM-3S and is not to be used for the purposes of the relevant section 145 determination.]  [3:  A list of determinations made under s 145 of the Radiocommunications Act is available on the ACMA website. Consolidated, current versions of these instruments are available at www.comlaw.gov.au.] 

This interpretation document provides accredited persons and/or licensees with the necessary information to achieve the same output as the ACMA from either DEM, based on given latitude and longitude points for a single point and in calculation of the device boundary criterion.
The interpretation of the two DEM’s in this document is particular to the ACMA, to ensure conservatism in spectrum licensing interference management; especially in applying the device boundary.

At the time of writing, section 145 determinations use either 3 or 9 second DEMs, dependant on the specific determination.
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Floating point precision issues in determining the appropriate DEM-9S cell from the latitude and longitude can be mitigated by scaling the latitude, longitude and DEM-9S cell size by a factor appropriate for the required coordinate resolution, converting the scaled values to 32-bit (or larger) signed integers and evaluating the modulus with the scaled integer values. A scale factor of 1x107 would provide 1 cm coordinate precision without overflowing a 32-bit integer. 
Formulated in terms of MATLAB functions[footnoteRef:4] this would be: [4:  Information of the MATLAB functions for mod and int32 are available.] 

mod(int32(dd_value * 1e7), int32(cell_size * 1e7)) 						(1)
where dd_value is either the latitude or longitude, in decimal degrees, and cell_size is the arc seconds of a cell, in decimal degrees, as required.

[bookmark: _Toc68689088]DEM-3S
Precision issues encountered when determining the appropriate DEM-3S cell from the latitude and longitude can be mitigated by using the degrees minutes seconds (DMS) format for the latitude, longitude, and DEM-3S cell size. Conversion to DMS minimises precision errors which can arise when working in decimal degrees (i.e. the size of 3 second cell can only be an approximate when specified in decimal degrees due to being limited to a finite number of decimal places). 
Formulated in terms of MATLAB functions[footnoteRef:5]  this would be expressed as: [5:  Information of the MATLAB functions mod and round are available.] 

mod(round(seconds + 1.500000,6),3) 							(2)
where seconds is the seconds component of either the latitude or longitude, with at least 6 decimal places. Using a precision of 6 decimal places would provide 1 mm coordinate precision. Equation 2 shifts the latitude or longitude by 1.5 seconds as the DEM-3S cells are centred on exact degrees values.

Application in the 26 GHz band
The section 145 determination of unacceptable interference for the 26 GHz band (as made) outlines that the longitude/latitude of a particular increment is on a cell boundary if it has a modulus of zero when divided by the approximate DEM-3S cell size of 8.33333e-4°. However, as the exact cell size cannot be specified as a decimal degree there will be a small error introduced using this method. In addition, the layout of DEM-3S cells have a 1.5 second of arc offset compared to DEM-9S (that is, DEM-3S cells are centred on the whole degree (and every 3 seconds of arc beyond that) while DEM-9S has cell boundaries on the whole degree). This means that calculating a modulus of zero when dividing the longitude/latitude by the DEM-3S cell size will reveal the cell centre and not the cell boundary. 
To remove these errors for calculations in the 26 GHz band, a DEM-3S cell boundary should be determined using equation 2 above (i.e. when the seconds component of the longitude/latitude (in the ‘degrees, minutes, seconds’ format) plus 1.500000 has a modulus of zero when divided by 3).

[bookmark: _Toc68689089]Interpretation 
Both DEM-9S and DEM-3S have limited bounds (these bounds are shown in Table 1) but actual height values are not available for the full extent of the DEM. Where height values are given a value of ‘no data’ (for DEM-9S this is denoted by a value of –9999), this typically refers to sea level and are given a height of 0 metres. 
Extent of DEM's
	Extent
	DEM-9S Decimal degrees
	DEM-3S Decimal degrees[footnoteRef:6] [6:  These values represent the centre of the outer most boundary cells] 


	Western
	112.9
	113.0

	Eastern
	154.0
	154.0

	Northern
	–9.0
	-10.0

	Southern
	–43.7425
	-44.0



The DEM-9S consists of 13,897 rows and 16,440 columns with a cell size of 0.0025° (nine seconds of arc). The DEM-3S consists of 40,800 rows and 49,200 columns with a cell size of three seconds of arc (approximately 8.33333e-4°).

Where a given latitude or longitude has a modulus of 0 when divided by 0.0025 for DEM-9S or divided 3 seconds for DEM-3S in DMS (after adding 1.500000 to the latitude or longitude), the latitude or longitude is located on a line representing a boundary between adjacent DEM cells. The actual elevation value to be extracted from the DEM should consider the elevation of cells adjacent to the boundary.
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There are three cases where the above situation occurs, and it is typically used when calculating the effective antenna height in the relevant section 145 determination: 
[image: Figure 1: Latitudinal cell boundary]
Latitudinal cell boundary
The example in Figure 1 shows where a location occurs on a latitudinal cell boundary. In this case, when determining the height at that location, the maximum height of the two adjacent cells will be used.
[image: Figure 2: Longitudinal cell boundary]
Longitudinal cell boundary
The example in Figure 2 shows where a location occurs on a longitudinal cell boundary. In this case, when determining the height at that location, the maximum height of the two adjacent cells will be used.
[image: Figure 3: Cell boundary vertex]
Cell boundary vertex
The example in Figure 3 shows where a location occurs on a point representing the junction of both latitudinal and longitudinal cell boundaries. In this case, when determining the height at that location, the maximum height of the four adjacent cells will be used. 
Table 2 and table 3 provide 10 example scenarios and the height measurements that result from calculations following the above rules, for the DEM-9S and DEM-3S, respectively. The coordinates are provided, in GDA94 for the DEM-9S and in WGS84 for the DEM-3S, and the heights are accurate to two decimal places.
Individual height element test points for DEM-9S
	Location
	Latitude
	Longitude
	Height (m)

	Mt Kosciuszko
	–36.4560
	148.2633
	2228.33

	Lake Eyre
	–28.9142
	137.0350
	–15.97

	Broken Bay
	–33.5733
	151.2538
	0.00

	Broken Bay (no data cell)
	–33.5627
	151.3352
	0.00

	Mt Bellenden Ker (4 cell junction)
	–17.2625
	145.8525
	1547.59

	Trig point near Eildon Dam (2 cell boundary)
	–37.2280
	145.9400
	501.08

	Fanny Bay (4 cell junction, 1 no data cell)
	–12.4550
	130.8175
	13.23

	Snapper Platform (no data cell)
	–38.1936
	148.0252
	0.00

	Outside DEM near Dirk Hartog Island
	–25.5870
	112.8990
	0.00

	Rottnest Island (2 cell boundary, 1 no data cell)
	–31.9950
	115.4953
	10.11



Individual height element test points for DEM-3S
	Location
	Latitude
	Longitude
	Height (m)

	Mt Kosciuszko
	–36° 27’ 21.6000’’
	148° 15’ 47.8800’’
	2220

	Lake Eyre
	–28° 54’ 51.1200’’
	137° 02’ 6.0000’’
	-15

	Broken Bay
	–33° 34’ 23.8800’’
	151° 15’ 13.6800’’
	0.00

	Mt Bellenden Ker (4 cell junction)
	–17° 15’ 43.5000’’
	145° 51’ 10.5000’’
	1546

	Trig point near Eildon Dam (2 cell boundary)
	-37° 13’ 40.8000’’
	145° 56’ 22.5000’’
	466

	Fanny Bay (4 cell junction)
	-12° 27’ 19.5000’’
	130° 49’ 4.5000’’
	9

	Snapper Platform (no data cell)
	–38° 11’ 36.9600’’
	148° 01’ 30.7200’’
	0.00

	Outside DEM near Dirk Hartog Island
	–25° 35’ 13.2000’’
	112° 53’ 56.4000’’
	0.00

	Rottnest Island (2 cell boundary)
	–31° 59’ 40.5000’’
	115° 29’ 43.0800’’
	1



[bookmark: _Toc68689091]Device boundary calculation
Depending on the relevant section 145 determination, calculation of the device boundary may involve averaging over nine DEM cells, either DEM-9S or DEM-3S. However, if the latitude or longitude is located on a DEM cell boundary, the centre DEM cell is chosen based on the minimum height of the adjacent cells.
If only a single latitude or longitude point on a radial is located on a DEM cell boundary (as shown in Figure 4 for a latitude on a DEM cell boundary), then the minimum of the two adjacent DEM cells of the blue dot becomes the centre of the 3x3 matrix. Those nine DEM cells are averaged to find the height at the centre location for the purpose of the device boundary calculation. 
If the two adjacent DEM cells are the same value, then the centre of the 3x3 matrix is chosen by finding the lowest average height of the 3x3 matrix taking each adjacent cell as the centre. 
Figure 4 shows an example scenario of heights extracted from DEM around the latitude and longitude represented by the blue dot on a DEM cell boundary. The dashed line represents the two values on the line. The smaller of the two adjacent DEM cell heights (301.22) is used as the minimum for calculation of the 3x3 matrix with the resulting averaged height of 279.99.
[image: Figure 4: Averaging of DEM cells with the latitude on cell boundaries]
Averaging of DEM cells with the latitude on cell boundaries
If the latitude and longitude of the point on a radial is located on a DEM cell boundary vertex, then the minimum of the four adjacent DEM cells of the red square becomes the centre of the 3x3 matrix. Those nine DEM cells are averaged to find the height at the centre location for the purpose of the device boundary calculation. 
If two or more adjacent DEM cells are the same minimum value, then the value to be used in calculation of the device boundary for that latitude and longitude is the lowest average height of a 3x3 matrix taking each adjacent cell as the centre. 
Figure 5 is an example implementation where the latitude and longitude fall on a vertex, and there are three minimum values. The 3x3 matrix is calculated three times to find the lowest average and that value is used in calculation of the device boundary.
[image: ]
Averaging of DEM calls with a vertex on cell boundaries
Table 4 provides eight example scenarios and the height measurements that result from calculations following the above rules for DEM-9S. Table 5 provides seven example scenarios and the height measurements that result from calculations following the above rules for DEM-3S. The coordinates are provided, in GDA94 for the DEM-9S and in WGS84 for the DEM-3S, and the heights are accurate to two decimal places.
Device boundary test points for DEM-9S
	Scenario
	Latitude
	Longitude
	Height (m) DEM-9S

	Longitudinal cell boundary
	-23.8070
	140.8875
	95.17

	Latitudinal cell boundary
	-25.8700
	142.5038
	110.00

	Vertex, 2 equal minimum values
	-10.7275
	142.5050
	12.98

	Vertex, 3 equal minimum values
	-19.8525
	140.4950
	115.25

	Vertex, 4 equal minimum values
	-35.4975
	144.2350
	74.93

	Vertex, 2 equal non minimum values
	-11.4000
	142.7025
	100.05

	Vertex, 3 equal non minimum values
	-12.5975
	134.8350
	99.24

	Vertex, 2 equal non minimum values + 1 ‘no data’ (-9999) cell
	-17.0800
	139.1400
	0.60


[bookmark: _Toc298924672][bookmark: _Toc300909555][bookmark: _Toc348105636]
Device boundary test points for DEM-3S
	[bookmark: _Hlk43370742]Scenario
	Latitude
	Longitude
	Height (m) DEM-3S

	Longitudinal cell boundary
	-23° 48’ 25.2000’’
	140° 53’ 16.5000’’
	102.89

	Latitudinal cell boundary
	-25° 52’ 13.5000’’
	142° 30’ 12.5000’’
	114.33

	Vertex, 2 equal minimum values
	-24° 13’ 22.5000’’
	118° 39’ 28.5000’’
	535.56

	Vertex, 3 equal minimum values
	-29° 28’ 43.5000’’
	120° 41’ 34.5000’’
	368.11

	Vertex, 4 equal minimum values
	-22° 29’ 52.5000’’
	123° 11’ 37.5000’’
	255.22

	Vertex, 2 equal non minimum values
	-33° 38’ 40.5000’’
	122° 45’ 37.5000’’
	117.44

	Vertex, 3 equal non minimum values
	-11° 40’ 13.5000’’
	132° 39’ 16.5000’’
	2.33
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