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AbstractðWe provide results and error analysis for over four 

hundred individual measurements of a Near-Field Electromagnetic 

Ranging (NFER®) Real-Time Location System (RTLS). The system 

operated over ranges from 1.41m to 23.4m and the bulk of the 

points were taken ñthrough wallò in a non-line-of-sight 

configuration. We break the error down into orthogonal range and 

transverse components in order to assess the relative impact of 

range versus bearing errors in the system. We found an average 

range error of 34.0cm, an average transverse error of 35.5cm, and a 

corresponding total location error of 55.1cm. These error values are 

on a per receiver basis, and will tend to reduce by 1 / ÕN as 

measurements from N receivers are combined to yield a solution. 

Keywords - Navigation, Position measurement, Radio position 

measurement. NFER, RTLS, accuracy, location error 

I.  INTRODUCTION 

High frequencies, though well-suited for broadband and 

other communications applications, are a poor choice for 

wireless tracking. ñIn general, given typical wood or 

reinforced concrete buildings, attenuation is an increasing 

function of frequency. The higher the frequency, the worse the 

attenuation.ò [ 1] High frequencies have wavelengths much 

smaller than typical indoor obstructions, thus, high frequency 

systems are prone to confusion by multi-path. ñDeploying a 

positioning system that works well indoors is a challenge, 

because signals are reflected off walls, floors, and ceilings, 

which tend to confuse sensors.ò [2] 

Q-Track designed Near-Field Electromagnetic Ranging 

(NFER) RTLS from the ground up with a physical layer 

optimized for location instead of communication. [3] NFER 

systems operate at low frequencies (typically around 1MHz) 

and long wavelengths (typically around 300m). [ 4] NFER 

RTLS operates within about a quarter-wavelength of a 

transmitter, in the neighborhood of the transition point at l/2p 

between the near-field and the far-field zones. [5] Additional 

NFER RTLS details are available elsewhere. [6, 7, 8] 

The aim of this paper is to provide a rigorous 

characterization of location error for a typical NFER 

installation. First, we present a brief overview of the QT-500 

NFER RTLS. Then, we will describe the error measurement 

process and results. Finally, we will provide conclusions and 

recommendations for future work. 

II. THE QT-500 NFER RTLS 

The QT-500 NFER RTLS comprises QT-500 Tag 

Transmitters (TX), QT-500 Locator-Receivers (RX), and a 

QT-Server with the Q-Track Software Suite. Figure 1a shows 

the overall system architecture including the software 

structure. QT-500 Tag Transmitters emit NFER signals. QT-

500 Locator-Receivers detect these signals on three channels: 

two orthogonal magnetic channels (denoted channels A and C) 

and an electric channel (denoted channel B). The Locator-

Receivers compare the phases between these channels and 

report their results to the QT-Server. The default system uses 

an onboard WiFi data link to the QT-Server. The Dynamic 

Tracking module on board the QT-Server determines the tag 

location based on the data from the QT-500 Locator-

Receivers. The QT-Server writes the data to a database, makes 

the data available to custom applications, and can even serve it 

to remote PDAs or PCs through a web connection. Figure 1b 

shows the magnetic antenna array for a wall-mounted QT-500 

Locator-Receiver. An electric whip is installed in the wall. 

Figure 1c shows the QT-500 Tag Transmitter. The Tag 

transmits a 100mW signal in the AM broadcast band (530-

1710kHz) under the provisions of FCC Part 15.219. Q-Track 

optimized the QT-500 Tag Transmitter for use in a radiation 

dosimetry simulation system. [9, 10] 

 

Figure 2a (left): The QT-500 NFER RTLS architecture. 

Figure 2b (top-right): The magnetic antenna array for a wall-

mounted QT-500 Locator-Receiver. An electric whip antenna is 

installed inside the wall. 

Figure 2c (bottom-right): QT-500 Tag Transmitter. 
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Figure 2: 16m x 36m floor plan showing the deployment of five QT-

500 Locator-Receivers (denoted by stars).  Blue squares denote 82 

points at which we evaluated location error. 

III.  ERROR MEASUREMENTS 

Figure 2 shows a 16m x 36m floor plan centered on Q-

Trackôs principal laboratory. We deployed five QT-500 

Locator Receivers in a roughly triangular pattern about the 

floor plan with approximately 15m spacing (denoted by stars). 

A two digit hex number (based on the last four bytes of the 

receiverôs MAC address) designates the individual Locator-

Receivers (22, 52, 61, B7, and BE). Figure 2 also shows the 

distribution of the 82 points at which we evaluated the system. 

These were the same 82 points at which we calibrated the 

system, so this was a study of how accurately the system could 

locate a tag at a calibration point. The experimenter returned 

to a particular calibration point to assess how accurately the 

system would track at that point. The software GUI includes a 

function to store the calibration point (actual) location (x, y) 

and the solution or predicted location (xô, yô). The software 

recorded error of individual location solutions from each of 

the five Locator-Receivers at each of the 82 measurement 

points. This resulted in a total of 420 individual measurements 

of location error. 

We defined the total location error as the 2-D distance 

between the actual location and the solution or predicted 

location: 
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With the receiver in question located at (xRX, yRX), we defined 

range error as the absolute value of the difference between the 

actual range and the predicted range: 
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and we defined the transverse error as: 
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Figure 3: In a 2-D tracking system, location error may be broken 

down into orthogonal components in the radial or range direction 

and in the transverse direction. 

Figure 3 shows how we broke down the error into range and 

transverse components. This decomposition works well in the 

limit where the range error is small compared to the range, a 

condition which held for virtually all the data we collected. 

Our motivation in this breakdown is to assess not only the 

total accuracy, but also the accuracy of our ranging ability 

relative to direction finding ability. 

Table 1 presents the average error for range and 

transverse components for each of the five receivers. Average 

range error varied from 23.6cm to 43.0cm with average range 

error 34.0cm. Average transverse error varied from 21.2cm to 

44.2cm. The average error for all receivers was 34.0 cm in the 

radial direction and 35.5cm in the transverse direction for a 

total average error of 55.1cm. 

Average Error by Receiver & Averaged Across All Receivers 

RX Range (cm) Transverse (cm) Total (cm) 

B7 25.2 21.6 36.3 

22 23.4 33.5 44.5 

61 37.3 34.8 55.0 

BE 41.1 43.0 68.8 

52 43.0 44.2 69.8 

Average 34.0 35.5 55.1 

Table 1: Average location error broken down into range (i.e. radial) 

component, transverse component, and total location error for 

each of five NFER Locator-Receivers. 

Figure 4a shows the range dependence of the error for all 

receivers in a single composite plot. Figures 4b-4f show the 

dependence of error on range for the five individual receivers. 

Each plot includes a linear fit to the total error. The line 

appears to curve in a couple of cases because the vertical axis 

is logarithmic. The error is only weakly dependent on range, if 

at all. RX61 (results shown in Figure 10c) had the strongest 

correlation with r
2
 = 0.102. In other words, only 10% of the 

variation in error can be accounted for by increased range. 
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Figure 4a: Error versus range for all five receivers. 

 
Figure 4b: Error versus range for receiver 52. 

 
Figure 4c: Error versus range for receiver 61. 

 
Figure 4d: Error versus range for receiver B7. 

 

Figure 4e: Error versus range for receiver BE. 

 

Figure 4f: Error versus range for receiver 22. 

These results suggest that the source of the error for range 

<25m is systemic, and not due to error in phase measurement. 

These systematic errors include precision in calibration, 

repeatability of our return to the calibration point to assess 

error, anisotropies in the transmit tags phase response, and the 

like. Because power levels roll off so sharply in the near-field, 

typically as r
-6
 or r

-4
, we expect excellent phase accuracy and 

low error limited by systematic errors like these. We presume 

that if we were to have extended our data collection past 25m 

we would soon reach a point where low SNR seriously 

impacts phase accuracy, error increases significantly, and the 

system becomes rapidly unusable. Further explorations of this 

behavior will be a priority for future data collection. 

Figure 5 shows the error distribution for all receivers. 

Several features are immediately evident. First, the range and 

the transverse errors are closely related. In other words, the 

system is well balanced between the range or radial 

component of the error and the transverse or angular 

component of the error. Second, we have an almost 

exponential fall-off of error with a relatively modest tail of 

outliers. About 50% of all location measurements are within 

38cm, 67% are within 56 cm, and 83% are within 1m. Only 

3% of all location measurements are more than 2m in error. 




