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1.0 Introduction
While it is well known that GPS signals in indoor environments are much weaker when compared to outdoors, literature on actual measurements taken in indoor locations is generally scarce. This contribution presents the results from GPS measurements made by Motorola in different indoor environments. Data presented here should provide a general idea of indoor signal strength values and is useful in creating GPS test cases. Results in this contribution also illustrate that in indoor environments, signals from satellites at higher elevations are typically not the strongest. 
2.0 Summary
This contribution looks at the distribution of GPS satellite signals strength in indoor environments. This study was done to analyze the number of satellites available, the signal strengths, and the relationship of signal strength to elevation angle. The measurements were reported by a laboratory grade GPS receiver and a laboratory grade GPS antenna at several different indoor locations.

The conclusions are as follows: 

1. Indoor environments are distinctly unique from each other but more often than not the elevation angle had little to do with GPS signal strength.
2. The average signal strength of satellites used in a position calculation decreases as the sky visibility is restricted by foliage, buildings and other obstructions.
3.0
Study details 

A Motorola laboratory grade GPS receiver was used to measure the signal strength of  weak GPS satellites in this study. All indoor measurements were made using a passive GPS laboratory grade antenna. The antenna pattern is important so as to not favor an elevation angle. The (roughly hemispherical) pattern of the antenna is shown in Figure 1. 
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Figure 1. Gain plot for the lab antenna used in Indoor Measurements.

Note 1: Gain values shown in the plot have a +30 dB offset. 

Note2: 0° in the plot corresponds to  90° elevation in GPS terminology and 90° corresponds to the Horizon..  A flat peak gain of the antenna is towards the sky and is in vicinity of +2 dBic.

A large number or measurements were made at multiple fixed indoor locations. The satellite signal strengths were logged at each location. The sites chosen were listed in descending order of difficulty, shown in Table 1. 
	Site #
	Description

(Please see Figure 2 for photographs of the sites)
	Test duration 
	Mean Elevation of the strongest SV (Degrees)
	Median signal strength of the strongest 5 Satellites (dbm)

	1


	Roof antenna at the Motorola Libertyville, Illinois facility. (Outdoor reference)
	1hr
	76.22
	-127.5 , -130.2, -130.8,      -131.2, -131.6

	2
	8ft  from window on 3rd (top) floor of a residential apartment in Grayslake, Illinois. (Wood/Brick construction)
	2hrs
	46.44
	-130.5, -132.6, -134.3,       -136.2,  -138.4

	3
	2nd floor of a residential apartment in Grayslake, Illinois. No window view(Wood/Brick construction)
	2hrs
	63.23
	-137.3, -140.9, -143.6,       -146.6, -149.0

	4


	2ft from window on Top floor of Motorola S Plainfield New Jersey facility. (Metal/Concrete construction )
	 24 hrs
	25.89
	-143.3, -147.6, -150.4,       -152.3, -154.3 

	5
	15 ft from window on Top floor of Motorola S Plainfield, New Jersey facility. (Metal/Concrete construction.)
	 24 hrs
	28.25
	-148.5, -150.5, -152.5



	6
	5 ft from window in a single storey office building in Bedminster, New Jersey. (Metal/Concrete construction.)
	24 hrs
	29.14
	-149.2, -152.8


Table 1: Summary of  Indoor GPS measurements.
The conditions of the tests are as follows:

· A lab grade GPS antenna with hemispherical pattern was used for all tests.  A realistic GPS antenna inside a cellular handset would have 4 db worse gain at the peak and much less than a hemispherical pattern.
· All trials were assisted with a highly sensitive lab grade GPS receiver being for every trial. Multiple measurements were collected at each site.  Twelve hours of data are best to cover all constellation possibilities.
· The lab grade GPS receiver reports the number of satellites used, and their signal strengths for every location acquisition attempt.  Elevation angle of each satellite is calculated from ephemeris and GPS-TOW.
· 350 data points were taken over a 6 different locations. The indoor locations were selected to characterize a range of signal environments. 

4.0 Results
The following figures 3 to 8 show the signal strength profiles for the six site types listed in Table 1.    In each figure, part (a) shows the signal strength distribution of the strongest, 2nd strongest, 3rd strongest…..11th strongest satellite for each trial. Part(b) shows the corresponding elevation values.
Note: For Site 4, more than half of the measurements detected 3 SVs or less. Hence the median signal strength values for 4th and 5th strongest satellites are not provided. Likewise for Site 5.

The following major inferences can be made from the data 

· In certain ‘commercial Multi-storey building’ type sites, the strength of the strongest satellite is less than -140dbm even if the receiver is very near to the window. This can be attributed to the RF shielding materials used in the window glasses. 

· The difference in signal strength between the strongest and subsequent weaker satellites is generally in the range of 2 to 4 db. This difference is much less in Outdoor scenarios.

· In Indoor Scenarios, the strongest detected satellite is generally not the highest. The elevation of the strongest satellite depends on a number of factors such as the materials used in the roof, distance to the nearest window etc.  
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Figure 3(a)
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Figure 3(b)
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Figure 4(a)
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Figure 4(b)
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Figure 5(a)
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Figure 5(b)
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Figure 6(a)
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Figure 6(b)
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Figure 7(a)
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Figure 7(b)
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Figure 8(a)
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Figure 8(b)
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Figure 9. Photographs of various test sites

5.0 Conclusions

Results presented in this document demonstrate the wide signal strength variation that is encountered at different indoor locations.  Results also indicate a ‘step like pattern’ in indoor signal strength values with a step size of 2-4 dB. Finally, the data illustrates that, in indoor environments, signals from satellites at higher elevations are typically not the strongest. 
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This site has high elevation satellites as strongest, but not always
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This indoor site has few high elevation satellites as strongest
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This site has no high elevation satellites
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This site has no high elevation satellites
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